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Preface

The decision to pursue the challenge of producing a high quality text on treating dis-
orders in child neurology was undertaken after much deliberation. In part, our ulti-
mate motivation was based on both the need for such a book and a desire to include
the expertise of individuals who have had a role in the child neurology program at
the Johns Hopkins Hospital. It is, therefore, with great pleasure that we note that
multiple chapters have been written by individuals, both faculty members and resi-
dents, with current or past ties to the program. The four editors, two senior faculty,
one junior faculty, and a senior child neurology resident, have produced a text that
we hope will be broadly acceptable to readers at all levels of experience. Lastly, we
are proud to include a brief description of the history of the child neurology program
at the Johns Hopkins University. We dedicate this book to the past leaders of the
program, with special recognition to the first Director of the training program,
Dr. John M. Freeman.

Harvey S. Singer
Eric H. Kossoff

Adam L. Hartman
Thomas O. Crawford

Division of Child Neurology
Johns Hopkins University School of Medicine,

Baltimore, Maryland
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HISTORY OF CHILD NEUROLOGY AT JOHNS HOPKINS HOSPITAL

The Department of Neurology and its accompanying division of Child Neurology
were formally established at Johns Hopkins in 1969. Before this time, there already
existed a distinguished history of individuals with expertise in pediatric neurology,
including such luminaries as William Osler, Frank Ford, and David Clark.

William Osler was Chief of Medicine at the Johns Hopkins Hospital from 1889
to 1905. His contributions to internal medicine and neurology are legendary, but his
research and case presentations on pediatric topics are often overlooked. His biblio-
graphy contains publications on cerebral palsy, chorea, tics, muscular dystrophy,
epilepsy, meningitis, and childhood migraine.

Frank Ford was one of the earliest child neurologists in the United States.
Ford was born and schooled in Baltimore and ultimately rose to be head of neurol-
ogy at Johns Hopkins, a position he held from 1932 to 1958. Based in part on his
observations at the Harriet Lane Home Outpatient Clinic and interest in neuroanat-
omy and pathology, he was coauthor of a book entitled Birth Injuries of the Nervous
System. Included in the section written by Ford was a description of developmental
neurobiology, with an emphasis on perinatal birth injury. His second text on pedia-
tric neurology, first published in 1937, was an encyclopedic 950 pages entitled
Diseases of the Nervous System in Infancy, Childhood and Adolescence.

David Clark received his medical degree from the University of Chicago and
trained in medicine and neurology at Johns Hopkins. As one of Frank Ford’s stu-
dents, he became an energetic, outstanding clinician and teacher, well known for
his case analyses and virtuoso performances in case conferences. Clark left Hopkins
in 1965 to become the chairman of the Department of Neurology at the University of
Kentucky.

In the 1950s there were seven neurology faculty members within the neurology
division of the Department of Medicine, three in pediatric neurology (Frank Ford,
David Clark, and John Menkes). John Menkes left in 1966 to head child neurology
in Los Angeles.

Although the concept of establishing a separate Department of Neurology had
been frequently discussed, the decision to create the department was not finalized
until Vernon Mouncastle, who held a strong belief in the "science of the brain and
behavior," convinced the then Director of Medicine A. McGee Harvey of the bene-
fits. Based, in part, on a recommendation by Robert Cooke, Chair of the Depart-
ment of Pediatrics, Guy McKhann was selected as the first Neurology Department
Chairman.

McKhann attended the Yale Medical School, trained in pediatrics at Yale and
Hopkins, received neurology training at Boston Children’s Hospital under the men-
torship of Phillip Dodge, and spent several years studying cerebral metabolism at the
NIH. In January 1969, he was the first chair of the newly created department and its
sole child neurologist. It is said that he impressed the Hopkins pediatricians during
his first month when he was asked to consult on a child with the acute onset of ataxia
and opsoclonus. For reasons unclear to them, he requested a chest x-ray looking for
a neuroblastoma. Although they were mystified at first, when the neuroblastoma was
removed and the child improved, the future of child neurology was ensured.

One of Guy McKhann’s earliest faculty appointments was a chief of pediatric
neurology; he wisely chose John Freeman. Freeman completed his pediatric training
at Hopkins where David Clark had served as his mentor and role model. This was
followed by a child neurology fellowship at the Columbia Neurological Institute,
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under the mentorship of Dr. Sidney Carter. Freeman was initially recruited by
McKhann to join him at Stanford, but after enjoying sunny California for only 3
years, he repacked and returned to the East coast. It is notable that three of the four
initial neurology residents, Gary Goldstein, William Logan, and Mark Molliver,
were all pediatric neurology trainees. Apparently, the Osler medical residents were
not informed that they were being supervised by mere pediatricians. The goal from
the outset was to train academic neurologists who would advance the field, as well as
train others.

In starting the child neurology program, Freeman’s initial goal was to reverse
the segregation policy that had been in place during his residency. He established an
integrated clinic that wall open to all—black, white, rich or poor—and staffed it with
residents and medical students under his supervision. Freeman also organized a com-
bined service for pediatric neurology and neurosurgery patients. Clearly, the patients
received better and more consistent care than if they had been on only a surgical ser-
vice. Unfortunately, in later years because of house staff shortages, billing, and other
issues, this unique concept had to be abandoned. The goal of the pediatric neurology
training program was identical to that of adult neurology, i.e., to train the future
academic leaders of the field. In this regard, Freeman achieved success. During his
tenure as Director of Child Neurology from 1969 to 1990, he trained 44 individuals
in child neurology. Thirty-one of the 44 entered academic neurology and most went
on to run their own training programs—wonderful legacy! His philosophy was to
attract the best and the brightest and instill in than the joys of academia. As one
of his pupils, I can personally attest to his strong character, teaching and motiva-
tional skills, academic achievements, but most importantly to his ability to be a
friend and long-term counselor.

This book is a testimony to the quality and quantity of an impressive group of
residents trained over the years at Johns Hopkins.

Harvey S. Singer, M.D.
Haller Professor of Pediatric Neurology

Director, Child Neurology
Johns Hopkins University School of Medicine
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Craniosynostosis

Benjamin S. Carson, Sr.
Department of Neurological Surgery, Johns Hopkins Medical Institutions,
Baltimore, Maryland, U.S.A.

INTRODUCTION

Craniosynostosis, premature fusion of the coronal, sagittal, metopic, and=or lamb-
doidal sutures, may be primary or secondary to a wide range of poorly characterized
genetic, nutritional, toxicological, and mechanical influences. Craniosynostosis also
can be found when intracranial contents are markedly reduced, such as when
patients are overshunted and sutures subsequently override and fuse or in cases of
severe cerebral atrophy. The condition may be ‘‘isolated,’’ involving a single suture,
or ‘‘complex,’’ involving multiple sutures. Approximately 100 different forms have
been described. The manifestations have been classified as ‘‘nonsyndromic’’ and
‘‘syndromic.’’ The latter have been linked to several chromosomes. Defects in fibro-
blast growth factor receptor (FGFR) genes have been identified by several groups.
Apert, Pfeiffer, Jackson-Weiss, and Crouzon syndrome associate with mutations
in FGFR genes. However, pathophysiology may be heterogenous because clinical
features are not always associated with specific mutations (1).

Statistics regarding the incidence of craniosynostoses are difficult to assemble
because cranial deformities often are not lethal, and are not always recognized at
birth or recorded in adults. Studies have suggested a baseline of 0.2–0.5 cases per
1000 births. With lambdoidal craniosynostosis, anomalies in skull morphology
usually precede complications such as visual impairment and increased intracranial
pressure (ICP). Hydrocephalus frequently occurs with syndromic synostosis, and is
rarely found in simple, nonsyndromic craniosynostosis, but increased ICP is not
unusual. Elevated ICP appears to be the driving force behind the neurological
deficits. The pressure may not be readily apparent on imaging studies or from
clinical signs or symptoms.

A subset of the craniosynostoses, unilambdoidal synostosis, attracted particu-
lar interest in the early 1990s because several reports indicated a significant increase
in the incidence, which was generally considered to be about 0.05 per 1000 births, or
about 1% of the craniosynostosis cases. Pediatric neurosurgeons noted that lambdoi-
dal craniosynostosis and positional plagiocephaly (sometimes referred to as ‘‘occipi-
tal plagiocephaly’’ and ‘‘functional plagiocephaly’’) had similar morphological
characteristics. The suspected increase in lambdoidal synostosis was, in fact, an
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increase in positional plagiocephaly, an increase related to the American Academy of
Pediatrics recommendations (in 1992) that healthy infants avoid the prone sleeping
position. Asymmetric skull flattening tends to be perpetuated or accentuated by
supine positioning of the infant; the head will turn to the flatter side by forces of
gravity, or because of varying degrees of torticollis (2).

DIFFERENTIAL DIAGNOSIS

Pediatricians and family practitioners often request neurosurgical consultation for
infants with abnormal head circumference in relation to standard growth curves,
yet who are otherwise normal in growth and development, typically at about 6
months of age. An assessment model is shown in Fig. 1. Anomalies frequently
are noted at birth; parents report a progressive worsening of the deformity and
routinely express a concern about potential developmental problems. Differential
diagnoses include torticollis, positional molding, and craniosynostosis. Other intra-
cranial causes including tumors are less common. Positional molding may have
clinical manifestations similar to that of an actual craniosynostosis, but the sutures
appear open on plain x-rays and CT scans in such cases. Torticollis involves a
shortened sternocleidomastoid muscle, which can result in flattening of the tem-
poral and occipital region. The anterior deformity can be greater than the posterior
deformity, and is on the side of the abnormality. The usually mild deformity
improves with neck exercises and physical therapy. The muscle rarely needs
to be divided or lengthened. Torticollis can cause or potentiate positional
plagiocephaly.

The large majority of misshapen heads seen in primary care relate to posi-
tional plagiocephaly. These anomalies usually are mild and noticed at birth or soon
thereafter. Anatomically, the occipital region in positional plagiocephaly is flat-
tened with anterior compensatory changes and asymmetry in the ear position. Con-
tralateral anterior flattening and unilateral anterior bossing generally are mild.
Unilateral cases have compensatory growth in the contralateral parieto-occipital
region, manifested by bossing and vertex elongation. This elongation is more pro-
minent in bilateral deformities, which also have lateral parietal widening, and occi-
pital flattening with anterior narrowing and increased frontal projection. Infants
may sleep on their back and have slight flattening of the occipital region. These
problems generally correct themselves as the infant grows and begins to roll over,
although assistive devices are sometimes useful. Similar shaping can be seen in
newborns with substantial developmental delays or torticollis, and in hypotonic
infants who do not move their heads. Table 1 outlines the differential diagnosis
between patients with lambdoidal synostosis and those with posterior plagioce-
phaly (3).

Figure 2 illustrates the effects of synostoses on the shape of the skull. A long,
narrow, ‘‘keel’’-shaped head, scaphocephaly, indicates sagittal synostosis. Unilateral
and bilateral coronal synostoses are recognized by their anterior craniofacial defor-
mities. A trigonocephaly-shaped forehead characterizes metopic synostosis.

Standard skull radiography historically has been used for preoperative infor-
mation. More recently, advances in computer tomography (CT) imaging and
three-dimensional (3D) reconstruction have been adopted as standard diagnostic
tools. Reconstruction provides detailed information about the cranial anatomy
and sutures that are not possible with routine radiographs.
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TREATMENT

Indications for procedures need to be considered by the craniomaxillofacial team for
each case based on clinical signs, syndromic and genetic information, radiographic
indicators, and whether the child is stable or developing symptoms. Positional plagi-
ocephaly can be corrected by changing the child’s position slightly during naps
and sleeping. Frequently, neck exercises prescribed by an occupational therapist

Table 1 Clinical Differences Between (Common) Positional Plagiocephaly and (Rare)
Lambdoidal Craniosynostosis

Finding Positional plagiocephaly Lambdoidal craniosynostosis

Occipital bone Flattening with little or
no ridging

Flattening with ridge along
suture. Frequently there is
an ipsilateral inferior bulge

Ipsilateral ear position Displaced anteriorly Displaced posteriorly
Forehead Ipsilateral bossing Little or no bossing, but if

present, it is usually
contralateral

Head circumference Usually increased Normal or decreased
Anterior subarachnoid
spaces

Usually increased Normal

Figure 2 Illustrations of skull shapes and synostoses. Panel 2 (left to right): Typical elongated
picture seen in sagittal synostosis. Panel 3: Anterior plagiocephaly characteristic of unilateral
right coronal synostosis. Panel 4: Towering, bilateral widening, and forehead flattening with
foreshortening characteristic of bilateral coronal synostosis. Panel 5: Keeled shape and bipar-
ietal widening characteristically seen with metopic synostosis. (Adapted from Vannier MW.
Radiographic Evaluation of Craniosynostosis. In: Cohen, MacLean, eds. Craniosynostosis,
Diagnosis, Evaluation, and Management. New York: Oxford University Press; 2000.)
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are helpful. Many therapists know how to carve a pillow out of foam rubber that
redistributes the weight of the head and is comfortable for the child. The costs are
minor and the results appear to be excellent. Craniosynostosis is thought by some
to be an aesthetic problem with infrequent consequences for brain function and devel-
opment. Although clinical impressions have associated appearance with the adoles-
cent’s ability to socialize, school performance, and adult behavioral problems,
studies have suggested that abnormal skull shapes do not directly affect intelligence
test scores. Mental development, measured by intelligence quotient tests, in infants
with nonsyndromic, single-suture craniosynostosis appears to be normal in the
absence of increased ICP and other pathologies. In this regard, it is of interest to note
the anthropological studies of the many civilizations that practised cranial deforma-
tion for cosmetic and political gains. Such practices imply that an abnormal skull
shape does not interfere with normal intelligence, although one cannot conclude that
the physiological results of congenital and cosmetic deformations are the same (4).

Apparently well-tolerated craniosynostosis, however, can abruptly worsen
either spontaneously or following head injury. Skull base deformities can worsen
to the point of affecting vision, hearing, and breathing, and oral occlusion. Anoma-
lies in skull morphology usually precede complications such as visual impairment
and increased ICP. Multiple-suture synostoses and syndromic synostoses frequently
associate with increased ICP, hydrocephalus, and progressive mental impairment.

SURGICAL INTERVENTION

The cranium, cranial base, and facial region must be evaluated as growing structures.
Brain development, vision, sinuses, and airway must also be considered. The cranio-
maxillofacial team also must evaluate midfacial growth in childhood and adoles-
cence, as well as occlusion and mastication in the primary mixed and permanent
dentition phase. A typical evaluation includes pediatric neurology, radiology, neuro-
surgery, anesthesiology, ophthalmology, and orthodontics. Major issues to be con-
sidered are: 1) frontal–orbital retrusion, usually manifest secondary to coronal
synostosis affecting the frontal–orbital region; 2) posterior constraint occurring with
growth anomalies in the parietal, occipital, and squamosal sutures; 3) posterior and
anterior growth anomalies; and 4) midfacial anomalies. In addition, the evaluation
frequently encounters Chiari malformations, hydrocephalus, hypertelorism, cleft
palate, extraocular muscle movement, and ocular anomalies. Shunts further compli-
cate reconstruction and increase opportunities for infection. Because abnormality at
a single suture strongly influences the development of other areas in the craniofacial
complex, there is a clinical impression that surgical correction during the neonatal
period yields superior results, although in the absence of clinical or radiological signs
of raised ICP, surgery may be delayed to 12–15 months (5).

Numerous approaches have been described, and many are being refined with
advances in adsorbable plating materials, hardware, and microsurgical technology.
Craniofacial surgeons have become more aggressive in trying to correct the suture
and the associated deformities. Cranial vault remodeling involves excision of the
frontal, parietal, and occipital bones, which are trimmed, shaped, relocated, and
affixed with biomaterials. Specialized texts should be cited for details. Two new stra-
tegies, which currently are being evaluated, are outlined here.

In single-suture cases, the traditional aim has been to excise, or ‘‘strip,’’ the fused
suture in the hope that mechanical forces would automatically correct the
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deformities. Modifications include the use of biomaterials to prevent return of the
sutures to their preoperative state, and to guide the desired remodeling. Recently,
neurosurgeons have used an endoscope to perform extended strip craniectomies for
single-suture craniosynostosis. In these cases, surgery is followed by 6–8 months of
molding helmet therapy. The procedure involves less blood loss, operating time,
and length of hospital stay, but it does not allow the surgeon to alter the calvarial
shape or cephalic index. Outcome studies have been too short to evaluate the
endoscopic procedures compared to cranial vault remodeling. Molding helmet
therapy itself has been difficult to evaluate in prospective controlled trials.

Distraction osteogenesis of the mid-face alleviates many of the requirements of
autogenous bone grafts and restriction of the soft-tissue envelope in remolding the
mid-face. Potential advantages of distraction versus conventional LeFort III meth-
ods are claims of less dead space with a reduced infection potential, decreased blood
loss, shorter operating times, and the allowance for gradual expansion of facial soft
tissue. Modifications to the distraction procedure and hardware are the subject of
several current studies.
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Neurological Management of
Myelomeningocele and
Holoprosencephaly

Stephen L. Kinsman
Departement of Pediatrics, University of Maryland School of Medicine,
Baltimore, Maryland, U.S.A.

INTRODUCTION

The management of nervous system malformations requires making the proper diag-
nosis followed by the recognition and treatment of potential complications. The
intial step, essential to providing prognostic and anticipatory family guidence, is
the accurate assessment of the severity of associated problems. This should be fol-
lowed by the ongoing identification of complications, their proper treatment, and=or
referral. This chapter reviews two common malformations, myelomeningocele
(MMC) and holoprosencephaly. Principles learned and experience gained in the
management of these two complex conditions can be readily applied to other malfor-
mations of the nervous system.

MYELOMENINGOCELE

Myelomeningocele (MMC), its treatment and management, can be viewed as a para-
digm for the treatment of multiple complex health-challenging conditions, particu-
larly those which exhibit problems throughout the lifespan. Management of MMC,
with its gamut of nervous system dysfunction, requires neurological involvement
from fetal life to adulthood (Table 1). It presents clinical situations involving fetal
counseling, acute and sometimes life-threatening emergencies, issues of declining
neuromotor function, and chronic problems such as headaches and back pain (see
chapters on cerebral palsy, chiari malformations, hydrocehalus, learning disabilities,
and headaches). Another distinguishing feature is the requirement for multidimen-
sional and interdisciplinary treatment programs. No single medical, surgical, or reha-
bilitative specialty is truly equipped to handle all the problems encountered in the
care of individuals with MMC. The standard of care remains multidisciplinary, or
even better, interdisciplinary.
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The MMC is a complex embryonic malformation of the nervous system, which
leads to structural and physiological abnormalities with a variety of disabilities. The
functional neurological level, as established in the new born period, is a critical deter-
minant in the management of MMC; provides the basis for prognosis (including
functional outcome) and management decisions. Radiological levels of posterior
vertebral spina bifida are less useful, since the direct correspondence of boney
lesions with motor and=or sensory impairment is far from exact.

Mobility

In general, children with at least antigravity muscle strength or better in lumbar nerve
root L3 will ambulate. Most will be able to walk indoors and outdoors, although a
wheelchair may be required for longer trips. Others may have a greater requirement
for the wheelchair in community and outdoor use. Children with higher levels of motor
and=or sensory impairment (L1–L3) will ambulate with difficulty using high braces,
such as reciprocating gait othoses (RGOs). Whether or not to pursue this degree of
assistance to achieve some mobility must be weighed against time, energy, and finan-
cial considerations. Nonambulators (usually above L1) are wheelchair dependent.

Deterioration of functional motor level, upper extremity function, or appearance
of scoliosis should prompt immediate assessment of the neuroaxis for progressive hydro-
cephalus, worsening of the Chiari II malfunction, increase in the size of a spinal cord
syrinx, or tethered cord. A MRI of the entire neuroaxis is recommended. Consultation
with neurosurgery is essential, since intervention for these complications may be neces-
sary to prevent further deterioration. The appearance of abnormal neuromotor or other
signs should always be present in the patients considered for neurosurgical intervention.
When in doubt, serial examinations should be obtained over several months.

Hydrocephalus

Hydrocephalus is a dynamic condition that begins in utero in MMC, but becomes
more manifest postnatally. The need for CSF shunting in the newborn period is
reported to be as high as 80% in MMC. A clinical trial is currently underway to
determine if fetal surgery designed to close the myelomeningocele defect results in
a diminished need for CSF shunting. Nevertheless, the need for shunt revision
remains high in this population and shunt function requires lifelong assessment.
Shunt failure may be subtle and not associated with obvious symptoms=signs of

Table 1 Neurological Assessment of an Individual with MMC

1. Determination of the functional lesion level (sensory motor)
2. Assessment of hydrocephalus (shunted or unshunted, compensated or uncompensated)
3. Evaluation of brainstem and cerebellar function
4. Assessment of upper extremity function
5. Recognition of scoliosis and joint contractures
6. Participation in decision covering the use of adaptive equipment, such as ankle-foot
orthoses and=or crutches (based on manual muscle testing, sensory considerations, and
assessment of gait)

7. Assessment of the child’s developmental gains, mental status, and cognitive function
8. Monitoring of family function and adaptation
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increased intracranial pressure such as severe headache, vomiting, lethargy, and
papilledema. Subtle symptoms of elevated pressure can include behavior change,
decreased school performance, and chronic headache. The appearance of these find-
ings should prompt further evaluation, no matter how long the individual has had a
shunt in place. It is this author’s opinion that individuals with MMC should never be
considered shunt independent. In addition, individuals with MMC without CSF
diversion (including adults) may manifest signs of symptomatic (acute or subtle)
hydrocephalus at any time. Shunt failure with symptoms and signs of acute increased
intracranial pressure is a medical emergency and can be a life-threatening problem.

Brainstem and Cerebellar Dysfunction

Dysfunction involving these regions is typically due to a Chiari II malformation; a
combination of posterior fossa tightness and brainstem herniation. Up to 15% of
newborns exhibit brainstem dysfunction including dysphagia, respiratory problems,
and sleep apnea. Symptoms can present in either a gradually progressive or more
acute stepwise fashion. Whether or nor posterior fossa decompression is beneficial
over the long term is unresolved, but acutely this procedure often results in some
improvement in symptoms=signs. Brainstem and=or cerebellar dysfunction can
appear or worsen in adulthood. The possibility of increased intracranial pressure
contributing to worsening of symptoms must always be considered. If there is any
question about the presence of increased intracranial pressure exacerbating or
causing brainstem=CB symptoms=signs, a shunt revision should be undertaken.
Occasionally, tethered cord syndrome may be a contributing factor. When
present, spinal cord untethering will be helpful.

Bladder=Bowel Impairment

Complications of neurogenic bladder lead to a major source of morbidity and mor-
tality in MM, e.g., hydronephrosis and recurrent urinary tract infections (UTIs)
causing renal damage and failure. Individuals born with a solitary kidney are at a
particularly high risk. Renal sonogram is used to assess hydronephrosis and a void-
ing cystometrogram to identify vesiculoureteral reflux. Urological consultation is
imperative in those patients with unexplained UTIs, hydronephrosis, and unstable
bladders. Bladder outlet dys-synergy, hyper-reflexia, and high bladder filling pres-
sures should prompt the initiation of clean intermittent catheterization (CIC) and
anticholinergic medication (oxybutinin and newer agents). Sometimes temporary
vesicostomy is required, especially when compliance with medical measures is not
possible. Urinary tract infections should be treated promptly. It remains controver-
sial whether asymptomatic bacturia in those on CIC should be treated. In our center,
bacturia with a single organism of > 100,000 colonies=mL in association with a urine
WBC count of >25 cells per HPF is treated with antibiotics. Unstable bladders with
outlet dys-synergy and=or high pressures usually respond well to treatment with CIC
and oxybutinin. In contrast, patients with atonic bladders (or very low outlet pres-
sures) may benefit from sympathomimetic agents, although many do not achieve
continence. Urological interventions with bladder neck injections or sling procedures
have been used with mixed success. Many individuals with MM achieve continence
with bladder augmentation surgery. Lastly, in individuals with significant issues of
mobility, the placement of a continent stoma will allow bladder catheterization
through an abdominal conduit.
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Neurogenic bowel causes little morbidity but great morbidity in MM. Poor
anorectal function leads to unsuccessful toilet training, fecal incontinence, and the
potential for significant social disability. Neurogenic constipation further com-
pounds the problem of bowel movement management in MM. The goal is regular,
predictable, fecal evacuation in a manner that is acceptable and efficient for the
patient and family. In the first few years of life, the focus is on stool consisten-
cy=bulk. First step interventions include the use of suppositories and enemas, along
with stool softening and bulking agents. Evacuations should be done on the toilet to
enhance later toilet training. Periodic bowel cleanouts may be required using either
high volume enemas or osmotic solutions (Go-Lytely or others) delivered via naso-
gastric tube. As the child becomes more independent, these procedures become less
acceptable. The MACE procedure, which creates an abdominal conduit into the
cecum for the delivery of high volume fluids to the colon, has been very beneficial
in producing fecal continence.

Cognition=Behavior=Family

A detailed discussion of development, cognition, behavior, and mental health of chil-
dren with MMC is beyond the scope of this chapter. Mental retardation is present in
about one-third of children with MMC; generally in the mild range (IQ 55–70). Indi-
viduals with normal intelligence and shunted hydrocephalus often have visual-motor
and perceptional defects that lead to poor school performance. Behavioral and emo-
tional issues are critical to the optimum functional outcome of an individual and
need to be a component of all treatment plans. The impact of this condition on
family functioning over the lifespan of the affected individual is profound and
requires careful monitoring with interventions as needed; ideally from multiple
perspectives in a longitudinal and coordinated manner.

HOLOPROSENCEPHALY

Holoprosencephaly (HPE) is another complex developmental malformation of the
central nervous system that can lead to severe–profound impairment of global neu-
rological function. The HPE is associated with two fundamental abnormalities;
underhemispherization of the brain and cerebral underdevelopment with resultant
microcephaly. The problems of HPE are typically more severe than those in
MMC and include severe to profound cognitive impairment, oromotor dysfunction
severe enough to inhibit growth and development, endocrine dysfunction, seizures,
autonomic dysregulation (especially temperature instability), and disorders of motor
tone. A motor dysfunction syndrome, classifiable as a mixed cerebral palsy, is
usually present. Higher levels of neurological function can be seen, particularly in
milder forms of HPE. Occasionally hydrocephalus is observed, even in the setting
of severe microcephaly, and the presence of deteriorating function should prompt
obtaining a head CT.

Step 1. Confirming the Diagnosis

The HPE is classified into three major types, although some investigators include a
fourth type or middle interhemispheric fusion variant (MIHF). The most severe
form, alobar HPE is characterized by a complete lack of cerebral hemispherization,
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resulting in a mono ‘‘hemisphere’’ with a single ventricle, and no evidence of an
interhemispheric fissure. Deep cerebral structures, such as the caudate, putamen,
and lentiform nuclei, are also fused due to a lack of midline brain structures. The
severity and extent of this anatomic underdevelopment correlate roughly with the
severity of functional impairment. The milder semilobar and milder still lobar
HPE are characterized by lesser degrees of midline underdevelopment in a caudal
to rostral gradient. Mild forms of lobar HPE are limited to the orbito-frontal lobes.
The MIHF variant involves nonhemispherization of just the region of brain adjacent
to the Rolandic fissure. Its characteristic MRI finding is underdevelopment
or absence of the body of the corpus callosum with a seam of gray matter across
the midline. The cerebral cortex rostral and caudal to the seam are either normal
or exhibit neuronal migration defects.

Misdiagnosis is common, since interpretation of neuroimaging (from fetal
ultrasound to postnatal MRI) has tended to focus on ventricular architecture rather
than on the presence of midline noncleavage of gray matter structures. For confirma-
tion of HPE, there must be some degree of cerebral hemispheric nonseparation (non-
cleavage). Many cases of alobar and semilobar HPE are accompanied by the
presence of a dorsal cyst in the caudal most part of the supratentorial compartment.
Additionally, most cases of HPE are associated with significant reductions in brain
mass and microcephaly, unless hydrocephalus is present. Cases with normo- or
macrocephaly must be diagnosed with caution; the destructive effects of hydrocepha-
lus in malformations, such as agenesis of the corpus callosum with interhemispheric
cyst, can lead to an anatomy that mimics HPE. Cases with HPE having a significant
cortical mantle will demonstrate some degree of posterior callosal development.

Step 2. Search for an Etiology

All cases of HPE should have chromosomal analysis with G banding, as many chro-
mosomal abnormalities can lead to HPE. To date, 11 chromosomal regions are
known to be associated with HPE. It is this author’s opinion that a geneticist should
evaluate all children with HPE, as there are over a dozen syndromes associated with
HPE. Syndrome delineation can lead to better genetic counseling, an important part
of HPE management given the heterogeneous causes of the condition and their
attendant differences in recurrence risk. Assessment for Smith–Lemli–Opitz syn-
drome is now available through metabolic testing for plasma sterols, including at
least cholesterol and 7-dehydrocholesterol. Testing for other single gene mutations
associated with HPE (at least six identified) is only available on a research basis.

Step 3. Outcome

An essential goal in dealing with families who have a child with HPE is to provide
the latest information on etiology and prognosis. Most current textbooks in Neurol-
ogy and Pediatrics focus their description on mortality and fail to describe the varia-
tion in neurological and medical morbidity. In my experience, families want a sense
of how their child might function, regardless of how severe the impairment. Addi-
tionally, since mortality data are not population based, the validity of generalization
is suspected. The HPE is a condition that, in its more severe forms, is associated with
a high mortality rate. Nevertheless, our ability to predict the risk of mortality on an
individual basis remains difficult and rarely is helpful for families regarding manage-
ment and future planning. My approach is to first ask the family to tell me what they
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have been told about HPE and their child. Almost uniformally, they have received
very grim information for obstetricians sonographers, and neonatologists. This ‘‘tell-
ing their story’’ sets the stage for our relationship and allows the family to discuss
their values and priorities for their child and family. After this, I readdress the risk
of mortality in a more general way and stress our inability to predict for specific indi-
viduals. We then discuss this uncertainty and how to manage it. Most deaths are
from medical illnesses with a clear trend towards multisystem failure as a prelude
to a terminal phase of illness. These latter problems are usually recognizable and per-
mit further discussion on management and palliative. This frank approach and offer
of assistance, if and when the time of a life-threatening illness occurs, puts most
families at ease and allows them to focus on helping their child to stay healthy
and function to the best of their potential.

Step 4. Complications

In general, there should be no progressive neurological deterioration in HPE and in
most cases some developmental milestones are attained. Early medical issues relate
to: (1) craniofacial aspects airway management due to cranofacial malfunctions,
(2) issues of feeding and swallowing, (3) management of endocrine issues, (4) control
of seizures, (5) maintenance of normal temperature, and (6) management of tone. If
neurological and=or developmental regression occurs, one should search for struc-
tural or metabolic abnormalities. Occasionally, hydrocephalus has developed even
in the setting of severe microcephaly. In this instance, CSF shunting has stabilized
the condition. Episodes of hypoglycemia can lead to seizures and=or alterations of
baseline function. A gastrostomy tube is beneficial when poor oromotor function
with or without gastroesophageal reflux is present. Abnormalities of sodium balance
can present as a diabetes insipidus-like disorder, particularly during intercurrent ill-
ness. Mild hypernatremia should be treated with liberalization of free water. Care
must be utilized when treating with DDAVP to avoid over treatment with resultant
hyponatremia and seizures. Disorders of temperature control are usually easily man-
aged with environmental control and a warming blanket. Children with MIHF have
greater cognitive and motor capabilities than those with ‘‘classical’’ HPE. Many are
ambulatory, but often show signs of spastic diplegia. Endocrine and autonomic dys-
function is less common, but can be present.

Proper diagnosis of HPE is essential for an etiological search, attempt at prog-
nosis, and in the follow up for potential complications. The neurologist is in a unique
position to assist both the patient, and family. To do this properly, however, requires
an ongoing long-term commitment. It is this author’s opinion that complex condi-
tions such as HPE are best managed in a longitudinal relationship in which educa-
tion, support, and problem solving are essential components of the patient–physician
relationship.
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3
Spasticity=Cerebral Palsy

April Puscavage and Alec Hoon
Johns Hopkins University School of Medicine, Kennedy Krieger Institute,
Baltimore, Maryland, U.S.A.

INTRODUCTION

Cerebral palsy describes a group of upper motor neuron syndromes secondary to a
wide range of genetic and acquired disorders of early brain development. In addition
to primary impairments in gross and fine motor function, there may be associated
problems with cognition, seizures, vision, swallowing, speech, bowel=bladder, and
orthopedic deformities. It is the most prevalent chronic childhood motor disability,
affecting 2–3=1000 school aged children. Cerebral palsy is considered nonprogres-
sive, but neurological findings may change or progress over time. Although compre-
hensive longitudinal studies are limited, the majority of children with cerebral palsy
develop into adulthood, actively participating in societal life.

DIAGNOSIS=CLINICAL FEATURES

Cerebral palsy is a clinical diagnosis, made on the basis of significant delay in gross
and=or fine motor function, with abnormalities in tone, posture, and movement on
neurological examination. While the neurological abnormalities in cerebral palsy
include loss of selective motor control, agonist=antagonist muscle imbalance,
impaired balance=coordination, and sensory deficits, diagnosis, classification, and
treatment are often based on abnormalities in tone. Children may have relatively pure
spastic, rigid, or dystonic hypertonicity or mixed degrees of these three types. Posi-
tion, posture, movement, anxiety, or illness may influence the determination of tone.

Spasticity, a velocity dependent increase in tonic stretch reflexes, is part of the
upper motor neuron syndrome, including clonus, reflex overflow, hyperreflexia, posi-
tive Babinski, loss of manual dexterity, and spastic weakness. Spastic hypertonicity is
commonly seen in association with white matter injury (e.g., periventricular leuko-
malacia) or widespread brain injury. While the neurophysiological mechanism(s)
has not been conclusively determined, disturbed supraspinal control of spinal circui-
try plays a major role in producing spasticity. Detrimental effects of spasticity
include impaired movement, muscle tightness, contractures, impaired hygiene,
disordered sleep and pain, and are the basis for many therapeutic interventions.
Spastic cerebral palsy syndromes include diplegia, quadriplegia, and hemiplegia.

15



By contrast, rigid hypertonicity is bidirectional, elicited independent of velocity
of stretch and without clonus. Dystonic hypertonicity, characterized by cocontrac-
tion of agonist–antagonist muscles and associated with twisting and repetitive move-
ments, usually occurs during voluntary movement or with voluntary maintenance of
a body posture. Dystonic hypertonicity is often associated with disorders of the basal
ganglia and thalamus. Extrapyramidal cerebral palsy syndromes, with rigid or dys-
tonic hypertonicity, are often categorized into dystonic, athetoid, choreic, and hemi-
ballismic subtypes based on observation of movement as well as neurological
examination.

In many children with cerebral palsy, there is mixed hypertonicity (mixed cere-
bral palsy). Treatment is often directed to the primary tone abnormality(ies). Atax-
ic=hypotonic cerebral palsy syndromes, a heterogeneous group of individually rare
disorders often genetically mediated, have marked variability in motor outcome,
and are not further discussed in this chapter.

THERAPY OVERVIEW

Children with cerebral palsy develop to their full potential when treatment programs
optimize motor capabilities, minimize orthopedic deformities and address associated
impairments. Neurologic interventions may be divided into medical, surgical, and
rehabilitative components (Fig. 1). Specialists in orthopedics, neurosurgery, ophthal-
mology, gastroenterology, pediatric neurology, physical medicine and rehabilitation,
child psychiatry, and pediatrics manage associated problems.

At the time of diagnosis, a thorough investigation of etiology should be com-
pleted (Tables 1 and 2), which may have important treatment, as well as prognostic
and recurrence risk implications (4,6). For example, children with dystonic (or even
‘‘spastic diplegic’’) cerebral palsy may have dopa-responsive dystonia, with improved
motor function using levodopa. Children with basal ganglia=thalamic injury from
perinatal asphyxia may develop improved expressive speech and hand use with
trihexyphenidyl (5), while those with spastic diplegia associated with prematurity
may benefit from selective dorsal rhizotomy.

Medical therapies include oral medications such as baclofen, diazepam, and
trihexyphenidyl as well as therapeutic botulinum toxin (Botox�) (3,7). Surgical
interventions include orthopedic procedures such as tenotomies, tendon transfers
and osteotomies, and neurosurgical procedures such as intrathecal baclofen, selective
dorsal rhizotomy (SDR) and deep brain stimulation (DBS) (1). Rehabilitative specia-
lists actively involved in treatment include physical and occupational therapists,
speech-language pathologists, audiologists, psychologists, and special education
consultants. Interventions used by therapists include NDT (neurodevelopmental
treatment), serial casting, orthotic bracing, strength training, aquatherapy, hip-
potherapy, and technology systems such as augmentative communication and power
mobility. Professionals cognizant of the effects of motor disability on other aspects of
childhood development may be of great benefit in fostering social–emotional growth.

TREATMENT OF SPASTICITY

In infants with spasticity, intervention should begin as early as possible, with the pri-
mary focus to facilitate function. The initial approach is often rehabilitative, with an
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experienced physical therapist showing parents=caregivers an approach to handling,
stretching, and positioning. If spasticity is persistent, then a more comprehensive
approach is required.

Spastic Diplegia

Spastic diplegia is characterized primarily by lower extremity hypertonia and limita-
tions in ambulation, and etiologically most closely linked with prematurity. Diagno-
sis is usually established between 9 and 24 months of age. The focus of treatment is
to diminish the effects of spasticity and weakness during the period of growth while
motor circuits are actively developing. Medical management consists of a stretching
program using daily exercises and splinting to prevent progressive loss of joint range
of motion. Orthotic interventions such as ankle foot orthoses (AFOs) and hip abduc-
tion braces are used to provide a static stretch in tight muscles.

Therapeutic botulinum toxin injections followed by splinting and=or serial
casting may be of benefit. Botulinum toxin produces selective and reversible chemo-
denervation by inhibiting acetylcholine release at the neuromuscular junction. By
selectively weakening specific muscles, it can be used to reestablish balance from
abnormal muscle forces across joints. Injections are safe, with effects lasting up to
three to four months. It is most commonly used to treat equinus foot deformity,
but may also be used in management of crouched gait, pelvic flexion contracture,
and upper extremity deformities as well as with focal dystonia.

Table 1 Etiology of Spastic Cerebral Palsy Syndromes

Spastic diplegia Spastic quadriplegia Spastic hemiplegia

PVL PVL (severe) Prenatal stroke
DRD Brain malformations Schizencephaly
HIV Encephalomalacia Grade 4 IVH
Hydrocephalus TORCH Perinatal stroke
Genetic (rare) Hydrocephalus Postnatal stroke
(Spinal cord) Meningitis

Encephalitis

Table 2 Etiology of Extrapyramidal Cerebral Palsy Syndromes

Dystonia=athetosis Chorea=hemiballismus

Dopa responsive dystonia Kenicterus
Perinatal asphyxia Perinatal asphyxia
Mitochondrial cytopathies Mitochondrial
Glutaric aciduria, type 1 ‘‘Post-pump syndrome’’
Methylmalonic acidemia
Creatine deficiency
Juvenile Huntington disease
Pantothenate kinase associated degeneration
Juvenile Parkinson disease
Encephalitis
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Antispasticity medications may be used as adjunctive treatment to reduce
hypertonicity in selected children. Commonly used medications include baclofen,
benzodiazepines such as diazepam and clonazepam, tizanidine, dantrolene, and
recently tiagabine. Beneficial effects on tone reduction must be weighed against non-
selective action on all muscle groups and unwanted cognitive and other side effects.
While these medications appear to enhance function in individual children, currently
there are no double-masked studies showing that these medications improve motor
capabilities.

A baseline evaluation from an orthopedic surgeon experienced with the man-
agement of children with cerebral palsy is useful for recommendations on nonsurgi-
cal interventions as well as for planning potential later surgery. Despite an early,
well-coordinated treatment program, some children with spastic diplegia will require
surgical intervention, commonly orthopedic and at times neurosurgical. The ortho-
pedic management of spasticity is directed toward reducing deformity and facilitat-
ing function, utilizing tendon lengthenings=transfers, bony osteotomies, and joint
fusion procedures. The initial procedures are frequently multilevel soft tissue, with
later bony procedures as required. Computerized gait analysis for preoperative
planning may be beneficial.

Intrathecal baclofen (ITB) and selective dorsal rhizotomy (SDR) are now used
in many centers for children with spastic diplegia. Both are invasive procedures, but
offer significant benefit in carefully selected patients. One significant difference is that
ITB is reversible, while SDR is permanent.

Intrathecal baclofen therapy is the delivery of microgram amounts of baclofen,
a GABA agonist, into the intrathecal space via an implanted, programmable pump.
Intrathecal baclofen provides titratable reductions in spasticity using doses 100 times
less than oral doses, and with a lack of adverse effects often associated with higher
doses of oral baclofen. Prior to pump placement, a 50 mg bolus of baclofen is fre-
quently given by lumbar puncture, with a 6–8 hr period of close observation for
reductions in spasticity. At the time of pump insertion, catheter placement is impor-
tant, with higher placement associated with greater benefit to the upper extremities.
While there are reports of functional improvements in children with spastic diplegia
using ITB, replication of findings in large prospective, randomized trials has not
been done to date.

Effective management requires a team approach before, during, and after
pump placement. Risks, treatment goals, and parental expectations of benefit should
be completely outlined prior to surgery. After pump placement, ongoing surveillance
for potentially serious side effects includes severe acute withdrawal secondary to,
increased hypertonicity associated with catheter kinking or dislodgement; and
CNS depression or loss of function from excessive dosing is required.

Selective dorsal rhizotomy is a surgical procedure in which 30–50% of sensory
nerve fibers entering the lumbosacral cord are selectively cut, to reduce lower extre-
mity spasticity and improve function. Some surgeons utilize intraoperative nerve sti-
mulation to determine which rootlets to cut, while others feel this is not required.
Selective dorsal rhizotomy has been recommended where there is significant spasti-
city, but motor strength is well preserved. The ideal patient is between 4 and 10 years
of age, with relatively pure spastic diplegia, preservation of antigravity strength and
selective motor control. While there are reported functional benefits with SDR,
noted especially in former premature infants, long-term concerns including hip
subluxation, spinal stenosis, and pain must be considered. As with ITB, families need
to be well informed about risks and benefits.
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Spastic (and Mixed) Quadriplegia

Children with spastic and mixed quadriplegia have four-limb hypertonicity and are
frequently unable to sit independently. Treatment goals include improving com-
fort=positioning, reducing pain, slowing the progression of musculoskeletal deformi-
ties and at times improving function. Affected children may not be able to express
sources of pain including muscle spasms as well as gastrointestinal reflux, which
may contribute to abnormal posturing.

In children with quadriplegic syndromes, all efforts should be made to
minimize hip and spine deformities, beginning with proper positioning and oral
medications.

Although adductor tenotomy procedures are performed to prevent hip disloca-
tion, many of these children will progress from subluxation to dislocation and
require further surgery. While early scoliosis is treated with spinal orthoses, again
a percentage of affected children will subsequently require spinal fusion. With this
in mind, the active involvement of a tone management team and an experienced
orthopedic surgeon would become integral to rehabilitative care.

For those children with intractable spasticity or severe mixed cerebral palsy,
ITB has been of great benefit, significantly reducing hypertonicity and improving
ease of care for families. Whether ITB reduces the need for subsequent orthopedic
surgery has not been conclusively established.

Spastic Hemiplegia

Children with hemiplegic cerebral palsy represent a distinct group, frequently with
characteristic findings in the contralateral hemisphere on MRI. Findings on clinical
examination may be either arm or leg dominant. The majority of affected children
walk independently, but may require interventions for lower and=or upper extremity
impairments including splinting=orthotic intervention, therapeutic botulinum toxin,
tendo-achilles lengthening for equines, and upper extremity surgical releases or
transfers for contractures. Associated problems requiring treatment may include epi-
lepsy, cortiosensory impairment and growth retardation on the affected side, and
learning disabilities=mental retardation.

TREATMENT OF EXTRAPYRAMIDAL DISORDERS

Treatment for extrapyramidal syndromes often requires the combination of pharma-
cotherapy and rehabilitation including power mobility and communication systems.

Pharmacotherapy is determined on the basis of the observed movement disor-
der. In essence, in syndromes with athetosis or dystonia, upregulating dopamine
by providing a dopamine precursor (levodopa, with carbidopa) or downregulating
acetylcholine (trihexyphenidyl) may improve movement. In children with hyper-
kinetic components including chorea or hemiballismus, downregulating dopamine
(reserpine, tetrabenazine, or potentially neuroleptics if very severe) or increasing
GABA (benzodiazepines, anticonvulsants) may be beneficial. In our experience, drug
therapy has been of greater benefit in dystonia and athetosis, with chorea and
hemiballismus often difficult to control.

In children with dystonic cerebral palsy, ITB may reduce the dystonia and
improve function. This requires high catheter placement, and considerable higher
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doses of baclofen than for spasticity. A promising direction for treatment is DBS,
where electrodes are placed in specific nuclei in the extrapyramidal motor circuit
including the globus pallidus and subthalamic nucleus. While some initial reports
of improvement in dystonia are favorable, there are concerns about mechanical pro-
blems including electrode movement and breaks. To date, DBS has been infrequently
employed in children with hyperkinetic movement disorders.

Children with extrapyramidal cerebral palsy are more likely than those with
severe spasticity to have normal intelligence. However, this group may have difficul-
ties with dysarthria or inability to speak. In this situation, assistive technology is
an important component of therapy. Sophisticated devices can be designed to give
children control of their environment from communication to mobility. Referral to
specialized centers or teams is recommended to provide the optimum equipment,
given the rapid advances in this area.

MEDICATION MANAGEMENT

While the possible range of side effects to oral medications is beyond the scope of
this chapter, several generalizations can be made. Some medications have recogniz-
able side effects, such as sedation from diazepam and seizures from acute baclofen
withdrawal. Others become evident with repeated use, such as personality changes
with trihexyphenidyl. As many of the medications used have not been thoroughly
studied in childhood, clinicians should listen carefully to parental=caregiver concerns
about any changes in their children after medication initiation.

Parents=caregivers will continue to administer medications if they see positive
benefits, which should be an important determinant in clinician decision making with
regard to use and dosing. A helpful additional aid is to keep community therapists
masked as to onset and dosing of medications, utilizing their opinions as to changes
in motor function with medication use=adjustments.

ASSOCIATED PROBLEMS

While this chapter is primarily directed toward medical management, it is important
to recognize that affected children and their families may have a wide range of med-
ical, financial, psychosocial, educational, and vocational needs, which may change
over time. The identification of a person who can coordinate various aspects of care
is of great benefit in overall management.

Furthermore, housing accessibility is critical for those children with more
severe forms of cerebral palsy, both to optimize independence of the affected child,
as well as to limit other impairments such as herniated disks from repeated lifting by
caregivers. A practical recommendation is to find a dwelling on one floor, such as a
ranch-style home.

COMPLEMENTARY ALTERNATIVE MEDICINE (CAM)

Families may use complementary alternative medicine, including acupuncture, cra-
niosacral therapy, myofascial release, therapeutic taping, diet and herbal remedies,
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electrical stimulation, constraint-induced training, chiropractic treatments, massage
and hyperbaric oxygen. While there are individual reports of improvements with
various alternative therapies, some carry substantial risks. Furthermore, rigorous
studies have not been conducted to assess efficacy. Prior to utilizing these therapies,
cost, efficacy, and potential side effects should be carefully considered.

CONCLUSIONS

Despite the wide range of available interventions with demonstrated benefits in
individual children, there is currently no clear consensus regarding the nature of
optimal therapy(ies), as well as timing and duration of specific interventions
(8–11). Further advances in treatment will require controlled trials, matched on etio-
logical antecedents and using reliable, valid quantitative measurement systems to
assess effectiveness.
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WEB SITES OF INTEREST

1. http:==www.wemove.org=kidsmove=. This WE MOVE web site offers informa-
tion and support for healthcare professionals and others whose lives are affected
by pediatric movement disorders.

2. http:==www.ucp.org=main.cfm=81. United cerebral palsy (UCP) is the leading
source of information on cerebral palsy and is a pivotal advocate for the rights
of persons with any disability. As one of the largest health charities in America,
UCP’s mission is to advance the independence, productivity, and full citizenship
of people with cerebral palsy and other disabilities.

3. http:==www.hemikids.org=. The Children’s Hemiplegia and Stroke Association,
a non profit organization, offering support and information to families of
infants, children, and young adults who have hemiplegia, hemiparesis, hemiple-
gic cerebral palsy, childhood stroke, infant stroke, or in utero stroke.

4. http:==www.lissencephaly.org=. This web site is provided for the parents, sib-
lings, physicians, and therapists of children born with lissencephaly
(smooth brain), and other neuronal migration disorders.

5. http:==www.eparent.com=. Exception Parent magazine’s on-line resource, pro-
viding information, support, ideas, encouragement, and outreach for parents
and families of children with disabilities, and the professionals who work with
them.
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Hydrocephalus
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INTRODUCTION

Hydrocephalus is the abnormal accumulation of cerebrospinal fluid (CSF) within the
ventricles and subarachnoid spaces. It is often associated with dilatation of the ven-
tricular system and increased intracranial pressure (ICP). The incidence of pediatric
hydrocephalus as an isolated congenital disorder is approximately 1=1000 live births.
Pediatric hydrocephalus is often associated with numerous other conditions, such as
spina bifida, tumors, and infections. Hydrocephalus is almost always a result of an
interruption of CSF flow and is rarely because of increased CSF production.

CLINICAL PATHOLOGY—SITE OF OBSTRUCTION

Historically, hydrocephalus has been classified as obstructive or nonobstructive, a
somewhat misleading classification because all forms of hydrocephalus, except
hydrocephalus ex vacuo (resulting from brain atrophy), involve some form of CSF
obstruction. A more commonly used classification differentiates hydrocephalus
between communicating or noncommunicating (Table 1). Traditionally, this classifica-
tion was based on whether dye injected into the lateral ventricles could be detected in
CSF extracted from a subsequent lumbar puncture. Currently, the term ‘‘noncom-
municating hydrocephalus’’ refers to lesions that obstruct the ventricular system,
either at the cerebral aqueduct of sylvius or basal foramina (i.e., basal foramina of
Luschka and Magendie). The term ‘‘communicating hydrocephalus’’ refers to lesions
that obstruct at the level of the subarachnoid space and arachnoid villi.

Lateral Ventricle

Choroid plexus tumors are rare in the pediatric population, with an incidence ran-
ging from 1.5% to 3.9% of all pediatric CNS tumors. Most choroid plexus tumors
are choroid plexus papillomas, which usually present within the first 3 years of life.
The CSF production rates three to four times the normal rate have been documented
in children with choroid plexus papillomas. Removal of the papilloma resolves the
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hydrocephalus in approximately two-thirds of cases. The remaining third probably
suffer from obstruction of the aqueduct and=or basal meninges and require a
ventricular shunt presumably secondary to preoperative microhemorrhages or
postoperative scarring of the arachnoid villae.

Foramen of Monro

Occlusion of one foramen of Monro can occur secondary to a congenital membrane,
atresia, or gliosis after intraventricular hemorrhage (IVH) or ventriculitis. The result-
ing unilateral ventriculomegaly is often occult until early childhood, and may enlarge
the ipsilateral hemicalvarium.

An iatrogenic functional stenosis of the foramen of Monro can develop in chil-
dren with spina bifida whose hydrocephalus has been treated with a ventricular
shunt. The contralateral nonshunted ventricle occasionally expands secondary to
deformity of the foramen of Monro. If symptomatic, the patient can be treated with
a shunt system having two ventricular catheters, each draining a separate lateral ven-
tricle or an endoscopic fenestration of the septum pellucidum with one ventricular
catheter draining both ventricles.

Third Ventricle

Cysts and neoplasms within the third ventricle commonly cause hydrocephalus. Col-
loid cysts are uncommon neoplasms that present superiorly and anteriorly within
the third ventricle, and usually obstruct both foramina of Monro. Considered to

Table 1 Causes of Hydrocephalus Based on Site of Obstruction

Lateral ventricle
Choroid plexus tumor
Intraventricular region glioma

Foramen of Monro
Congenital atresia
Iatrogenic functional stenosis
Stenotic gliosis secondary to intraventricular hemorrhage or ventriculitis

Third ventricle
Colloid cyst
Ependymal cyst
Arachnoid cyst
Neoplasms such as craniopharngioma, chiasmal-hypothalamic astrocytoma, or glioma

Cerebral aqueduct
Congenital aqueduct malformation
Arteriovenous malformation
Congenital aqueduct stenosis
Neoplasms such as pineal region germinoma or periaqueductal glioma

Fourth ventricle
Dandy–Walker cyst
Neoplasms such as medulloblastoma, ependymoma, astrocytoma, or brainstem glioma
Basal foramina occlusion secondary to subarachnoid hemorrhage or meningitis
Chiari malformations

26 Avellino



be congenital lesions, they can become symptomatic at any age. However, they
rarely present within the pediatric population, and are commonly symptomatic
between the ages of 20 and 50 years. They can cause either intermittent, acute,
life-threatening hydrocephalus or chronic hydrocephalus. They are customarily trea-
ted with resection via craniotomy, endoscopic resection, or stereotactic aspiration of
the cyst.

Ependymal and arachnoid cysts within the third ventricle usually present
with hydrocephalus in late childhood. Patients may present with bobble-head doll
syndrome, a rhythmic head and trunk bobbing tremor at a frequency of two to
three times per second. While endoscopic fenestration is a treatment option, they
are often treated with a ventricular catheter fenestrated to drain both ventricles
and the cyst.

The most common pediatric neoplasms that obstruct the third ventricle are
craniopharyngiomas and chiasmal-hypothalamic astrocytomas. Hydrocephalus
secondary to craniopharyngiomas usually resolves after surgical resection of the
tumor. Hydrocephalus secondary to third ventricular region gliomas usually does
not resolve after surgical resection, and ventricular shunt placement is often necessary.

Cerebral Aqueduct

The normal aqueduct of a neonate is 12–13mm in length and only 0.2–0.5mm in dia-
meter. Thus, it is prone to obstruction from a variety of lesions, including congenital
aqueductal malformations, pineal region neoplasms, arteriovenous malformations,
and periaqueductal neoplasms.

Hydrocephalus secondary to aqueductal occlusion is generally severe and
causes distension of the third ventricle and separation of the thalami, thinning of
the septum pellucidum and corpus callosum, and compression of the cerebral hemi-
spheres. Less than 2% of cases of congenital aqueductal stenosis are the result of the
recessively inherited X-linked Bickers–Adams–Edwards syndrome, which is asso-
ciated with flexion–adduction of the thumbs (‘‘cortical thumbs’’).

Any pineal mass can obstruct the aqueduct and produce hydrocephalus. Many
pineal region tumors, especially germinomas, are highly radiosensitive; and success-
ful tumor irradiation as well as surgical resection may adequately treat the obstruc-
tive hydrocephalus.

Low-grade astrocytomas are the most common periaqueductal pediatric neo-
plasms that cause hydrocephalus. Historically, children with neurofibromatosis have
often been diagnosed with ‘‘late-onset aqueductal stenosis.’’ However, with the
advent of magnetic resonance (MR) imaging, many of these children present with
periaqueductal hyperintense T2 signals, indicating low-grade astrocytomas.

Fourth Ventricle

In infants, the fourth ventricle is the location for obstruction secondary to Dandy–
Walker cysts or obliteration of the basal foramina. In older children, neoplasms are a
common cause. Such occlusions result in the dilation of the lateral, third, and fourth
ventricles above the obstruction. Dandy–Walker cysts are developmental abnormal-
ities characterized by a large cyst in the fourth ventricle lined with pia-arachnoid and
ependyma, hypoplasia of the cerebellar vermis, and atrophy of the cerebellar hemi-
spheres. Over 85% of children with Dandy–Walker cysts have hydrocephalus.
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Pediatric tumors associated with the fourth ventricle (e.g., medulloblastomas,
ependymomas, astrocytomas, and brainstem gliomas) commonly present with
hydrocephalus. Arachnoiditis secondary to either meningitis or subarachnoid
hemorrhage can also occlude the basal foramina and cause obstructive hydrocepha-
lus. In addition, infants with Chiari II malformations and myelomeningoceles have
hydrocephalus secondary to blockage of CSF flow from basilar obstruction.

Arachnoid Granulations

Sclerosis or scarring of the arachnoid granulations can occur after meningitis, sub-
arachnoid hemorrhage, or trauma. The subarachnoid spaces over the convexities
enlarge, thus forming a condition often referred to as ‘‘external hydrocephalus.’’
The radiographic imaging from this disorder is often confused with subdural effu-
sions, which are typically bifrontal, or cerebral atrophy, which is rare in children
with macrocephaly. Symptomatic external hydrocephalus is treated with a subdural=
subarachnoid to peritoneal shunt.

CLINICAL FEATURES

Premature Infants

Hydrocephalus in premature infants is predominantly caused by posthemorrhagic
hydrocephalus (PHH). Because the poorly myelinated premature brain is so easily
compressed and the skull is so distensible, premature infants can develop consider-
able ventriculomegaly before their head circumference increases. Infants with PHH
may have no symptoms or may exhibit increasing spells of apnea and bradycardia.
Poor feeding and vomiting are uncommon signs of hydrocephalus in premature
infants. If ventriculomegaly progresses and ICP increases, the anterior fontanelle
becomes convex, tense, and nonpulsatile; and the cranial sutures splay and the scalp
veins distend. As ventriculomegaly persists, the head develops a globoid shape, and
the head circumference increases at a rapid rate. Head circumference increases
0.5 cm=week in sick premature infants, 1 cm=week in healthy premature infants,
and up to 2 cm=week in premature infants with PHH (Table 2).

Table 2 Signs and Symptoms of Hydrocephalus in Children

Premature infants Infants Toddlers and older

Apnea Irritability Headache
Bradycardia Vomiting Vomiting
Tense fontanelle Drowsiness Lethargy
Distended scalp veins Macrocephaly Diplopia
Globoid head shape Distended scalp veins Papilledema
Rapid head growth Frontal bossing

Macewen’s sign
Poor head control

Lateral rectus palsy
Hyper-reflexia-clonus

Lateral rectus palsy
‘‘Setting-sun’’ sign

(From Elsevier from: P.P. Wang and A.M. Avellino. Hydrocephalus in children. In: Principles of

Neurosurgery, 2nd edition, S.S. Rengachary and R.G. Ellenbogen (eds.). Elsevier Science, 2003.)
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Full-Term Infants

The common causes of hydrocephalus in full-term infants include aqueductal steno-
sis, Chiari II malformation, Dandy–Walker syndrome, arachnoid cysts, neoplasms,
vein of Galen malformations, and cerebral malformations (e.g., encephaloceles,
holoprosencephaly, and hydranencephaly). Symptoms include irritability, vomiting,
and drowsiness. Signs include macrocephaly, a convex and full anterior fontanelle,
distended scalp veins, cranial suture splaying, frontal bossing, ‘‘cracked pot’’ sound
on skull percussion over dilated ventricles (Macewen’s sign), poor head control, lat-
eral rectus palsies, and the ‘‘setting-sun’’ sign, in which the eyes are inferiorly
deviated. Paralysis of upgaze and Parinaud’s sign herald dilation of the suprapineal
recess (Table 2).

Normal head circumference for full-term infants is 33–36 cm at birth. Head cir-
cumference increases by 2 cm=month during the first 3 months, by 1 cm=month from
4 to 6 months, and by 0.5 cm=month from 7 to 12 months. Head circumference
increases that are progressive and rapid, crossing percentile curves on the head
growth chart are a stronger diagnostic indicator of hydrocephalus than increases
that are consistently above, but parallel to the 95% percentile curve.

Older Children

Hydrocephalus after infancy is usually secondary to trauma or neoplasms. The pre-
dominant symptom is usually a dull and steady headache, which typically occurs
upon awakening. It may be associated with lethargy, and often improves after vomit-
ing. The headaches slowly increase in frequency and severity over days or weeks.
Other common complaints include blurred or double vision.

Children presenting with headaches, vomiting, and drowsiness are unfortu-
nately often misdiagnosed as having early meningitis; thus, a head computerized
tomography (CT) or MR imaging should be performed to rule out hydrocephalus,
hematoma, or tumor before a lumbar puncture is attempted. Older children often
present with decreased school performance and behavioral disturbances, as well as
endocrinopathies (e.g., precocious puberty, short stature, and hypothyroidism).

Common signs include papilledema and lateral rectus palsies (unilateral or
bilateral). Hyper-reflexia and clonus are also seen. Rarely, children with hydrocepha-
lus may experience transient or permanent blindness if the posterior cerebral arteries
are compressed against the tentorium. Treatment is urgent if the child becomes
lethargic. If the hydrocephalus is severe, Cushing’s triad of bradycardia, systemic
hypertension, and irregular breathing patterns, as well as autonomic dysfunction,
may occur. Cushing’s triad is rare and often denotes very high ICP requiring emer-
gency treatment (Table 2).

DIAGNOSIS

Historically, several imaging studies were commonly used before the advent of CT
scans in 1976. Skull radiographs demonstrate several diagnostic signs, including cra-
nial suture separation in infants, as well as a ‘‘beaten copper’’ appearance and
enlarged sella in older children. Skull radiographs have since been supplanted by
more modern imaging studies such as cranial ultrasonography, CT scanning, and
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MR imaging that demonstrate increased ventricular size, the site of pathological
obstruction, and may show transependymal resorption.

TREATMENT

The treatment of hydrocephalus can be divided into nonsurgical approaches and
surgical approaches, which in turn can be divided into nonshunting or shunting
procedures. The goals of any successful management of hydrocephalus are: (1) optimal
neurological outcome and (2) preservation of cosmesis. The radiographic finding of
normal-sized ventricles should not be considered the goal of any therapeutic modality.

Nonsurgical Options

There is no nonsurgical medical treatment that definitively treats hydrocephalus
effectively. Even if CSF production were to be reduced by 33%, ICP would only
modestly decrease by 1.5 cm H2O pressure. Historically, acetazolamide and furose-
mide have been used to treat hydrocephalus. Although both agents can decrease
CSF production for a few days, they do not significantly reduce ventriculomegaly.
Acetazolamide, a carbonic anhydrase inhibitor, is needed in large doses
(25mg=kg=day divided into three daily oral doses), and potential side effects include
lethargy, poor feeding, tachypnea, diarrhea, nephrocalcinosis, and electrolyte imbal-
ances (e.g., hyperchloremic metabolic acidosis, which may require treatment with a
systemic alkalizer). While acetazolamide has been used historically to treat premature
infants with PHH, recent studies have shown it to be ineffective in avoidance of ven-
tricular shunt placement and to be associated with increased neurological morbidity.

Surgical—Nonshunting Options

Whenever possible, the obstructing lesion that causes the hydrocephalus should be
surgically removed. For example, the resection of tumors in the vicinity of the third
and fourth ventricle often treats the secondary hydrocephalus. Unfortunately, in
most cases of congenital hydrocephalus, the obstructive lesion is not amenable to
surgical resection.

For CSF obstruction at or distal to the aqueduct (e.g., tectal plate tumors,
acquired aqueductal stenosis, or posterior fossa tumors), a potential surgical treat-
ment is the endoscopic third ventriculostomy. By surgically creating an opening at
the floor of the third ventricle, CSF can be diverted without placing a ventricular
shunt. Recent studies report a high success rate for endoscopic third ventriculos-
tomies among pediatric patients with hydrocephalus secondary to aqueductal steno-
sis. While earlier studies demonstrated that third ventriculostomies are of
intermediate value in patients with congenital aqueductal stenosis (i.e., < 1 year of
age) and myelomeningoceles, recent studies suggest that these patients also have high
success rates with this procedure. Communicating hydrocephalus is not an indication
for a third ventriculostomy.

Surgical—CSF Shunts

Table 3 lists common indications for ventricular shunt placement.
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Components

The CSF shunts are usually silicone rubber tubes that divert CSF from the ventricles
to other body cavities where normal physiologic processes can absorb the CSF.
Shunts typically have three components: a proximal (ventricular) catheter, a one-
way valve that permits flow out of the ventricular system, and a distal catheter that
diverts the fluid to its eventual destination (i.e., peritoneal, atrium, or pleural space).
Most shunts have built-in reservoirs that can be percutaneously aspirated for CSF.

Most shunt valves are pressure-differentiated valves, i.e., they are designed to
open at designated pressures and remain open as long as the pressure differential
across the valve is greater than the opening pressure. However, some shunts are flow
-controlled, where the valve mechanism attempts to keep flow constant in the face of
changing pressure differentials and patient position. Valves come in a variety of dif-
ferent pressure and flow settings depending on the manufacturer. A recent advance
in shunt valve technology has been the introduction of programmable valves. These
permit the neurosurgeon to adjust the opening pressure settings of the implanted
shunt valve without the need to subject the child to an additional surgical procedure
to change valves.

Shunt Complications

Shunt complications and failure remain a significant problem in treating hydroce-
phalus. The goal in treatment of hydrocephalus with a shunt is to decrease intracranial
pressure and associated cerebral damage and simultaneously prevent complications
associated with the ventricular shunting procedure. Shunt complications fall into
three major categories: (1) mechanical failure of the device, (2) functional failure
because of toomuch or too little flow of CSF, and (3) infection of the CSF or the shunt
device. A list of shunt complications is outlined in Table 4. The two most common
complications are infection and obstruction.

Shunt Infection

Despite the numerous measures used to decrease the risk of infection, in general,
approximately 1–15% of all shunting procedures are complicated by infection. This
rate seems to remain constant despite a host of precautions employed, which include
the use of systemic and intrashunt antibiotics, iodine-impregnated transparent surgi-
cal drapes, covering incisions with Betadine-soaked sponges, glove changes, and
using only instruments to handle shunt hardware. Premature infants have an
increased risk. Approximately three-quarters of all shunt infections become evident
within one month of placement. Nearly 90% of all shunt infections are recognized

Table 3 Indications for Ventricular Shunt Placement

Congenital hydrocephalus
Persistent posthemorrhagic hydrocephalus
Hydrocephalus associated with myelomeningocele
Hydrocephalus associated with Dandy–Walker cyst
Hydrocephalus associated with arachnoid cyst
Hydrocephalus associated with posterior fossa tumor
Treatment of trapped fourth ventricle secondary to intraventricular hemorrhage or meningitis
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within one year of the last shunt manipulation, as it is believed that most bacteria are
introduced at the time of surgery.

The offending organism is most often a member of the skin flora. Staphylococ-
cus epidermidis causes approximately 60% of shunt infections, Staphylococcus aureus
is responsible for 30%, and coliform bacteria, Propionibacteria, Streptococci, or
Haemophilus influenzae cause the remainder. In general, Gram-positive organisms
correlate with a better prognosis than Gram-negative organisms.

Common symptoms include irritability and anorexia. Common signs include
low-grade fever and elevated C-reactive protein. S. aureus infections often present
with erythema along the shunt track. Infected ventriculoatrial shunts may present
with subacute bacterial endocarditis and shunt nephritis, an immune-complex
disorder that resembles acute glomerulonephritis.

The literature regarding the usefulness of prophylactic antibiotics is conflicting.
Several prospective, randomized, trials demonstrated statistically significant
improvement in shunt infection rates when children were treated with systemic oxa-
cillin, systemic trimethoprim–sulfamethoxazole, or intraventricular vancomycin.
However, similar studies using systemic methicillin or cephalothin demonstrated no
significant advantage. Regardless of this, prophylactic antibiotics, such as cefazolin,
vancomycin, or oxacillin, are routinely used in clinical practice.

The most effective and widely used treatment of a shunt infection is to remove
the infected shunt hardware and either place no hardware (if tolerated) or place an
external ventriculostomy drain. The patient is then treated with the appropriate
intravenous antibiotics based on culture and sensitivity results. When the infection
is cleared [i.e., (1) 5–7 consecutive daily CSF cultures that are negative, (2) CSF
white blood cell count < 50mm3, and (3) CSF protein < 500mg=dL], a new ventri-
cular shunt system is implanted and the external ventriculostomy is removed. In the
case of some bacterial infections, it is possible to eradicate the infection without
removing the shunt. However, in situ treatment of shunt infections is fraught with
hazards and does not uniformly lead to success.

Shunt Obstruction

Shunt obstruction is another common complication. The clinical presentation can
vary greatly. Shunt devices are to be viewed as mechanical devices that can become
obstructed or malfunction anywhere in their course and anytime during their life-
time. The most common scenarios occur weeks, months, or years after insertion,

Table 4 Shunt Complications

Common
complications

Uncommon complications

Cranial Subcutaneous Peritoneal Atrial

Infection Subdural hygroma Shunt migration Peritonitis Endocarditis
Obstruction Subdural hematoma Shunt disconnection Pseudocysts Nephritis
Inadequate
flow or
overdrainage

Hemiparesis

Hematoma

Shunt fracture Perforation

Hernias

(From: P.P. Wang and A.M. Avellino. Hydrocephalus in children. In: Principles of Neurosurgery, 2nd

edition, S.S. Rengachary and R.G. Ellenbogen (eds.). Elsevier Science, 2003.)
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when choroid plexus or debris has occluded the proximal ventricular catheter tip.
Another common shunt malfunction scenario is the child who has obstructed his dis-
tal catheter or has outgrown his peritoneal catheter, and presents with an obstruction
after the distal catheter tip has slipped out of the peritoneal cavity. In addition, shunt
valves can malfunction, and shunt tubing can break, disconnect or dislodge from its
previous location.

Common symptoms of shunt obstruction depend on the age of the child. A
child with a shunt malfunction often presents with signs and symptoms of increased
ICP. Infants with a shunt malfunction usually present with irritability, poor feeding,
increased head circumference, and=or inappropriate sleepiness. Children with a
shunt malfunction usually present with headache, irritability, lethargy, nausea,
and=or vomiting. However, it is important to inquire if the signs and symptoms that
the child is presenting with are the same as those during a shunt malfunction in the
past. The child can present with waxing and waning symptoms, or can alternatively
present with a progressively worsening picture that does not improve until the shunt
is revised. A child complaining of pain with a clinical picture consistent with shunt
obstruction should not be given narcotics because of possible respiratory depression
or arrest.

When a shunt malfunction is suspected, neuroimaging studies should be
obtained after a careful history and physical examination. A head CT, as well as
anteroposterior and lateral skull, chest, and abdominal radiographs are obtained
to evaluate for increased ventricular size and shunt hardware continuity. Even
though a majority of children with a shunt malfunction present with increased ven-
tricular size on neuroimaging studies, there are those whose ventricular size does not
change because of decreased brain compliance (i.e., ‘‘stiff ventricles’’). In these chil-
dren, a shunt tap through the reservoir or valve is indicated to test the adequacy of
CSF flow and the intracranial pressure. Children who are diagnosed with a shunt
malfunction are taken promptly to the operating room for shunt revision.

The shunt itself can be examined for evidence of obstruction. The presence of a
fluid collection in the subcutaneous tissue in proximity to the shunt track is sugges-
tive. The shunt valve can be ‘‘pumped’’ (i.e., compressed several times against the
skull), which may provide useful information. A collapse of the valve without quick
refilling of CSF may indicate a shunt obstruction. Finally, the shunt reservoir can be
accessed by a 23- or 25-gauge butterfly needle. The presence of spontaneous flow
with good respiratory variations up the tubing or in a manometer connected to
the butterfly indicates patency of the ventricular catheter. The ICP can be measured
simultaneously. If there is no CSF flow up the manometer and the ventricles are
large, a presumed shunt obstruction is confirmed. In some institutions, a nuclear
medicine patency study may be performed to evaluate a presumed shunt malfunc-
tion, by occluding the valve and injecting through the butterfly needle a radioactive
isotope, such as indium [111In] into the reservoir. The radioactive isotope can then
be traced from the ventricular system, through the shunt device, and into the distal
collection site.

Uncommon Shunt Complications

Table 4 lists several uncommon shunt complications. Subdural hygromas and hema-
tomas may develop after the insertion of a ventricular shunt into a child with very
large ventricles and a thin cerebral cortical mantle. Treatment of symptomatic
subdural hygromas and hematomas consists of changing the shunt valve to a higher
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pressure setting and=or by introducing a catheter into the subdural effusion and
connecting it to the distal shunt system. Ventricular catheter migration out of the
ventricular system occurs if the shunt has not been properly fixed at the burr hole
site where it exits the skull.

Abdominal pseudocysts can develop around the distal end of the peritoneal
catheter. They often develop in young children secondary to indolent bacterial infec-
tions. In addition to presenting with a clinical picture of a shunt infection, the patient
may also complain of abdominal pain and distension. They can be diagnosed by an
abdominal ultrasound or CT scan. The cysts may be percutaneously aspirated, and
the fluid can be cultured. Given the indolent nature of the likely infections, treatment
is no different from any other shunt infection. Ascites, similarly, may be indicative
of an indolent infection, or it may be secondary to CSF overproduction and=or
inadequate peritoneal absorption.

Hernias can also develop within 3 months of shunt insertion, and are treated
like any other hernia. Perforation of intraperitoneal organs is a rare but
well-recognized complication.

Treatment of Posthemorrhagic Hydrocephalus (PHH)

Premature infants weighing 0.5–1.5 kg often develop IVH that obstructs the CSF
pathways. First, serial lumbar punctures and=or ventricular taps are performed to
normalize ICP; approximately 5–15mL of CSF must be removed daily to adequately
temporize the PHH. The infant’s ICP can be assessed by palpation of the anterior
fontanelle and detection of the cranial suture splaying; and ventriculomegaly can
be followed by serial cranial ultrasounds. If the infant’s weight is 1–1.5 kg, a ventri-
culosubgaleal shunt or a ventricular catheter and subcutaneous reservoir can be
placed. Ventriculosubgaleal shunts can safely temporize PHH while avoiding exter-
nal drainage or frequent CSF aspirations. A ventricular catheter connected to a sub-
cutaneous reservoir can be accessed for daily CSF aspirations with a risk of infection
of less than 5%. A ventriculoperitoneal shunt should be considered when the CSF is
cleared of posthemorrhagic debris, CSF protein is <1000mg=dL, the infant weighs
>1.5 kg, and the infant has persistent PHH.

Treatment of Hydrocephalus Associated with Myelomeningocele

Approximately 85% of infants with myelomeningoceles develop symptomatic hydro-
cephalus, and approximately 50% have obvious hydrocephalus at birth. Treatment is
usually with a ventriculoperitoneal shunt, although recent evidence suggests that
endoscopic third ventriculostomies may have a useful role. Historically, shunt place-
ment is deferred until after the myelomeningocele is repaired; however, contempor-
ary evidence suggests that the risks of shunt complications are not significantly
increased if the shunt is placed at the same time as the myelomeningocele closure.
In many centers, the shunt is placed in neonates with ventriculomegaly at the time
of the myelomeningocele closure with the hope that a shunt will prevent a CSF leak
from the repaired myelomeningocele site.

Treatment of Hydrocephalus Associated with a Dandy–Walker Cyst

To treat hydrocephalus secondary to a Dandy–Walker cyst, a contrast study can be
performed to determine if the lateral ventricles communicate with the cyst. With no
communication, at least two shunts are necessary, one to decompress the cyst and
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one to drain the ventricular system. With communication, a single shunt in either the
lateral ventricle or the cyst could adequately treat the hydrocephalus, although some
centers recommend simply shunting both the cyst and ventricle as the initial treat-
ment. A decompressed Dandy–Walker cyst can yield dramatic radiographic results
(i.e., cerebellar hemispheres that seem to be severely atrophic are often in reality only
severely compressed).

PROGNOSIS

The prognosis of pediatric hydrocephalus is dependent more on the underlying brain
morphology as well as other factors such as IVH, ventriculitis, and perinatal ische-
mia, than on the severity of the hydrocephalus and ventriculomegaly. The 5-year sur-
vival rate of children with congenital hydrocephalus is approximately 90%. Normal
intellect has been reported to range from 40% to 65%, but obviously varies widely
with each specific etiology.

Before the advent of the CT scan, several studies attempted to investigate the
prognosis of shunted vs. nonshunted hydrocephalic children. In 1963, Foltz and
Shurtleff performed a 5-year study of 113 hydrocephalic children of whom 65 were
shunted early, and 48 were not operated on. They found that shunted children had a
significantly better survival and a higher percentage had an IQ of at least 75. In 1973,
Young and colleagues performed an outcome analysis on a series of 147 shunted
hydrocephalic children. They found a correlation between the width of the child’s
cerebral mantle and IQ in that the IQ distribution approached a normal pattern
when a cerebral mantle width of 2.8 cm was achieved.

Since the introduction of CT and MR imaging, there have been several studies
investigating the outcomes of hydrocephalus secondary to specific etiologies. In
1985, Op Heij and colleagues followed children with congenital nonobstructive
hydrocephalus and found that IQ was normal (> 80) in 50% of cases and abnormal
(< 55) in 28%. There was no correlation with head circumference or degree of
ventriculomegaly. They concluded that the degree of intellectual impairment had less
to do with the severity of the hydrocephalus and more to do with the severity of
underlying anomalies in the central nervous system and defects in the cytoarchitecture
of the neocortex.

Infants with PHH have a significantly higher mortality rate when compared
with low-birth-weight infants without PHH. The correlation between severity of
PHH and neurological disabilities is less clear.

Historically, the mortality for infants with Dandy–Walker malformation
approached 20–30%. However, in 1990, Bindal and colleagues demonstrated a mor-
tality rate of 14% in their series. Lower IQ and neurological developmental delay are
seen in children with Dandy–Walker malformations, but they are thought to be
related to the associated anomalies in the central nervous system.

SUMMARY

Signs and symptoms of progressive hydrocephalus depend on age. Symptomatic ven-
tricular shunt malfunction should be evaluated, recognized, and treated promptly
to avoid undue morbidity. Ventricular shunt infection currently occurs in 1–15%
of children who have shunts placed or revised, and the majority of infections
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are detected within the first 1–6 months after a shunt procedure. The prognosis
of pediatric hydrocephalus is dependent primarily on the underlying brain
morphology.
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INTRODUCTION

Scoliosis is a lateral and rotational curvature of the thoracic and lumbar spine mea-
suring greater than 10�. Three major categories exist. The first, idiopathic scoliosis,
accounts for 80% of cases with a predilection for adolescent females. The second
category, neuromuscular scoliosis, describes an acquired deformity that results from
neurologic impairment of either a peripheral or central nature. The third category
involves those forms with congenital onset or that are attributable to other connec-
tive tissue and musculoskeletal disorders. Children with severe neurological impair-
ment are at high risk for the development of scoliosis, especially within certain
diagnostic groups. For example, 90% of boys with Duchenne muscular dystrophy
(DMD) will develop scoliosis. In cerebral palsy, the incidence is highest in those most
severely affected, usually with quadraplegic, hemiplegic, and dystonic forms of CP.

DIAGNOSIS AND EVALUATION

The neurologist’s role in the evaluation of the child with scoliosis is to uncover dis-
orders of the central or peripheral nervous system that might have additional impli-
cations for prognosis or management. Most patients with scoliosis, however, have
the idiopathic form of scoliosis or scoliosis due to obvious neurologic (Table 1) or
musculoskeletal (Table 2) causes that do not require further diagnostic investigation.
The most common problem, therefore, is to separate those with idiopathic scoliosis
from those with scoliosis due to occult neurologic impairment. In most cases of idio-
pathic scoliosis, curvature appears in preadolescence. For those with scoliosis due to
underlying neurologic causes, the appearance of curvature can occur early. It is
therefore incumbent upon pediatricians, neurologists, and other pediatric subspecia-
lists to have a high index of suspicion in patients with both new or long standing
scoliosis.

Neurologic evaluation entails a careful history with attention to back or leg
pain, changes in bowel or bladder function, and weakness or sensory changes.
The clinical examination should focus on the any focal features of the neurologic
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evaluation, particularly a difference between upper and lower extremities, manifest-
ing with signs of weakness, spasticity, incoordination, disproportionate tendon
reflexes, or extensor toe responses. Concave curves to the left, multiple, or complex
curves predict higher risk of underlying neurological disorders. Sensory examination
should focus on uncovering features of a sensory level, suspended sensory deficit of
spinothalamic modalities suggestive of a syrinx, or local sensory deficits characteris-
tic of radiculopathy. Scoliosis is a common early feature of Friedreich’s ataxia,
where diffuse areflexia, extensor toe responses, and abnormal Romberg testing are
prominent. Abnormalities of bowel or bladder function should be evaluated with
examination of sacral reflexes. Ancillary tests that might be of value include EMG
and somatosensory evoked potentials; the latter may be useful as preoperative base-
line studies for interoperative monitoring. Spinal cord MRI studies are invaluable in
investigating a possible mass or syrinx; in occasional circumstances as, for example
when metal rods preclude MR imaging, CT or standard myelography may also have
a role.

Orthopedic evaluation entails inspection for symmetry in standing and for-
ward bending, and determination of whether the curvature is fixed or flexible. Spine
radiographs are obtained with standing posterior–anterior and lateral films; if the
child is unable to stand, they are obtained in anterior–posterior seated or supine
positions. Curvatures are named for the side and region of the convexity, measured

Table 1 Neurological Conditions with an Enhanced Risk for Scoliosis

Central nervous system: brain Peripheral nervous system
Cerebral palsy Poliomyelitis
Congenital brain malformation Spinal muscular atrophy
Degenerative diseases of brain Brachial plexopathies
Tumors Genetic or acquired neuropathies
Vascular malformations Disorders of neuromuscular junction
Stroke Myopathies (congenital and inflammatory)
Genetic disorders Muscular dystrophies
Traumatic brain injury Central nervous system: spinal cord

Central nervous system: spinal cord Friedreich’s ataxia
Tumors, vascular malformations Congenital muscular dystrophies
Myelodysplasias, acquired myelopathies Mitochondrial encephalomyopathies
Traumatic spinal cord injury Myotonic dystrophy type I

Table 2 Musculoskeletal and Genetic Causes of Scoliosis

Musculoskeletal disorders Genetic syndromes
Rheumatoid arthritis Rett
Leg length discrepancy Neurofibromatosis
Injury to vertebrae 22q11.2 deletion syndrome
Infection of vertebrae Marfan syndrome
Tumors of vertebrae Osteogenesis imperfecta
Postthoracotomy Achondroplasia
Hemivertebrae and other vertebral malformations Aicardi syndrome
Klippel–Feil syndrome Ehlers–Danlos
Postrhizotomy
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by the method of Cobb, and assigned a severity ranking by Risser or other scales.
Curves of 10–30� are considered mild, and over 60� severe. Curves may be multiple.
Periodic re-evaluation determines the rate of progression, and whether intervention
is required.

Frequent use of radiographs in neonatal units will detect most cases of con-
genital scoliosis. Operative treatment is recommended prior to progressive deve-
lopment of deformity and secondary changes. Vertebral anomalies are the
most common cause. Whether or not a localized vertebral anomaly is identified,
20–50% of cases of congenital scoliosis are associated with spinal cord abnormalities.
In view of the high association of renal malformations with vertebral anomalies,
renal ultrasonography is recommended whenever vertebral abnormalities are
identified.

TREATMENT

Non-surgical

With progressive scoliosis, initiation of treatment typically begins at 20–25� of cur-
vature. The type of treatment depends on age and skeletal maturity, degree and loca-
tion of curve(s), underlying diagnosis and prognosis, general health, and parents’
and child’s wishes.

Exercise

Although stretching, other exercises and wheelchair positioning may alleviate some
of the discomfort or pain caused by scoliosis, these measures do not halt the progres-
sion of the curvature. Exercise and sports are not contraindicated, and in most cases
can be encouraged unless painful. Orthotics may need to be removed for sports.

Orthotics

In idiopathic scoliosis, bracing is sufficient to control moderate curves in skeletally
immature patients. Several types of brace are available, many of which can be con-
cealed under clothing. Braces worn 18–23 hr per day stabilize or improve curves in
patients with curvatures of 25–45� in 70% or more of appropriate cases of idiopathic
scoliosis. Braces must be worn until skeletal maturity or surgery. In neuromuscular
scoliosis, the function and deformities of children may limit the use of commercially
available devices; instead custom-molded polypropylene body jackets (Thoraco-
Lumbo-Sacral Orthosis, TLSO) are used. In patients with impaired balance
or strength, the use of a TLSO may improve sitting, balance, and upper extremity
function.

Bracing has several disadvantages, however. Chief among these is discomfort :
in many cases, the brace is restrictive and hot, even in the best of circumstances. Obe-
sity may preclude use of a brace, reducing mobility and restricting pulmonary capa-
city. Skin breakdown, dermatitis, and infection can also occur. The brace may
interfere with immediate access to vagus nerve stimulators, baclofen pumps, and
venous catheters. The need for prolonged wearing times and concern over cosmetic
appearance limit compliance. Social isolation and stigmatization may warrant
counseling.
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Surgical

The timing and type of surgery depend on the patient’s age, rate of progression, ske-
letal maturity, symptoms, underlying diagnosis, degree and location of curvature,
and cardiopulmonary function. In idiopathic scoliosis, curves that exceed 40–50�

prior to the onset of skeletal maturity usually require surgery to prevent progression
and to diminish spinal deformity. In neuromuscular scoliosis, surgery is highly
dependent upon etiology and rate of progression. For example, because scoliosis is
relentlessly progressive in most cases of Duchenne muscular dystrophy, surgery is
recommended as soon as a progression of curvature can be established, generally
at 20–30�. This generally occurs within 2–5 years of wheelchair dependence, so the
recognition of the earliest stages of curvature warrants special prospective monitor-
ing. An indication for surgical intervention for children with idiopathic scoliosis
requires assessment of rate of progression and stage of skeletal maturation, since
progression tends to cease at the time of epiphyseal closure. The intent is to correct
operatively those with the worst curves while the degree of angulation is less severe.
In contrast to idiopathic scoliosis, progression of curvature in children with scoliosis
due to neuromuscular causes may continue beyond the time of skeletal maturity.
Earlier operative intervention may be required if there is congenital onset, rapid pro-
gression of scoliosis or pelvic obliquity, or when progressive pulmonary dysfunction
could increase surgical risk if delayed as in Duchenne muscular dystrophy.

Preoperative evaluation may include spinal imaging with MRI or CT myelogra-
phy, and somatosensory evoked potentials. Screening for potential anesthetic risks
with this long and difficult surgery with pulmonary, cardiologic, hematologic, and
nutritional assessment may also be warranted. Preoperative MRI is especially impor-
tant to assess whether non-orthopedic approaches, such as decompression of Chiari I
malformation, might result in slowing of the rate of progression. The reduction of a
tethered cord in myelomeningocele patients is unlikely to improve scoliosis, but
documentation of this finding is helpful in postoperative care and prognosis. Identi-
fication of spinal cord anomalies including tumors, syringomyelia, diastematomyelia,
or impingement upon the spinal canal will affect surgical approaches.

Patient and family education includes a discussion of risks and benefits of the
surgery. Patients may have increased sitting or standing height, and improved self-
esteem due to diminished deformity. Potential risks include anesthetic complications,
bleeding, postoperative pain, pulmonary complications, infection, and even death.
Morbidity and mortality are highest in neuromuscular cases. Because children in
wheelchairs may have an increased sitting height, transportation needs may be
altered by the procedure. Changes in body mechanics can impair the independent
ability to perform many simple tasks such as arising from the floor, or important
self-care activities such as feeding and personal hygiene.

If a neuromuscular diagnosis is suspected, it may be an opportune time to
obtain a muscle biopsy. Preoperative consultation with a pediatric anesthesiologist
is required for many muscle disorders, such as central core myopathy, where there
is enhanced risk for malignant hyperthermia.

Operative Approaches

The choice of posterior fixation only, or posterior and anterior fixation combined, is
a complex matter that includes assessment of the severity of curvature, number of
segments over which the angulation occurs, level of skeletal maturity, and the degree
of planned correction. Addition of an anterior approach with discectomy and bone
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grafts between vertebral bodies increases the potential correction, and removal of the
growth plate can alter later growth as necessary. Anterior spinal fusion is, however,
associated with greatly increased operative morbidity. Sometimes the surgery can be
done in two stages to minimize complications associated with a long procedure with
large fluid shifts. In some cases of a short segment severe curvature, anterior access
can be accomplished with an endoscopic approach using minimally invasive instru-
ments. An anterior approach to shorten the vertebral column by removal of the discs
and portions of one or more vertebral bodies may be necessary in cases where sig-
nificant lordosis is to be corrected. Without this intervention, there is a risk that
excessive traction on the posterior elements can lead to ischemic changes in the
spinal cord. In the earliest version of posterior spinal fusion, a ‘‘Harrington rod’’
was placed and secured at both ends; this procedure has been replaced by a variety
of segmental procedures where wires or hooks are affixed to posterior elements of the
spine at multiple locations. The advantage is substantial; with modern techniques the
patients can be mobilized much sooner and usually do not require postoperative
external fixation to achieve a good fusion.

In many centers, continuous intraoperative monitoring of the posterior col-
umns with somatosensory evoked potentials, or the corticospinal tract with cortical
evoked motor potentials, provides the surgeon with an ongoing assessment of spinal
cord function.

A 50-year natural history study of untreated idiopathic scoliosis by Weinstein
et al. concluded that the chief long-term problem is back pain and cosmetic. With
more severe curves, however, and in patients with other neurologic impairments,
the consequences of unrepaired scoliosis can be more significant, and include con-
finement to bed with persistent pain and potential for visceral complications. When-
ever possible, careful positioning in wheelchairs equipped with three-point lateral
trunk supports, molded backs, special seats and seat covers to minimize pressure
points, and tilt-in-space options to relieve pressure are all of value. Pain management
is fundamental.

SUMMARY

Idiopathic scoliosis can usually be successfully treated with bracing or surgical meth-
ods. Children with congenital or neuromuscular scoliosis are more challenging to
treat because of associated medical, orthopedic, and neurological disorders. Sur-
geons and families may opt for conservative management with bracing, but ulti-
mately surgical arthrodesis with instrumentation is often necessary. The ideal
outcome requires both careful patient selection and preoperative evaluation.

SUGGESTED READINGS

1. Campbell’s Operative Orthopaedics. 10th ed. Copyright # 2003 Mosby, Inc.
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Chiari Malformations

Jon Weingart
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INTRODUCTION

Chiari malformations are hindbrain herniation syndromes that occur in children and
adults. The classification scheme (i.e., Chiari I, II, III, and IV) describes the relation-
ship of the posterior fossa contents to the foramen magnum (Table 1). This classifi-
cation scheme does not imply a spectrum of increasing severity of the anatomical
abnormality or the clinical significance (i.e., a Chiari I does not progress to a Chiari
II). Chiari I and II are the only clinically relevant types.

Anatomically, Chiari I and II differ in the degree of herniation of the posterior
fossa contents through the foramen magnum. In Chiari I, only the cerebellar tonsils
are descended or herniated through the foramen magnum. The extent of tonsillar
hernitaion can vary from a few millimeters to greater than a centimeter. The radio-
graphic diagnosis uses tonsillar ectopia of greater than 3–5mm below the foramen
magnum as a diagnostic criterion. Recently, Milhorat has focused on the importance
of a decrease in the CSF spaces surrounding the cerebellum and brainstem at
the foramen magnum, suggesting that tonsillar descent of less than 3mm may be
clinically relevant in some patients.

In Chiari II malformations, the lower brainstem, inferior cerebellar hemi-
spheres, cerebellar vermis, and cerebellar tonsils descend through the foramen mag-
num. Chiari II malformations are associated with myelomeningocele and spina
bifida. For this reason, these patients often have associated hydrocephalus and=or
tethered spinal cords that can exacerbate the symptoms related to the Chiari II

Table 1 Classification of Chiari Malformations

Type I Displacement of cerebellar tonsils below foramen magnum
Type II Displacement of the cerebellar vermis, fourth ventricle,

and lower brainstem below foramen magnum
Type III Displacement of cerebellum and brainstem into a high cervical meningocele
Type IV Cerebellar hypoplasia
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malformation and thus must be evaluated when considering the best treatment for a
patient.

The clinical presentation of children with Chiari I or II malformations varies
depending on the age of the child and the presence of other associated findings
such as syringomyelia, hydrocephalus, or tethered cord. The treatment is symp-
tom-driven; that is, asymptomatic patients, in general, do not need treatment.

CLINICAL PRESENTATION

The symptoms and signs are varied and age-dependent (Table 2) and secondary to
cranial nerve dysfunction, cerebellar dysfunction, and=or spinal cord dysfunction
usually secondary to a syrinx. A syrinx is a fluid filled cavity within the spinal cord
that develops in the setting of a Chiari malformation secondary to the obstruction of
CSF flow at the foramen magnum. Symptom complexes in individual patients may
vary despite similar anatomy on the MRI.

The majority of children born with a myelomeningocele will also have a Chiari
II malformation and hydrocephalus. In infants, the Chiari II malformation can be
life threatening. Brainstem and cranial nerve dysfunction can produce apneic
episodes and respiratory compromise, the former occurring in association with
agitation. Children with Chiari II tend to be poor feeders and have weak cries.
Examination reveals nystagmus, spasticity in the upper extremities, and fixed neck

Table 2 Clinical Signs and Symptoms in Children with Chiari Malformations

Chiari I Chiari II

Infant Stridor
Apnea-episodic
Decreased gag reflex
Aspiration
Fixed neck extension (retrocollis)
Weak cry
Nystagmus
Increased tone
Upper extremity weakness

Childhood Headache Headache
Neck pain Neck pain
Ataxia or balance problems Nystagmus
Scoliosis Increased tone

Upper extremity weakness
Aspiration
GE reflux
Decreased cough reflux

Adolescence Headache
Neck pain
Ataxia or balance problems
Scoliosis
Suspended sensory loss (due to syrinx)
Hand or arm atrophy
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extension or retrocollis. These children often have other health problems and are
failing to thrive, which can make evaluation difficult and the clinical picture confus-
ing. Despite surgery in this patient group, many of these children continue with
symptom progression and die due to progressive disease. It is essential to rule out
hydrocephalus or shunt malfunction in a symptomatic infant as treatment of the
hydrocephalus can reverse the clinical course.

After 1 year of age, the apnea spells are much less frequent. Although sequelae
of cranial nerve dysfunction, such as aspiration or recurrent pneumonia, can be
seen, motor symptoms become more common. These include an impact on motor
development of the upper extremities and the appearance of spasticity. As the child
gains language function, headache or neck pain become more common. The charac-
ter of the headache is fairly consistent between Type I and II malformations and
across ages. The location is occipital, suboccipital, and posterior neck. The pain
can radiate to behind the eyes and is often described as a feeling of pressure. Exer-
cise, straining, coughing, or any valsalva maneuver will bring on the pain, which
tends to pass over a short period of time. Not uncommonly, parents note complaints
of headache or pain during upper respiratory infection or asthma attacks. Since
headaches in patients with Chiari malformations can occur in other locations
on the head, one should not dismiss the diagnosis of this disorder just because
the headache is atypical.

In middle and late childhood, the clinical presentation is very similar to ado-
lescence. Pain, headache, and motor symptoms predominate. Motor symptoms
include spasticity, weakness, and balance problems. Symptoms secondary to a
syrinx begin to appear in this age group. These symptoms include sensory loss,
hand and arm weakness, change in leg function, and extremity or torso pain that
is often burning in character. The development of scoliosis can be due to formation
of a syrinx.

The diagnostic test of choice is the MRI scan. The radiological evaluation
should include at least the brain and cervical spine. In the Chiari II malformation,
the whole spine should be imaged. Similarly, in a patient with scoliosis and a Chiari
malformation, the entire spine should be imaged. The purpose of this extensive ima-
ging evaluation is to evaluate for hydrocephalus, syrinx, tethered spinal cord, or
other skull base anomalies associated with Chiari malformations. An additional
helpful study is a cine-MRI that evaluates CSF flow across the foramen magnum.
In patients with Chiari malformations, the reduced flow is found posterior to the
cerebellum. The radiological evaluation is important because it helps guide the
proposed treatment that may address associated findings rather than the Chiari
malformation itself.

TREATMENT

The decision to treat, when to treat, and what to treat is very dependent on the sever-
ity of the symptoms and the clinical presentation. For patients in whom pain or
headache is the only symptom, medical management is the first line of therapy
(see Chapter 20 on headaches). In patients who fail medical management or who
have loss of neurologic function, surgical management is indicated. Currently, there
is no standard operative procedure. Accepted procedures range from a bony decom-
pression only to a bony decompression with dural patch grafting, intradural dissec-
tion, and tonsillar manipulation.

Chiari Malformations 45



The Asymptomatic Patient with Chiari I Malformation

With the wide use of MRI scanners, children will occasionally be diagnosed with
Chiari malformation and syringomyelia before they have symptoms. In a 1998
survey of pediatric neurosurgeons, 81% of respondents favored observation with
yearly neurological exams and MRI scans. It is not clear whether these children
should restrict their activity. In the survey, a third of respondents would place activ-
ity restrictions, primarily avoidance of contact sports. If a follow-up MRI demon-
strates progression of a syrinx, 61% of responding pediatric neurosurgeons would
recommend surgical intervention.

Chiari II Malformation and Myelomeningocele

This group can be very challenging to manage due to the complexity of the myelo-
meningocele patient. As an infant, the symptoms of apnea and swallowing problems
can be life threatening. Prior to decompressing the Chiari malformation, the child
must be evaluated for hydrocephalus. If a shunt is already in place, the function
of the shunt should be evaluated. The hydrocephalus should be treated first, as often
this will result in symptom resolution and improvement in neurological function. In
the absence of hydrocephalus, an infant with progressive symptoms and abnormal
neurological function should undergo a posterior fossa decompression.

In childhood and adolescence, in addition to assessing for hydrocephalus, the
lower spine should be imaged to rule out a tethered spinal cord. If a tethered cord is
found, consideration of first untethering the spinal cord should be given. Patients can
have improvement of their Chiari symptoms with cord untethering.

Chiari Malformation with Syrinx

Obstruction to CSF flow at the foramen magnum is the cause of syrinx development
in the setting of a Chiari malformation. For symptomatic patients, posterior fossa
decompression is the optimal surgical treatment. In the majority of patients, re-
establishing CSF flow at the foramen magnum results in spontaneous collapse of
the syrinx. The majority of syrinxes will collapse within a few weeks of posterior
fossa decompression, though it can take longer. If the syrinx does not collapse, then
surgical drainage of the syrinx is indicated.

Syrinx Without Chiari Malformation

This group of patients is included here because if a syrinx is diagnosed then a Chiari
malformation should be looked for with a brain MRI. If tonsillar ectopia is not iden-
tified then surgical treatment should be aimed at the syrinx itself. Primary surgical
treatment involves shunting the syrinx either into the subarachnoid or pleural space.
One study described a group of patients with syringomyelia and no tonsillar ectopia
who were treated successfully with posterior fossa decompression. He identified
abnormalities in the posterior fossa anatomy on MRI scans and found intradural
abnormalities at the foramen magnum at the time of surgery. Cine-flow MRI scan-
ning might be helpful in this group of patients to try and identify an alteration in
CSF flow at the foramen magnum. A measurable obstruction to CSF flow would
support a posterior fossa decompression as the first surgical treatment.
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OUTCOMES

The goal of surgical treatment is symptomatic improvement and stabilization or
improvement in neurologic function. Unfortunately, prospective studies looking at
outcomes after surgery do not exist. The majority of patients improve but the dur-
ability of that improvement is not well delineated in the literature. Symptom recur-
rence several years after surgery is reported as high as 40–45%. Nevertheless, the
progressive nature of the symptoms in patients with Chiari malformations can
significantly affect the patient’s quality of life and surgical treatment should be
offered to these patients.
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Status Epilepticus
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INTRODUCTION

Status epilepticus (SE) is considered a medical emergency, and is defined by the
International League Against Epilepsy (ILAE) as ‘‘an epileptic condition that occurs
whenever a seizure persists for a sufficient length of time or is repeated frequently
enough that recovery between attacks does not occur.’’ The concept of how long a
seizure lasts prior to being considered SE has changed over time, and continues to
be controversial. Initial definitions, such as by Aicardi and Chevrie, suggested a
duration of 1 hr; however, with increased understanding of the pathophysiology of
seizures from animal models this time period has shortened. Many pediatric epilep-
tologists now propose that 5–10min of continued seizure activity be considered SE.

Status epilepticus can be associated with significant morbidity both in children
and adults, and in children the mortality from SE has been reported to be as high as
10%. The prognosis of SE depends on etiology, age of the child, and duration of SE.
Status epilepticus occurs commonly in all age groups, including children. In popula-
tion-based studies, the incidence of SE in children has ranged from 10 to 41 per
100,000. Several studies have shown that SE is more common in younger children,
with other risk factors including symptomatic etiology and partial seizures. In the
United States, 70% of children under one year of age who are diagnosed with
epilepsy initially present with status epilepticus. In children with epilepsy, approxi-
mately 20% have an episode of SE within 5 years of diagnosis. Five percent of
children with febrile seizures present with SE.

ETIOLOGY

The classification of SE using the International Classification of Epileptic Seizures is
based on seizure onset as either partial (focal) or generalized, and can occur with any
seizure type (Table 1). The SE can be further classified by phenotype of the seizure
(absence, myoclonic, tonic, clonic) and whether consciousness is preserved or
impaired (simple vs. complex). The SE can also be classified by etiology including
symptomatic (acute and remote), remote symptomatic with acute precipitant,
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progressive encephalopathy, cryptogenic, idiopathic, and febrile SE. Childhood SE is
associated with a variety of etiologies (Table 2). The etiology of SE is an important
determinant of outcome. In children, the most common etiology is infection with
fever, which accounts for approximately 50% of pediatric SE.

Table 1 Classification of Status Epilepticus

Generalized status epilepticus
Convulsive (tonic clonic)
Nonconvulsive (NCSE, absence, petit mal)

Partial status epilepticus
May be NCSE
Simple (no alteration of awareness)
Somatomotor—epilepsia partialis continuum

Complex (altered awareness)
Pseudo-status epilepticus
Pseudoseizures, psychogenic SE

Table 2 Etiologies of Status Epilepticus in Childhood

Neonates (first month of life)
Birth injury (anoxia, hemorrhage)
Infection
Congenital abnormalities
Inborn errors of metabolism
Amino acidurias
Lipidoses

Metabolic disorders
Hypoglycemia
Hypocalcemia
Hyponatremia

Early childhood (< 6 years)
Birth injury
Febrile convulsions
Infection
Metabolic disorders
Trauma
Neurocutaneous syndromes
Neurodegenerative disorders
Tumors
Idiopathic

Children and adolescents
Birth injury
Trauma
Infection
Neurodegenerative disorders
Tumor
Toxins
Idiopathic
Epilepsy with inadequate drug levels

50 Thiele



An episode of SE can be divided into four stages: (1) incipient (premonitory,
prodromal), 0–5min after seizure onset; (2) early stage, 5–30min after seizure onset;
(3) late (or established) stage, 30–60min after seizure onset; (4) refractory stage,
greater than 60min. The concept of premonitory, prodromal, or incipient SE has
been introduced to identify a situation that may lead to SE. Prehospital treatment
with agents such as rectally administered diazepam can then be given to hopefully
prevent progression into SE. The stages are used to help determine course of treat-
ment, and are based in part by understanding the neurometabolic changes which
occur during seizures leading to potential neuronal injury.

THERAPY

Initial Evaluation and Management

The initial evaluation of a child having ongoing seizure activity includes the assess-
ment of the child’s airway and ventilation; the initial management involves steps
necessary to maintain these functions. The child’s circulation should be assessed
and intravenous access should be obtained. Vital signs and pulse oximetry should
be closely followed. Available directed history of the seizure episode and the child’s
previous medical history should be obtained and the child examined. Blood glucose
concentration should be checked with a dextrostick to allow rapid detection of
hypoglycemia. Further diagnostic studies are selected as indicated based on the
above information as well as child’s age. Blood laboratory evaluation including
electrolytes, calcium, magnesium, and phosphorous level may be helpful in deter-
mining cause, particularly in the setting of intercurrent illness or other cause of
metabolic abnormality; complete blood count may reveal an elevated white blood
cell count resulting from infection or the seizure activity itself. If the child is on
anticonvulsant medications for an already recognized seizure disorder, drug levels
should be determined, as low levels could be associated with increased seizure
activity and SE.

Following stabilization of the child, additional history should be obtained,
including course of current seizure activity (time and nature of onset, phenotypic
characteristics including any focality), duration of seizure activity prior to medical
attention, mental status after cessation of seizure activity; fever or intercurrent ill-
ness, prior history of seizures, head injury, intoxication or toxic exposure, CNS
abnormality or illness, birth history and developmental delay, and other medical
history. A rapid directed examination should be performed looking for signs of
sepsis or meningitis, evidence of head or other CNS injury, and evidence of neu-
rocutaneous syndromes. Further investigations should be considered if clinically
indicated. Spinal fluid analysis should be performed if meningitis is suspected based
on clinical presentation, history, and age. If there is a concern of increased intra-
cranial pressure or a structural lesion that would contraindicate lumbar puncture,
antibiotics should be administered and neuroimaging obtained prior to lumbar
puncture.

Neuroimaging is generally indicated for SE after assuring the child is stable
clinically, particularly if the child does not have a history of previous seizures or if
the cause of SE is unknown. If readily available, MRI is a preferred imaging mod-
ality, but CT scan would allow detection of conditions needing urgent intervention
such as hemorrhage, edema, or mass lesion. An EEG should be considered if there is
any concern that the child may have ongoing seizure activity, either related to
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continued altered awareness or focality on examination, or if there is a concern of
pseudoseizure. An EEG may also be necessary if neuromuscular paralysis is used
in treatment of SE, or if suppressive therapy is required for refractory SE.

Pharmacologic Management of SE

Several medications have been shown to be effective in treating SE (Table 3). The
ideal medication would be a drug that is safe and easily administered, acts rapidly,
is effective for many hours, and produces minimal sedation. Unfortunately, many
of the anticonvulsant medications currently used to treat SE can cause sign-
ificant respiratory and cardiac suppression when given in doses recommended for
SE; therefore, the child should continue to be closely monitored for airway patency,
ventilation, and circulatory stability. Treatment should be initiated as soon as the
patient is stabilized. Several protocols have been developed for the treatment of
SE, and a practice parameter for pediatric SE is currently under development in
the United States (Table 4).

Benzodiazepines
Diazepam. Due to high lipid solubility, diazepam rapidly enters the brain and

has a prompt anticonvulsant effect. However, due to rapid tissue redistribution, it
loses this effect in 20–30min, and therefore another agent to maintain seizure control
must follow it. Availability in a rectal formulation allows administration without IV
access, which allows earlier treatment, even before medical assistance is available.

Lorazepam. Lorazepam is currently the medication of choice in the initial
management of SE in both children and adults. Although lorazepam enters the brain
slightly less rapidly than diazepam, due to a smaller volume of distribution it has
longer-lasting anticonvulsant activity than diazepam. Lorazepam is less sedative
than diazepam, and associated with less respiratory suppression.

Midazolam. Although it has a shorter half-life than other benzodiazepines,
midazolam has an important role in the management of SE. If IV access is not avail-
able, midazolam can be given IM, where it is fairly well absorbed due to its water
solubility in acidic solutions. At physiologic pH it then becomes lipid soluble,
allowing fairly rapid penetration into the CNS. Due to a shorter half-life, midazolam

Table 3 Medications Used in Treating SE

Loading dose Tl=2 elimination

Lorazepam 0.1mg=kg=dose Repeat prn at 10–15min intervals 16 hr
Maximum 4mg=dose

Diazepam 0.2–0.5mg=kg=dose Repeat q 15–30min to
maximum 10mg

36 hr

Midazolam 0.05–0.2mg=kg IV, Repeat q 10–15min to10mg;
0.2mg=kg IM or
0.15–0.2mg=kg IV
followed by continuous
infusion of 1mcg=kg=min

1.5–3.5 hr

Fosphenytoin 20 phenytoin equivalents=kg 20–50 hr
Valproate 15–20mg=kg 6–16 hr
Phenobarbital 20mg=kg 60–180 hr
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is either given as repeated doses (or continuous infusion), or followed by another
longer acting agent.

Fosphenytoin and Phenytoin

Fosphenytoin is a prodrug of phenytoin that is rapidly converted to phenytoin by
blood and organ phosphatases. Its chemical properties allow it to be administered
without the propylene glycol carrier required for phenytoin, which is responsible
for many of the potentially severe side effects of IV phenytoin administration.
Fosphenytoin (or phenytoin) begins to act 10–30min after IV administration. Given
in a loading dose, these drugs reach a therapeutic level fairly rapidly, without signifi-
cant respiratory depression or sedation. Following resolution of SE, fosphenytoin
treatment can be converted to oral phenytoin maintenance therapy.

Phenobarbital

Phenobarbital can be used for SE in all age groups, and continues to be the
medication of choice for neonatal seizures. Since respiratory and CNS depression
are common side effects, phenobarbital is typically used to treat SE only after
benzodiazepines and phenytoin have failed.

Sodium Valproate

An intravenous formulation of sodium valproate (DepaconTM) is now available and
may be effective in the treatment of SE in children and adults. It can be given as a
loading dose, with subsequent maintenance dosing, and is not significantly sedating.

Table 4 Pediatric Status Epilepticus Treatment Algorithm

Early stage (5–30min after seizure onset)
1. Assess airway, breathing, circulation (ABCs)
2. Lorazepam 0.lmg=kg lV Maximum dose: 4mg
OR (if no IV access)
Midazolam 0.2mg=kg IM Maximum dose: 10mg
Diazepam 0.5mg=kg PR Maximum dose: 20mg

(if seizure does not stop in 5–10min, repeat dose and begin Fosphenytoin)

3. Fosphenytoin 20mg PE (phenytoin equivalents)=kg IV or IM
4. Phenobarbital 20mg=kg IV

Late, established SE (30–60min after seizure onset)
5. Maximize fosphenytoin Give additional 10mg PE=kg IV or IM
6. Valproic acid 20–25mg=kg IV
7. Pyridoxine (B6) 200mg IV

Refractory stage (>60 min after seizure onset)
Use one of the following:
8. Midazolam 0.2mg=kg IV followed by 0.02–0.4mg=kg=hr
9. Pentobarbital 2–10mg=kg IV followed by 0.5–1mg=kg=hr
10. Propofol 1–2mg=kg IV over 5min followed by 2–3mg=kg=hr
11. Isoflurane 0.5–1.0% MAC

(Adapted from JJ Riviello, with permission.)
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Refractory Status Epilepticus

If SE continues for 30–60min despite nominal treatment with anticonvulsants, it is
then considered refractory SE. The child should receive further treatment in an
intensive care unit setting, and airway should be protected and ventilation controlled
via intubation. Aggressive pharmacologic therapy should be applied with the goal of
immediately stopping SE. Options include high dose barbiturates (pentobarbital and
phenobarbital), benzodiazepines (midazolam, lorazepam, and diazepam), as well
as other IV anesthetic agents including thiopental, lidocaine, and inhalational
anesthetics including isoflurane and propofol.

Pentobarbital has been the most widely used agent in refractory SE, usually
titrated to suppression of EEG background. Midazolam is better tolerated and less
sedating, although the frequency of breakthrough seizures may be higher. Careful
EEG monitoring should be used, and drugs titrated until clinical and electrographic
seizures are controlled. Maintenance drug therapy should be instituted prior to
weaning aggressive therapy, in order to prevent seizure recurrence.

Prognosis

Status epilepticus can be associated with significant morbidity both in children and
adults, and in children the mortality from SE has been reported as high as 10%. The
prognosis of SE depends on etiology, type of SE, age of the child, and duration of
SE. Generalized tonic clonic SE can be associated with morbidity including subse-
quent seizures as well as developmental deterioration; absence SE typically has
few if any lasting sequelae. Outcomes of SE in childhood are better with either febrile
or idiopathic SE than symptomatic SE.

SUGGESTED READINGS

1. Gaitanis J, Drislane FW. Status epilepticus: a review of different syndromes, their current
evaluation, and treatment. Neurologist 2003; 9:61–76.

2. Riviello JJ. Pediatric status epilepticus. Seizure supplement. Ann EmerMed 2003; In press.
3. Shorvon S. Status Epilepticus: Its Clinical Features and Treatment in Children and

Adults. Cambridge: Cambridge University Press, 1994.
4. Working Group on Status Epilepticus, Epilepsy Foundation of America. Treatment of

convulsive status epilepticus. JAMA 1993; 270:854–859.
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8
The Evaluation of a Child with
a First Seizure

John M. Freeman
Pediatrics and Neurology, Johns Hopkins Hospital, Baltimore, Maryland, U.S.A.

INTRODUCTION

A seizure is a transient alteration in motor function, sensation, or consciousness due
to an electrical discharge in the brain. ‘‘Seizure-like episodes’’ are terrifying to the
families, frightening to medical personnel, and usually benign to the affected child.
The most important aspect of management of a child with a first seizure-like episode
is reassurance: do not just do something, stand there and be reassuring!

IMPORTANCE OF HISTORY IN DIAGNOSIS
OF AN EPISODE

A child does not present with a first seizure, but rather with a first recognized ‘‘epi-
sode.’’ It is the physician’s duty to determine whether this first episode was an epi-
leptic seizure or whether it was something else (Fig. 1). Since neither an EEG or a
scan can diagnosis a seizure, the only way of making this differentiation is by a care-
ful history. A careful history includes a description of:

1. What happened during the event? Did she stiffen? Did she turn her head or
eyes in one direction? To which side? Did she shake? On one side or both? Did the shak-
ing start in the face? In the hand? In the leg? Somewhere else? Did it seem to start all
over at the same time? How did it progress? How long did it last?

Timing the observer’s memory of the event from start to finish may provide a
better estimate of the spell’s duration than asking the observer to estimate the dura-
tion. Make the observer aware that the seizure ended at the termination of the shak-
ing, not after the sleep-like postictal state that often follows a major seizure. Having
the observer imitate the event often comes closer to what happened than asking for a
verbal description. The onset of the spell is very important, but unfortunately the
onset may not have been observed, or the observer may not be available or may
be unreliable.

2. Did he stare into space or jerk? If during the spell the child stared into space
and looked blank rather than stiffening or shaking, how did he look? Did the staring
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start suddenly? In mid sentence? Was there a warning? Could you call her during the
spell and would he respond? Could your touch elicit a response? Did this happen in
school where he may have been daydreaming, or was he watching TV? Did he do any-
thing else—did he smack his lips? Pick at his clothes? Wander about the room? Did he
act confused? Has it happened before? Does it happen frequently, or only on rare
occasions?

Absence seizures occur frequently (many a day) and the first one is rarely
recognized, whereas partial complex seizures (temporal lobe seizures) occur less
frequently, often last longer, and are often associated with automatisms such as
lip smacking, picking at clothes, or aimless wandering.

3. What was happening before the event? Was she sick? Did she have a fever?
Was the episode part of an acute illness? Had this illness and fever been going on for
several days or weeks? Does she have an underlying chronic illness or a progressive
illness?

What was occurring at the time of the event or before the event may be as
important as what happened during the event. For example, the child who was hav-
ing blood drawn, felt dizzy, was sweaty, lost consciousness, and then had a general-
ized seizure had what is termed ‘‘convulsive syncope.’’ She had a seizure, but it was
related to fainting and has very different implications, evaluation and management
than the child who just had shaking out of the blue. These questions will help to
resolve the time-line of the illness, and perhaps help to determine an etiology of
the seizure, if there was an etiology. Most seizures are idiopathic (of unknown etiol-
ogy). Fever itself may cause ‘‘febrile seizures,’’ but fever and illness may also trigger
the seizures of epilepsy.

4. What happened after the event?Was the child arousable? Did the child sleep?
Was he able to talk? Was his speaking clear or was it thick—like a drunken person?
Did she have trouble finding the correct words? Did he have weakness on one side or
in one part of the body (Todd’s paralysis)? Postictal speech difficulties may help with
lateralization of the seizure.

Figure 1 Evaluation of a first seizure.
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5. What was happening in the child’s life around the time of the episode? Psy-
chological factors in the child’s school, family, or social life may lead to episodes that
may appear to be seizures. Were there possible psychological factors that could have led
to the event? Were there unusual family stress, divorce, or school problems? Are there
other things, medical or psychological, which could precipitate an alteration in aware-
ness or a change in motor function?

At the end of this very detailed and careful history, the event should be classi-
fied as a definite seizure, a paroxysmal event that was not a seizure, or an event
whose nature is uncertain.

A careful history can usually and reliably differentiate an ‘‘epileptic’’ seizure
(i.e., a seizure due to an electric discharge from the brain) from other paroxysmal
events even after only a single episode. Seizures themselves come in two forms:
febrile and nonfebrile, in various forms.

Evaluation of First Seizures
Febrile Seizures

When a seizure has been diagnosed, the determination that it was a febrile seizure
depends on the age of the child and the height and rapidity of rise of the fever. Feb-
rile seizures occur in 2–5% of all children aged 6 months to 5 years of age. They can
be very frightening, but are benign. They are rarely followed by nonfebrile seizures
(epilepsy) and virtually never require extensive evaluation or therapy. After the
seizure, the child will return to normal. The seizure may be a subtle, brief stiffening,
or may be focal or generalized tonic–clonic jerking. They are rarely prolonged, but
status epilepticus can occur. Several febrile seizures occurring on the same day, with
fever, are considered a single febrile seizure and require the same evaluation and
have the same prognosis.

The recommendations of the American Academy of Pediatrics (AAP) are sum-
marized in Table 1. Again, the diagnosis of a febrile seizure always needs a good his-
tory. Assessment of its significance requires a good physical and neurological
examination. Most children with a first febrile episode (or seizure) do not need to
have blood work a CT scan, an MRI scan, or an EEG. Meningitis may present with
a seizure. In children under 18 months of age, the signs of meningitis may be subtle
and when the child has had prior antibiotics, the physician should consider the pos-
sibility of meningitis; otherwise, a lumbar puncture is unnecessary. Neither the AAP
nor the author recommends continuous or intermittent anticonvulsant therapy after
a febrile seizure.

Table 1 Evaluation of a First Febrile Seizure

Sometimes Usually Always

History X
Physical and neurological examination X
Lumbar puncture >18 months 12–18 months <12 months
EEG No
Blood studies No
Imaging No
Counseling of parents X
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The most important therapy for a child after a first febrile seizure is counseling
the distraught parents. The author tells parents that the outcome for the child is
good, although febrile seizures may recur. The child will not die, swallow the tongue,
or injure himself, nor will he suffer brain damage as a result of the seizure. Parents
typically have many questions about this diagnosis, and time is needed to answer
them. However, this discussion is difficult in the busy emergency room at a time
when the parents are very upset. The private physician should repeat the counseling
a few days later. Referring them to the author’s book about seizures (written for par-
ents) is often very helpful. The AAP’s guidelines for the evaluation of febrile seizures
are for neurologically healthy children between 6 months and 5 years of age who
have had a single febrile seizure. The author recommends an identical evaluation
for those children who have prior neurological impairment.

Nonfebrile Seizures

Nonfebrile seizures are also common in children and may be partial (simple or com-
plex) or generalized—tonic, clonic, or both. The hallmark of nonfebrile seizures is an
alteration of motor or sensory function or of awareness in a child who does not have
a fever. However, fevers may trigger nonfebrile seizures by lowering the child’s
seizure threshold. Since the physician is unlikely to treat a child after either a first
febrile seizure or a nonfebrile seizure triggered by fever, the distinction between
the two after a first episode is neither possible nor important. Practice parameters
have also been issued for the evaluation of nonfebrile seizures in children.

Evaluation after a First Nonfebrile Seizure

Recommendations for the evaluation of a child after a first nonfebrile seizure have
recently been published by the Quality Standards Subcommittee of the American
Academy of Neurology, the Child Neurology Society, and the American Epilepsy
Society. These recommendations are summarized in Table 2. A careful history, phy-
sical and neurological examination should always be performed. As discussed above,
a careful history can, with great reliability, differentiate a seizure from other parox-
ysmal events. Routine laboratory screening with blood counts, glucose, electrolytes,
calcium, etc. are rarely useful and should be done only when the child’s history or

Table 2 Evaluation of a First Nonfebrile Seizure

Sometimes Usually Always

History X
Physical and neurological examination X
Lumbar puncture Rarely
EEG Recommended by

guidelines. But
not by author

Blood studies Based on history
Imaging Sometimes based

on history
Unless
emergency
preferable

Counseling of parents X
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clinical findings make the physician suspicious of an ongoing or underlying process.
Toxicology should be done when there is suspicion of drug ingestion. A lumbar
puncture is rarely useful. Magnetic resonance imaging (MRI) is always preferable
to computerized axial tomography (CT scan). Although MRIs are more sensitive,
they are rarely rapidly available or necessary after a first episode. If the child has
a ‘‘high risk’’ condition such as recent trauma with other neurological findings, sickle
cell disease, or a bleeding disorder or if a focal seizure occurred in a child less than 33
months of age, an emergent CT scan may be indicated.

The Subcommittee also recommends an EEG as part of the initial evaluation
of a nonfebrile seizure ‘‘to determine the epilepsy syndrome, determine the need
for imaging, and for predicting the prognosis.’’ The author disagrees with this
recommendation. He believes that these factors are unimportant after a first seizure
since they do not reliably diagnose a syndrome nor predict prognosis. An EEG might
be more useful if and when a seizure recurs.

Thus, the emergency room evaluation for both febrile seizures and nonfebrile
seizures need only be minimal. There is little need for blood work, CT, or MRI scan-
ning. The EEGs are not needed after a febrile seizure, and probably will not be help-
ful after a nonfebrile seizure. In every child a good history and physical as well as
neurological examination are mandatory. The use of testing should be reserved for
the unusual child with a suspicious history or physical examination. No anticonvul-
sant therapy is indicated after a febrile seizure. Usually none is indicated after a first
nonfebrile seizure, either.

Management after a First Episode

Although the guidelines for the evaluation of febrile and nonfebrile seizure differ,
there is general agreement that no medication is needed after the first seizure of either
type. However, a discussion and explanation of what happened and its meaning are
always needed to calm the parent’s fears and misconceptions.

If it was a nonfebrile seizure, the parents should be reassured. Most first seizures
will not recur with or without medication and this should be emphasized. The episode
was likely to have been very frightening to the parents. Generalized tonic–clonic sei-
zures are often associated with some tonic contractions of the chest and some cyano-
sis. Observers often believe that the child will swallow her tongue, die, or suffer brain
damage because of the lack of oxygen. None of these statements are true, but the
medical system must explain that truth to the panic-stricken parents at the time the
child is first seen. All of this should be repeated when calmness prevails.

If the event clearly was not a seizure, reassure the parents. Explain to the par-
ents what caused the episode. The parents were just as frightened as if it had been a
seizure since they believed that it was a seizure and need just as much reassurance.
Fainting has many causes, most benign. Daydreaming is readily recognized when
appropriately considered. Sleep myoclonus is common but only occurs in sleep.
The appropriate work-up should be done if necessary but the parents can be reas-
sured, regardless of the nature of the event.

If the nature of the episode was unclear, reassure the parents. They will be
relieved that the episode was a seizure or anything else serious. Tell them that if it
occurs again it will be critical for them to carefully observe the circumstances and
the order in which things happen. Assure them that if a similar episode recurs their
child will recover just as he has after this episode and with a better
history you can rethink the diagnosis. Most such episodes will not recur. The most
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important role of the physician managing a child and the family after a first seizure is
to provide appropriate information about what seizures are and what they are not.

In particular, the following should be emphasized:

� Reassurance about swallowing the tongue, suffering hypoxic damage to the
brain and dying should be given.

� Limitations on the activities of daily living, riding bikes, swimming are
unreasonable even after a first seizure. In the majority of children, a second
seizure will not occur.

� Testing is necessary only if there is something alarming about the child’s
history or the examination. If the child has a new neurological deficit, recent
substantial head trauma with loss of consciousness or if there is evidence of
progressive loss of motor or cognitive function, then the physician should
consider if further testing would be helpful.

What if the initial impression is incorrect and the event really was a seizure?
Diagnosing epilepsy at the time of the first seizure is not necessarily a benefit to
the parent or the child, since early treatment does not prevent further seizures or
alter the long-term course. Most progressive diseases will progress and result in
further seizures. Neither diagnosing them early nor missing them until they are more
clearly present will have much impact on the child’s outcome or life. There will be
ample time to use medication. Reassurance is the best treatment for initial seizures.
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9
Neonatal Seizures

Ann M. Bergin
Childrens Hospital, Department of Neurology, Boston, Massachusetts, U.S.A.

INTRODUCTION

Neonatal seizures may be the first sign of cerebral dysfunction in the newborn, and
may alert the clinician to the presence of an underlying neurological injury, and=or
possibly reversible systemic disorder. These symptomatic seizures represent the
majority of seizures in the neonate, although epileptic syndromes, both benign and
‘‘malignant’’ may also present at this age. The precise incidence of neonatal seizures
is unknown and estimates vary depending on a number of factors, including the
retrospective or prospective nature of the data reported, the definition used to define
a neonatal seizure, and the source of diagnostic information. Estimates range
from 1.8=1000 live births up to 5.1=1000 live births.

Developmental immaturity influences many aspects of diagnosis, management,
and prognosis of seizures in the newborn. For instance, clinical seizure patterns in
the neonate reflect the ‘‘reduced connectivity’’ in the neonatal brain—with promi-
nence of focal ictal characteristics, and rarity of generalized patterns of clinical
seizures. Many physiological processes are immature, leading to altered drug hand-
ling compared to older children, and the immature brain may be more susceptible to
developmental effects of anticonvulsant medications.

CLINICAL FEATURES

Careful observation of the clinical characteristics of paroxysmal movements in the
newborn allows differentiation of more or less concerning patterns. Among the
many repetitive, rhythmic, and jerky movements made by normal newborns, those
movements and behaviors provoked by stimulation, and=or eliminated by passive
flexion or soothing touch are unlikely to represent seizures. Generalized tonic–clonic
seizures are rare in infants. Certain patterns of movement are more likely to be
accompanied by electrographic seizure. These include: (1) focal clonic movements,
which may occur unilaterally, sequentially in different limbs, or simultaneously
but asynchronously; (2) focal tonic movements, such as a sustained limb posture,
or tonic horizontal eye deviation (generalized tonic movements are generally
not accompanied by seizure on EEG); (3) generalized, but not focal or multifocal
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myoclonic events; (4) autonomic events such as apnea, often with associated tachy-
cardia rather than bradycardia (particularly in term newborns), and=or pupillary
dilatation. Many newborns may have more than one seizure type. Other movements
commonly seen in the encephalopathic newborn, such as ‘‘bicycling’’ or ‘‘boxing’’
movements and oromotor movements are not consistently accompanied by electro-
graphic seizure. Whether these movement patterns are associated with electrographic
discharges in deep structures remains controversial. They are generally not treated
with anticonvulsant medications.

The diagnosis of seizure in the newborn depends on informed observation for
suggestive events and the identification of accompanying electrographic seizure.
Once the presence of electrographic seizure has been identified, underlying etiologies,
particularly reversible causes must be sought. The details of the clinical history are
most important in directing the initial evaluation. For instance, a history of trau-
matic delivery, with good Apgar scores in a term infant raises the possibility of intra-
cranial hemorrhage. The age at onset of seizure may suggest likely etiologies.
Hypoxic–ischemic encephalopathy (HIE), which is the single most common cause
of neonatal seizures, usually causes seizures within the first 24 hr of life. When sei-
zures present after the first 48 hr of life, and particularly after a period of initial well
being, infection and biochemical disorders should be considered. Seizures occurring
later (e.g., > 10 days of life) are more likely to be related to disorders of calcium
metabolism (rare now in the United States), malformation, or neonatal epilepsy
syndromes, which may be benign (e.g., benign familial neonatal seizures) or severe
[e.g., early infantile epileptic encephalopathy (EIEE)]. Multiple possible etiologies may
be identified in a neonate with seizures (Table 1), such as HIE with hypoglycemia,
hypocalcemia, or intracranial hemorrhage, and each must be treated appropriately.

Evaluation should include EEG and neuroimaging. The EEG can provide
direct confirmation that suspicious clinical events represent electroclinical seizures
if the event is captured during EEG recording. In the event that the suspicious event
does not occur during a brief recording, the presence of epileptiform features and=or
focal abnormalities supports the diagnosis of neonatal seizure. The goal of neuroi-
maging is the identification of intracranial hemorrhage, focal or distributed parench-
ymal injury, or structural developmental abnormalities. Cranial ultrasound can be
performed at the bedside and is effective in identifying intraventricular and many
parenchymal hemorrhages, but has limitations in its ability to detect focal infarcts,
developmental abnormalities, and convexity hemorrhages. CT or MRI yields more
information but usually require skilled transportation from the neonatal intensive
care unit to the radiology suite, and may need to be deferred, at least initially, until
the infant is stabilized.

THERAPY

Treatment of the newborn with seizures involves general supportive measures,
management of any underlying disorder, and often requires treatment with
anticonvulsant medication. Seizures themselves and treatment with anticonvulsant
medication may impair respiratory drive and the ability to maintain adequate
circulation. Therefore, supportive management to ensure maintenance of adequate
ventilation and perfusion is imperative. Further discussion of this important area
is beyond the scope of this chapter, and the reader is referred to other sources on
general neonatal medical management. Apart from recommendations for acute
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treatment of the most common acute reversible metabolic abnormalities such as
hypoglycemia and hypocalcemia (Table 2), the management of specific underlying
disorders will not be addressed.

The decision to treat neonatal seizures with anticonvulsant drugs depends on
the risk of acute seizure-related respiratory or cardiac decompensation in a critically
ill newborn, as well as the potential for long-term seizure-related neurological injury
balanced against the potential adverse effects of anticonvulsant medications. Some
newborns may not need treatment with anticonvulsant medication, for instance,
those with seizures due to reversible and appropriately treated metabolic derange-
ments, or those with rare, short-lived events. However, in considering a decision
not to treat, it is important to recognize that a significant proportion of newborns
with electroclinical seizures have additional clinically silent electrographic seizures.

Table 2 Initial Management of Acute Metabolic Disorders

Hypoglycemia 10–15% dextrose, 2–3mL=kg IV
Hypocalcemia 5% calcium gluconate, 2mL=kg IV
Hypomagnesemia 2–3% magnesium sulfate, 2mg=kg IV

Table 1 Neonatal Seizures: Etiologies to Consider

Vascular and perfusion abnormalities
Hypoxic–ischemic injury
Stroke
Sinovenous thrombosis

Intracranial hemorrhage
Intraventricular
Parenchymal
Subdural
Subarachnoid

CNS infection

Malformations and other structural lesions
Neuronal migration disorders
Cerebral dysgenesis
Neurocutaneous disorders, e.g., Sturge–Weber syndrome, tuberous sclerosis

Acute metabolic disorders
Hypoglycemia
Hypocalcemia
Hypomagnesemia

Inborn errors of metabolism
Aminoacidopathies
Organic acidurias
Peroxisomal diseases
Mitochondrial disorders

Epilepsy syndromes
Benign familial syndromes
Severe neonatal epileptic encephalopathies
Pyridoxine (B6)-dependent seizures
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This is particularly likely in premature infants and those with severe encephalopathy.
Prolonged EEG monitoring is helpful in identifying the presence of unsuspected elec-
trographic seizures. The importance of these subclinical events in the genesis of sei-
zure-related neuronal injury is unknown at present. In the setting of severe neonatal
encephalopathy, these events may be prolonged and refractory to treatment, and
efforts to eliminate them may be limited by systemic vulnerability to the circulatory
effects of anticonvulsant medications.

A number of factors alter the pharmacokinetics of the anticonvulsant drugs in
neonates. Physiological immaturity delays drug elimination, and asphyxial injury to
the liver and kidney may further delay metabolism. Maturation of the various path-
ways involved in drug metabolism occurs at variable rates over the first weeks of life,
and recovery from perinatal injury improves hepatic and renal function. Overall,
there is a dramatic increase in the ability to eliminate the commonly used anticonvul-
sant drugs, so that changes in dosing are required to maintain therapeutic drug levels
over the first weeks of life.

When anticonvulsant treatment is indicated, phenobarbital is the drug most
commonly used as first-line therapy. Other first-line options include benzodiazepines
(diazepam, lorazepam), and phenytoin or, if available, its prodrug fosphenytoin.
There have been few studies comparing the efficacy of these drugs in the treatment
of neonatal seizures. Painter et al. compared treatment with phenobarbital and
phenytoin and found no difference in efficacy between the two drugs, with fewer
than 50% of infants achieving control with either drug. Typical initial doses of the
first-line drugs are provided in Table 3, and additional discussion of the individual
drugs is given below.

Phenobarbital: Phenobarbital affects GABAA receptors to enhance GABA-
related inhibition. It may also inhibit excitatory amino acid transmission and block
voltage-activated calcium currents. It is a weak acid, with low lipid solubility.
Phenobarbital is subject to protein binding, and it is the unbound (free), unionized
fraction that is active. Alterations in acid–base balance in the newborn may impact
efficacy of the drug for this reason. Phenobarbital is metabolized in the liver and
excreted by the kidney. Its half-life is long, from 100 to 300 hr, or longer in prema-
ture infants, but declines to 100 hr or less over the first weeks of life. An initial intra-
venous (IV) loading dose of 20mg=kg may be followed by increments of 5–10 g=kg
IV to a total of 40 g=kg, with higher doses associated with improved efficacy. Careful
monitoring of cardiac and respiratory function may be required in vulnerable
infants.

Table 3 Anticonvulsant Drug Doses for Initial Management of Neonatal Seizures

Drug Initial dose Maintenance

Phenobarbital 20mg=kg IV. Consider further
5–10mg=kg increments to a
total of 40mg=kg

Check drug levels—may not need
further doses for many days.
3–4mg=kg=day

Phenytoin 20mg=kg IV. 3–4mg=kg=day divided bid to qid
Fosphenytoin: 20mg PE=kg IV
(see text)

Benzodiazepines Lorazepam: 0.05–0.lmg=kg IV.
Diazepam: 0.3mg=kg IV
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Phenytoin=Fosphenytoin: Phenytoin acts by blockade of voltage-dependent
sodium channels, probably by binding to inactivated channels and stabilizing the
inactive state. This decreases the tendency of neurons to high frequency, repetitive
firing and therefore their excitability. Phenytoin is a weak acid and is poorly soluble
in water. High lipid solubility results in rapid entry to the brain, but it is quickly
redistributed and levels decline, requiring continued administration to restore brain
levels. It is protein bound, though to a lesser degree in newborns than in older chil-
dren and adults. Phenytoin is metabolized in the liver and eliminated in the kidney.
Its half-life varies with concentration, increasing with higher concentrations due to
decreased clearance as levels increase. An intravenous loading dose of 20mg=kg of
phenytoin administered at no greater than 1mg=kg=min (to avoid cardiac arrhyth-
mia and hypotension) is followed by a maintenance dose of 2–3mg=kg=day IV
divided between 2 and 4 doses. Fosphenytoin is a prodrug of phenytoin. Its advan-
tages are its higher water solubility and lower pH, which, in addition to the lack of
toxic vehicles required for its formulation, reduce local irritation of skin and blood
vessels at the site of infusion. Fosphenytoin is converted to phenytoin by plasma
phosphatase enzymes in neonates as in adults. Dosing is in ‘‘phenytoin equivalents’’
(PE), i.e., a loading dose of fosphenytoin is 20mg PE=kg IV.

Benzodiazepines: Diazepam and lorazepam, like other benzodiazepines, bind to
the postsynaptic GABAA receptor to enhance GABA-activated inhibitory chloride
currents. At high levels, benzodiazepines may also influence voltage-gated sodium
channels and calcium channels. Benzodiazepines are lipid soluble. Differential lipid
solubility confers some advantage on lorazepam, which is less lipid-soluble and
therefore is not redistributed away from the brain as rapidly as is diazepam. Benzo-
diazepines are metabolized in the liver, and the majority of the drug is excreted in the
urine. The plasma half-life of both lorazepam and diazepam is approximately 30 hr,
and may be longer in premature and=or asphyxiated newborns. Onset of action is
within minutes for both drugs, however, duration of action is longer for lorazepam
(up to 24 hr). Diazepam may be more effective as a continuous infusion. Lorazepam
is given IV at a dose of 0.05–0.1mg=kg. Diazepam dose is 0.3mg=kg IV. An infusion
rate of 0.3mg=kg=hr IV has been described. Benzodiazepines are usually used as sec-
ond- or third-line agents in neonatal seizures, but may also be used as an initial treat-
ment for their earlier onset of action, in anticipation of the effect of a concurrent
dose of phenobarbital.

Other Anticonvulsants: Upward of 90% of neonatal seizures will be controlled
by the combined use of the above anticonvulsant medications. Many other drugs
have been used in an attempt to control refractory cases. Support for their use is
based on reports of efficacy in small, uncontrolled series.

Midazolam is a short-acting benzodiazepine that has been used as a continuous
IV infusion (0.1–0.4mg=kg=hr) after an initial loading dose (0.15mg=kg).

Lidocaine has been used, mostly in Europe, as an IV infusion of 4mg=kg=hr
with decreasing doses over 4–5 days. This drug has a narrow therapeutic range,
and may induce seizures at higher levels.

Paraldehyde (no longer available in the United States) has been used as an IV
bolus of 400mg, followed by a further bolus of 200mg. This drug is excreted by the
lung and is used with caution in pulmonary disease. Paraldehyde can dissolve plastic
tubing, which should therefore be avoided when administering this agent.

Orally administered anticonvulsants that have been used adjunctively include
carbamazepine (10mg=kg initially, followed by 15–20mg=kg=day), primidone (load-
ing dose 15–25mg=kg followed by 12–20mg=kg=day), and valproic acid (3 of 6
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neonates developed hyperammonemia). Of the new anticonvulsants, there is a case
report of a single newborn with refractory seizures of unknown etiology that
responded to the introduction of lamotrigine (4.4mg=kg=day).

Medications Other than Anticonvulsants

Pyridoxine: A trial of pyridoxine (100mg IV) should be considered in refrac-
tory neonatal seizures without a history of perinatal complications, particularly if
there is excessive discontinuity for age in the background EEG activity. A history
of rhythmic intrauterine movements, or a family history of another child with refrac-
tory epilepsy should also raise the possibility of pyridoxine-dependent seizures.

Folinic Acid: Rare cases of refractory neonatal seizures have been associated
with an unknown biochemical marker in the CSF on high-pressure liquid chromato-
graphy assays. These cases have responded to oral supplementation of folinic acid. A
dose of 2.5mg bid has been effective in newborns.

Treatment with anticonvulsant medication is often associated with resolution
of clinical seizures. However, it is increasingly clear that electrographic seizures
may continue, without clinical correlate, after anticonvulsant medication is initiated
in a substantial subgroup of newborns (estimates vary from 30% to 80%). Continu-
ous or serial EEG recordings to detect ongoing electrographic seizures should be
strongly considered.

No guidelines exist as to appropriate duration of anticonvulsant treatment for
newborns with seizures. There is a trend toward shorter therapy, taking into account
the short-lived nature of precipitating causes, the recovery from acute hypoxic–
ischemic encephalopathy in many instances, and the possible detrimental effect of
anticonvulsants on the immature brain. A single dose of phenobarbital may result
in therapeutic levels persisting over a number of days. Additional doses may not
be needed in the above instances, if seizures do not recur. Newborns with persistent,
difficult to control seizures, persistently abnormal EEG, and=or persistently abnor-
mal neurological examination should be considered for longer-term treatment
following discharge from hospital.

PROGNOSIS

The underlying etiology and severity of brain injury at the time of seizures is the best
predictor of long-term prognosis, emphasizing the importance of full and accurate
diagnosis. Mortality associated with neonatal seizures has declined with improve-
ments in perinatal and neonatal care, and is 20% or less. Morbidity rates have chan-
ged less, partly due to increased numbers of survivors among ill premature
newborns, who have a greater risk of neurological sequelae. Overall, the risk of
abnormal neurological outcome (motor and=or cognitive abnormality) is approxi-
mately 25–35%. The likelihood of postneonatal epilepsy is 15–20%. Besides etiology,
the presence, severity and persistence of abnormality of the EEG background activ-
ity may be helpful in predicting abnormal outcome.

The role of neonatal seizures themselves in generating brain injury and long-
term sequelae remains controversial, as is the role of clinically silent electrographic
seizures. The immature brain appears to be more resistant to seizure-related excito-
toxicity than the mature brain. However, subtle alterations in connectivity and cell
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number in the immature brain exposed to neonatal seizures may predispose to later
seizure-related injury.

SUMMARY

Neonatal seizures are an important marker of neonatal brain injury, and may them-
selves contribute to long-term neurological sequelae. The goals of clinical manage-
ment include, correct identification of suspicious clinical events, EEG
confirmation, immediate supportive therapy and correction of reversible precipitat-
ing conditions, and accurate diagnosis of the underlying etiology. Anticonvulsant
therapy is appropriate in many, but not necessarily all cases, and decisions regarding
initiation and duration of such therapy should be individualized. Results of ongoing
in vivo, in vitro and clinical research will hopefully clarify the differential roles of
various etiologies and seizures themselves, as well as offering new opportunities
and approaches for neuroprotection in these vulnerable infants. Early in vivo studies
suggest that topiramate, one of the new anticonvulsant agents, may hold promise of
neuroprotection and=or antiepileptogenic effect in immature rats.
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Absence Seizures

Edwin C. Myer
VCU Health System, Department of Neurology, Richmond, Virginia, U.S.A.

INTRODUCTION

Absence seizures usually occur in children and on occasion may not be recognized
because of their association with a typically normal neurological and cognitive exam-
ination. Various types of absence seizures occur including typical childhood absence
seizures, juvenile absences, and atypical absence seizures. In most cases, the seizures
are of abrupt onset and patients are neurologically and intellectually normal. In
atypical absences, however, neurological impairment may occur. In the past, these
seizure types were diagnosed under the heading of ‘‘petit mal’’ which is still
unfortunately used at times and usually describes all seizures without a clear convul-
sion. The etiology of absence epilepsy is unclear, but may involve abnormal oscilla-
tory rhythms in the GABAB and T-type calcium channels of the thalamus.

DIAGNOSIS

Childhood absence seizure onset is generally between 5 and 10 years and can fre-
quently occur as a staring spell, loss of awareness, or unconsciousness interpreted
by observers as daydreaming (Table 1). The most typical presentation is a blank
expression or stare for up to several seconds. Absence seizures can be sometimes mis-
diagnosed as attention deficit disorder syndrome since these events are frequent and
usually noticed by the teacher. Seizures can occur multiple times during the day.
Some mild tonic movements such as eye blinking and automatisms (semipurposeful
behaviors) with involuntary movements can be seen. Autonomic symptoms such as
pupil dilatation, flushing, incontinence, and diaphoresis can occur. Ninety percent of
children outgrow their absences within 2–5 years, often at puberty.

Juvenile absence epilepsy presents typically at an older age (age 7–16) and
generalized tonic–clonic seizures are frequently the presenting symptom, as opposed
to childhood absence in which the larger convulsions are rare. The absence seizures
usually are not daily but can occur in clusters. Automatism components with invo-
luntary movements and visual hallucinations occur similarly to childhood absence.
Prognosis is usually favorable, although seizures may be lifelong.

69



A typical absences can occur associated with Lennox Gastaut Syndrome. Other
seizure types such as myoclonic, tonic, and generalized tonic–clonic are frequent.
Myoclonic astatic epilepsy may also be a feature. Seizures are typically much more
difficult to control, and may be resistant to anticonvulsants.

EVALUATION

In suspected typical childhood absences, hyperventilation will help and provoke
the absences in the office setting. The classic EEG pattern is generalized 3Hz spike
and slow-wave complexes (Fig. 1) with an otherwise normal background, slowing to

Figure 1 EEG in typical absence epilepsy.

Table 1 Comparison of Childhood Absence, Juvenile Absence, and Juvenile Myoclonic
Epilepsy

Childhood Juvenile

Age of onset 5–10Years Puberty
Frequency Multiple daily Rarely daily
EEG epileptiform activity 3Hz spike-wave 3.5–4Hz spike-wave
Medications Ethosuximide, valproate,

lamotrigine
Valproate, ethosuximide,
lamotrigine, topiramate

Therapy length Shorta Short or prolonged
Genetic 8 3.5
Prognosis Favorable Favorable

a Generally short duration of treatment would be 2 years seizure free. Specific duration of treatment is vari-

able; average age of cessation is 10.6 years.
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2–2.5Hz at the end of the abrupt-onset burst. On occasions some slowing can occur,
but intermittent delta with sharp activity is rare. Clinically, during a several second
burst of 3Hz spike-wave discharges, the child will typically have a brief alteration in
consciousness.

In juvenile absence epilepsy, the EEG will show mild background slowing with
occipital intermittent rhythmic delta activity. Spike-wave activity is usually some-
what faster at 3.5–4.0Hz. In atypical absences, the delta activity is slower at
1.5–2.5Hz with background slowing and interictal multifocal spikes and sharp waves.

TREATMENT

Because of the recurrent seizures (of which many are not noticed by family or
teachers), in the majority of children of school age, treatment is usually beneficial
and outweighs risks of anticonvulsants. In juvenile absence epilepsy, the risk of
generalized tonic–clonic seizures often influences strongly the decision to treat. Making
the correct diagnosis early can be invaluable as several medications such as carbama-
zepine, gabapentin, vigabatrin, and tiagabine can make absence epilepsy significantly
worse if attempted.

First-line medications for absence seizures are either ethosuximide (Zaron-
tinTM) or valproic acid (DepakoteTM), with an approximately 70% chance of either
seizure freedom or a dramatic reduction. Ethosuximide is initiated in doses of
10–20mg=kg=day but may be increased to 30mg=kg=day as needed. Ethosuximide
is a T-type calcium channel blocker available since 1960. This agent is available in
250mg pills and 250mg=5 cm3 suspension. Although the half-life of ethosuximide
is prolonged, due to possible nausea and gastrointestinal upset, a divided dose twice
per day is suggested. Other rare side effects include lupus erythematous, rash and
Steven Johnson Syndrome, thyroiditis, and aplastic anemia (recurrent blood work
is indicated).

Valproic acid (DepakoteTM or DepakeneTM) may be a better choice for juvenile
absence epilepsy due to its protective effects against generalized tonic–clonic seizures
(not typically seen with childhood absence). Valproic acid is started at 5–10mg=
kg=day, divided twice to three times per day, increasing weekly to 20–30mg=kg=
day. It is available as 125, 250, and 500mg tablets (including 250 and 500mg extended
release formulations), 125mg sprinkle capsules, and 250mg=5 cm3 syrup. Blood levels
as high as 130mg=dL are well tolerated and may be necessary for seizure control.
Dose-related side effects include rare hepatic dysfunction, thrombocytopenia pancrea-
tic involvement, and bone marrow suppression. These rare side effects can be life
threatening and repeated blood work is necessary. Common side effects include weight
gain, hair thinning, and tremor. The combination of ethosuximide and valproic acid
may be beneficial.

Other medication options do exist should ethosuximide and valproic acid
prove unsuccessful. Clonazepam (KlonopinTM) can be helpful, started at 0.03mg=kg
increasing to 0.1–0.3mg=kg=day, given twice a day. It is available only as tablets
(0.5, 1, and 2mg). Side effects are mostly sedation, mood changes, and dependence.

Newer medications have also been successfully used including lamotrigine,
topiramate, and zonisamide. Lamotrigine (LamictalTM) is started at a low dose
1–2mg=kg=day (or lower when used in combination with valproic acid) and
increased very slowly every 1–2weeks to as high as 15–20mg=kg=day. Lamotrigine
is available as 25, 100, 150, and 200mg tablets, and 5 and 25mg chewable–dispersible
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tablets. Side effects include a rash and Steven Johnson Syndrome, but seem to be
lower with slow titration. When weight gain is a concern, lamotrigine may be a rea-
sonable alternative to valproic acid.

Topiramate (TopamaxTM) has also been reported successful. Normal initial
starting doses (1mg=kg=day divided twice a day) and increasing slowly to a maxi-
mum of 10mg=kg=day are the format we prefer. It is available as 25, 50, and
100mg tablets, and 15 and 25mg sprinkle capsules. Side effects of topiramate include
kidney stones (1.5%), ataxia, cognitive slowing at high doses and particularly in
polypharmacy, oligohydrosis, and hyperthermia.

Zonisamide (ZonegranTM) was approved in the United States in 2000 and also
has some beneficial effects on absence epilepsy. Zonisamide also works on t-type
calcium channels, similarly to ethosuximide. Doses typically begin at 2mg=kg=day,
=day, increasing to 5–10mg=kg=day, dosed once a day (due to a long half-life). At
this time, zonisamide is only available as a 100mg capsule, which limits its use in
children. The capsule can be opened into 30 cm3 of water or juice and mixed
together. Side effects include kidney stones (3–4%), rash, oligohydrosis, and rarely
behavioral changes.

Patients with typical childhood absence epilepsy can be treated for until
approximately 2 years seizure-free with a normal EEG. At that point, discontinua-
tion of medicines can be attempted. Most patients will have a remission rate of
8%. Juvenile epilepsy has a remission rate that is lower and deciding on withdrawing
anticonvulsants may be a more difficult decision. In atypical absences, treatment will
probably require lifelong therapy not just for control of these particular seizures but
the other seizure types.
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Febrile Seizures

Shlomo Shinnar
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INTRODUCTION

Febrile seizures are the most common form of childhood seizures. Febrile seizures
are defined as by the International League Against Epilepsy as a ‘‘seizure occurring
in childhood after the age of one month, associated with a febrile illness not caused
by an infection of the central nervous system, without previous neonatal seizures or a
previous unprovoked seizure, and not meeting the criteria for other symptomatic sei-
zures.’’ This is similar to the definition adopted by the National Institutes of Health
Consensus Conference in 1980, except that the lower age limit has been moved from
3 to 1 month of age. While they are most common between 6 months and 5 years of
age, they can occur in younger and somewhat older children. Note that the definition
does not require the child to be febrile at the time of the seizure, although the event
must be in the context of a febrile illness.

Febrile seizures are further divided into simple and complex. Simple febrile
seizures are relatively brief (< 10–15min), generalized seizures without recurrence
within the same febrile illness. A febrile seizure is considered complex if it is
prolonged (� 10 or � 15min in different studies), focal, or multiple within the same
illness. The issue of whether a child is neurologically normal or not does not enter
into the definition. Complex features are relatively common and occur in a quarter
to a third of febrile seizures.

In North America and Western Europe, approximately 2–5% of all children
will experience a febrile seizure by age 7. In Japan, however, 9–10% of all children
experience at least one febrile seizure. Interestingly, there is no increased risk of
epilepsy in Japan compared with North America and Western Europe attesting to
the generally benign nature of febrile seizures. In all these countries, despite differ-
ences in the risk of having a febrile seizure, the peak incidence of febrile seizure onset
is between 18 and 22 months, and the majority of cases occur between 6 months and
3 years of age.

Factors that predispose a child to have a febrile seizure during the first
few years of life include a family history of febrile seizures in a first or second degree
relative, attendance at day care, developmental delay, and a neonatal nursery stay of
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> 30 days. While children with one or more of these factors are at increased risk of
having febrile seizures, more than half the cases occur in children with no known risk
factors.

Clearly, not every 18 month old with a febrile illness experiences a seizure. The
most important factors associated with an increased risk of having a seizure during a
febrile illness are the peak temperature (as distinct from the temperature at the time
of the seizure), and a family history of febrile seizures in a first or second degree rela-
tive. The nature of the illness was also relevant. Children with gastroenteritis are less
likely to experience a febrile seizure than are children with otitis media or an upper
respiratory tract infection.

DIAGNOSTIC EVALUATION

The diagnostic evaluation of a child who presents with a seizure in the context of a
febrile illness is primarily aimed at excluding other types of acute symptomatic sei-
zures. The major concern is to exclude infection as the cause. Between 2% and 5%
of children who present with seizures and fever will turn out to have meningitis
rather than a febrile seizure. Risk factors for meningitis include focal or prolonged
seizures, suspicious findings on neurological or physical examination, and a visit
for medical care within the previous few days. Lumbar puncture is therefore recom-
mended in all children with a complex febrile seizure, particularly a prolonged or
focal one.

In 1996, the American Academy of Pediatrics issued guidelines for the evalua-
tion of a child with simple febrile seizures between age 6 months and 5 years. It
recommended that a lumbar puncture should be strongly considered in an infant less
than 12 months of age. Since the signs of meningitis may be subtle in the
12–18month age group, a careful assessment is mandatory. A lumbar puncture is
not necessary in a child above 18 months of age if the history and physical examination
are not suspicious for meningitis. In children older than age 5, one must also con-
sider a lumbar puncture to exclude encephalitis, as febrile seizures in this age group
are relatively uncommon. It is important to realize that ‘‘having a source’’ for the
fever is not a useful criterion in the decision about whether to do a lumbar puncture.
The most common source of an otitis media would be Streptococcus pneumo or
Hemophilus flu, which are also the most common organisms involved in meningitis.
The clinical appearance of the child is most important.

While commonly done, in the absence of suspicious history (e.g., vomiting or
diarrhea) or abnormal physical examination findings, routine serum electrolytes, glu-
cose, calcium, phosphorus, magnesium, and a complete blood count are of limited
value in the evaluation of a child with febrile seizures above 6 months of age. In
younger children, more detailed laboratory investigations may be helpful in selected
cases.

More sophisticated neurodiagnostic studies such as the electroencephalogram
(EEG) and neuroimaging studies, while very useful in the diagnostic evaluation of
children with afebrile seizures, are of very limited value in the evaluation of febrile
seizures. EEG abnormalities are relatively common, particularly in older children
with febrile seizures, and are not useful in guiding therapy, as they do not
predict either febrile seizure recurrence or development of epilepsy. This is true for
both simple and complex febrile seizures with the exception of status epilepticus.
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Neuroimaging studies are also of limited usefulness in evaluation of the child
with a seizure and fever. They are not needed prior to performing a lumbar puncture
in children. Neuroimaging studies are primarily used when it is unclear if the child
had a febrile seizure, especially when the neurological examination is worrisome.
In cases of febrile status epilepticus (seizures lasting longer than 30min) neuroima-
ging is usually indicated as part of the evaluation of status epilepticus. An MRI
within a few days of the episode of febrile status epilepticus is being used to identify
whether or not hippocampal damage has occurred in the research setting, but at the
moment there is insufficient data to use the results to guide clinical care.

While genetic factors are important, there are no specific tests beyond taking a
good family history. The known genetic mutations are mostly in sodium channels
and account for less than one percent of cases. While this is a rapidly evolving field,
formal genetic testing is not part of the routine clinical evaluation of children who
exclusively have febrile seizures at this time.

THERAPY

The approach to the treatment of febrile seizures has changed over the last few dec-
ades. These changes have been driven by three factors. First, the recognition that the
vast majority of febrile seizures are benign has occurred. Second, there has been an
increasing recognition that chronic therapy with antiepileptic drug (AED) therapy is
associated with a variety of cognitive and behavioral side effects. Lastly, we have rea-
lized that chronic and intermittent AED therapy, while effective to some degree in
preventing recurrent febrile seizures, do not alter the risk of subsequent epilepsy.
For this reason, especially in children with simple febrile seizures, reassurance and
counseling rather than drugs are the preferred treatment options. In this section,
we will first review the available treatment options and then present an approach
to the management of the child with both simple and complex febrile seizures
(Table 1).

Chronic prophylaxis with phenobarbital or valproate will reduce the risk of
recurrent febrile seizures. However, it does not reduce the risk of subsequent epilepsy
and is associated with significant morbidity and is therefore no longer recommended.
Carbamazepine and phenytoin are ineffective in preventing further febrile seizures.
There are insufficient data on any of the newer antiepileptic drugs to justify their
use in this setting at the present time.

Intermittent treatment with benzodiazepines given orally or rectally at time of
fever reduces the risk of recurrent febrile seizures. It must be given every time the

Table 1 Treatment of the Child with Simple and Complex Febrile Seizures

Chronic AEDs (phenobarbital and valproate)
Not indicated

Diazepam (oral or rectal) at the time of fever
Not routine for simple febrile seizures
Consider for complex or multiple simple febrile seizures

Rectal diazepam at the time of seizure
First-line therapy for prolonged febrile seizures
Rapid, simple, safe, and effective
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child has an intercurrent illness, which can become an issue given the frequency of
febrile illnesses in early childhood. There is also the theoretical concern about seda-
tion masking signs of more serious illness such as meningitis. Even when effective, it
does not reduce the risk of subsequent epilepsy. Furthermore, children who have a
seizure as the first manifestation of their febrile illness are both at higher risk to have
another one and least likely to benefit. This treatment does have a limited role in
selected cases with frequent recurrences.

Antipyretics at time of illness are commonly prescribed. Data from controlled
clinical trials suggest that this treatment is no more effective than placebo in prevent-
ing recurrence. While antipyretics are generally benign and may make the child more
comfortable, recommendations for their use should recognize their relative lack of
efficacy and avoid creating undue anxiety and guilt feelings in the parents.

Abortive therapy with rectal diazepam (dose based on weight) at the time of sei-
zure does not alter the risk of recurrence but is effective in preventing prolonged feb-
rile seizures, which are often the main concern. It is provided as 2.5, 5, 10, and 20mg
rectal gel formulations and in packages of two. Children with prolonged febrile sei-
zures are good candidates for this form of therapy. Rectal diazepam can also be used
in cases with a high risk of recurrence, for families who live far away from medical
care and for families where the parents are very anxious. In these cases it avoids the
need for chronic or intermittent therapy unless a seizure actually occurs and lasts
more than 5min.

No treatment. In many cases, particularly those with simple febrile seizures,
reassurance and education about the benign nature of the condition are all that is
needed. The American Academy of Pediatrics 1999 practice parameter recommends
no treatment for children with simple febrile seizures.

The specific treatment option chosen depends on the goals of therapy and spe-
cific features individual to each case. For simple febrile seizures, the American Acad-
emy of Pediatrics recommends no treatment except reassurance; a recommendation
the author fully agrees with. In parents who live far away from medical care or who
are particularly anxious, a prescription for rectal diazepam may be appropriate and
further minimize anxiety and risk. There is less consensus on the treatment of com-
plex febrile seizures. However, even in this setting, chronic AED therapy is very, very
rarely appropriate. For children with complex febrile seizures, current therapeutic
options include no treatment, which is appropriate in many cases, intermittent
diazepam at the time of fever, and rectal diazepam should a seizure occur and last
longer than 5min.

As treatment does not alter long-term outcome and only very prolonged febrile
seizures have been causally associated with subsequent epilepsy, a rational goal of
treatment would be to prevent prolonged febrile seizures. Therefore, when treatment
is indicated, particularly in those at risk for prolonged or multiple febrile seizures or
those who live far away from medical care, rectal diazepam used as an abortive agent
at the time of seizure would seem the most logical therapeutic option.

The above discussion assumes the child is not actively convulsing at the time of
decision making which will be true in the vast majority of cases. If a child arrives in
the emergency department in the midst of a seizure, they should be treated using the
current pediatric status epilepticus protocol, which is covered in Chapter ___. A child
who is in the emergency department for the evaluation of an illness and starts seizing
should be managed more conservatively and only needs emergency treatment if the
seizure persists beyond 5min.
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PROGNOSIS

Morbidity and Mortality. The morbidity and mortality associated with febrile
seizures is extremely low, even in the case of febrile status epilepticus. Several large
series of febrile status epilepticus reported no deaths and no new neurological deficits
following febrile status. Three different studies have found no differences in IQ
scores, academic achievement, and behavioral measures between children with feb-
rile seizures and either sibling or population-based controls. These favorable cogni-
tive and behavioral outcomes included children with both simple and complex febrile
seizures as well as children with febrile status epilepticus.

Recurrent Febrile Seizures. Approximately one-third of children who have a
febrile seizure will have at least one recurrence. Risk factors for recurrent febrile sei-
zures are summarized in Table 2. Children with two or more risk factors have a 30%
recurrence risk at 2 years; those with three or more risk factors have a 60% recur-
rence rate. Half of all recurrences are within the first 6 months and 90% occur within
2 years. A complex febrile seizure is not associated with an increased risk of recur-
rence in most studies. However, complex features tend to persist if recurrences occur.
In particular, children who have a prolonged initial febrile seizure and have a recur-
rence are likely to have a prolonged recurrent seizure as well. Conversely, the child
whose initial febrile seizure is simple in nature and has a second febrile seizure, the
chances it will be prolonged are small. Thus, we can reliably identify at the time of
the first febrile seizure those children at risk for prolonged recurrences who would be
candidates for abortive therapy.

Epilepsy and Febrile Seizures. If followed for many years, eventually between
2% and 10% of children with febrile seizures of all types will develop epilepsy. The
risk of developing epilepsy after a single febrile seizure is not substantially different
than that in the general population. With the possible exception of very prolonged
febrile seizures, the relationship between febrile seizures and subsequent epilepsy
does not appear to be causal. Rather, children with an underlying predisposition
to seizures are more likely to also experience a febrile seizure when in the appropriate
age window.

Risk factors for epilepsy following febrile seizures are summarized in Table 2.
Of these, neurodevelopmental abnormality and a family history of epilepsy are
risk factors for epilepsy whether or not there is a history of febrile seizures. It is
important to note that, a short duration of recognized fever prior to seizure onset
is associated with not just a higher risk of subsequent febrile seizures but of epilepsy.
This is the only risk factor that is the same when comparing risk factors for recurrent
febrile seizures and for subsequent epilepsy.

Table 2 Risk Factors for Febrile Seizures and Epilepsy

Febrile seizures Epilepsy

Young age of onset Neurodevelopmental abnormality
Family history of febrile seizures Family history of epilepsy
Low temperature at occurrence Complex febrile seizures
Short duration of fever Short duration of fever

Number of febrile seizures
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Febrile Seizures and Mesial Temporal Sclerosis. This a very controversial topic.
Retrospective studies from adult epilepsy surgery programs report that many
patients with mesial temporal sclerosis (MTS) and intractable temporal lobe epilepsy
have a history of febrile seizures in childhood. Prospective studies have failed to find
this association. Recent studies utilizing imaging within 72 hr of the event may pro-
vide the answer to this seeming contradiction. These studies suggest that very pro-
longed febrile seizures lasting more than 60min may cause acute hippocampal
damage that in some cases will evolve to MTS. Febrile status epilepticus lasting
30min accounts for approximately 5% of febrile seizures, and seizures lasting
60min or more are 2%. Thus, even large prospective studies are unlikely to have
the power to detect this phenomenon. Conversely, it is unlikely to account for the
majority of cases of MTS. A multicenter prospective imaging study of children with
very prolonged febrile seizures is currently underway to attempt and answer this vex-
ing question. In the meantime, the available data support prevention of prolonged
febrile seizures as a rational treatment approach.

CONCLUSIONS

In summary, febrile seizures are the most common seizure type and have a mostly
benign prognosis. Both human and animal data demonstrate that brief febrile sei-
zures are benign and not associated with long-term sequelae. Treatment is usually
not needed for either simple or complex febrile seizures. Given our current state
of knowledge, a rational plan of treatment focuses on counseling and on preventing
prolonged febrile convulsions. Prolonged febrile convulsions are the only ones that
have been causally implicated with adverse outcomes.

While the data are reassuring, the clinician needs to recognize that febrile
seizures are a very frightening event. Parents need to be reassured that the child will
not die during a seizure, a fear that seems to be widespread. They also need to be
provided information about the prognosis and management of febrile seizures.
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Lennox–Gastaut Syndrome

Adeline Vanderver and William Davis Gaillard
Department of Neurology, Children’s National Medical Center,
Washington, D.C., U.S.A.

INTRODUCTION

Defined by Gastaut in 1966, but first recognized in 1939 by Lennox, Lennox–
Gastaut syndrome (LGS) has attracted considerable interest in the last half century.
Responsible for less than 5% of childhood epilepsies, this catastrophic epilepsy con-
sists of a typical triad of intractable seizures (tonic axial, atonic, myoclonic, and
atypical absence), characteristic EEG abnormalities (bursts of slow spike and wave
during the awake state and 10Hz—fast rhythms with bursts of slow polyspikes
during sleep state), and cognitive delay. Its disabling course and refractory nature
give it an importance out of proportion to its incidence. Its often-cryptogenic nature
is a continuing enigma.

DIAGNOSIS

The diagnosis of LGS is clinical and rests on a constellation of clinical characteristics
and electrographic findings.

Characteristic Seizures

Children with LGS have multiple seizure types, and their epilepsy is medically
intractable with high frequency of seizures. The onset is in childhood, typically
between 1 and 8 years with greatest frequency between 3 and 5 years. Seizures most
commonly include tonic axial seizures, often nocturnal during non-REM sleep and
associated with autonomic phenomena. Frequently described seizures include atonic
and tonic seizures resulting in drop attacks, and prolonged atypical absence with
automatisms sometimes accompanied by generalized seizures. Complex partial
seizures may occur. Other seizure types may occur and predominate, such as in
the myoclonic variant, or evolve, such as the increased frequency of generalized
tonic–clonic convulsions in adolescence.

Seizures are exacerbated by inactivity and drowsiness. Seizures usually occur
multiple times a day, are usually brief but may be repetitive or prolonged. Tonic or
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atypical absence status may occur frequently in some patients. Frequent falls because
of repeated seizures are disabling in many children with LGS and may result in injury.

Characteristic EEG Findings

Electroencephalographic tracings are not diagnostic, as in some epilepsy syndromes,
but are characteristic of the diagnosis. The background is abnormal, with lower than
age appropriate frequency of the posterior basic rhythm and intrusion of slow activ-
ity generally. During wakefulness, generalized, bisynchronous slow spike-and-wave
and polyspike-and-wave discharges (1–2.5Hz) are seen, maximal over anterior head
regions. These may occur in bursts or as near continuous activity, and are most often
irregular in frequency, distribution, and amplitude. This pattern may be asymmetric
and intermixed with bursts of faster activity. Hyperventilation may increase the fre-
quency of slow spike-and-wave discharges, but photic stimulation produces no par-
oxysmal activation. During sleep, bursts of generalized fast spikes are seen at 10Hz
or more, maximal in non-REM sleep, and are the electrographic correlate of noctur-
nal tonic seizures. They may obscure normal sleep architecture and, while not the
pattern of electrographic status epilepticus of sleep (ESES), may occupy up to
50% of the recording. Generalized spikes, and in some patients multifocal spikes,
can be seen throughout the recording. Early on, these EEG abnormalities are often
not seen but may evolve. This may make the diagnosis initially unclear.

Neuropsychologic Disturbances

Mental retardation is almost universal in LGS, with fewer than 10% of patients pre-
serving near-normal intellectual functioning. Children may appear normal or near
normal at onset with an abrupt deterioration following the onset of uncontrolled sei-
zures, or may have a preceding encephalopathy, including infantile spasms. Overall,
cognition progressively deteriorates, compounded by repeated trauma from falls and
the effects of multiple anticonvulsants. Behavior problems abound and include autis-
tic spectrum disorders, aggressiveness, and hyperactivity.

EVALUATION—ETIOLOGY

The differentiation of LGS from other catastrophic onset childhood epilepsies is
important for prognosis and management. The seizure pattern may not appear char-
acteristic initially and suggestive EEG patterns may not appear for several months.
Therefore, it is not unreasonable to pursue diagnostic testing that may be suggested
by the individual’s presentation—for example, that of progressive myoclonic epi-
lepsy in a patient in whom the initial presentation includes myoclonic seizures. Very
few patients with LGS, however, have documented abnormalities of metabolism.
There are rare cases ascribed to Leigh encephalomyelopathy. Other metabolic
diseases are exceptional. Concerns that LGS may be related to a developmental
channelopathy or be an immune-mediated process have yet to be substantiated.

In some series, 17–30% of patients with LGS have a history of infantile spasms.
Therefore, central nervous system insults known to predispose to infantile spasms
have been implicated in the pathogenesis of LGS. These include congenital infec-
tions, sequela of neonatal hypoglycemia, hypoxic–ischemic encephalopathy, and
traumatic brain injury.
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Structural abnormalities are the most common underlying etiology of sympto-
matic LGS. Rarely, brain tumors have been known to cause LGS, although this
raises the difficulty of differentiating true LGS from secondary bilateral synchrony.
Tuberous sclerosis or other neurocutaneous syndromes are found in children with
LGS, but not as frequently as in association with infantile spasms. Developmental
brain malformations are the most common structural lesion to be reported in
LGS, especially subcortical band heterotopia, bilateral perisylvian syndrome, and
focal cortical malformations. It is therefore important to perform magnetic reso-
nance imaging when considering the diagnosis of LGS, as there are reported cases
of seizure reduction with focal surgical resection of lesions. Other types of neuroima-
ging, including PET and SPECT scans, have not been uniformly helpful and are cur-
rently better research than diagnostic tools. The majority of cases of LGS remain
cryptogenic despite extensive metabolic evaluation and neuroimaging. Evaluation
aimed at maximizing supportive care, such as neuropsychological assessment
to identify baseline neurodevelopmental state and aid in appropriate educational
placement are also important.

It is helpful to differentiate LGS from other seizure syndromes, especially from
myoclonic astatic epilepsy (Doose syndrome), that may have a more favorable prog-
nosis. Children with myoclonic astatic epilepsy have the occurrence of multiple types
of generalized seizures suggestive of LGS (i.e., atonic–astatic seizures, myoclonic sei-
zures, atypical absences, generalized tonic clonic) and an EEG pattern sometimes
reminiscent of LGS with interictal slow spike-and-wave discharges. However, it is
always idiopathic, axial tonic seizures are rare or absent, onset is younger than in
LGS (typically between 18 months and 4 years), EEG demonstrates photosensitivity,
and there is a strong genetic predisposition. Prognosis for seizure control and devel-
opmental outcome is more benign than in LGS. Similarly, an entity named atypical
benign partial epilepsy of childhood occurs in children between 2 and 6 years, with
prominent nocturnal partial seizures, myoclonic, and atonic seizures without tonic
seizures. Electroencephalogram is remarkable for diffuse slow spike and wave in
sleep and 3-Hz spike wave in the waking record. Seizures remit in late childhood
in most patients and developmental regression is limited. Other seizure types that
may be mistaken for LGS include frontal lobe epilepsy and multifocal epilepsy with
rapid propagation.

TREATMENT

The therapy of LGS is disappointing, complicated by the variety of seizure types and
the occasional worsening of seizure control and cognitive functioning with polyphar-
macotherapy. Carbamazepine and phenytoin may exacerbate atypical absence and
atonic seizures. Phenobarbital, in causing drowsiness, may worsen seizure frequency.

Until the introduction of the more recent antiepileptic drugs (AEDs), valproic
acid was regarded as the mainstay of treatment of LGS. Valproic acid is still often
regarded as a drug of choice because of its broad spectrum of activity; however,
seizure control is achieved in only 10–30% of patients.

Lamotrigine is used in this patient population. In a double-blind placebo-
controlled study, lamotrigine resulted in a decrease in seizure frequency of > 50% in
33% of patients vs. 16% of patients on placebo. Multiple other studies suggest similar
efficacy in children with refractory epilepsy, especially for drop seizures. The risk of
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rash, especially in interaction with valproic acid, a frequently used anticonvulsant in
this population, warrants careful titration as doses are increased.

Felbamate is used successfully in this patient population. Early reports on the
use of felbamate in LGS suggested a response with seizure reduction of >50% in
50% of children with LGS. Also, more recent studies in which a subgroup of patients
had the diagnosis of LGS, suggest that felbamate continues to be efficacious in 41%
of children with refractory epilepsy after 3 years of follow-up. There is also some
suggestion that add-on felbamate therapy may decrease the seizure frequency by
increasing levels of valproic acid. Although felbamate and lamotrigine are both
efficacious, especially for injury causing drop attacks, both are associated with
serious idiosyncratic or hypersensitivity reactions leading to interest in newer
anticonvulsants.

Topiramate has a broad spectrum of action and few therapy-limiting adverse
events. An initial double-blind randomized study revealed a decrease in seizure
frequency of >50% in 33% of children with target doses of approximately
6mg=kg=day vs. 8% in controls. A follow-up open label study after adjustment of
mean anticonvulsant doses to 10mg=kg=day demonstrated a reduction in seizures
of �50% in 43–45% of patients and drop attacks were decreased by �50% in
55–57% of patients. Another multicenter study found seizure reduction of >50% in
40% of patients with a mean dose of 4.1mg=kg=day. A more recent open, multicen-
ter study, however, recorded a response rate as defined above of only 25%, although
this is discrepant with other reports of topiramate efficacy as add-on therapy in LGS.

These three anticonvulsant agents have been shown to decrease seizure fre-
quency including drop attacks by about half in as much as one-half of children when
used as adjunctive agents. Because seizures remain intractable, other options are
often considered. Less well-documented therapies include zonisamide. A small sub-
group of patients with LGS in a study of zonisamide as an adjunctive agent in pedia-
tric epilepsy had a ‘‘response’’ of 25–50%, although effectiveness is not clearly
defined. Levetiracetam is also used, although there is limited data regarding efficacy.

Benzodiazepines, especially clobazam and nitrazepam, are used with some suc-
cess. A small study recently suggested that nitrazepam may be at least as efficacious
as other anticonvulsant drugs, decreasing seizure frequency by �50% in more than
60% of patients. Use of these drugs is limited by the development of tolerance and
physiologic dependence. The ketogenic diet has also been used with some success
in many centers although there are no well-documented studies of this therapy
specifically for LGS.

Surgical options have been explored. Prospective studies show a modest reduc-
tion in seizure frequency after vagal nerve stimulator implantation. This therapy may
be helpful in limiting drop attacks and therefore may lead to improvement in quality
of life. Corpus callosotomy has also been used to reduce tonic seizures that result in
injury secondary to falling, with some moderate success. Both these measures are
palliative. The recognition of episodes of nonconvulsive status, which may occur fre-
quently in these patients, is important. The use of steroids in this situation has been
occasionally used when more conventional therapies have failed.

Very few patients have complete seizure control and none of these therapies
appears to have altered the progress of intellectual decline. Anticonvulsant manage-
ment should aim to minimize polypharmacotherapy and accumulated toxicity. When
possible, AEDs should be limited to one or two agents (unless switching medications
where the child would be on three AEDs during transition). Treatment of LGS has
therefore remained inherently frustrating for both physicians and families.
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PROGNOSIS

Prognosis in children with LGS is defined mainly by neurodevelopmental outcome
and refractory seizures. An underlying etiology, when discovered, also determines
prognosis. Other important considerations, such as the mortality due to status epi-
lepticus, are not particular to this seizure syndrome. Seizure types evolve as the child
matures, most typically into more complex partial, and generalized tonic–clonic sei-
zures, although the nocturnal seizures persist into adolescence. Mental retardation
and behavior disorders persist in a static fashion, although greater demands on an
older child or changes in polypharmacotherapy may occasionally make the encepha-
lopathy appear progressive.

In a retrospective analysis of prognosis in children meeting criteria for LGS,
the long-term intellectual and neurological outcome was poor. Over the course of
an average follow-up period of 16 years, 38% of the patients lost the ability to speak,
21% were nonambulatory and 96% had ongoing seizures. Four independent risk
factors for severe mental retardation were identified by multivariate analysis:
nonconvulsive status epilepticus; a previous diagnosis of West syndrome; a
symptomatic etiology of epilepsy; and an early age at onset of epilepsy. Patients
with LGS and their families continue to bear the burden of a debilitating epileptic
encephalopathy.

SUMMARY

Lennox–Gastaut syndrome is a clinically defined epileptic encephalopathy of
childhood characterized by multiple seizure types, which remain refractory to medical
and surgical intervention, suggestive electroencephalogram patterns, and significant
mental retardation.
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Landau–Kleffner Syndrome (LKS) and
Epilepsy with Continuous Spike-Waves
During Slow-Wave Sleep (CSWS)

William H. Trescher
Kennedy Krieger Institute, Baltimore, Maryland, U.S.A.

INTRODUCTION

In 1957, Landau and Kleffner reported a group of children with a syndrome of
acquired epileptic aphasia (Landau–Kleffner syndrome, LKS) and in 1971, Patry
et al. described the syndrome of epilepsy with continuous spike-waves during
slow-wave sleep (CSWS). These syndromes can be relatively distinct and the Inter-
national League Against Epilepsy has recognized them as separate syndromes. An
overlap of symptoms of these conditions has led to a developing view that these
disorders may be related to each other with the common feature of electrical status
epilepticus in sleep (ESES). Furthermore, they may be related to the less severe
condition of benign childhood epilepsy with central–temporal spikes.

CLINICAL FEATURES

In the relatively pure form of LKS, children usually do not have antecedent devel-
opmental or neurological abnormalities. Loss of language usually occurs in a suba-
cute or stuttering pattern. Onset is usually between 3 years and 8 years of age.
Seizures, typically partial or generalized tonic–clonic, occur in 70–80% of individuals
and may precede or develop around the same time as the language deterioration. The
language impairment usually appears as a receptive aphasia or verbal auditory
agnosia (VAA) with intact hearing. Reading, writing, and use of visual cues often
are preserved initially, but may deteriorate over time. Associated features include
hyperactivity, inattention, irritability, and mild motor apraxia. Routine imaging
studies are generally normal, although tumors, neurocysticercosis, congenital hemi-
paresis, a history of encephalitis and other conditions have been reported in associa-
tion with LKS. A hereditary predisposition is uncommon. The seizures are usually
easily controlled, but the language impairment is often more refractory to treatment.
Aphasia persists in more than half of cases. Adverse factors for language recovery
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include: younger age on onset, longer duration of ESES, and spread of the spikes
bilaterally.

In the syndrome of CSWS, onset is between 4 years and 14 years of age. Most
children have seizures, which may be partial, generalized tonic–clonic, as well as
myoclonic, atonic, or atypical absence. Seizures, when they occur, develop as early
as the first year of life, often preceding the onset of ESES by 1–2 years. Language
impairment is typically an expressive aphasia rather than VAA. Global cognitive
deterioration, behavioral dysfunction, and motor impairments are more severe than
with LKS. Approximately one-third of children have a history of antecedent neuro-
logical problems or abnormalities on imaging studies.

Precise diagnosis of these conditions may be difficult because many cases
described in the literature and possibly a greater number of children presenting to
clinicians do not manifest classic symptoms, but rather have intermediate forms of
these disorders. Further complicating diagnosis, approximately one-third of children
with autistic spectrum disorder (ASD) experience language regression, albeit at a
much earlier age than the loss of language associated with LKS. While the incidence
of epilepsy among children with autistic ASD is no different between those with and
without regression, there is some evidence to suggest that the incidence of epilepti-
form discharges on EEG is greater among those with language regression compared
to those without regression. The term Landau–Kleffner variant often is used to char-
acterize those children with infantile autism with language regression and coincident
epileptiform discharges, but this designation is not universally accepted.

DIAGNOSIS

The key to diagnosis is recognition of the clinical syndrome of a loss of language
function with or without a deterioration of cognitive abilities and behavior. The
diagnosis may be overlooked when seizures do no occur. Routine daytime EEGs that
include at least 20–30min of sleep may capture ESES, but caution is advised in the
event of a negative daytime study in the setting of cognitive, behavioral, or language
deterioration. A full overnight EEG may be necessary to make the diagnosis. Once
the diagnosis is established, further evaluation may be necessary to determine if pre-
disposing conditions that may be contributing to the disorder. History and physicial
examination should be comprehensive to evaluate for evidence of antecedent brain
injury, infection, immunological dysfunction, and prior developmental abnormal-
ities. High-resolution magnetic resonance imaging (MRI) is important to evaluate
for structural abnormalities with particular emphasis on adequate coronal views
through the hippocampus. Audiological evalution is necessary to rule out hearing
loss. Early involvement of a neuropsychologist and a speech language pathologist
is absolutely critical to fully evalutate of baseline cognitive and language function
and to monitor the course of treatment. These specialists are necessary to work with
the schools to create an appropriate educational program for the child.

The defining feature of LKS or CSWS is paroxysmal spike-wave activity,
which is often continuous and generalized, or at least bilateral on EEG. This EEG
activity is induced during sleep and called ESES. A fair degree of variability exists,
however, and the EEG discharges may be discontinuous, unilateral or focal, and
sometimes associated with sharp-wave, polyspikes or polyspike-and-slow-wave
activity. Typically, this activity is more prominent during non-REM (rapid-
eye-movement) sleep and markedly attenuated during REM sleep and when the
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individual is awake. The paroxysmal EEG activity may last for months to years.
Careful analysis of the electrographic spike-wave activity often reveals that LKS is
associated with a temporal spike focus and CSWS a frontal focus. Greater dysfunc-
tion seems to be associated with bilateral spread of the epileptiform discharges. Addi-
tionally, the extent of epileptiform activity has been defined by the spike-wave index,
which is the percentage of the time of slow-wave sleep time occupied by continuous
spike-wave activity. In most cases of CSWS, the spike-wave index is greater than 85%,
but some individuals may otherwise meet criteria for the disorder with a slightly lower
spike-wave index. In LKS, the spike-wave index may be lower, but still above 50%.

TREATMENT

The major goal of therapy is to reverse the deterioration of cognitive and language
function and to suppress ESES. The seizures associated with LKS usually are not
severe and generally respond well to a variety of antiepileptic medications. The sei-
zures that accompany CSWS may be more difficult to control, but seizures are not
the major problem for either of these disorders. In contrast, cognitive and language
dysfunction, as well as the associated ESES, do not respond well to standard antie-
pileptic medications, but no controlled treatment studies of LKS or CSWS are
available. Furthermore, the variable natural history of the disorders complicates
assessment of the small case series and case treatment reports.

Of the conventional antiepileptic medications, sodium valproate, ethosuximde,
and various benzodiazepines, particularly clobazam, have shown benefit in some
cases, but the responses have been inconsistent. Newer agents such as lamotrigine,
levetiracetam, and vigabatrin have also shown benefit, but it should be emphasized
that these are usually in isolated case reports. Conversely, isolated reports document
that carbamazepine, phenytoin, and phenobarbital may exacerbate these conditions,
but the data to support this conclusion are limited.

Corticosteroids or ACTH (adrenocorticotropic hormone) administered in high
doses generally is considered the most effective treatment for the language and cog-
nitive dysfunction. In absent evidence of superiority of one form of treatment, corti-
costeroids are preferred. Relapse rates are high with attempts to taper the steroids
and multiple treatment courses may be necessary. The side effects of steroids, includ-
ing weight gain, hypertension, immunosuppression and infection, glucose and elec-
trolyte abnormalities, cataracts, and avascular necrosis of the hip, often limit
continued treatment. Additionally, steroids may significantly worsen behavior,
which can be difficult to distinguish from the effects of the underlying disorder. Con-
version to an every other day treatment regimen or once per week pulse steroids
administered over two days helps to minimize side effects. In isolated reports, intra-
venous immunoglobulin and the ketogenic diet have proved beneficial.

Benzodiazepines may have a specific role in the treatment of these disorders.
Intravenous administration of diazepam can suppress the electrical status epilepti-
cus, but the effect is relatively short in duration, usually hours to days. Long-term
suppression of the ESES can sometimes be achieved with a relatively high-dose bolus
of diazepam followed by prolonged administration of oral diazepam. A suggested
protocol that we have used with success is diazepam (1mg=kg) administered
per rectum, followed by oral administration of 0.5mg=kg per day for 3 weeks.
Benzodiazepines seem to be most effective when administered in conjunction with
another antiepileptic medication, such as sodium valproate.
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When medical therapy fails, surgical treatment may be an option but stringent
criteria should be applied to the selection of candidates. Recovery of language func-
tion may occur after temporal lobectomy, but due to the risk of removing eloquent
cortex, the procedure of multiple subpial transactions (MST) should be considered.
The best outcome from surgery for LKS occurs when the child has: (1) normal cog-
nitive and language development prior to the onset of symptoms; (2) relative preser-
vation of nonverbal cognitive function prior to surgery; (3) evidence of a unilateral
focus of the diffuse or bilateral discharges; and (4) duration of CSWS of less than
3 years.

PROGNOSIS

The long-term prognosis for both LKS and CSWS in guarded, but definitive predic-
tions are difficult to make as most of the information comes from case reports and
small case series with various treatment regimens. Overall, less than half of all chil-
dren regain language function sufficiently to allow return to a regular school envir-
onment. Somewhat better outcomes may be associated with surgical treatment, but
selection criteria have limited this option to an extremely small subset of children.

SUMMARY

The LKS and CSWS are rare disorders of young children, characterized by a sub-
acute deterioration of language, which tends to be a receptive aphasia in LKS and
an expressive aphasia in CSWS. Varying degrees of cognitive, behavioral, and motor
dysfunction are associated with the aphasia. Seizures occur in most children with
these disorders, but are not the major challenge for treatment. The impaired lan-
guage and cognitive dysfunction are correlated with the extent of electrical status epi-
lepticus during sleep, which can be difficult to treat. Benzodiazepines given in
conjunction with sodium valproate and corticosteroids are currently considered
the most effective treatments. Surgery, in the form in multiple subpial transactions,
may benefit a highly selected subset of patients.

DIAGNOSIS AND TREATMENT OF SUBACUTE LANGUAGE
REGRESSION, WITH OR WITHOUT SEIZURES

Evaluation:

1. History and physical examination with screening CBC, metabolic studies
to evaluate for hepatic, renal, or immunological dysfunction.

2. An EEG, to include a minimum of 30min of slow-wave sleep, and consider
an overnight study to evaluate all stages of sleep.

3. The MRI of the brain with adequate visualization of the hippocampus.
4. Consider SPECT, PET, MRS, magnetoencephalography for localization

of regions of cerebral dysfunction.

Suggested treatment course after diagnosis:

1. Administer diazepam 1mg=kg per rectum, followed by 0.5mg=kg=day for
3 weeks.
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2. Coincident with diazepam administration, begin sodium valproate at
5–10mg=kg=day in 2–3 divided doses, gradually increasing dose over 1–2
weeks to 20mg=kg=day. Higher doses (at least 60mg=kg=day) may be
necessary.

3. If above regimen does not suppress ESES after 1month, begin prednisone
2–3mg=kg=day for 1 month with gradual taper over 3 months. Longer
treatment or repeat courses of treatment may be necessary. Consider every
other day regimen or weekly pulse steroids.

4. If above does not prove beneficial, consider: addition of ethosuximide to
sodium valproate; or substitution of lamotrigine or levetiracetam for
sodium valproate.

5. Consider ketogenic diet.
6. Consider IVIG 400 IU=kg.
7. If ESES and language dysfunction and ESES persist for greater than 6–12

months, consider referral for surgical evaluation.
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Juvenile Myoclonic Epilepsy

Traci D. Swink
Marshfield Clinic, Marshfield, Wisconsin, U.S.A.

INTRODUCTION

Juvenile myoclonic epilepsy (JME) is an idiopathic generalized epilepsy (IGE)
syndrome that typically appears in the second decade of life. Herpin wrote the first
detailed description of a patient with JME in 1867. In 1957, Janz and Christian pub-
lished their article on 47 patients with ‘‘impulsive petit mal.’’ The term JMEwas intro-
duced by Lund in 1975 and is the term currently recognized by the International
League Against Epilepsy. The JME is estimated to account for 5–10% of all epilepsies.

CLINICAL FEATURES

There are a number of different epilepsy syndromes within the IGEs (Table 1). JME,
childhood absence epilepsy (CAE), epilepsy with generalized tonic–clonic seizures on
awakening (GTCA), and juvenile absence epilepsy (JAE) can present in late child-
hood and adolescence. The JME is characterized by myoclonic, generalized tonic–
clonic, and=or absence seizures. The typical age of onset is between 12 and 18 years
of age (range 8–24).

Myoclonic seizures are the hallmark of JME and occur in all patients. Myoclo-
nic seizures occur as the only seizure type in only a small percentage of patients
(3–12%). Myoclonic jerks are characterized by sudden, brief, bilateral symmetric,
and synchronous muscle contractions that affect predominantly the shoulders and
upper extremities. The jerks can be single or repetitive and consciousness is
preserved. Many patients do not recognize these jerks as seizures until they manifest
with a generalized tonic–clonic (GTC) seizure. Prior to diagnosis, the jerks may be
interpreted as nervousness, clumsiness, or tics=twitches. A careful history with
specific questioning for the presence of myoclonic jerks is critical to making a correct
diagnosis of JME, as many patients may not volunteer these symptoms. Even with
careful questioning, some patients are diagnosed only after documentation of
myoclonic seizures by video EEG monitoring. In many cases, myoclonic seizures
precede the onset of generalized tonic–clonic seizures, sometimes by several years.

Absence seizures are reported to occur in as many as 40% of patients with JME
but are typically infrequent, of short duration, and not associated with automatism,
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particularly when onset is after 10 years of age. It is important to distinguish the
myoclonic jerks and absence seizures of JME from myoclonic absence epilepsy, a
much rarer form of generalized epilepsy that develops in early or middle childhood
and has a much poorer prognosis both in terms of response to treatment and overall
cognitive impairment. The JME may evolve out of CAE when the patient reaches
adolescence.

Generalized tonic–clonic seizures are very common in JME, occurring in
87–95% of patients. The GTC seizures occur most frequently on awakening and
are often preceded by a series of myoclonic jerks.

DIFFERENTIAL DIAGNOSIS

The JME is a distinct epilepsy syndrome with a well-defined age on onset, character-
istic electroencephalographic pattern, and response to therapy. The JME should be
distinguished from the progressive myoclonic epilepsies and other IGEs with onset in
adolescence, as treatment strategies differ depending on the epilepsy syndrome
(Table 2).

The electroencephalogram (EEG) is the most valuable tool for diagnosing
JME. A sleep deprived EEG yields a higher rate of abnormal results and should
be performed whenever possible when evaluating adolescents with new onset sei-
zures. Video EEG with recording on awakening can be extremely helpful when
JME is suspected, particularly in patients who do not provide a typical history of
myoclonus. The characteristic interictal EEG pattern consists of generalized
4–6Hz polyspike and wave complexes, often with frontocentral predominance; how-
ever, many patients have slower 3–4Hz spike and wave complexes. The resting back-
ground is typically normal in patients with JME. Photosensitivity is common with
precipitation of electrographic polyspike and wave complexes as well as myoclonic
seizures. As many as 30–50% of patients may have subtle asymmetric EEG abnorm-
alities in addition to typical generalized fast polyspike and wave complexes, these
findings should not deter from or delay the diagnosis of JME.

The characteristics of the EEG of myoclonus are repetitive, medium to high
amplitude, fast 10–16Hz polyspikes, followed by 1–3Hz slow waves. The electro-
graphic seizure can last longer than the clinical seizure and the number of spikes
is more closely related to the intensity of the myoclonic jerks rather than the duration
of the myoclonus.

Treatment with appropriate anticonvulsant drugs may normalize the EEG;
however, even on medication, recording on awakening and with sleep deprivation

Table 1 Idiopathic Generalized Epilepsy Syndromes (Listed in Order of Age of Onset)

Benign neonatal familial convulsions
Benign neonatal convulsions
Benign myoclonic epilepsy of infancy
Childhood absence epilepsy
Juvenile absence epilepsy
Juvenile myoclonic epilepsy
Epilepsy with grand mal seizures on awakening
Other generalized idiopathic epilepsies not defined above
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often reveals the characteristic EEG features. Extra effort should be taken to docu-
ment EEG abnormalities when counseling adolescents with a history of generalized
seizures about discontinuing medication given the high incidence (90%) of seizure
recurrence after withdrawal of medications in patients with JME.

The neurological examination reveals no abnormalities in patients with JME.
Routine MRI studies are normal as well. Quantitative MRI and 18F-2-deoxyglucose
PET studies in patients with JME have found regional differences supporting the
idea that individuals with JME may have abnormalities of cortical organization
and abnormal patterns of cortical architecture that may also be associated with
subtle cognitive dysfunction.

TREATMENT

The goal of treatment for patients with JME differs somewhat from other forms of
childhood idiopathic epilepsy in that patients with JME typically do not ‘‘outgrow’’
their seizures. Lifelong anticonvulsant therapy and monitoring for complications
related to seizures and medications are usually necessary. In addition to appropriate
anticonvulsant drug therapy, considerable time and effort should be spent counsel-
ing patients on appropriate lifestyle choices that minimize the risks of seizure recur-
rence such as sleep deprivation, alcohol consumption, noncompliance with
medications, and stress. Issues involving pregnancy, the potential for teratogenic
effects from seizures and anticonvulsant medications, and hereditary issues should
be discussed early in the diagnostic process and reviewed frequently with patients
and their families. Women in particular should be counseled on birth control, folic
acid supplementation, and the hormonal influences of epilepsy.

Valproic acid (VPA) remains the drug of choice for most patients with JME
with the majority of patients experiencing good control of all three seizure types
at relatively low doses. While no randomized clinical trials have been conducted
using any medications for JME, open case studies with VPA have shown a 41–
88% seizure-free rate for patients receiving VPA, either as an add-on medication
or as monotherapy. Therapeutic doses typically range from 20 to 30mg=kg (range
10–70mg=kg) and most patients are well controlled with blood levels of 40–
100 mg=mL. When seizures recur on VPA it is usually due to noncompliance, sleep
deprivation, other drugs or alcohol consumption, or stress. Several formulations
of VPA exist. Most patients prefer long-acting preparations and new extended
release formulations offer most patients the convenience of once a day dosing with
effective seizure control.

Supplementation with a minimum of 1mg of folic acid (range 1–4mg) is
strongly recommended for women taking VPA to reduce the risks of neural tube
defects in offspring. We typically recommend 4mg=day of folic acid for women of
childbearing age. Neural tube defects are associated with up to 4% of pregnancies
in patients receiving VPA monotherapy and up to 9% of pregnancies result in major
birth defect. There appears to be a pharmacogenetic susceptibility to the teratogenic
effects of VPA and folic acid supplementation does not prevent NTDs in susceptible
women. The VPA has a relatively low incidence of neurocognitive side effects. The
most common side effects are weight gain, anorexia, nausea, alopecia, tremor, and
rash. Rare but serious complications include hepatic failure, pancreatitis, thrombo-
cytopenia, hyperammonemia, polycystic ovarian disease, stupor, and encephalopa-
thy. Liver function testing is recommended before beginning therapy with VPA
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and periodically during treatment. Unfortunately, periodic screening of liver func-
tions may not detect an adverse effect and discontinuation of VPA may not prevent
fulminant hepatic failure in susceptible patients.

Increasing awareness of and concern for the reproductive health of women
with epilepsy have generated much interest in evaluating newer AEDs for the treat-
ment of JME. Lamotrigine (LMT) is an excellent alternative to VPA, but possibly
less effective. Studies of LMT have shown it to be effective for most of the seizures
types in JME but may exacerbate some seizures, particularly the myoclonic jerks.
When LMT is added to other anticonvulsant medications, particularly VPA, better
control may be achieved. Most adolescent patients respond to doses ranging from
200 to 400mg=day for monotherapy. When used in combination with VPA, doses
of 100–200mg are often sufficient. Caution should be used when adding LMT to
VPA due to the increased risk of life-threatening rash and clinicians are advised to
not to exceed the recommended initial doses and dose escalation schedule.

Ethosuximide when used in combination with VPA or LMT can be effective in
patients whose absence seizures are not adequately controlled with VPA or LMT
monotherapy. Alone it provides no coverage for generalized tonic–clonic or myoclo-
nic seizures. Ethosuximide can be initiated at doses of 250mg=day in older children
and adolescents and increased weekly to desired effect. Most patients require
dosages ranging from 500 to 1000mg=day.

Topiramate (TPM) and zonisamide (ZNS) both have been shown to have
broad-spectrum properties and could be considered in patients with JME who have
failed or cannot tolerate first- or second-line therapy. A recent pilot study comparing
TPM to VPA monotherapy in patients with JME found TPM to be equally as effi-
cacious as VPA at relatively modest dosages. The TPM can be initiated at dosages of
25–50mg=week and titrated every one to two weeks to desired effect. Most patients
respond to dosages in the range of 200–600mg=day. The ZNS is initiated at dosages
of 50–100mg=day and increased every one to two weeks to desired effect. Total
dosages range between 100 and 600mg=day. Levetiracetam (LEV) has also shown
some promising results in IGEs and seems to control the generalized tonic–clonic sei-
zures and myoclonic seizure for some patients. The LEV can be initiated at
250–500mg=day and increased weekly to desired effect with most patients responding
at dosages of 1000–4000mg=day. While there is no class I evidence regarding TPM,
ZNS, or LEV in JME, these medications should be considered if first- or
second-line therapies fail. Less is known regarding the hormonal and reproductive
effects of these newer AEDs. A serious discussion of issues related to reproductive
health and pregnancy must take place between health-care providers and female
patients with JME.

Clonazepam (CZP) can also be effective in the treatment of JME. It is most
commonly utilized as a low dose add-on therapy when GTC seizures are well
controlled with other AEDs but myoclonic seizures persist. It is much less effective
when used as monotherapy and in some cases may eliminate the warning
myoclonus before a GTC seizure, resulting in increased risk of injury.

Clinicians need to be aware of the potential for some AEDs to aggravate sei-
zures in JME resulting in increased seizure frequency, increased seizure severity, or
the appearance of a new seizure type. Carbamazepine (CBZ) and phenytoin
(PHT) both appear to have this potential with CBZ having the strongest aggravating
potential, whereas the aggravating effect of PHT appears less prominent.
Newer AEDs such as vigabatrin (VGB) and LMT also have the potential to aggra-
vate myoclonic seizures and it is important that this potential is discussed with
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patients when prescribing newer medications. Finally, the ketogenic diet has been
shown to be effective in treating all three seizure types common to JME and may
be useful in refractory patients but rarely is indicated given the high response rate
of JME to AED therapy.

In general, I use either VPA or LMT in monotherapy as first-line therapy,
followed by the combination in polytherapy. Should these choices fail, I would
then consider TPM, ZNS, or LEV as monotherapy as equivalent second-line choices.
If unsuccessful, VPA in combination with TPM, ZNS, or LEV may have a role
before trying CZP or the ketogenic diet.

SUMMARY

The JME carries an excellent prognosis for the majority of patients who understand
that their disorder is lifelong, requires treatment with antiepileptic medications to
control the seizures, and who understand the importance of healthy lifestyle choices
to minimize seizure recurrence. With appropriate education, counseling and medical
treatment, 86–90% of patients will be seizure free or well controlled on medication.
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Progressive Myoclonic Epilepsy

Joan A. Conry
George Washington University School of Medicine, Children’s National Medical
Center, Washington, D.C., U.S.A.

INTRODUCTION

Progressive myoclonic epilepsy (PME) is a syndrome (not a specific disease) with
myoclonic seizures and progressive neurological decline. The diagnosis of PME is
based on the presence of a degenerative process which includes myoclonic seizures
and progressive neurological dysfunction and which does not fit into any of the other
myoclonic epilepsy syndromes. (Table 1). Myoclonic seizures are seen in a variety of
epileptic syndromes, some benign and some malignant.

All patients with PME at some point in the illness must have myoclonic seizures,
which characteristically are brief shock like ‘‘jerks’’ involving the extremities and=or the
head=neck and trunk. Myoclonic seizures can also consist of ‘‘negative myoclonus’’
which consist of a brief loss of tone and may be described as a ‘‘drop.’’ In addition to
myoclonic seizures, patients with PME usually also have tonic or tonic–clonic seizures.

All patients also must have ‘‘progressive neurological decline.’’ The progressive
neurological deterioration most often involves cerebellar degeneration and=or pro-
gressive dementia. In children, a typical cerebellar syndrome of trunkal ataxia, apen-
dicular tremor, and hypotonia may be difficult to recognize until late in the disease.
Subtle presentations in young children include developmental delay and failure to
acquire motor milestones, in addition to a flat affect and nystagmus. An actual loss
of milestones and deterioration in neurological function may occur months or even
years after ‘‘developmentally delay’’ is diagnosed.

In this treatment focused text, much of the intervention and therapy in PME is
centered on making a diagnosis and treating seizures symptomatically. Since PME is
a collection of diseases, the most common causes and diagnostic criteria will be dis-
cussed so the rationale for diagnostic studies is clarified. The most common identified
causes of PME will be discussed in the next section.

UNVERRICHT–LUNDORG DISEASE

Unverricht–Lundborg disease, also known as Baltic myoclonus or Mediterranean
myoclonus, is an autosomal recessive disorder which is prevalent in Finland (1 in
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20,000). The onset of symptoms is in late childhood (8–13 years), with myoclonic
jerks, which are often stimulus sensitive, as the presenting symptom. The seizures
evolve to severe myoclonic seizures and tonic–clonic seizures. The degenerative cer-
ebellar symptoms (ataxia, dysarthria, and tremor) and cognitive decline are mild and
present much later than the seizures. Affected patients may survive into adulthood.
Histological markers, when present, are membrane-bound vacuoles with clear
contents in eccrine glands. The defect is a mutation in the cystatin B gene, which
is found on chromosome 21. Treatment is symptomatic.

MITOCHONDRIAL EPILEPSY WITH RAGGED RED FIBERS (MERRF)

Mitochondrial epilepsy with ragged red fibers (MERRF) is a mitochondrial disease
which may present either in childhood or adulthood. MERRF either is sporadic or is
transmitted via mitochondrial (maternal) inheritance. The initial symptoms are
medically refractory myoclonic seizures and tonic–clonic seizures. Progressive ataxia
and dementia are variable but may occur relatively early in the disease. The presence
of myopathy, sensorineural hearing loss or optic atrophy should raise the index of
suspicion. The defect is a defect in mitochondrial DNA resulting in an abnormal
transfer RNA Lys gene. If the mother is affected, there is a 100% recurrence rate.
However, the clinical course may vary from mild to severe. Diagnosis is made by
demonstration of ragged red fibers on muscle biopsy. Unfortunately, the muscle his-
tology may be normal especially early in the disease. Repeat biopsy later in the illness
may reveal ragged red fibers as more mitochondria become severely involved. Treat-
ment is supportive.

LAFORA BODY DISEASE

Lafora body disease is an autosomal recessive disorder which usually presents
between 10 and 18 years of age. Tonic–clonic seizures in a ncurologically normal
child are the initial symptoms, with myoclonic seizures which initially may respond
to medications. The clinical course is rapidly progressive, with the development of
severe seizures, stimulus sensitive myoclonus, disabling ataxia, and severe dementia.
Death usually occurs within 10 years of clinical onset. Polyglucosan bodies (Lafora
bodies) can be seen in many tissues, especially the excretory ducts of eccrine sweat
glands. The genetic defect is the EPM2A gene on chromosome 6q23-25 which codes
for a protein tyrosine phosphatase (laforin).

Table 1 Classification of Myoclonic Epilepsies

Early myoclonic epilepsy
Benign myoclonic epilepsy in infants
Severe myoclonic epilepsy in infants
Myoclonic astatic epilepsy
Epilepsy with myoclonic absences
Eyelid myoclonia with absence
Juvenile myoclonic epilepsy
Progressive myoclonic epilepsy
Myoclonic seizures not otherwise classified
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Lafora body disease is clinically different from Unverricht–Lundborg disease
because of the rapidly progressive neurological decline in Lafora body disease.
Histologically, they have different inclusions. The genetic defect has been identified
in both and they are clearly different diseases.

NEURONAL CEROID LIPOFUSCINOSIS (NCL)

Neuronal ceroid lipofuscinosis (NCL) is an autosomal recessive disorder with onset
at multiple ages and with varied initial symptoms. Depending on the age of onset,
NCL is known as Santavuori–Haltia disease (infantile onset, 0–2 years), Jansky–
Bielschowsky disease (late infantile onset, 2–4 years), Batten’s disease or
Spielmeyer–Vogt–Sjogren disease (juvenile onset, 4–10 years) or Kuf’s disease
(adulthood). Severe tonic–clonic or myoclonic seizures, developmental delay, and
visual impairment are the presenting symptoms in the infantile and late infantile var-
iants. A movement disorder, psychiatric or behavioral symptoms or visual loss may
be the initial symptoms in older patients (juvenile onset and adults). The rate of pro-
gression of disease is more fulminant with younger presentations. Nonetheless the
disease is relentlessly progressive and ultimately fatal. Diagnostic studies supportive
of the diagnosis are the electroretinogram, which may be abnormal early, and visual
evoked potentials, which initially may be ‘‘giant’’ then disappear. Typical intracellu-
lar fingerprint, curvilinear, or granular inclusions may be seen in multiple tissues,
including skin, conjunctiva, muscle, leukocytes, or rectal mucosa. Although the
underlying genetic defect has not been identified, genetic markers have been identi-
fied for at least 10 subtypes with defects on chromosome 16 (juvenile) or chromo-
some 13 (late infantile). No definitive therapy is available.

SIALIDOSIS (CHERRY-RED SPOT MYOCLONUS SYNDROME)

Two variants of Sialidosis are known. Sialidosis type I is caused by a deficiency of
N-acetylneuraminidase and causes PME. Sialidosis type II is due to a deficiency
of both N-acetylneuraminidase and beta galactosidase, and is also known as
Mucolipidosis Type I.

Sialidosis Type I is a rare cause of PME. Transmission is autosomal recessive
inheritance. A macular cherry-red spot may be seen although not all patients have
cherry-red spots. The symptoms typically appear in adolescence, with tonic–clonic
seizures and myoclonic seizures. Facial myoclonus and intention myoclonus may
be present. Progressive visual loss ensues. The development of cerebellar symptoms
is late and slow. Dementia may be mild or absent. The patient may live 10–40 years
after onset of symptoms. The diagnosis is made by demonstrating a deficiency in
N-aeetylneuraminidase and normal beta-galactosidase in leukocyte lysosomal
enzymes. No definitive therapy is available.

UNCOMMON CAUSES OF PME

Several other diseases may present as PME (with myoclonic seizures, cerebellar
degeneration, and dementia). These include mitochondrial disorders other than
MERRF, biotin responsive encephalopathy, childhood onset Huntington’s disease,
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infantile neuroaxonal dystrophy, Hallervorden–Spatz disease, and Alper’s disease.
Atypical presentations of several lysosomal enzyme defects may also present as
PME.

DIAGNOSIS

The diagnosis of PME is usually suspected after the patient has demonstrated refrac-
tory seizures, including myoclonic seizures, as well as a degenerative CNS process or
severe infantile encephalopathy. As discussed in the first section, recognition of cerebel-
lar dysfunction is difficult in infancy. Relatively common disorders with myoclonic sei-
zures which may be confused with PME include Lennox Gastaut syndrome, juvenile
myoclonic epilepsy, or slow virus infections such as SSPE or Jacob–Creutzfleld. Pro-
gressive myoclonic epilepsy may initially be diagnosed as a behavioral disorder, learn-
ing problem, or psychiatric disease. The appearance of myoclonic seizures or cognitive
deterioration should signal the possibility of misdiagnosis.

Several red flags should raise the possibility of a diagnosis of PME. In the history,
the presence of developmental delay is significant. The child may not ever have acquired
motor or mental milestones, so regression may not have occurred. A plateau in acquisi-
tion of milestones is significant, as the child may not have actually lost milestones yet.
A description of all seizure types is essential. A family history of any neurological
impairment may be significant.

On examination, findings which may point to a diagnosis of PME are abnor-
mal tone, impaired visual skills, nystagmus, and tremor in addition to ataxia and
tremor. A comprehensive exam for any major organ abnormality is required.

Diagnostic studies may be extensive, but should start with BEG, MRI, and
MR spectroscopy. The MRI may demonstrate cerebellar or generalized atrophy,
and serial MRIs may reveal progressive atrophy. The MR spectroscopy may demon-
strate a lactate peak. Ophthalmologic consultation may reveal visual impairment as
well as a cherry-red spot, optic atrophy, or abnormal retinal pigment.

Metabolic and electrophysiological studies which may point to a specific diag-
nosis are listed in Table 2. If the child’s clinical course continues to support a diag-
nosis of PME, the definitive diagnosis may require biopsy. Muscle biopsy should be
obtained for light microscopy, electron microscopy, and respiratory chain enzymes.
A skin biopsy can often be performed in conjunction with the muscle biopsy. Other
tissues to be considered (based on the clinical course) are conjunctiva, rectal mucosa,
liver, and bone marrow. A nondiagnostic biopsy does not exclude a diagnosis of
many of the disorders discussed above.

Table 2 Diagnostic Screening Laboratory and Electrophysiologic Studies for PME

Metabolic studies
Lactate, pyruvate, urine organic acids, plasma amino acids, plasma acylcarnitine, NH3, uric
acid, renal function studies, liver function studies, CBC and differential

Electrophysiological studies
Electroencephalography (EEG), electroretinogram (ERG), visual evoked response (VER),
brainstem audio evoked response (BAER). Electrocardiogram (ECG)
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More specific metabolic or genetic tests may be obtained, depending on the
clinical course and results of the studies above. Unfortunately, in many cases, a
diagnosis of a specific disease may be made only at autopsy, if then.

TREATMENT

Treatment is supportive, directed at specific symptoms. The seizures in these patients
are extremely difficult to treat, often requiring combinations of medications. For
myoclonic seizures, the drug of choice remains valproic acid. The target dosage of
valproic acid is 20–60mg=kg=day, starting with 10–20mg=kg=day and increasing
as tolerated. Many clinicians start carnitine when valproic acid is used in a patient
with suspected metabolic disease. The target dosage is 50–100mg=kg=day. Most
(if not all) patients, especially those less than 2 years of age, should be given a trial
dose of intravenous pyridoxine (100mg) early in the course of the illness. Nitraze-
pam and clonazepam have been used with limited success, due to side effects
(sedation, drooling) and the development of tolerance.

Several of the newer antiepileptic medications have shown some efficacy,
including zonisamide and topiramate. In an uncontrolled clinical trial, zonisamide
(mean dose 5.7mg=kg=day, range 2–10) produced a dramatic reduction of myoclonic
seizures in 50% of patients, and a significant reduction of total seizures in 75%. In
most ‘‘responders,’’ a reduction in myoclonic seizures was paralleled with a reduc-
tion in ataxia. The efficacy of topiramate in PME is not reported, even in small clin-
ical trials. However, efficacy of topiramate in Lennox Gastaut syndrome has been
well documented, and the use of topiramate in Infantile Spasms has also been
reported. The maximum dosage used in infantile spasms has been reported as high
as 24mg=kg=day, with a rapid rate of titration (dosage increases every 2–3 days).
Levetiracetam may be effective in PME since it is structurally similar to piracetam
(which is effective in myoclonic seizures). Case reports indicate that it is effective
in Unverricht–Lundborg disease. The dose range for myoclonic seizures is not
known, but for partial seizures is 20–60mg=kg=day. Corticotrophins (ACTH, pre-
dnisone) may induce a remission but have limited long-term utility. Alternative treat-
ments including the ketogenic diet and=or the vagus nerve stimulator are effective in
some patients.

Several antiepileptic medications may exacerbate myoclonic seizures, including
carbamazepine, phenytoin, and tiagabine. Lamotrigine and vigabatrin are effective
in some patients and exacerbate seizures in others.

Cofactors and vitamins are used in many of these patients. The efficacy of com-
plementary medications is reported using a change in global neurological function
(not seizure frequency) for outcome. Conclusions about efficacy are limited by the
paucity of interpretable results.

SUMMARY

The most common disorders which belong to the progressive myoclonic epilepsies
are Unverricht–Lundborg disease, mitochondrial epilepsy with ragged red fibers
(MERRF), Lafora body disease, neuronal ceroid lipofuscinosis (NCL), and Sialido-
sis (cherry-red spot myoclonus syndrome). A definitive diagnosis can be made in
Unverricht–Lundborg disease, Lafora body disease, and Sialidosis, and a presump-
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tive diagnosis (by electron microscopy, respiratory chain enzyme analysis, or chro-
mosomal linkage) can be made in some cases of MERRF and NCL. Unfortunately,
a definitive diagnosis cannot be made in many patients who fall into the PME spec-
trum. The prognosis is poor and depends on the underlying disease. These are all
degenerative diseases with medically refractory seizures. In view of the fact that most
cases of clearly diagnosed PME are either autosomal recessive or mitochondrially
(maternally) transmitted genetic disorders, a definitive diagnosis for genetic counsel-
ing is essential even in those patients who are declining rapidly.

SUGGESTED READINGS

1. Berkovic SF, Engle J, Pedley TA, eds. Progressive myoclonic epilepsies. In: Progressive
Myoclonic Epilepsies in Epilepsy: A Comprehensive Textbook. Philadelphia: Lippin-
cott-Raven, 1997:2455–2467.

2. Conry J. Progessive myoclonic epilepsies. J Child Neurol 2002; 17:S80–S84.
3. Leppick IE. Classification of the myoclonic epilepsies. Epilepsia 2003; 44(suppl 11):2–6.
4. Wheless JW, Sankar R. Treatment strategies for myoclonic seizures and epilepsy

syndromes with myoclonic seizures. Epilepsia 2003; 44(suppl 11):27–37.
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Eric H. Kossoff
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INTRODUCTION

In both community practices and academic centers caring for children with epilepsy,
it is not uncommon for 10–30% of patients to have seizures that defy control with
standard anticonvulsant drugs. Who are these children? In a study by Berg, intract-
able seizures occurred more commonly in patients with cryptogenic or symptomatic
generalized syndromes (e.g., Lennox–Gastaut). In addition, the presence of focal
slowing on electroencephalogram (EEG), high initial seizure frequency, and either
acute symptomatic or neonatal status epilepticus were positively correlated with
an increased likelihood of having intractable epilepsy.

How is intractability defined? The definition varies, but most definitions in the
literature describe those patients who fail to respond to two or more antiepileptic
drugs at maximally tolerated doses. In one large study of adults by Kwon, approxi-
mately 50% of patients became seizure-free with the first anticonvulsant chosen; but
if it failed, only 11% became seizure-free (without intolerable side effects) with a
second agent. Beyond that, only 3% responded to the third anticonvulsant. In our
experience, the percentages are probably similar for children, although there is
always the possibility of epilepsy being outgrown. Because results after a patient fails
a second agent are discouraging, further options need to be strongly considered and
this may require referral to a pediatric epilepsy center.

DIAGNOSTIC OPTIONS

All children presenting to our epilepsy center for evaluation of intractable epilepsy
are asked several questions in order to provide appropriate advice and management.
A careful history can occasionally reveal clues to finding the most effective therapy.
All materials including prior EEGs, magnetic resonance imaging (MRI), and medi-
cation and seizure records are reviewed in depth. An algorithm for approaching
these children is presented in Fig. 1.

The first, most important question is ‘‘Does the child actually have epilepsy?’’
Many children referred for a second opinion may have a nonepileptic cause for their
spells, including sleep myoclonus, movement disorders, vasovagal syncope, or
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pseudoseizures (Table 1). Failure to respond to medications in combination with
multiple normal EEGs should arouse concern for a possible nonepileptic cause for
recurrent events. In many cases, home videos obtained by the family can help with
the diagnosis. Ambulatory EEG can be helpful at times. Nevertheless, it is frequently
necessary to admit the child for a prolonged video-EEG monitoring period to
capture an event and make a definitive diagnosis.

For the majority of cases in which epilepsy is assumed to be the diagnosis, the
next question is: ‘‘What specific type of epilepsy does the child have?’’ Although at
the time of writing of this chapter, the International League Against Epilepsy classi-
fication of seizure types is being changed, several basic principles apply. Knowing if
the child has partial or generalized epilepsy can sometimes change an ‘‘intractable’’

Figure 1 Algorithm for intractable epilepsy-1.
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patient into one who is easily controlled. Often an inappropriate choice of an antic-
onvulsant has been made (e.g., carbamazepine for a generalized epilepsy syndrome
or phenobarbital for infantile spasms) because the data or history are misleading
or incomplete. A history of paradoxical worsening to a standard anticonvulsant
can give clues to this situation. Again, video-EEG monitoring may be necessary if
the seizure type is unclear despite parental history and routine EEG.

If reasonable anticonvulsants were chosen for the seizure type, we next ask:
‘‘Were drugs pushed to toxicity?’’ Many children are tried for only brief periods
on low doses of an anticonvulsant and then are switched to a different agent. Antic-
onvulsants require a minimum of 6–8 weeks to determine efficacy. In many children,
anticonvulsants are added in polytherapy in rapid succession over weeks as the child
continues to have daily seizures, and the parents and physician become impatient.
Trying to determine which particular agents were helpful is nearly impossible in this
situation.

We advocate choosing a low dose of a single anticonvulsant first, then
increasing the dose as tolerated for seizure control. Anticonvulsant levels are
statistical concepts, can be misleading, and only estimate the therapeutic range,
typically for adults. Levels can be helpful to monitor compliance, but are rarely
useful otherwise. Once a child has reached a dose in which side effects occur (e.g.,
sedation, dizziness, mood changes), we may lower the dose and add a second
drug, and discontinue the first when the new anticonvulsant is at a reasonable
dose. A second trial of monotherapy is usually beneficial. Other options include
polytherapy, with use of anticonvulsants with different mechanisms of action, side
effect profiles, and limited drug–drug interactions. If polytherapy is attempted,
treating with low (rather than maximal) doses of multiple agents simultaneously
has no clear role.

Table 1 Major Nonepileptic Causes for Unusual Events

Neonates
Jitteriness
Clonus
Apnea
Sleep myoclonus
Benign shuddering attacks

Infants
Sleep myoclonus
Sandifer syndrome (gastroesophageal reflux)
Breath-holding spells
Stereotypies

Children=adolescents
Syncope
Tics (vocal and motor)
Migraines
Sleep disturbances (including narcolepsy)
Attention deficit disorder
Vertigo
Pseudoseizures
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TREATMENT

For the truly intractable patient, who has failed several anticonvulsants either due
to poor efficacy or intolerable side effects, further medication options have limited
efficacy (Fig. 2). There have been just as many anticonvulsants introduced in the past
decade as in all years prior (Table 2). Although monotherapy is always the goal,

Figure 2 Algorithm for intractable epilepsy-2.
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rational polytherapy may be necessary in these patients, as discussed above. There is
little scientific evidence for any particularly beneficial combinations; however, etho-
suximide and valproate, lamotrigine and valproate, and lamotrigine and topiramate
have anecdotally been reported as effective.

A trial with older agents that are not typically considered nowadays because of
the advent of many newer anticonvulsants can also be considered. Phenobarbital, phe-
nytoin, primidone, ethosuximide, and long-acting benzodiazepines (e.g., clonazepam,
clorazepate) are well-studied agents that certainly have their share of adverse reac-
tions, but also have proven efficacy. We will often retry agents previously believed
to be failures that were used in polytherapy years ago. Occasionally, these drugs
will work well either in monotherapy, different combinations, or as the child has
grown older.

Some newer agents with more significant side effect profiles may be worth the
risk as well. For example, felbamate has a risk of aplastic anemia with dose initia-
tion, which has limited its use. This has not been seen in children, however, and fel-
bamate can be very efficacious, particularly for Lennox Gastaut syndrome.
Vigabatrin, not available in the United States, is certainly worth attempting for
intractable infantile spasms, especially if comorbid tuberous sclerosis exists. Irrever-
sible visual field defects have limited its use long-term, but in some children the risk–
benefit ratio makes vigabatrin worthwhile, and for infantile spasms the duration of
therapy may be short enough to avoid visual defects. Lastly, although the pipeline of
new anticonvulsants has slowed somewhat recently, many pediatric epilepsy centers
are still investigating agents in development for use on a research basis.

Once a reasonable trial of anticonvulsants has been attempted, it is imperative
to determine if the child is a candidate for epilepsy surgery. Surgery can be curative
rather than just reduce seizures; nevertheless, the risks are significant. Recent evi-
dence in adults suggests that if an epileptic focus is located in the temporal lobes,
surgery is superior to medical management after 1 year, with 58% seizure-free at this
time compared to 8% in the medical group. Evidence from children and even infants
is equally strong, with approximately 60% seizure freedom with surgery. Parents
must be willing to accept the potential for motor, language, cognitive, or visual def-
icits as well as possible mortality. In order to proceed with surgery, we seek a ‘‘con-
vergence of evidence.’’ Routine and video-EEG, clinical history, MRI, neurologic
exam (occasionally showing focal deficits), and sometimes PET or MR spectroscopy
data should all converge towards a uniform epileptogenic focus to be targeted. If
not, bilateral subdural electrodes may need to be placed on the surface of the brain
for better localization of the region or laterality of epileptogenicity.

Once the area is identified, baseline neuropsychologic testing and occasionally
a Wada procedure to lateralize memory and language will be performed. Subdural
grid electrodes placed over the region of interest are often required for a 1-week
monitoring period before resection to delineate both epileptogenic and functional
cortex. The smallest resection possible is always strived for, but in cases of intract-
able unihemispheric epilepsy (e.g., Rasmussen’s syndrome, hemimegalenephaly,
large congenital infarctions), a total hemispherectomy may be advised.

If the child is not a candidate for surgery, or the family and child do not wish to
take the risk of loss of function, alternatives to further medication trials do exist and
can be very beneficial. Whereas some would argue that these alternatives should be
tried earlier than traditionally considered because of their relatively low side effect
profile, they typically remain treatments of last resort. The ketogenic diet has been
available as a dietary option since the 1920s, but starvation as a treatment for
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epilepsy was even described in the Bible. This high-fat, adequate-protein, low-
carbohydrate therapy requires careful calorie and fluid management. The entire
family must be invested in the process and we require the family to take classes in
its management. Traditionally, children are admitted for a 48-hr fast, followed by
gradual introduction of the ketogenic diet as an eggnog preparation. Even children
with intractable epilepsy may show significant seizure reduction. In a large retrospec-
tive study at our institution, we found greater than 50% seizure reduction in 50%
of patients and greater than 90% in 27%. Well-established side effects include
constipation, slowed weight gain and growth, hyperlipidemia (reversible), and
kidney stones (6%). A current trial of the Atkins diet, a therapy with less protein
and calorie restriction that also induces ketosis, is underway as well.

Vagus nerve stimulation has emerged over the past decade as another tool for
intractable epilepsy. This therapy has been approved by the FDA since 1997, but is
not officially approved for use in children under age 12. More than 25,000 patients
have been implanted and more than 7000 of these patients were under age 18 at sur-
gery. The device is implanted in the operating room. It is then programmed over the
ensuing months. Standard stimulation settings of 30 sec on and 5min off are initially
programmed, but can be adjusted as needed. The vagus nerve stimulator is theorized
to stimulate the nucleus solitarius and locus ceruleus, but its effects on the brain and
EEG patterns are less clear. Efficacy is typically a 25–40% seizure reduction, similar
to most new anticonvulsants. However, side effects are few and limited generally to
voice change and hoarseness. In addition, a small magnet that causes an immediate
stimulation to occur can be used to try and abort seizures, allowing the child and
family a unique form of acute therapy. Reports of behavioral improvement have also
been described in the recent literature.

Corpus callosotomy can also be performed for intractable nonfocal epilepsy,
commonly atonic seizures. Callosotomies have been used since 1940 and are either
partial (anterior two-thirds) or complete in two stages. This therapy specifically ben-
efits atonic seizures, but is more palliative than curative according to reports, with an
approximate 8% seizure-free rate described. Side effects include transient left-sided
neglect, mutism, and apraxia. In catastrophic cases where a child is in persistent
status epilepticus, the use of intravenous solumedrol or immunoglobulin has
been described as a potential immunomodulating therapy. There is little scientific
evidence for steroids other than in infantile spasms outside of anecdotal reports.

SUGGESTED READINGS
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Infantile Spasms

Eric H. Kossoff
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INTRODUCTION

Infantile spasms is an epilepsy syndrome associated with acquired mental retarda-
tion that affects infants usually between the third and eighth month of life. It was
recognized as far back as 1841 when Dr. West described a condition afflicting his
infant son. It is a generalized seizure disorder characterized by clusters of sudden
flexor or extensor jerks. Spasms are often initially misdiagnosed as colic or gastroe-
sophageal reflux before they increase in frequency and severity. In many children,
loss of developmental milestones can occur. West syndrome specifically is the triad
of infantile spasms, psychomotor regression, and the electroencephalogram (EEG)
pattern of hypsarrhythmia. The incidence of infantile spasms is low, but the disorder
is not uncommon, with approximately 1 per 3000 births.

DIAGNOSIS AND EVALUATION

The etiology of infantile spasms warrants careful investigation, with from 50% to
70% of patients having a defined cause (symptomatic), including metabolic condi-
tions, perinatal asphyxia, Down syndrome, cerebral infarction, structural malforma-
tions, and tuberous sclerosis. Relatively fewer cases are defined as having a
cryptogenic (unclear) etiology. The diagnosis is confirmed by EEG, showing a chao-
tic pattern of multifocal spikes without normal background rhythms, otherwise
known as hypsarrhythmia.

TREATMENT

Many treatments have been proposed for ameliorating infantile spasms, but very few
have been demonstrated to be consistently effective (Table 1). Only 11 randomized,
controlled trials have been reported in the literature, comprising a total of 477
patients. A recent Cochrane review of the literature from 1960 to 2000 stated ‘‘there
is still little evidence available on the optimum treatment for infantile spasms.’’ How-
ever, a practice parameter from the American Academy of Neurology and the Child
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Neurology Society was recently be published giving general recommendations. On
the basis of existing medical literature, a suggested algorithm for an approach to
new-onset infantile spasms is presented (Table 2).

ACTH

ACTH (adrenocorticotropic hormone) has been used for infantile spasms since the
1950s. The proposed benefit may lie from reduction of neuronal excitability, and the
influence of endogenous steroids on decreasing the level of insulin, and thus both

Table 1 Efficacies of Anticonvulsants in Reports for New-Onset Infantile Spasms

Medication
Seizure free by
3–6 months (%) Side effects

ACTH 50–86 Hypertension, GI upset, irritability,
glaucoma, death, use only short-term

Vigabatrin 36–76 Visual field constriction
Valproate 40–63 Hepatic toxicity
Lamotrigine 33 Rash, slow titration
Topiramate 45 Cognitive effects, renal stones
Zonisamide 33 Renal stones, anhydrosis
Clonazepam=nitrazepam 33–50 Increased salivation, dependence,

sedation

Table 2 Algorithm for Infantile Spasms
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reducing norepinephrine and increasing dopamine neurotransmission. The combina-
tion of these effects seems to reduce seizure sensitivity. Studies have revealed a
50–86% effectiveness of ACTH in eradicating spasms in infants. We use the
Snead protocol; ACTH 150 units=m2=day divided twice a day for 1week, then
75 units=m2=day divided once a day for 1week, occasinally 75 units=m2=day divided
every other day for 2 weeks, occasionally tapering over the next several weeks. Other
approaches include higher doses for longer periods of time, but the superiority of one
approach over another is unclear. At this time, ACTH remains the agent of first
choice for new-onset infantile spasms.

However, ACTH is not without its problems. In particular, it is a temporary
therapy. Unlike more traditional anticonvulsants, ACTH cannot be continued long
term. Spasms can occasionally recur after ACTH is discontinued, but after perhaps
one or two repeated treatment courses (each usually lasting 4 weeks), it must be aban-
doned to avoid the side effects of chronic steroids. These side effects can include
hypertension, susceptibility to infection, cerebral atrophy, obesity, edema, gastric
ulceration and hemorrhage, hyperphagia, glaucoma, and irritability. Mortality can
be as high as 5%. All these difficulties can be seen even with the first course of ACTH.
Also, ACTH is quite expensive, costing approximately $745 for a 3-week course.

Vigabatrin

Vigabatrin is another recent medication that has become available. Vigabatrin was
introduced in 1994 for the treatment of partial epilepsy. It works by irreversibly inac-
tivating GABA-transaminase allowing higher levels of the inhibitory neurotransmit-
ter. The dose recommended is 100mg=kg=day divided twice daily, titrated up from
25 to 50mg=kg=day over a 7–day period. Vigabatrin has been shown to have promise
in infantile spasms, with 48–76% efficacy by 2 weeks. Some experts recommend the
specific usage of vigabatrin first line for infantile spasms secondary to tuberous
sclerosis.

Vigabatrin is also not without side effects. The potential side effects of visual
field constriction, loss of acuity, and color vision may be irreversible according to
some studies. In infants, it may be years before adequate ophthalmologic testing
could reveal the retinal damage. It is unclear whether this response is total dose
related or not, and an electroretinogram (ERG) is recommended if therapy continues
beyond 6 weeks. Because of this side effect, the U.S. FDA withdrew the drug from
the market. It is currently available in Canada, Mexico, and abroad, but may return
to the United States hopefuly soon.

Ketogenic Diet

The ketogenic diet has been proposed for predominantly recalcitrant infantile
spasms. Livingston originally described the use of the diet in this population with
success. Indeed, before the use of ACTH, the ketogenic diet was thought to be the
most useful therapy. The potential benefit of the ketogenic diet for infantile spasms
makes sense given on the current basic science literature. As discussed earlier,
elevated cortisol with decreased insulin, resulting from ACTH administration,
may be neuroprotective. The ketogenic diet has been shown to have similar effects
on these hormones. However, the indirect effect of the ketogenic diet on cortico-
tropin releasing hormone specifically, although logical, remains to be proven.

Infantile Spasms 113



From 1996 to 2000, 23 children with infantile spasms, aged 5 months to 2
years were started on the ketogenic diet at our institution. These children had
mostly intractable seizures, with an average of 541 spasm clusters per month
(range 60–3000) and had been previously exposed to an average of 3.3 antiepileptic
medications (range 0–7). At 3–12 months, 38–53% of all patients currently on the
diet were >90% improved (3 were seizure free at 12 months); 67–100% were >50%
improved. The ketogenic diet has been used at our institution as first-line therapy
in five patients, with >90% seizure freedom in three. A multicenter pilot study of
the ketogenic diet for new-onset infantile spasms is being planned. Please refer to
the chapter on the ketogenic diet for further information.

Other Approaches

Other than these agents, the practicing child neurologist has very few proven
options. Sodium valproate and clonazepam have had only limited success in aboli-
tion of spasms, and are not thought to be particularly efficacious in comparison
to ACTH. There is some evidence for the use of pyridoxine (vitamin B6) for infantile
spasms, but the data are sparse. We advise an EEG with 100mg intravenous B6
provided concurrently; should the EEG improve dramatically then pyridoxine would
be continued. Newer drugs, such as topiramate, lamotrigine, zonisamide, and ganax-
olone have all been tested for infantile spasms in case series but have only limited
efficacy (similar to the natural history of resolution of infantile spasms) with their
particular set of side effects. There is no evidence for the adjunctive use of any of
these anticonvulsants for infantile spasms.

PROGNOSIS

Although some studies show that early therapy is associated with a better long-term
seizure and developmental outcome, the data are quite limited. The majority of the
prospective evidence would suggest that there is no specific therapy that is more likely
to improve either long-term seizure or cognitive outcome. Half of children go on to
have Lennox Gastaut syndrome; 80–90% of children will have mental retardation
regardless of how prompt the therapy is, with better cognitive outcome for those with-
out a specific etiology (cryptogenic patients). Mortality can be as high as 20%.

SUMMARY

Infantile spasms is a relatively common epilepsy syndrome affecting young infants
and often with devastating results. The current gold standard therapy remains
ACTH at this time. However, vigabatrin and the ketogenic diet may become more
useful agents in the future. Other therapies are of little proven value. With significant
morbidity, the need for additional therapies for infantile spasms is clearly imperative.
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Benign Epilepsy with Centrotemporal
Spikes

James E. Rubenstein
Johns Hopkins Medical Institutions, Baltimore, Maryland, U.S.A.

INTRODUCTION

Benign epilepsy with centrotemporal spikes (BECTS) is also still frequently referred
to as benign rolandic epilepsy. It is the most common of the idiopathic partial epi-
lepsies of childhood (IPEC) and ranks second in incidence behind only childhood
absence epilepsy (CAE) in children under 15 years of age. It is classified as ‘‘benign’’
by the International League Against Epilepsy (ILAE) because it has a generally
favorable prognosis and is almost always outgrown by age 18 regardless of anticon-
vulsant intervention.

DIAGNOSIS AND EVALUATION

Age of onset is from 2 to 13 years, with 80% beginning between 5 and 10 years, and
peak onset at 9 years. Consistent with the observation that BECTS has a strong
genetic basis, studies show a positive family history in 20–30%. The electroencepha-
lographic (EEG) findings in families appear to have an autosomal dominant pattern.
The gene for BECTS is located on chromosome 15q14 and there is incomplete pene-
trance. There is an association with perinatal difficulties, central nervous system
infection, head trauma, or other possible causes in only 10% of cases. The affected
children are by definition neurologically intact, with normal clinical examination
and normal neuroimaging. There is an association between mild behavioral and
learning difficulties and the presence of centrotemporal spikes with and without
seizures.

Nocturnal seizures are the norm, occurring in 75% of patients as the only sei-
zure timing. There can be variability in frequency and severity from a single, brief
event or rare episodes in 67% up to frequent events or rarely status epilepticus. Chil-
dren report hemisensory and motor phenomena of the facial and oral structures, and
motor findings in the limbs (which may be unilateral or generalized). With the
nocturnal-only presentation of BECTS frequently seizures, may be unwitnessed or
only suspected based on atypical enuresis or fatigue in the morning.
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Interictal characteristics of the EEG in BECTS include high amplitude, centro-
temporal sharp waves that may be bilateral or unilateral, semirhythmic at times, and
are superimposed on a normal background. These sharp waves are more likely to
spread from the perirolandic region when they are higher in voltage. They are not
altered or modified by eyelid movement, hyperventilation, or photic stimulation.
As awake readings will miss up to 80% of findings, the EEG must encompass some
periods of sleep.

Differential diagnosis includes focal cortical lesions that may mimic the
BECTS phenotype, such as migrational disorders, symptomatic arachnoid cysts,
glial scarring, and cavernous hemangiomas. However, in a child with a classic
history, EEG, and normal neurologic examination, an MRI is not necessary.

TREATMENT

The diagnosis of BECTS results in one of the most interesting management decisions
in pediatric epilepsy practice because there is clear evidence that remission occurs
regardless of the decision to treat with anticonvulsants and a large proportion of
affected individuals have seizures only at night. This complicates the usual conun-
drum for the clinician, who is challenged by the patient and=or the parent(s) to
answer the three key questions: who, how, and for how long?

Early onset, focal seizures, and shorter initial interepisode interval are thought
to be predictors of seizure recurrence, and hence may lead to a decision to intervene
in approximately half the cases. However, if seizures are infrequent and brief,
families may choose to avoid treatment. The recommendation to avoid sleep depri-
vation is always warranted for patients with BECTS.

Fortunately, the seizures themselves are almost always responsive to low-dose
monotherapy with carbamazepine. With nocturnal-only seizures, the use of an
extended-release preparation at night (e.g., CarbatrolTM or Tegretol XRTM) is an
option. Valproate, phenytoin, gabapentin, and lamotrigine have also been reported
as helpful. The choice of medication should be individualized based on potential side
effects.

There is general agreement based on the natural history of BECTS that antic-
onvulsant therapy after age 16 is unwarranted. It may be somewhat problematic,
however, to discontinue anticonvulsant treatment at age 16 because teenagers
approaching driving age may be reluctant to risk seizure recurrence by terminating
treatment. This requires the patient, parents, and the clinician to carefully review the
clinical course in order to make an informed choice.

SUMMARY

Benign epilepsy with centrotemporal spikes (BECTS) is the most common idiopathic
partial epilepsy syndrome in childhood, ranking second only to childhood absence
epilepsy in incidence under the age of 15 years. It has a classical EEG pattern of high
amplitude centrotemporal sharp waves that may be bilateral or unilateral, accentu-
ated by sleep. There is a likely autosomal dominant pattern of inheritance with
incomplete penetrance. Affected individuals are neurologically normal. The
syndrome is generally outgrown with or without anticonvulsants by age 18 years,
but treatment with low-dose carbamazepine can be beneficial if desired.
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Rasmussen’s Syndrome

Eileen P.G. Vining
The John M. Freeman Pediatric Epilepsy Center, Johns Hopkins Hospital,
Baltimore, Maryland, U.S.A.

INTRODUCTION

Rasmussen’s syndrome (RS) is a chronic encephalitis that leads to a progressive uni-
lateral seizure disorder, functional decline, and hemiplegia. Although Rasmussen
and colleagues originally described this syndrome in 1958 in the context of possible
viral encephalitis, similar to Kozhevnikov’s epilepsy (tick-borne encephalitis with a
similar scenario of epilepsia partialis continua), no consistent viral etiology has ever
been identified. It is currently believed to be an autoimmune disease, based both on
the pathology that has been elucidated and response to therapy.

ETIOLOGY

The original pathological description of perivascular round cell infiltration, micro-
glial nodules, astrocytosis, and spongy degeneration suggested a viral ‘‘footprint,’’
and although recent infectious illness was seen in about half of the original patients,
determined efforts to isolate viruses or their DNA=RNA have been unsuccessful.
The tissue from affected patients has not been able to infect other animals or cell
cultures and electron microscopy has not identified viruses. More recent attempts
using polymerase chain reaction (PCR) have demonstrated a wide array of findings,
but no consistent picture, with CMV, HSV1, and EBV variably implicated.

Interest in the immunologic basis of RS emerged in the 1990s. Rogers and col-
leagues reported elevated levels of antibodies to a glutamate receptor (GluR3). They,
and others, hypothesized that these antibodies could be highly neurotoxic. This led
to a very complex hypothesis concerning the unihemispheric nature of RS. They pro-
posed that there was a focal disruption of the blood–brain barrier that permitted
GluR3 antibodies to interact with the glutamate receptors. Theorizing that if these
antibodies could be eliminated, patients would improve, they treated a number of
patients with plasmapheresis. The initial patient, and many others, responded initi-
ally to this therapy with a decrease in seizures and improved function. However, over
time repeated pheresis did not maintain this improvement and children deteriorated.
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More recently, interest has turned to a cellular mechanism leading to the
inflammatory response. This theory evokes an extensive lymphocytic infiltration
by CD8 killer T cells. There is an extensive astroglial reaction, microglial activation,
and cytolysis. There is also a marked increase in cytokines.

CLINICAL ASPECTS

Although RS is considered a disorder of childhood and one that affects only a single
hemisphere, there have been reported instances of Rasmussen-like conditions that
have begun in adulthood or that have involved both hemispheres. Classically, sei-
zures begin in the early school years, with a range of onset from the second year
of life to mid-teens. The initial seizure can be partial, generalized, or even an episode
of status epilepticus. Seizures then typically evolve over time to produce a multifocal
or unilateral condition of epilepsia partialis continua that is seen in slightly more
than half of individuals with RS.

The progression of a seizure is quite different from the well-understood
Jacksonian march. Instead, one sees the clinical manifestations of separated areas
of cortex firing independently. One can see the foot jerk, then the shoulder, then
the thigh, then the hand, and then the face, with no contiguous march along the
homunculus. It can almost be visualized as a popcorn effect: suddenly a seizure pops
from one area, then another. This is also not like polymyoclonus, because the clonic
activity can remain active in one area, but be rhythmically clonic at a different
frequency in another area of the body. Another, somewhat less common presentation
involves the basal ganglia and one can see expressions of dystonia and choreoathetosis
in the setting of RS as well. Invariably, the process continues, resulting in hemiplegia
or hemiparesis, homonymous hemianopia and functional deterioration.

There is no diagnostic test that is invariably conclusive. Neuroimaging has
shown considerable utility because over time some degree of atrophy becomes appar-
ent. Recent work has suggested that one can assess a hemispheric ratio from MRI
studies to determine the degree and rate of atrophy of the hemisphere, with some evi-
dence that most of the atrophy occurs in the first year of the disease. However, there
is huge variability in RS and some individuals present with extensive atrophy at the
time of their first seizure while others display a much slower course of progression.
This can often lead to delays in diagnosis. Other newer modalities may be useful,
including magnetic resonance spectroscopy (MRS) in which N-acetyl-aspartic acid
(NAA), a marker of neuronal death or injury, has been shown to be decreased
beyond what would be expected based simply on atrophy. Other modalities such
as diffusion-weighted imaging may also be helpful in the future.

Electroencephalography is also not specific. At best, it would show slowing
over the affected hemisphere with multifocal spikes. At worst, because it can create
doubt of the diagnosis, seemingly independent discharges can be seen bilaterally.
With careful analysis, large asymmetries are usually apparent, and the spike from
the truly abnormal hemisphere can often be seen to be leading the contralateral spike
by milliseconds.

Some debate continues about the utility of brain biopsy. We do not believe it is
useful because we are aware of the pathology that can show normal tissue intimately
adjacent to inflamed tissue. Even with use of MRI-guided biopsy we know that the
biopsy can still be negative, sometimes interfering with the appropriate management
of the condition. Several years ago, serum for GluR3 antibodies was routinely sent.
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Unfortunately, this was never available on a standardized basis and the literature is
clear that the test can be positive in some control individuals and negative in some
with proved RS. At this time, the diagnosis remains clinical: unilateral progressive
epilepsy in the setting of atrophying brain.

TREATMENT

The progress of RS is inexorable, but variable. Aggressive medical management with
anticonvulsant medication is uniformly unsuccessful. Seizures can be contained to
some degree, but they cannot be stopped; it is imperative that the physician pays
careful attention to the amount of side effects produced by the medications, often
for very little additional benefit. Certainly, with the concern that RS may be viral-
related, numerous attempts to treat with antiviral agents have been made with little
success. The use of immunomodulatory therapy has increased over the last decade,
influenced by the further understanding of the pathogenesis of the condition. Plas-
mapheresis may produce a rapid, but unsustainable, improvement in the child’s con-
dition and this may be important to the immediate management of devastating
seizures. Various steroid protocols have been suggested, but again, none appear to
offer sustained relief and there are the obvious problems inherent in the prolonged
use of such treatment. Intravenous immunoglobulin (IVIg) is also a reasonable,
albeit again short-term approach, for most individuals. There are various protocols
suggested, including: monthly cycles of high-dose IVIg (0.4 g=kg=day for 5 days)
followed by maintenance therapy (0.4 g=kg=day each month) after the patients’
conditions began to improve.

Unfortunately, the only therapy that has shown consistently favorable results
is surgery. There are a variety of approaches that appear to be useful, ranging from
the hemidecorticectomy procedure used at Hopkins to functional hemispherectomy
and the recently described hemispherotomy technique. Results appear quite similar
with 80–90% of children experiencing either complete relief from seizures or negligi-
ble auras. There is morbidity and mortality associated with this surgery and it should
not be minimized. Problems include infection in about 5–10% and a need for shunt
placement in about 20% of patients. On the other hand, improvement in function is
often dramatic. This is clearly related to the elimination of seizures, but in addition,
motor function also may actually improve in spite of the dense hemiplegia. This per-
haps relates to the stability and predictability of the deficit, rather than the unpre-
dictability of motor function in the setting of recurring seizures. Postoperatively,
the decline in intelligence appears to stabilize and some children actually improve.
This may depend considerably on whether the right or left hemisphere is involved
and the ultimate impact on language. It is perhaps also related to the extent of reha-
bilitation services available to the child. We believe it is important for children and
parents to participate in a network of other families in order to better understand the
problems and solutions that may arise.

THE FUTURE

Improvement in care for patients with RS lies along many avenues. Certainly, a bet-
ter understanding of the pathogenesis will lead to better therapies. This may include
novel strategies such as immunoablation with high-dose cyclophosphamide, in which
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one attempts to eliminate the entire host population of ‘‘sensitized’’ T cells, or the
use of other immunosuppressive agents such as tacrolimus. Improved neuroimaging
may provide us with additional strategies to assess the impact of therapy. Surgical
strategies need constant refining, in order to eliminate the 10–20% of children who
appear to be left with residual tissue or ‘‘nondisconnected’’ tissue. Finally, rehabilita-
tion must improve with better strategies to improve gait; programs that might
involve computer-assisted devices to improve hand and finger function; and finally
improved understanding of the cognitive, language, and behavioral problems these
children face so that they can function as productive, capable, and happy adults.
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Treatment of Tourette Syndrome
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OVERVIEW

The Gilles de la Tourette syndrome (TS) is a chronic, inherited neuropsychiatric dis-
order characterized by the presence of involuntary motor and phonic tics that wax
and wane. Although once considered a rare disorder, the prevalence of TS may be
as high as 3.5% of school-aged children. In addition to tics, individuals with TS often
have a variety of concomitant psychopathologies including obsessive compulsive dis-
order (OCD), attention deficit hyperactivity disorder (ADHD), learning difficulties,
and sleep abnormalities. Although the presence of neurobehavioral problems is not
required for the diagnosis of TS, their clinical impact on the patient may be more
significant than the tics themselves. Tourette syndrome is an inherited disorder (spe-
cific gene and mode of inheritance remain unclear), but nongenetic environmental
factors can influence tic frequency and severity. Pathophysiologically, tics arise
within cortico-striatal-thalamo-cortical pathways and likely represent a dysfunction
of synaptic neurotransmission.

Diagnosis

Formal diagnostic criteria include: (a) onset of symptoms before age 21; (b) the pre-
sence of multiple motor and at least one vocal tic (not necessarily concurrently); (c) a
waxing and waning course, with tics evolving in a progressive manner; (d) the
presence of tic symptoms for at least 1 year; (e) the absence of a precipitating illnesses
(e.g., encephalitis, stroke, or degenerative disease) or association with potential
tic-inducingmedication; and (e) the observation of tics by a knowledgeable individual.
Tics, the essential component of the syndrome, are manifest in a variety of forms,
with different durations and degrees of complexity. Common characteristics of tics
include: brief voluntary suppression; exacerbation by anxiety, excitement, anger, or
fatigue; reduction during absorbing activities or sleep; and fluctuation over time.
Premonitory urges or sensations, such as a tickle, itch, discomfort, or ‘‘feeling,’’
are reported in some TS patients before they make a tic movement or vocalization.
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Outcome

Although TS was originally proposed to be a lifelong disorder, its course may be quite
variable, and some patients may have a spontaneous remission or marked improve-
ment independent of the use of tic-suppressing medications. Investigators used a
mathematical model to assess the time course of tic severity over the first two decades,
which suggested that maximum tic severity occurs between the ages of 8 and 12 years
and is then followed by a steady decline in symptoms. In a study of 58 teenager=young
adults, tics virtually disappeared in 26%, diminished considerably in 46%, remained
stable in 14%, and increased in 14%. Early tic severity is not a good predictor of later
tic severity, but some authors have suggested that the presence of only mild tics
through adolescence was a good indicator of mild tics in adulthood. Nevertheless,
even cases with severe tics in childhood had the potential for a good outcome.

EVALUATION AND EDUCATION

Although approaches to the assessment and treatment of individuals with TS may
vary, there are several important steps (Table 1). All patients with tics should be
evaluated to assure the proper diagnosis and to eliminate the possibility that tics
are secondary to another medical condition. Personal interview of the patient and
parent and the use of standardized parent=teacher questionnaires are helpful in iden-
tifying the presence of comorbid psychopathology and academic problems. Further,
it is essential to identify the level of adaptive functioning, degree of impairment, and
extent of distress associated with tics and with each comorbid condition. The physi-
cian should educate the patient and family about the characteristics of the disorder,
that tics wax and wane, have periodic fluctuations, and are variable. It should be
emphasized that tics are involuntary and not secondary to stress or an underlying
psychological problem. The effect of environmental factors should be clarified and
the controversial role of infection noted. The purpose of symptomatic therapy must
be carefully reviewed, and its goals of targeting specific symptoms defined. Finally,
physicians must emphasize that they are there to provide long-term treatment.

TREATMENT

Treatment is individualized on the basis of the functional impairment resulting
from tics and=or comorbid problems, sources of support, capacities for coping,
and challenges associated with various stages of development. Medications should

Table 1 General Principles for Evaluation of Patient with Tics

(1) Document tics
(2) Take history and perform physical examination
(3) Assess for comorbid psychopathology and academic problems
(4) Identify degree of impairment and extent of distress for tics and each comorbid condition
(5) Educate the patient and family
(6) Establish consensus about need for treatment
(7) Discuss available therapy
(8) Emphasize your availability to provide long-term treatment

126 Singer



be targeted and reserved for only those problems that are functionally disabling and
not remediable by nondrug interventions. For many families, education about the
diagnosis, outcome, genetic predisposition, underlying pathophysiologic mechanism,
and availability of tic-suppressing pharmacotherapy often obviate or delay the need
for medication. Discussing and treating comorbid symptoms as separate entities
from tics has enabled families and health-care specialists to focus on individual needs
more effectively. Finally, reassuring the family, providing clear and accurate informa-
tion, and allowing adequate time for questions and responses enhance the ability of
patients and family members to cope with issues surrounding this disorder (Table 2).

Treatment of Tics

Initiation of tic-suppressing pharmacotherapy is restricted to those patients whose
tics are causing psychosocial (i.e., loss of self-esteem, peer problems, difficulty in
participating in academic, work, family, social, and after-school activities, and
disruption of classroom settings) or musculoskeletal=physical problems. All other
patients are counseled and observed for progression of symptoms. In general, a
conservative approach is strongly recommended. Physicians considering behavioral
or pharmacologic treatments should be aware of the natural variability and waxing
and waning of tics, the large placebo response, and the strong influence of other
comorbid psychopathologies on outcome.

Nonpharmacological Therapy

Classroom strategies of potential benefit include education of teachers and fellow
students, providing optional study breaks, and eliminating unnecessary stressful
situations. In addition, a variety of behavioral treatments (conditioning techniques,
massed negative practice, awareness training, habit reversal, relaxation training, bio-
feedback, and hypnosis) have been proposed as alternative therapeutic approaches for
tics, but few have been adequately evaluated. In my practice, behavioral approaches
are considered in highly motivated individuals who wish to avoid medications, or as
an adjunctive therapy in those with stressful life situations or in whom increasing the
medication dose may result in excessive side effects. There is little or no supporting
scientific evidence for the use of alternative dietary therapies (i.e., vitamins, herbs,
protein supplementation, elimination diets, and others), or acupuncture.

Pharmacotherapy

If tic-suppressing medication is indicated, a two-tiered approach is generally recom-
mended that is broadly divided into an initial ‘‘milder’’ (nonneuroleptic) medication

Table 2 Treatment Decisions

General
1. Clarify patient’s difficulties (tics or comorbid problems)
2. Define what symptoms require pharmacotherapy

If tics are causing significant psychosocial or physical problems, consider Rx
3. Remember, tic-suppressing medications do not generally treat comorbid issues
4. A conservative approach is recommended

Observation or nonpharmacologic
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group and a second neuroleptic=atypical neuroleptic group. The goal of treatment is
not to suppress movements entirely, but to reduce them to the point at which they no
longer cause a significant psychosocial disturbance. Therapeutic agents should be
prescribed at the lowest effective dosage and the patient should be carefully followed,
with periodic evaluations to determine the need for continued therapy (Table 3).
Generally, after several months of successful treatment, I consider a gradual taper
of the medication during a nonstressful time. Typically, in school-aged children, the
summer vacation is a good time to begin the taper. Although a variety of medications
areprescribedfor tic suppression(Table4),onlypimozideandhaloperidolareapproved
by the FDA for TS.

First Tier Pharmacotherapy.

Clonidine. In individuals with milder tics, especially in those with behavioral
problems (i.e., ADHD, poor frustration tolerance, and aggressive outbursts), I first

Table 3 Principles of Tic Pharmacotherapy

1. Start with low doses and increase gradually
2. Evaluate efficacy and monitor for side effects
3. Use monotherapy whenever possible
4. Use Tier 1 medications first, especially for milder tics
5. Obtain predrug EKG, when indicated, for Tier 2 medications
6. Taper medication after appropriate treatment periods

Table 4 Medications for Tic Suppression

Tier 1

Unproven
Clonidine (Catapres) Gabapentin
Guanfacine (Tenex) Topiramate
Baclofen (Lioresal) Levetiracetam
Clonazepam (Klonopin)

Tier 2

Unavailable in the U.S,
Pimozide (Orap) Tetrabenazine (Nitoman)
Fluphenazine (Prolixin) Sulpiride
Risperidone (Risperidol) Tiapride
Olanzepine (Zyprexa)
Quetiapine (Seraquel)
Haloperidol (Haldol)
Trifluoperazine (Stelazine)
Ziprasidone (Geodon)

In selected situations
Botulinum toxin
Pergolide (Permax)
Nicotine patch

Experimental
Delta-9-tetrahydrocannabinol
Transcranial magnetic stimulation
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prescribe the a-2-adrenergic receptor agonist clonidine (primarily activates presynap-
tic autoreceptors and reduces norepinephrine release and turnover). If there are no
side effects to a morning test dose of 0.05mg, the dose is increased to 0.05mg
BID. Doses are gradually increased about every 5–7 days up to a daily dose of
0.1–0.4mg. Response to treatment may be delayed for 6–8 weeks. For the treatment
of comorbid ADHD, clonidine should be used TID to QID (typical dose 0.05mg
QID). The most common side effect is drowsiness, which often resolves sponta-
neously. Dry mouth, itchy eyes, postural hypotension, bradycardia, headaches, noc-
turnal unrest, euphoria, and a mild withdrawal syndrome (increased tics, anxiety,
and irritability) are occasionally reported. Clonidine is also available as a transder-
mal patch, but in active children, it may be difficult to keep the patch in place and
there may be local skin hypersensitivity reactions. Clonidine should be gradually
tapered to avoid rebound tic exacerbation and hypertension.

Guanfacine. Guanfacine is a longer acting a-2-adrenergic receptor agonist
that is more selective for postsynaptic 2a receptors located in the prefrontal cortex.
Several investigators have expressed a preference for the use of guanfacine over
clonidine because it is less sedating. Preliminary studies have suggested a role as a
tic-suppressing medication and in the treatment of ADHD. The initial dose is
0.5mg at bedtime with gradual increases, as needed, to final doses up to 3mg per
day in two divided dosages. Guanfacine is generally well tolerated; the most common
side effects are sedation, fatigue, and headaches.

Baclofen. Baclofen, which contains both GABA and phenylethylamine moi-
eties, has been variably effective as a treatment for TS. In a double-blind, pla-
cebo-controlled crossover study, baclofen in doses of 20mg TID statistically
improved overall well-being, but did not reduce motor or vocal tic activity.

Clonazepam. Clonazepam, a benzodiazepine, is widely used for tics despite
confirmation of a tic-suppressing effect in only limited studies. I personally use it
only as an adjunctive medication in anxious patients. Side effects include drowsiness,
dizziness, fatigue, and altered behavior. It may be habit-forming.

Second Tier Pharmacotherapy. If an individual fails initial therapy or presents
with severe tics, medications in the Tier 2 (classical neuroleptic or atypical neurolep-
tics) category should be initiated. Neuroleptics, D2 dopamine receptor antagonists,
are the most effective tic-suppressing agents (about 70–80% effective), but side
effects may limit their usefulness. Complications that may occur even with low doses
tend to be similar with most neuroleptic medications: sedation, drowsiness, dys-
phoria, movement abnormalities (acute dystonic reactions, bradykinesia, akathisia,
tardive and withdrawal dyskinesias, tardive TS), depression, aggression, ‘‘fog
states,’’ weight gain, EKG abnormalities, endocrine dysfunction, and poor school
performance with or without school phobia. A variety of neuroleptic and atypical
neuroleptic agents have been suggested as tic-suppressing therapy, although few have
been adequately evaluated. My personal preferences are to use monotherapy and
start with pimozide and then use fluphenazine, risperidone, olanzepine, and haloper-
idol in that order. In individuals with significant behavioral issues, the use of atypical
neuroleptics as the initial Tier 2 therapy should be considered.

Classical Neuroleptics.

Pimozide. Pimozide, a diphenylbutylpiperidine derivative, is a D2 receptor
antagonist that also blocks calcium channels. Two double-blind studies have
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compared the efficacy and safety of pimozide and haloperidol. In both, pimozide was
either equal to or more effective than haloperidol at suppressing tics and had fewer
serious side effects. Before starting pimozide, an EKG should be obtained in order
to detect a prolonged Q-T interval, a contraindicating factor. Electrocardiographic
changes induced by pimozide include Q-T lengthening, U waves, and alteration of T-
waves (flattening, notching, or inversion). This medication is started at 0.5–1mg=day
given at bedtime. The dose is gradually increased, if necessary, in 1-mg increments on
a weekly basis and used in a BID dosing schedule. A general target range is 2–6mg=day.
day. The use of macrolide antibiotics (clarithromycin, erythromycin, troleandomycin,
and ditromycin), azole antifungals (ketoconazole, itraconazole), and protease inhibitors
should be avoided. Grapefruit juice may also inhibit the metabolism of pimozide,
resulting in increased serum concentrations of this medication. Long-term treatment
with pimozide is more effective in controlling the course of tics than its use solely to treat
an exacerbation. If pimozide is ineffective, I switch to fluphenazine.

Fluphenazine. Fluphenazine is an antagonist at both D1 and D2 dopaminer-
gic receptors. Several studies have shown that this medication is an effective
tic-suppressing agent that may have fewer side effects than other neuroleptics.
Treatment is started with a dose of 1mg at bedtime and increased in a similar fashion
to pimozide, by 1mg every 5–7 days, while the patient is monitored for a therapeutic
response or side effects. A typical daily dose is 2–4 mg=day.

Haloperidol. Haloperidol, a butyrophenone and D2 blocking agent, was first
documented to be an effective tic suppressor more than 40 years ago. Although it is
probably the most widely used agent, in my experience the observed frequency of
side effects is greater than with other agents in this category. The therapeutic tic
effect with haloperidol is seen at low doses. Medication is started at 0.5 mg=day
and increased by small amounts every week, to a target range of about 1–5 mg=day.

Others. Another less commonly used neuroleptic, trifluoperazine, may also
have beneficial effects. Sulpiride and tiapride are substituted benzamides that are free
of anticholinergic and noradrenergic effects. Both of these selective D2 antagonists
have been shown to be beneficial in studies performed in Europe, but neither is
available in the United States.

Atypical Neuroleptics. These newer antipsychotic agents (risperidone, olanza-
pine, ziprasidone, quetiapine) are characterized by a relatively greater affinity for
5HT2 receptors than for D2 receptors and the potential for fewer extrapyramidal
side effects than typical neuroleptics. Substantial variations in receptor affinity
profiles for subtypes of dopamine, serotonin, and adrenergic receptors exist among
these agents, suggesting that there may be important differences in clinical effects.
Risperidone and olanzapine have been studied most extensively.

Risperidone. This benzisoxazol derivative acts at low doses on 5-HT2 recep-
tors, while at higher doses, it is a potent D2 antagonist. It also has moderate to high
affinity for a-1-adrenergic, D3, D4, and H1-histamine receptors. Several studies have
suggested that risperidone may be effective for some patients and that it compares
favorably with pimozide. It has also been suggested that risperidone may be most
beneficial in patients with comorbid OCD. Risperidone is started at 0.5mg=day,
given at night, and increased as necessary at 5- to 7-day intervals to a maximum
of about 3mg=day in two divided doses. Side effects include weight gain, fatigue,
photophobia, and, rarely, extrapyramidal problems.
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Olanzepine. Olanzepine exhibits moderate to high affinity for D2, D4, 5-
HT2A, 5-HT2C, and a-1-adrenergic receptors and also binds to D1 receptors. Sev-
eral small studies with olanzepine have shown improvement of tics. The initial dose
is 2.5mg at bedtime and, if necessary, dose is gradually raised to 5–10mg=day in
divided doses. Side effects include weight gain and mild sedation.

Other Atypical Neuroleptics. In preliminary studies, ziprasidone was signifi-
cantly more effective than placebo in suppressing tic symptoms in patients with
TS. The starting dose is 5mg in the evening with gradual increases to 40mg in
divided doses, if tolerated. An EKG should be performed before and after starting
treatment to detect possible cardiac conduction abnormalities. Case reports have
suggested that quetiapine may be an effective treatment for tics.

Other Dopaminergic Pharmacotherapies.

Dopamine Antagonists. Tetrabenazine is a benzoquinolizine derivative that
depletes the presynaptic stores of catecholamines and blocks postsynaptic dopamine
receptors. Several studies have confirmed a tic-suppressing effect at doses of
25–100mg=day. The combined use of tetrabenazine and a classical neuroleptic
may permit the use of lower doses of each medication with fewer side effects, which
include sedation, depression, Parkinsonism, insomnia, anxiety, and akathisia. The
medication is not routinely available in the United States.

Dopamine Agonists. Pergolide, a mixed D1=D2=D3 dopamine receptor ago-
nist, has been shown to improve tics at a dose about one-tenth of that used in treating
Parkinson’s disease, i.e., 0.1–0.3mg=day in divided doses. Side effects were mild and
electrocardiograms showed no difference from control. The mechanism of action is
speculated to involve presynaptic rather then postsynaptic striatal or cortical dopa-
mine receptors. Major side effects include nausea, syncope, sedation, and dizziness.

Other Nondopaminergic Therapies. The distribution and interaction of classi-
cal neurotransmitters within frontal–subcortical structures make it possible for a
variety of neurotransmitters, in addition to dopamine, to be involved in the patho-
biology of TS. Hence, it is not surprising that multiple nondopaminergic therapies
have been proposed for the treatment of tic disorders, but very few have been
adequately evaluated, including nicotine; donepezil, a noncompetitive inhibitor of
acetylcholinesterase; delta-9-tetrahydrocannabinol, themajor psychoactive ingredient
of marijuana; and a variety of antiepileptic agents.

Botulinum toxin (Botox). Botulinum toxin which reduces muscle activity by
inhibiting acetylcholine release at neuromuscular junctions, has been used success-
fully in treating dystonic motor and vocal tics. Botox (mean dose of 500 units)
has been injected into a variety of regions including face, back, shoulder, cervical,
upper thoracic, and vocal cords. Benefits appeared in 3–4 days and lasted a mean
of 14weeks. Careful consideration must be given to the proper selection of the
targeted tic.

Treatment of Comorbid Problems
ADHD

Similar to treatment in any child with this problem, a variety of behavioral and edu-
cational approaches should be implemented before pharmacotherapy is considered.
Psychostimulant medications are generally regarded as the treatment of choice for
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ADHD and their use in children with TS is not contraindicated. Alternative medica-
tions for the treatment of ADHD symptoms in children with TS include clonidine,
guanfacine, atomoxetine, desipramine, and nortriptyline. In the occasional situation
where a stimulant is required for attendance in school or performance at work
and tics remain constant, stimulants and tic-suppressing medications are used
simultaneously.

OCD

In TS patients with OCD, pharmacologic and cognitive-behavioral therapy should
be considered. Several selective serotonin reuptake inhibitors may be beneficial
(see chapter on OCD).

Other Behavioral Disorders

Episodic outbursts (rage), argumentativeness, disruptive behaviors, conduct pro-
blems, anxiety, and mood disorders are relatively common in patients with TS. In
many, these difficulties are comingled with tics, ADHD, and OCD presenting a
major challenge for the family and physician. In complex cases, it is essential that
the affected patient receives the proper evaluation and care from a multidisciplinary
team of specialists.

SUGGESTED READINGS

1. Müller-Vahl KR. The treatment of Tourette’s syndrome: current opinions. Expert Opin
Pharmacother 2002; 3:899–914.

2. Robertson MM. Tourette syndrome, associated conditions and the complexities of
treatment. Brain 2000; 123:425–462.

3. Sandor P. Pharmacological management of tics in patients with TS. J Psychosomatic Res
2003; 55:41–48.

4. Singer HS. The treatment of tics. Current Neurol Neurosci Reports 2001; 1:195–202.

PATIENT RESOURCE

1. Tourette Syndrome Association. 42–40 Bell Boulevard, Bayside, NY, U.S.A.
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INTRODUCTION

Chorea (Latin for ‘‘dance’’) is a hyperkinetic movement disorder usually due to basal
ganglia injury or dysfunction.Movements are brief, irregular, unpredictable, and flow
from one body part to another in a random fashion. Occasionally, they may be incor-
porated into a more purposeful movement to avoid social embarrassment. Chorea
can occur in isolation, but usually appears in conjunction with slow, writhing, distal
movements called athetosis (i.e., choreoathetosis). Initially, described in the Middle
Ages and thought to be psychogenic, chorea was subsequently shown to have numer-
ous etiologies. Sydenham’s chorea (SC, or rheumatic chorea, chorea minor, St. Vitus’
dance) remains one of the most common causes of acute chorea in children.

DIAGNOSIS=CLINICAL FEATURES

Chorea is associated with a variety of conditions that affect the nervous system
(Table 1). In childhood, it may occur as part of paroxysmal dyskinesias,
immune-mediated conditions (SC, systemic lupus erythematosus, antiphospholipid
antibodies), hereditary disorders (ataxia telangiectasia, benign familial), metabolic
abnormalities (hyperthyroidism, mitochondrial abnormalities, congenital disorders
of glycosylation), postcardiopulmonary bypass, drug or toxin exposures, infections,
neoplasm, vascular, and degenerative disorders. A suggested evaluation for a child
presenting with acute chorea is presented in Table 2.

THERAPY

Treatment, if possible, should be directed to the underlying disease process, espe-
cially if the disorder is amenable to therapy. Medications for the clinical sign of
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chorea are symptomatic, not curative. Pharmacotherapy for the suppression of
chorea is based, in part, on correcting neurotransmitter abnormalities proposed for
the pathophysiology of chorea, i.e., reduced levels of gamma-aminobutyric acid
(GABA) and acetylcholine (ACh), and=or hyperinnervation of dopamine receptors
(see Table 3). Thus, rational therapy may include the use of different medications that
act to enhance the effects of GABA and ACh or diminish dopaminergic stimulation.

Table 1 Differential Diagnosis of Chorea

Inherited
Wilson’s disease
Neuroacanthocytosis
Benign familial chorea
Huntington’s disease
Ataxia telangectasia

Immunologic
Sydenham’s chorea
Systemic lupus erythematosus
Antiphospholipid antibody
Chorea gravidarium

Infectious
Lyme disease
Syphilis
Encephalitis

Drug related
Tardive dyskinesia
Anticonvulsants (phenytoin, lamotrigine)
Tricyclic antidepressants
Neuroleptic withdrawal
Metoclopramide
Fluphenazine
Levadopa
Cocaine
Amphetamines
Petroleum intoxication
Oral contraceptives

Metabolic disturbance
Mitochondrial cytopathy
Amino acidopathy
Organic aciduria (glutaric, propionic)
Creatine deficiency
Hyperthyroidism
Hypoparathyroidism
Hypocalcemia
Pregnancy

Post-traumatic
Anoxic brain injury
Kernicterus

Vascular
Stroke
Moyamoya
Postpump chorea (after cardiac surgery)
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In children, most of the scientific literature on the treatment of chorea is based on stu-
dies in Sydenham’s chorea (SC). To date, there have been no randomized, controlled
studies evaluating the treatment of chorea, except in Huntington’s chorea.

The following sections on therapy are divided into (A) pharmacologic
approaches based on the correction of neurotransmitter abnormalities, (B) possible
surgical approaches, and (C) results of treatment in SC.

Pharmacologic Approaches Based on the Correction of
Neurotransmitter Abnormalities
Drugs That Increase GABA

GABAergic neurons in the striatum, globus pallidus interna (GPi), and substantia
nigra pars reticulata (SNpr) have been implicated in hyperkinetic movement disor-
ders such as chorea and tardive dyskinesia. Medium-sized spiny neurons (MSSN)
containing GABA are the major output pathways from the striatum, and neurons
in the GPi and SNpr project to the thalamus, superior colliculus, and reticular for-
mation, establishing important inhibitory efferent pathways from the basal ganglia.

Valproic Acid. Valproic acid is thought to act by enhancing GABA levels in
the striatum and substantia nigra. In multiple small studies and case reports, valproic

Table 2 Basic Evaluation of Acute Choreaa

Serum electrolytes including calcium
Complete blood count and peripheral blood smear
Sedimentation rate
ASO and DNase B titers
Anticardiolipin antibodies
Antinuclear antibody
TSH
Ceruloplasmin and copper levels
Toxicology screen
MRI of brain

a Additional testing as indicated by history and physical examination.

Table 3 Treatment of Chorea Based on Neurochemistry

Pathologic mechanisms Role of medication

Reduced Ach Increase Ach
Lecithin?
Choline?

Reduced GABA Increase GABA
Valproic acid
Clonazepam

Excess DA Diminish DA
Pimozide
Haldol
Tetrabenazine
Reserpine
Carbamazepine (mechanism?)
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acid in doses of 10–20mg=kg=day have been used successfully to treat chorea. In
general, no serious side effects were noted, but hepatotoxicity and thrombocytopenia
have been reported with valproic acid use in other disorders.

GABAmimetic Drugs. Clonazepam is a long-acting benzodiazepine that has
been used to treat chorea with some success. Benzodiazepines act on the GABAA

receptor–chloride ion channel complex and increase the frequency of ion channel
opening, acting as indirect GABA agonists. Case reports document improved chorei-
form movements at relatively low clonazepam doses, 1–5mg=day. Tolerance may
develop after a period of months, necessitating dose escalation or a drug holiday.
Side effects of clonazepam may include dry mouth and sedation.

Drugs That Increase ACh

Large aspiny cholinergic interneurons within the striatum innervate GABAergic
MSSN and tend to counterbalance the influences of dopamine and glutamate. Trials
of cholinergic precursors, such as choline and lecithin, for chorea have been limited
and results modest. An unpleasant fishy odor is noted in patients ingesting lecithin.

Drugs That Diminish Dopaminergic Activity
Dopamine-Depleting Agents. Reports dating back to the 1970s suggest that

tetrabenazine may be helpful in selected patients with chorea. Tetrabenazine acts
by preventing the presynaptic release of dopamine, so-called monoamine depletion,
as well as blocking dopamine receptors on postsynaptic terminals. Tetrabenazine
treatment in 5 pediatric patients with chorea significantly improved movements in
80%, although high doses (up to 275mg=day or 25mg=kg=day) were often necessary
(Chatterjee). Medication was continued for at least several months and side effects
commonly reported in adults, such as depression, parkinsonism, hypotension, acute
dystonic reaction, and neuroleptic malignant syndrome, were not present. Tetrabe-
nazine is not approved for use in the United States, but can be obtained from
Canada for selected cases. Reserpine, another dopamine-depleting agent, is effective
for chorea in some patients. Reserpine is longer acting than tetrabenazine and side
effects may include hypotension, depression, and parkinsonism.

Dopamine Antagonists. Dopamine antagonists including the typical neurolep-
tics haloperidol, pimozide, and chlorpromazine have been efficacious in treating
chorea. Early case reports describe rapid improvement of abnormal movements
within a few days, using low doses of haloperidol, from 0.5 to 2mg twice daily. Other
authors have suggested that pimozide may have a lower risk of inducing neuroleptics
side effects, such as sedation, parkinsonism, weight gain, school phobia, hepatocel-
lular dysfunction, leukopenia, and tardive dyskinesia.

Carbamazepine has also been used to treat chorea, but its mechanism of action
is unknown. Some authors have postulated that it stimulates cholinergic pathways
and others have implicated structural similarity to tricyclic antidepressants and
phenothiazines.

Surgical Therapy

Surgical approaches for the treatment of chorea are unproven. Deep brain stimula-
tion (DBS) of the thalamus and pallidotomy have been performed in a small number
of cases with mixed results.
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Therapy in Sydenham’s Chorea

Since treatment is symptomatic and not curative, the decision to initiate therapy in
patients with SC is based on the degree of patient disability, whether due to chorea,
behavioral, or psychiatric symptoms. Numerous neuropsychiatric problems are seen
in association with SC, including emotional lability, irritability, attention deficit
hyperactivity disorder (ADHD), obsessive compulsive disorder (OCD), and psycho-
sis, and specific therapy may be required to address these issues (see appropriate
chapters).

Studies in patients with SC have shown improvement of chorea with the use of
anticonvulsants. In limited trials, there were no significant differences between val-
proic acid and carbamazepine in the time to clinical improvement, time to complete
remission, duration of therapy, or recurrence rates. Other therapies have included
neuroleptics, such as haldol and pimozide. In most patients, chorea improved dra-
matically and the duration of therapy, although variable, ranged from 3 to 6 months.

Immunomodulatory therapies, such as corticosteroids, plasmapheresis, and
intravenous immunoglobulin (IVIG), have been used to treat SC. Therapy is based
on the premise that SC is an immune-mediated disorder. Case reports and retrospec-
tive reviews of corticosteroid therapy in SC suggest that they may shorten the time to
recovery. These data, however, should be interpreted with caution, because there
were few studies and these were retrospective or uncontrolled. A prospective, uncon-
trolled trial of intravenous methylprednisolone followed by oral prednisone for
refractory SC was just published (Cardoso). Results in five patients appear promis-
ing. Several patients with recalcitrant SC have received IVIG or plasmapheresis ther-
apy, the latter resulting in fewer recurrences of chorea. In summary, because patient
numbers are so small, firm conclusions cannot be drawn regarding the efficacy of
immunomodulatory therapies.

The only clear consensus in the treatment of SC is the recommendation for
prophylactic penicillin to prevent re-infection with group A beta-hemolytic strepto-
coccus (GABHS) and potential cardiac problems. Secondary prophylaxis with peni-
cillin has been shown to prevent the recurrence of rheumatic fever and chorea. For
dosing and additional information, consult the American Academy of Pediatrics
guidelines.

PROGNOSIS

Prognosis for children with chorea clearly depends upon its etiology. Chorea second-
ary to a cerebral infarction is unlikely to remit, whereas chorea secondary to medica-
tion often subsides soon after the medication is withdrawn. The natural history of
Sydenham’s chorea presents symptoms for 3–6 months followed by spontaneous
remission; the recurrence rate for SC is between 10% and 25%. Clinicians obviously
must be mindful of an individual patient’s prognosis when counseling families about
the risks and benefits of treatment.

SUMMARY

Chorea, particularly Sydenham’s chorea, remains an important public health
problem in many parts of the world. Chorea is among the most challenging
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neurologic disorders to treat. There is still no consensus regarding appropriate
treatment other than penicillin prophylaxis for SC. A decision to treat chorea should
be based upon patient disability and an awareness of the risk-benefit and side effect
profiles of the various treatment options. Studies to date are limited and comprise
primarily case reports and retrospective reviews. The limited data, however, support
pharmacologic therapy as the logical first step, with anticonvulsants such as
valproic acid or carbamazepine as the initial drugs of choice in most circumstances.
Polytherapy may be necessary, and rational drug combinations would include a
dopamine receptor blocker (higher risk of tardive dyskinesia) or a GABAmimetic
drug such as clonazepam. Immunomodulatory and surgical therapies remain
investigational. Additional large, randomized, controlled studies are needed to
further explore therapy for chorea.
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INTRODUCTION

Dystonia is a syndrome of sustained muscle contractions, frequently causing twisting
and repetitive movements or abnormal postures. Historically, dystonia has been
divided into primary (idiopathic) and secondary etiologies. Primary dystonias are dis-
orders in which dystonia is the only feature, is the primary feature and accompanied
only by other movement disorders (e.g., myoclonus or parkinsonism), or the cause is
either a specific genetic mutation or is unknown. The two most important types of
primary dystonia in children are dopa-responsive dystonia (DRD) and idiopathic
torsion dystonia associated with the DYT1 mutation. Secondary dystonias are those
disorders in which the dystonia is due to another identifiable cause. The most
important etiologies of secondary dystonia in children are listed in Table 1.

DIAGNOSIS AND EVALUATION

The etiology of dystonia warrants careful investigation. It is critical for the neurol-
ogist to witness the abnormal postures and movements to be certain that the move-
ment disorder is indeed dystonia. A home video demonstrating the presence and
range of symptoms is critical. This is especially true when the dystonia is intermit-
tent. Because of the large number of etiologies, comprehensive testing can be time
consuming and expensive. A rational, tiered diagnostic approach, tailored to the
individual patient and influenced by the presence of accompanying neurologic signs,
temporal course, family history, and other factors is recommended. Most, but not
all, secondary dystonias have additional neurologic signs or symptoms. Perhaps
the most important entity to diagnose is DRD because it is readily treated. A
therapeutic trial of levodopa can often make the diagnosis of DRD.

SPECIFIC DISORDERS AND TREATMENT

Treatment of dystonia varies depending on the etiology. In the following sections, treat-
ment of DRD, primary dystonia, and secondary dystonia will be considered separately.
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Dopa-Responsive Dystonia

Dopa-responsive dystonia is a syndrome characterized by childhood onset of pro-
gressive dystonia with sustained dramatic response to low doses of levodopa. The
DRD is also known as hereditary progressive dystonia with diurnal fluctuations or
Segawa syndrome. The DRD typically presents between 1 and 12 years of age with
a gait disturbance involving foot dystonia. In untreated older children, there is devel-
opment of diurnal fluctuation with worsening of symptoms toward the end of the
day and marked improvement in the morning. It is important to recognize the entity
of DRD because it responds dramatically to low doses of levodopa. The DRD can
be misdiagnosed as cerebral palsy. Thus, it is important to consider DRD in the child
with abnormal movements that might otherwise appear to be cerebral palsy if there
is prominent dystonia and a progressive rather than static course. With appropriate
diagnosis and treatment, children with DRD can lead normal lives. The goal of drug
therapy in DRD is complete remission of symptoms.

Pharmacologic Treatment
Carbidopa=Levodopa. Carbidopa=levodopa is the mainstay of treatment in

DRD. A starting dose is 1mg=kg=day of levodopa, which can be increased gradually
until there is complete benefit or dose-limiting side effects. Most individuals respond

Table 1 Causes of Secondary Dystonia

Heredodegenerative and metabolic disorders
Dentatorubropallidoluysian atrophy (DRPLA)
Gangliosidoses
Glutaric aciduria
Huntington disease
Lesch-Nyhan
Metachromatic leukodystrophy
Methylmalonic acidemia
Mitochondrial disorders
Niemann-Pick Type C
Neuronal degeneration with brain iron accumulation (NBIA), including pantothenate kinase
associated neurodegeneration (PKAN)*

Spinocerebellar ataxia (esp. SCA-3)
Wilson disease

Structural brain lesions
Acute disseminated encephalomyelitis
Infection
Perinatal hypoxia-ischemia
Stroke
Tumor

Drugs=toxins
Dopamine blockers
e.g., haloperidol, pimozide, chlorpromazine, metoclopramide, prochlorperazine, risperidone

Antiepileptics
e.g., carbamazepine, phenytoin

Psychogenic
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to 4–5 mg=kg=day in divided doses, but some authors have suggested doses up to
10mg=kg=day. If there is no response to a dose of 600mg=day, it is highly unlikely
that DRD is the correct diagnosis. Carbidopa=levodopa should be given as
25=100mg tablets. They can be crushed and dissolved in an ascorbic acid solution
or in orange juice and used within 24 hr. The 10=100 tablets contain insufficient car-
bidopa to prevent nausea in most patients. The most common side effects are som-
nolence, nausea and vomiting, decreased appetite, dyskinesia, and hallucinations.
Nausea and vomiting can be reduced by given additional carbidopa, available in
25mg tablets. Dyskinesia may occur upon initiation of treatment or in older indivi-
duals who are treated with relatively higher doses of levodopa. Dyskinesia can be
reduced or eliminated by reducing the dose of levodopa. If dyskinesia is present with
the initiation of treatment, reduce the dose. If inadequate benefit at the lower dose, it
can usually be increased again slowly without recurrence of dyskinesia. Motor
complications of levodopa therapy that are seen in Parkinson disease do not occur
in DRD.

Trihexyphenidyl. The dosing of trihexyphenidyl for treatment of DRD is not
well established. Starting dose should be 0.5mg=day in children <4 years old and
1mg=day in older children. The dose should be increased by 1mg every 3–7 days
in a t.i.d. schedule until benefit or side effects. In DRD, there is benefit from rela-
tively low doses compared to those used to treat other forms of dystonia. Trihexy-
phenidyl should be considered as second-line treatment in DRD because it does
not reverse the biochemical defect of decreased dopamine synthesis in DRD. Side
effects are uncommon at low doses.

Other Approaches. Tetrahydrobiopterin may be a useful treatment in DRD
due to GTP-cyclohydrolase I deficiency, but it is not readily available and has not
been well studied. Dosing information is not available.

Primary Dystonia

The major form of primary dystonia in children is childhood onset, generalized, idio-
pathic torsion dystonia, formerly known as dystonia musculorum deformans. This
disorder is inherited as an autosomal dominant condition with incomplete (30%)
penetrance. A GAG deletion at the DYT1 locus on chromosome 9 causes most auto-
somal dominant, early-onset primary generalized dystonia in Ashkenazi Jewish
families (90%) and also in non-Jewish populations (50–60%). In childhood-onset
idiopathic torsion dystonia, symptoms usually begin in a limb with a mean onset
age of 12.5 years. Onset is usually before 28 years of age, but seldom before age 6.
The legs are commonly affected before the arms and symptoms typically become
generalized within 5 years. Diagnosis is based on identifying a GAG deletion in
the DYT-1 gene; genetic testing is available commercially.

Pharmacologic Treatment
Trihexyphenidyl. Anticholinergic medications are the most consistently effec-

tive in treatment of primary dystonia. Most available data and experiences are with
trihexyphenidyl. Children typically tolerate higher doses than do adults and may find
maximum benefit with doses of 60mg per day or more. To avoid side effects, trihex-
yphenidyl should be started at 1mg=day at bedtime and increased by 1mg each week
until the desired benefit is obtained or side effects develop. The usual maintenance
dose varies from 6 to over 60mg=day divided three times per day. The most common
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side effects of trihexyphenidyl are sedation, dry mouth, decreased concentration and
memory, hallucinations, constipation, and blurred vision. Chorea can develop with
high doses. Sudden cessation should be avoided because it can precipitate mental
status changes.

Baclofen. Baclofen is somewhat less effective than trihexyphenidyl in most
children, but can be helpful in diminishing pain due to dystonia. It can provide addi-
tional benefit when used in combination with trihexyphenidyl. A typical starting
dose is 5mg at bedtime. The dose should be increased slowly until desired benefit
or side effects occur. The usual maintenance dose is 10–60mg per day in three
divided doses, but some older children obtain maximum benefit at doses as high
as 180mg per day. The most common side effect is sedation. Sudden cessation can
precipitate seizures or psychosis and should be avoided.

In patients with good benefit from oral baclofen, but who cannot tolerate
the effective dose due to side effects, intrathecal baclofen may be an option. There
are few data available on the use of intrathecal baclofen in primary dystonia and
the use of this therapy in primary dystonia is controversial.

Other Medications. Several other medications may be effective in a minority
of children with primary dystonia. These include clonazepam (gradually increase to
maximum of 0.2mg=kg=day in three divided doses), carbamazepine (start at
10mg=kg=day in two divided doses and increase as tolerated to maximum benefit),
dopamine antagonists such as haloperidol (start at 0.05mg=kg=day and increase to
maximum of 0.1mg kg day in two divided doses), carbidopa=levodopa, and botuli-
num toxin. Botulinum toxin injections are highly effective in focal and segmental
dystonias due to the limited number of muscles involved. It plays a smaller role in
treatment of generalized dystonia because of the large number of involved muscles.
However, it can be quite helpful in reducing symptoms when isolated problematic
muscle groups are targeted.

Nonpharmacologic Treatment

Promising neurosurgical treatments of dystonia include thalamotomy, pallidotomy,
and deep brain stimulation (DBS) of the globus pallidus pars interna. Thalamotomy
was the most frequently performed ablative procedure in the past. However, when
performed bilaterally, there is a high incidence of dysarthria and dysphagia. The ben-
efits of thalamotomy are highly variable. More recently, pallidotomy has been pre-
ferred to thalamotomy because of the lower morbidity. Direct comparison has not
been performed, but data suggest that pallidotomy is more effective than thalomot-
omy in DYT-1 dystonia. However, the benefits may be temporary. Thalamotomy
may be more effective for secondary dystonia. Most recently, pallidal DBS has been
used to treat DYT1 dystonia with promising early results. The effects of DBS are
similar to those of pallidotomy, but DBS is programmable and does not involve a
destructive lesion. The long-term effects of pallidal DBS on dystonia are not yet
known.

Physical and occupation therapy can be helpful in maximizing the function of
individuals with primary generalized dystonia. Bracing may be helpful in some cases.

Secondary Dystonia

Some secondary dystonias may also respond to levodopa and therefore, a trial of
levodopa is recommended for any child in whom dystonia is a prominent component
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of their neurologic syndrome. There are many causes of secondary dystonia
(Table 1). In most cases, treatment depends on the etiology. When possible, the best
approach is to treat the underlying cause. For example, if the cause is a medication
or other toxin, the best course is to eliminate that agent. If available, specific treat-
ment for the underlying metabolic disturbance should be employed. In cases where
there is no known primary treatment or when symptoms persist despite treatment of
the underlying cause, symptomatic treatment can be employed. There are relatively
few data on the efficacy of various agents in the treatment of secondary dystonia.
The medications described above for primary dystonia may be effective in secondary
dystonias. Empirical treatment with carbidopa=levodopa, trihexyphenidyl, baclofen,
carbamazepine, or a combination should be considered.

In the case of tardive dystonia, dopamine depletors such as reserpine or tetra-
benazine can be effective. Reserpine should be started at a dose of 20 mg=kg daily
and increased gradually until benefit is achieved or side effects occur. It can take a
week or more to see the effect of a dose change. A typical maintenance dose is
0.25mg per day divided twice daily, but higher doses may give additional benefit
if tolerated. The most common side effects are sedation, depression, orthostatic
hypotension, and parkinsonism. Tertrabenazine is also effect in tardive dystonia,
but is not available in the United States. The starting dose of tetrabenazine is
12.5mg at bedtime. The dose should be increased gradually until there is benefit
or side effects occur. The effective maintenance dose varies widely from 25 to
200mg per day divided three times daily. The most common side effects are seda-
tion and depression.

Perhaps the most common secondary dystonia is the acute dystonia reaction
that typically occurs in response to a dopamine antagonist. Anticholinergic medica-
tions are the most effective; benztropine and diphenhydramine are the most com-
monly used agents to treat acute dystonia reactions. Benztropine should be given
in a dose of 0.02–0.05mg=kg IM or IV (maximum dose 2mg) acutely. It should
be continued at 0.02 –0.05 mg=kg PO (maximum dose 2mg) twice daily for 1–3 days
to prevent recurrence. Diphenhydramine should be given in a dose of 1.0–
1.25mg=kg IM or IV (maximum dose 50mg) acutely. It should be continued at
1.0–1.25mg=kg PO (maximum dose 50mg) every 6–8 hr as needed for 1–3 days to
prevent recurrence. After occurrence of an acute dystonia reaction, re-exposure to
a dopamine antagonist should be avoided if possible.

PROGNOSIS

The prognosis of dystonia in children depends on the cause. The prognosis for DRD
is excellent with life-long benefit from low doses of carbidopa=levodopa. Often, the
symptoms diminish in the 3rd decade of life and it may be possible to decrease the
levodopa dose. Primary dystonia is typically progressive to a point at which point
there is usually a plateau. This typically occurs in the 3rd to 4th decade of life. Ben-
efit from medication is symptomatic only. There is no known treatment for the
underlying cause. DBS is promising and may confer long-lasting benefit, but there
are insufficient data at this time. The prognosis for secondary dystonia depends
entirely on the cause and availability of primary treatment for the underlying etiol-
ogy. Some conditions are fatal (e.g., Huntington disease) and others are transient
(e.g., acute dystonia reaction). Symptomatic treatment of secondary dystonia is
not expected to alter the natural history of the underlying disease.
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SUMMARY

Dystonia has many causes and many treatment options (Table 2). Some forms of
dystonia, such as DRD, are readily treated with complete benefit expected. Because
the symptoms of DRD respond entirely in most cases, it is important to always
consider this diagnostic possibility. Other forms of dystonia are more difficult to
treat and may require empirical trials of multiple medications to achieve maximum
benefit. Many medications are tolerated at higher doses in children than in adults, so
dosing is usually guided by degree of benefit and severity of side effects. Stereotaxic
surgical treatments are promising, particularly for primary dystonia due to the
DYT1 mutation.

SUGGESTED READINGS

1. Bandmann O, Wood NW. Dopa-responsive dystonia—the story so far. Neuropediatrics
2002; 33:1–5.

2. Burke RE, Fahn S, Marsden CD. Torsion dystonia: a double-blind, prospective trial of
high-dosage trihexyphenidyl. Neurology 1986; 36:160–164.

3. Fahn S, Hallett M, DeLong MR, ed. Dystonia 4. Philadelphia: Lippincott Williams &
Wilkins, 2004.

Table 2 Commonly Used Medications in Treatment of Dystonia

Medication Dose Most common side effects

Carbodopa=levodopa Start: 1mg=kg=day
Maintenance:

4–5mg=kg=day divided t.i.d

Somnolence, nausea and vomiting,
decreased appetite, dyskinesia,
hallucinations

Trihexyphenidyl Start: 1mg q.h.s
Maintenance:

6–60mg=day divided t.i.d.

Sedation, dry mouth, decreased
concentration and memory,
hallucinations, constipation,
blurred vision

Baclofen Start 5mg q.h.s.
Maintenance:

10–60mg=day divided t.i.d.

Sedation, weakness

144 Mink



23
Tremor in Childhood

Leon S. Dure, IV
Division of Pediatric Neurology, Department of Pediatrics,
The University of Alabama at Birmingham, Birmingham, Alabama, U.S.A.

INTRODUCTION

Tremor in childhood, although considered rare, is frequently seen among patients
referred to pediatric neurologists. In a series of 684 children with movement disor-
ders, the incidence of tics was 39%, dystonia 24%, tremor 10%, chorea 5%, myoclo-
nus 2%, akinetic-rigid syndromes 2%, and mixed disorders 8%. Although not
generalizable data, it is of interest that there is very little published regarding this
entity in childhood.

DIAGNOSIS=CLINICAL FEATURES

Tremor is defined as an involuntary rhythmical reciprocal oscillatory movement of a
body part, typically around a joint. It may occur at rest (rest tremor) or with action.
Action tremors are further divided into those occurring while maintaining a posture
(postural tremor) and those that are kinetic. Kinetic tremors occur while reaching for
a target or performing a movement, and include intention tremors.

Various tremors have been characterized syndromically according to their clin-
ical phenotype and where possible, by neurophysiologic measures. Physiologic
tremor is present in all individuals, with low amplitude and a frequency of 6–12Hz.
It is typically maximal while maintaining a posture. When such a tremor is visible
at high frequency and of short duration in an otherwise normal individual, it is
denoted an enhanced physiologic tremor. Essential tremor (ET) is likewise mono-
symptomatic, typically occurring as an isolated finding. However, ET is prominent
with action and postural maneuvers. The frequency may be from 4 to 11Hz, and
usually involves the hands and head. Intention tremor, often considered synonymous
with cerebellar dysfunction, is a kinetic tremor that interferes with directed move-
ments, typically worsening as a reaching task is near completion. Parkinsonian tre-
mor is rarely seen in childhood, and is seen only at rest, with a frequency of 4–6Hz.
Parkinsonian tremor may also appear if a posture is held for some seconds. A rubral,
or Holmes’ tremor manifests as a slow (<4.5Hz) tremor at rest with a concomitant
higher frequency intention tremor. Finally, psychogenic tremor is one that is
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characterized primarily by sudden onset, an unusual combination of kinetic,
postural, and=or resting components, a variable distribution and frequency, and a
decrease in tremor activity with distraction.

The clinical phenotype of tremor in childhood is similar to that in adults,
although neurophysiologic comparisons are lacking (Table 1). Nonfamilial
tremors are rare in childhood. Rest tremor is seldom seen in children, with the excep-
tion of parkinsonism that may be drug-induced, associated with dopamine pathway
disorders, basal ganglia degenerative disorders, and structural or metabolic abnorm-
alities. Kinetic or postural tremors due to cerebellar disease and rubral lesions
parallel the incidence of the underlying diseases that occur in this age group. Despite
a dearth of research in this area, ET is probably the most common type seen in child-
hood. Essential tremor is characterized by a hand tremor that is present during the
maintenance of a posture and during active movements (handwriting, drinking
liquids). Patients may also have involvement of the head, voice, and occasionally
the legs. Familial forms are transmitted as an autosomal dominant trait, but some
cases are sporadic. Essential tremor has also been reported in carriers of the fragile
X mutation.

In newborn infants, jitteriness is a rhythmic tremor that may be seen in up to
40% of children during the first few hours of life. Etiologies for tremors involving the
head include spasmus nutans, the bobble-head doll syndrome, and an isolated head
tremor of childhood. Tremor is a known side effect of multiple pharmacological
agents including anticonvulsant drugs, lithium, and adrenergic agents, among others
(Table 2). A syndrome of transient tremor has been reported in infants who have
received supplemental vitamin B12 for megaloblastic anemia. Tremor can also be
a manifestation of a conversion reaction with the features previously described for
psychogenic tremor.

EVALUATION

In the evaluation of tremor, a complete history, physical and neurologic examina-
tions are indicated, as they can provide clues as to whether a tremor is essential or
symptomatic. Family history of tremor can be helpful, but actual examination of
the biological parents is often required. Assessment of exacerbating factors such
as exercise or anxiety can help focus the diagnosis, as they may suggest an enhanced
physiologic tremor. Chronicity and family history will help in the diagnosis of

Table 1 Classification of Tremors

Type Frequency (Hz) Features

Physiologic 6–12 Mainly postural
Essential 4–11 Postural and kinetic
Parkinsonian 4–6 Rest
Cerebellar <5 Kinetic (intention)
Rubral=Holmes’ 2–4.5 Rest and kinetic
Drug induced 2–11 Kinetic and postural
Psychogenic 4–10 Variable
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essential tremor, while the presence of other medical or neurologic conditions will
generally indicate that tremor is sign of a comorbid process. The sudden onset of
tremor with variation in distribution, frequency, or amplitude is more consistent
with a conversion disorder.

Ancillary studies to perform in the evaluation of childhood tremor should be
dictated by the degree of suspicion for a symptomatic process. Since patients with
longstanding tremor and a family history of similar tremor in all likelihood would
have an essential tremor, little further investigation is necessary. However, if there
is historical or clinical evidence that tremor is coexistent with systemic or CNS
pathology, then an evaluation should proceed to identify the underlying cause. In
these instances, thyroid function testing, liver function studies, toxic exposures to
drugs or heavy metals, ceruloplasmin levels, and brain imaging may be warranted.

TREATMENT

Before attempting a therapeutic intervention, it is of paramount importance to deter-
mine the etiology of a tremor. Although the cause of tremor ultimately may not be
discernible, treatable causes such as Wilson’s disease, thyrotoxicosis, or toxin expo-
sures must be addressed. Additionally, there are no published studies of controlled
treatment interventions in childhood tremor, nor are there FDA approved medica-
tions with indications for childhood tremor. Hence, since therapeutic interventions
in childhood tremor have not been well studied, it is incumbent on the treating
physician to assess whether the degree of disability or impairment related to the
tremor warrants pharmacotherapy. Likewise, evaluation of the goals of therapy is
a necessary component of a treatment plan.

Essential Tremor

There are no published series of treatment strategies in childhood ET. In general,
younger children seldom require more than education and perhaps modifications
in school regarding handwriting. Adolescents, however, will often request a treat-
ment trial in order to avoid exhibiting tremor in public. In this author’s experience,
pharmacologic agents such as primidone, b-adrenergic blockers, and topiramate
have proven useful, as they have in adults. Clonazepam and botulinum toxin have
been successfully used in adults with ET, but their use in childhood has not been

Table 2 Drugs That May Cause Tremor

Anticonvulsants Phenytoin
Carbamazepine
Valproic acid=divalproex

Antidepressants Tricyclic antidepressants
Sympathomimetic agents Epinephrine, other b2-agonists

Theophylline
Neuroleptics (Parkinsonian tremor) Haloperidol, other typical antipsychotics

Atypical antipsychotics
Others Chemotherapeutic agents—vincristine, Ara-C

Immunosuppressants—cyclosporine
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reported (Table 3). In terms of pharmacologic dosages, the treating physician is
urged to start at a low dose and titrate upward depending on treatment effect.
The appearance of side effects should be weighed against previously defined treat-
ment goals.

Other Tremors

The use of agents to treat other tremors is based on anecdotal evidence of improve-
ment. Other than attempts at using dopaminergic agonists such as carbido-
pa=levodopa for the management of Holmes’ tremor, no specific recommendations
can be made. Although carbidopa=levodopa may be helpful for rest tremor, its
use is often limited by gastrointestinal side effects. Other agents to try for manage-
ment of tremor would include primidone, propranolol, and clonazepam. However,
the treatment of symptomatic tremor is often only marginally effective.

SUMMARY

For the clinician faced with a child manifesting tremor, every attempt should be
made to consider a reasonable differential diagnosis. However, most cases of child-
hood tremor do not require specific therapy, but rather treatment of an underlying
cause if it exists. In children with tremor of a severity to result in some degree of
disability or impairment, therapeutic options exist, although they have yet to be
studied carefully in children. The clinician is urged to carefully weigh the potential
risks when considering a drug intervention, and to develop reasonable expectations
with respect to possible outcomes.

SUGGESTED READINGS

1. Brown P, Thompson PD. Electrophysiological aids to the diagnosis of psychogenic jerks,
spasms, and tremor. Move Disord 2001; 16:595–599.

2. Deuschl G. Differential diagnosis of tremor. J Neural Trans Suppl 1999; 56:211–220.

Table 3 Drugs Used to Treat Essential Tremor

Drug Dosage Potential side effects

Propranolol,
atenolol, other
b-blockers

5–10mg starting dose,
increasing as tolerated BID

Hypotension, orthostasis,
depression, may aggravate
preexisting reactive airways
disease

Primidone 125mg=day increasing to
250mg TID

Sedation, hypersensitivity,
ataxia

Botulinum toxin Variable Weakness, pain upon
administration

Clonazepam 0.25–0.5mg BID, increasing as
tolerated

Sedation, ataxia, paradoxical
activation

Topiramate 1–3mg=kg=day increasing
slowly to 2.5–4.5mg=kg BID

Sedation, anorexia, weight-loss,
cognitive slowing
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INTRODUCTION

Myoclonus is one of the more challenging movement disorders to conceptualize and
treat. Effective therapy is rooted in a thorough understanding of the pathophysiol-
ogy, neurophysiology, and pharmacology of myoclonus. Many good review articles
and chapters have been written, but the focus of this chapter is a practical synopsis
for the busy clinician.

DIAGNOSIS=CLINICAL FEATURES

Myoclonus affects all age groups and may be disabling or mild and require no treat-
ment. It is a brief involuntary muscle jerk originating in the central nervous system.
Myoclonus may appear as an isolated finding or as a symptom of many diseases.
Physiologic myoclonus occurs episodically throughout life as hypnic (sleep) jerks
and hiccoughs (singultus).

Myoclonus may be epileptic or nonepileptic. Cortical reflex myoclonus, reticu-
lar reflex myoclonus, and the myoclonic jerks that presage a generalized seizure in
patients with primary generalized epilepsy are examples of epileptic myoclonus.
Nonepileptic myoclonus includes dystonic and segmental myoclonus, essential
myoclonus, exaggerated startle, myoclonic tics, normal physiologic phenomena,
and periodic movements of sleep.

Action or movement-induced myoclonus is the most common clinical type.
Reflex myoclonus is activated by sound, light, touch, or passive movement of a limb.
Movement-induced myoclonus may be activated by the intention of an action or the
action itself. The same individual may manifest spontaneous, action-induced, and
sensory-induced myoclonus.

Electromyography (poly-EMG) can be used to confirm the clinical distinction
between ‘‘positive’’ and ‘‘negative myoclonus.’’ Postural lapses correspond to a silent
period on EMG. This brief lack of muscle activity that sometimes follows a muscle
discharge has been called negative myoclonus, or asterixis, in contradistinction to the
muscle discharges denoted as positive myoclonus. Many patients have both types.
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EMG bursts are briefer in epileptic (< 50msec) than in nonepileptic (50–200msec)
positive myoclonus.

Sophisticated back-averaging techniques are required to document cortical,
subcortical, and segmental myoclonus, but certain distinctions can be made clinically.
Cortical myoclonus is focal and distal and typically found in the distal extremities.
Patients with subcortical myoclonus have both proximal and distal generalized
myoclonus, involving both agonist and antagonist muscle groups. Segmental
myoclonus may be limited to muscles innervated by a few or multiple spinal segments.

The possible etiologies of myoclonus could fill multiple pages and are beyond
the scope of this article. The designation ‘‘essential’’ is used to indicate absence of
other neurological abnormalities. Symptomatic myoclonus may be genetic (heredi-
tary or sporadic) or acquired (e.g., from drugs or toxins). All of the major disease
categories give rise to myoclonus. The presence of neuropathy, myopathy, ocular
abnormalities, other movement disorders, and non-CNS organ involvement may
help focus laboratory studies and narrow an otherwise extensive investigation. Most
of the effort of diagnostic evaluation should be directed at uncovering potentially
reversible disorders.

The context in which myoclonus occurs is often a powerful diagnostic clue.
Co-occurrence of opsoclonus signals opsoclonus–myoclonus syndrome, which is
paraneoplastic at least 50% of the time. The tumor, which is usually an occult neu-
roblastoma, is often found only as a result of the neurological presentation. Epilepsy
and myoclonus may occur as progressive myoclonus epilepsy (PME), a progressive
syndrome of various diverse etiologies, or juvenile myoclonus epilepsy (JME), a
single, nonprogressive disorder. Mitochondrial disorders, Unverricht–Lündborg dis-
ease (EPM1), and Lafora disease (EPM2A) are the most common forms of PME in
the United States. Progressive myoclonus ataxia (PMA) is only one form in which
myoclonus and ataxia may be combined. The ‘‘serotonin syndrome’’ is the prototype
of drug-induced myoclonus, which is usually caused by unfortuitous combination of
serotonergic agents in individuals with neuropsychiatric disorders. Myoclonus in
sleep is part of normal physiology in rapid eye movement (REM) sleep, but appears
during NREM sleep in neonatal sleep myoclonus, a benign and usually transient
condition. ‘‘Status myoclonus,’’ an acute state of severe, uncontrolled myoclonus,
requires prompt treatment to prevent renal failure from rhabdo-myolysis and death.

THERAPY

The foregoing information lays the foundation for devising a treatment strategy, but
there are other considerations (Table 1). Does the myoclonus require any treatment?
In patients with multiple neurologic problems or more than one dyskinesia, what is
the most significant problem? Assessing the impact of myoclonus on the activities of
daily living is second only to the underlying etiology in importance.

Pharmacologic Therapy

Although gamma-aminobutyric acid (GABA), glycine, and serotonin seem to be the
primary neurotransmitters in the mechanism of human myoclonus, few direct
manipulations of neurotransmitter pathways or receptors have been applied or are
available in the treatment of myoclonus. Most of these are subsumed under the head-
ing of antiepileptic drugs (AEDs).
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Antiepileptic Drugs (AEDs)

The AEDs have remained the principal pharmacologic treatment of myoclonus for
decades (Table 2). Newer AEDs have not supplanted the ‘‘big three’’: clonazepam,
primidone, and valproic acid. However, the new additions are most welcome. The
AEDs may have synergistic effects in myoclonus, especially those with different
mechanisms of action. Not all are antimyoclonic. In patients with epilepsy, especially
intractable seizures, certain AEDs alone or in combination, may be promyoclonic.
Others may contribute to the pathology, such as toxic effects of phenytoin on the
cerebellum, a presumed site of pathology in PME.

For those who treat many patients with epilepsy, the greatest obstacle to
treating myoclonus is applying the goal of monotherapy. In the more severe and
chronic forms of myoclonus, monotherapy is seldom effective, and patients may
require three or more medications. In progressive disorders, a mere 20% clinical
improvement is considered a good response and may be functionally significant.
Polytherapy still carries attendant risks for oversedation and drug–drug interactions,
but it is a reality in myoclonus therapy.

Table 2 Antiepileptic Drugs for Myoclonic Disorders

Antimyoclonic Unstudied Sometimes promyoclonica Often promyoclonica

Clonazepam Clobazamb Gabapentin Carbamazepine
Ethosuximide Eterobarbb Lamotrigine Oxcarbazepine
Felbamate Remacemideb Lorazepam Phenytoin
Levetiracetam Stiripentolb Pregabalinb

Phenobarbital Tiagabine Vigabatrinb

Primidone Topiramate
Valproic acid
Zonisamide

a In epileptic patients.
b Not available in the United States.

Table 1 Considerations in Choosing a Treatment Strategy

Anticipated future needs
Cognitive abilities
Contributing factors
Current therapy
Etiologic diagnosis
Functional assessment
General health
Level of independence
Major limitations
Need for rehabilitation
Patient=parental attitudes
Physician attitudes
Prior interventions
Realistic goals
Risk for aspiration and choking
Risk for pregnancy
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When patients are referred to our center for myoclonus, we often find them on
drugs that are not antimyoclonic. This is usually a result of treatment for concom-
mitant epilepsy. However, it is important to choose antiepileptic medications for
their antimyoclonic potential as well. This usually means removing phenytoin and
carbamazepine-like drugs and replacing them with clonazepam, valproate, primi-
done, or other antimyoclonic drugs. Occasionally, a patient will have a history of sta-
tus epilepticus when such changes are attempted and we leave their regimen alone.

Development of tolerance is a significant problem in the treatment of myoclo-
nus regardless of the specific agent being used. The period of responsiveness may be
months to years. Caution is indicated when the dose of clonazepam is increased due
to tolerance, as choking on secretions may result at higher doses in individuals with
PME.

Weight gain on valproate, an important drug for EPM1, can be massive in
wheelchair-bound patients. Co-administration of a very small dose of topiramate
may offset this effect.

Nonantiepileptic Drugs

Nonantiepileptic drugs as a group are the second line of symptomatic therapy for
myoclonus, often reserved for special circumstances (Table 3). Usually they can be
combined with antiepileptic drugs. None of these medications are FDA-approved
for myoclonus. The pharmacologic treatment of autoimmune myoclonus serves
as an example of therapy unrelated to AEDs or other neuropsychotropic drugs.
Opsoclonus–myoclonus syndrome is best treated with immunotherapy, such as
corticotropin (ACTH), intravenous-immunoglobulins (IVIG), or chemotherapy.
Symptomatic treatments for the sleep disorder and rage attacks, such as trazodone,
can be co-administered.

Intramuscular injection of botulinum toxin temporarily alleviates painful seg-
mental myoclonus. In preventing the release of acetylcholine at the neuromuscular
junction, botulinum toxin may block involuntary movement but will preserve
strength. The effects last from weeks to months, but the injections can be repeated.
Both botulinum toxins A (Botox) and B are used clinically. The current trend is
toward lower doses than those recommended initially.

Table 3 Non-AEDs for Myoclonic Disorders

Drug Indication

Acetazolamide PMA
Baclofen PME
Beta-adrenergic blockers Essential myoclonus
Chloral hydrate PME
Depo-estrogen Perimenstrual exacerbation of myoclonus
5-Hydroxytryptophana=carbidopa Posthypoxic myoclonus
Piracetamb Cortical myoclonus
Lisurideb Photosensitive myoclonus
Midazolam Opiate-induced myoclonus in cancer patients
Trihexyphenidyl Myoclonus-dystonia

a A physician may prescribe under the manufacturer’s IND in the United States for this specific indication

only.
b Not available in the United States.
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Nonpharmacologic Therapy

Vitamins, cofactors, dietary restriction, and chelation for metabolic disorders are
examples of being able to treat myoclonus by reversing the underlying disorder.
Together they constitute the most important category of nonpharmacologic therapy.
Biotin can reverse the symptoms of biotinidase deficiency or other causes of biotin
deficiency. Implementation of the ketogenic diet early in the course of EPM 2A
may bypass a metabolic defect in carbohydrate metabolism.

Transcranial magnetic stimulation (TMS) is a noninvasive, safe, and painless
way to stimulate the human motor cortex in humans. Repetitive TMS (rTMS) can
be used to transiently inactivate different cortical areas to study their functions.
Modulation of cortical excitability by rTMS has therapeutic potential in myoclonic
disorders, because low-frequency stimulation (1Hz) reduces cortical excitability.
rTMS is currently investigational and not widely available, however, the equipment
is not extremely costly or expansive and may well find its way into the clinical setting.
The patient sits in a chair and a coil is lowered over the head. Although only cortical
structures are currently accessible, rTMS seems capable of affecting activity in corti-
cally linked deep brain structures.

Figure 1 Troubleshooting flow chart. Lack of treatment response requires re-evaluation and
should prompt re-thinking the diagnosis and a search for exacerbating factors. (Continued)
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Possible Reasons for Treatment Failure

Myoclonus may fail to respond or increase as a result of misdiagnosis, mistreatment,
or a refractory condition (Fig. 1). Persistence is the key to accurate diagnosis and
treatment. It may be necessary to revisit the initial diagnosis, assess for overlooked
factors, and verify that the drug regimen is being followed.

Exacerbating factors are frequently overlooked or not mentioned: dietary, hor-
monal, lifestyle, and psychosocial factors. Comorbid illnesses, such as anxiety,
depression, or other affective disorders may compromise myoclonus treatment. An
undiagnosed sleep disorder is common in some of the more severe myoclonic disor-
ders, and poor sleep may increase myoclonus. Poor physical health caused by inac-
tivity, obesity, or injuries from falls. A good general physical examination is a simple
necessity.

Pharmacotherapy may be inadequate for many reasons. The drug may be inef-
fective or used at the wrong doses. Several weeks are required to properly evaluate
treatment successes or failures; avoid too sudden changes. Further dose increases
beyond the typical ceiling dose may be indicated in individuals with a partial drug
response without side effects. Many different pharmacokinetic factors may be at play.

As a general rule, subcortical and segmental myoclonus are difficult to treat. It
should also be remembered that in progressive disorders, the neural substrate for
drug responsiveness may be lost, so that medications do not work as expected. In
that situation, it is important to set realistic treatment endpoints.

Quality of Life Issues

It is easy to lose sight of quality of life issues in our focus on the medical aspects of
myoclonus (Table 4). However, patients and their families carry a burden of living
with a chronic disease, whether or not it is progressive, often without prospects
for significant improvement. Severe myoclonus may rob adolescents of the necessary
‘‘breaking away’’ from parents, which leads to maladaptive behaviors and habitual
family conflicts. Isolation, inactivity, and a decline in physical strength result in
marginalization and reduced quality of life. Perhaps confidence is the most essential
element to reinforce because it carries over so prominently into activities of daily liv-
ing. When we cannot cure myoclonus, we must at least improve the way individuals
with myoclonus feel about themselves. With gene therapy on the forefront, we must
keep them in the best possible mental and physical shape. Different approaches
should be taken at the same time.

PROGNOSIS

The prognosis of myoclonus depends on its etiology. It may resolve, remain static, or
worsen. On the one end of the spectrum, benign neonatal sleep myoclonus usually
resolves during infancy. While essential myoclonus does not resolve, it typically does
not increase much over time, in contrast to PME, which by definition, worsens stea-
dily. Even with PME, the prognosis varies considerably, ranging from lethality
within 7–10 years in Lafora disease to a reasonably normal lifespan in EPM1. The
myoclonus of biotin deficiency remits so long as the patient remains on biotin
replacement therapy. In opsoclonus–myoclonus syndrome, myoclonus may remit,
reappear during relapses, or progress depending on inflammatory activity of the
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immune system, which involves both T-cells and B-cells. All of these different pat-
terns emphasize the need to press for an etiologic diagnosis even in the most complex
presentations of myoclonus and tailor the therapy to the etiology.

SUMMARY

The approach to a patient with myoclonus should focus on identifying the underly-
ing etiology in the hope that the disorder can be reversed. The context in which myo-
clonus occurs is the single most useful clinical clue to etiology, often narrowing the
scope of otherwise extensive diagnostic investigations. Neurophysiologic tests are the
cornerstone of myoclonic classification and may indicate productive avenues of ther-
apy. Restoring activities of everyday living should be a fundamental therapeutic
goal. A regimen of multiple drugs is the rule. Responses to an agent are sometimes
dramatic, but more often the improvements are incremental. In patients with
substantial myoclonus, the combination of pharmacologic and nonpharmacologic
measures can be effective. Therapeutic failure should prompt re-evaluation of
the diagnosis and treatment plan and a search for exacerbating factors. In the
end, sensitivity to quality of life issues can be the most important contribution a
clinician can make.

SUGGESTED READINGS

1. Hallett M. Myoclonus: relation to epilepsy. Epilepsia 1985; 26:567–577.
2. Marsden CD, Hallett M, Fahn S. The nosology and pathophysiology of myoclonus. In:

Marsden CD, Fahn S, eds. Movement Disorders. London: Butterworths, 1982:196–248.

Table 4 Improving Quality of Life in Patients with Severe Myoclonus

Goal Means

Continue education Tutors
Counter depression Pharmacologic and nonpharmacologic
Decrease strife Counsellor=psychiatrist, individual, and family
Encourage independent living Assisted living; visiting health aide
Establish medical contingencies for travel Take emergency drugs on vacations
Increase safety in wheelchair Wheelchair seat belt
Improve quality of sleep Sleep study; treat depression
Maintain strength Physical therapy; regular exercise program
Prevent obesity Diet and exercise; offset drugs that cause

hyperphagia
Maintain peer contact School, church, community
Make home more accessible Wheelchair ramps, move downstairs, make

bathrooms handicap accessible
Prevent loneliness Companion dog
Prevent pulmonary infections Immunize
Reduce myoclonus when
patient most needs to

Re-arrange dosing schedule

Reduce stress Modify school schedule
Set practical goals Educational and vocational counseling
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Combined Muscle and Brain Diseases

Ronald D. Cohn
Johns Hopkins Hospital, Children’s Center, McKusick-Nathans Institute of Genetic
Medicine, Baltimore, Maryland, U.S.A.

A number of clinically distinct disorders of muscle manifest abnormalities in other
organs, most often the brain. The most common of these, Duchenne muscular
dystrophy, is discussed in a separate chapter. The disorders that predominantly
affect muscle, but manifest with distinctive abnormalities of brain as well, likely
do so because of widespread gene expression and other commonalities of brain
and muscle. Other than their shared tissue vulnerabilities, there is a wide range
of apparent gene function between these disorders. This is a rapidly expanding area
of clinical and fundamental neuroscience, and more disorders and a better
understanding of those disorders already described is virtually certain in the next
few years.

DISORDERS OF PROTEIN GLYCOSYLATION,
‘‘DYSTROGLYCANOPATHIES’’

There has been a recent explosion in the identification of neuromuscular diseases
caused by mutations in genes that affect carbohydrate metabolism or protein glyco-
sylation. A number of these findings relate to defects in the O-glycosylation of
a-dystroglycan.

Alpha dystroglycan plays a pivotal role within the dystrophin–glycoprotein
complex (DGC), which represents a major factor for muscle fiber stability upon con-
traction. Identification of gene mutations within the DGC and the association with
Duchenne=Becker muscular dystrophy and other forms of limb–girdle and congeni-
tal muscular dystrophy have dominated the clinical and research field for years.

Recently, the focus has shifted to post-translational modifications of proteins,
as genes encoding proteins involved in glycosylation have defined a new area of
attention in muscular dystrophy. Although the function of most glycosylation is
poorly understood, many vertebrate proteins are post-translationally modified by
carbohydrates and it has been estimated that 1% of human genes encode enzymes
involved in oligosaccharide synthesis and function. A deficiency in post-translational
modification of a-dystroglycan has now been characterized as a common feature
in several forms of muscular dystrophy associated with central nervous system
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abnormalities. It needs to be emphasized that these types of muscular dystrophies
appear to be distinct from the congenital disorders of glycosylation (CDG syn-
dromes), a group of diseases that often leads to multisystem disease caused by defects
in the well-characterized N-glycosylation pathways as opposed to the less defined
O-glycosylation pathways.

The majority of patients with muscular dystrophy and associated structural
brain morphology present with fairly nonspecific symptoms such as profound hypo-
tonia usually at the time of birth suggesting that abnormalities of skeletal muscle and
the central nervous system have occurred in utero during early development. Thus, a
fairly extensive initial diagnostic workup of the hypotonic infant is generally needed
to distinguish this patient group from patients with other causes of neonatal hypo-
tonia such as central nervous system hemorrhage, infection, or neurometabolic
diseases.

Abnormalities of serum creatine kinase, a myopathic pattern of electromyogra-
phy (even in the presence of a normal serum creatine kinase) and any abnormal
structural abnormalities detected on CT scan or preferably on MRI should prompt
the clinician to perform a skeletal muscle biopsy and consider the above mentioned
group of dystroglycanopathies as a potential differential diagnosis (Table 1). The
skeletal muscle biopsy generally reveals classic signs of muscular dystrophy involving
signs of degeneration and regeneration with centrally located nuclei, fibrosis and fat

Table 1 Overview of Clinical and Molecular Forms of Dystroglycanopathies Associated
with Central Nervous System Disease

Dystroglycanopathy Inheritance
Gene=
protein Clinical findings

Muscle eye brain
disease (MEB)

AR POMGnT1 Severe muscle weakness, mental
retardation, epilepsy, neuronal
migration disorder, ocular
abnormalitiesa

Walker Warburg
syndrome (WWS)

AR POMT1 Severe muscle weakness, death
usually in infancy, severe
psychomotor developmental
delay, mental retardation epilepsy,
neuronal migration disorder,
ocular abnormalitiesa

Fukuyama congenital
muscular dystrophy
(FCMD)

AR Fukutin Severe axial and proximal muscle
weakness, mental retardation,
epilepsy, neuronal migration disorder

Congenital muscular
dystrophy 1C
(MDC1C)

AR FKRP Variable muscle weakness, cerebellar
abnormalities cardiomyopathy

Congenital muscular
dystrophy 1D (MDC1D)

AR LARGE Variable muscle weakness,
profound mental retardation,
white matter changes,
subtle neuronal migration disorder

a Ocular abnormalities may include congenital myopia, glaucoma, pallor of optic discs, retinal hypoplasia.

Abbreviations: AR, autosomal recessive; POMGnT1, protein O-mannose b-1,2-N-acetylglucosaminyl-

transferase; POMT1, protein O-mannosyltransferase; FKRP, fukutin-related protein; LARGE, putative

glycosyltransferase.
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tissue deposition. In addition, immunohistochemical analysis with antibodies
directed towards a-dystroglycan exhibits loss or significantly reduced expression of
a-dystroglycan at the sarcolemma of the muscle fibers. Currently, enzymatic tests
and mutational screening are being developed for clinical use in order to confirm
the clinical=immunohistological diagnosis of dystroglycanopathies.

The prognosis for dystroglycanopathies is extremely variable. All the patients
within this disease spectrum who also have structural abnormalities of the brain
show mild to severe mental retardation. Patients diagnosed with Walker Warburg
syndrome are most severely affected and usually die within the first few years of life.
In contrast, patients within the MDC1C and 1D group (Table 1) can have milder
phenotypes particularly in respect to their muscle power. At present, there is no spe-
cific therapy for any of these disorders. Clinical care is thus directed to supportive
and preventative therapy, aiming to prevent secondary sequalae from significant
muscle weakness such as joint contractures and chronic respiratory hypoventilation.
Therefore, close collaboration with physical therapists, orthopedic surgeons, and
pulmonologists is a significant part of management for these patients.Current
research is directed towards enzyme therapy in an effort to potentially modify the
aberrant glycosylation of a-dystroglycan.

CONGENITAL MUSCULAR DYSTROPHY DUE TO
LAMININ a2 DEFICIENCY

This form of congenital muscular dystrophy is associated with early onset of weak-
ness, often very severe, that is thereafter largely stable with good supportive care.
A distinctive abnormality of white matter on MRI and CT imaging first suggests
profound leukodystrophy, but there is no intellectual or other detectable consis-
tent abnormality in CNS function. Laminin a2 is an extracellular protein
that appears to be important in the organization of free water within white matter
around charged residues; the result of its absence is that extracellular water thus
has magnetic properties similar to that of free water within the ventricles. There is
often an associated mild neuropathy, though the importance is lost given the severe
end-stage myopathy that is usually present.

MYOTONIC DYSTROPHY, STEINERT’S DISEASE, DM1

The nosology of myotonic dystrophies (DM) is in a state of flux. The DM can be
regarded as a clinical syndrome that includes subtypes designated myotonic dystro-
phy type I (DM1), myotonic dystrophy type 2 (DM2) and so forth, each of which is a
single-gene entity. The originally described monogenic disorder by Steinert (DM1) is
by far the most common form. This condition, inherited as an autosomal dominant
trait, is the most common form of muscular dystrophy of adult life with a worldwide
prevalence of 2.1–14.3 per 100,000. While affecting predominantly adults, it also
occurs in childhood and early infancy with an estimated incidence of 1 in 8000 births.
It is characterized by myotonia in association with muscle weakness and wasting plus
a whole syndrome complex with additional features such as frontal balding (males),
cataracts, cardiomyopathy with conduction defects, gonadal atrophy possible asso-
ciated with infertility and low intelligence or dementia (Table 2). The genetic basis
for DM1 is an expansion of CTG repeats on chromosome 19.
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Approximately 10% of patients with DM1 present in infancy with severe neo-
natal hypotonia, feeding and respiratory difficulties, and mental retardation in those
who survive into childhood. Interestingly, infants with congenital DM1 have very
large repeat expansions (>1000 CTG repeats). Almost invariably, these infants have
inherited the condition from their mother. The maternal bias in transmitting DM1 is
due to increased likelihood of generating very large repeat expansions during oogen-
esis as compared to spermatogenesis. DM1 is also characterized by extreme anticipa-
tion generally associated with an intergenerational increase in CTG expansion
corresponding to increase in disease severity in the offspring.

The diagnosis of DM1 can be made by clinical findings supported by genetic
analysis of CTG repeats of chromosome 19. Serum creatine kinase activity can be
elevated in adults but is usually within normal range in infants and mildly affected
adults. In case of a significant hypotonic infant, the mother (who may not be aware
of their condition) should be clinically examined. The examination should include
evaluation for facial weakness (inability to close eyes tightly, bury the eyelashes),
myotonia of the hands and percussion myotonia of the tongue. Electromyography
studies in adult patients and in minimally affected mothers of infants with the conge-
nital form of DM1 show the pathognomonic spontaneous myotonic bursts of activity
with gradual decrement, giving the typical ‘‘dive bomber’’ or ‘‘departing motor
cycle’’ sound on acoustic amplification.

DM2 manifests with many of the same features as does DM1. A critical differ-
ence, however, is the absence of a congenital form. In general, symptoms and signs
first emerge in adult years.

Cardiac arrhythmia, especially heart block caused by progressive degeneration
of the conduction system, is the second leading cause of mortality in DM1. Genetic
analysis has revealed that patients with larger expansions of CTG repeats are at
increased risk of intraventricular conduction delay at baseline and show more rapid
progression of the conduction defect. Therefore, cardiac evaluation including basal
ECG, 24 hr Holter monitoring and echocardiogram should be routinely performed

Table 2 Systemic Involvement in Myotonic Dystrophy Type 1

Eye Cataract

Endocrine system Diabetes
Thyroid dysfunction
Hypogonadism

Gastrointestinal system Dysphagia
Constipation
Gallbladder stones
Pseudo-obstruction

Central nervous system Cognitive impairment
Mental retardation
Attentive disorders

Heart Cardiomyopathy
Conduction defects
Mitral valve prolaps
Ischemic heart disease
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(once per year) in all patients presenting with DM1. Often, implanting of a pace-
maker or a cardioverter-defibrillator is required.

Supportive management of muscle weakness, constipation, endocrine pro-
blems, eye abnormalities, and mental impairment comprises a major part of the
management of patients with DM1. In addition, it is of utmost importance to
emphasize the risk for generalized anesthesia, sedation, and analgesia (especially
thiopentane should be avoided) because of sudden death reported in several cases.
The risk is independent of the clinical severity of DM1 and clinical catastrophies
can occur even in subclinical cases.

CONGENITAL FIBER TYPE DISPROPORTION

Congenital fiber type disproportion (CFTD) is a congenital myopathy initially
described by Brooke in 1973 purely on the basis of consistent abnormalities detected
on muscle biopsy associated with relatively good clinical prognosis. The type 1 ske-
letal muscle fibers were found to be smaller than type 2 fibers by a margin of more
than 25% of the diameter of the type 2 fibers. These findings are in contrast to nor-
mal skeletal muscle in children where type 1 and type 2 fibers are of approximately
equal size.

The CFTD is suspected to be inherited as an autosomal recessive trait with
some rare exceptions. The clinical picture is characterized by congenital hypotonia
and delayed motor milestones. The disease is often associated with congenital
dislocation of the hip, high arched palate, kyphoscoliosis, and contractures. Serum
creatine kinase may be slightly elevated and infrequently, a myopathic pattern on
electromyography can be detected. The diagnosis is finally made after thorough
histological analysis of a skeletal muscle biopsy revealing the above described
inbalance of type1 and type 2 skeletal muscle fibers. The degree of muscle weakness
varies quite considerably involving usually all muscle types. In some rare cases, little
voluntary movement of arms and legs can be detected until 2 year of age. In other
cases, weakness can be mild enough to cause only a delay in development of the
motor milestones, rather than any obvious paralysis. Although the weakness may
slightly progress during the first year of life, it is highly significant for CFTD to
see no further progression of symptoms past 2 years of age. Instead, as the children
grow older, the disease becomes static and often, significant improvement of muscle
weakness can be observed. Taken together, the diagnosis of CFTD can be difficult to
make and should not be made in the face of obvious clinical pictures such as
myotonic dystrophy, Prader Willi syndrome, or congenital muscular dystrophy.

SUGGESTED READINGS
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INTRODUCTION

Inflammatory neuropathies are uncommon in children but critical to diagnose
because they are treatable. They are caused by a direct autoimmune attack against
peripheral nerve resulting in progressive motor weakness and=or sensory loss.
According to the time from symptom onset until maximal severity of disease, these
neuropathies can be divided into acute (<4 weeks) and chronic forms (>8 weeks).

GUILLAN-BARRÉ SYNDROME (GBS)

Since the decline in the incidence of polio, GBS has become the most common cause
of acute neuromuscular paralysis. GBS has an incidence of 0.5–1.5 cases per 100,000
in the population less than 18 years of age. In recent years, it has been recognized
that GBS encompasses a heterogeneous group of disorders that can be distinguished
based on clinical, electrophysiologic, and pathologic criteria (Table 1). In some
forms, the immune attack is directed primarily against constituents of the myelinat-
ing Schwann cell and in other forms, against components of the axon. Acute inflam-
matory demyelinating neuropathy (AIDP) is the most common form of GBS in
North America and Europe, whereas acute motor axonal neuropathy (AMAN) is
the most common form of GBS in China.

Diagnosis=Clinical Features

The classical clinical picture of GBS is a previously healthy child who develops
ascending symmetrical paralysis evolving over days with loss of tendon reflexes. In
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approximately half of children, there is a history of symptoms of recent antecedent
infectious illness (Campylobacter gastroenteritis, Mycoplasma pneumonia, or viral
illness due to Epstein–Barr virus or cytomegalovirus) or other event such as trauma
or surgery. Early in the clinical course, back or leg pain may be the most prominent
symptom in children making the early diagnosis somewhat confusing. The three
forms of GBS in which weakness predominates are AIDP, acute motor axonal sen-
sory neuropathy (AMSAN), and AMAN. In AIDP and AMSAN, sensory loss also
occurs. In other forms of GBS, signs other than weakness predominate, such as
ataxia and ophthalmoplegia in Miller Fisher syndrome (MFS) and dysautonomia
in acute panautonomic neuropathy. All syndromes are characterized by a limited,
monophasic course with eventual recovery.

When evaluating patients with suspected GBS, other causes of acute weakness
must be excluded (Table 2). Fever at the outset of neurologic symptoms should raise
the possibility of alternative diagnoses. GBS is rare in children less than 1 year of
age, increasing the possibility of other diagnoses such as botulism or poliomyelitis
syndrome due to poliovirus or other enteroviruses. Spinal cord compression should
always be considered and excluded, particularly in patients without cranial nerve
palsies or when there is bowel or bladder sphincter involvement. Laboratory inves-
tigations should include cerebrospinal fluid (CSF) examination to exclude infectious
or lymphomatous polyradiculitis. Elevated CSF protein in the absence of cellular
pleocytosis (albumino-cytologic dissociation) reinforces the clinical diagnosis of
GBS, although CSF protein can be normal within the first week. Nerve conduction
studies and electromyography can also help to exclude other diagnoses (such as myo-
pathy and neuromuscular junction disease) and are useful in the classification of the
type of GBS. In demyelinating forms of GBS, the earliest electrophysiologic findings
are prolongation of distal motor latencies and loss or prolongation of F wave laten-
cies. Focal conduction block also occurs early, but is often technically difficult to
detect because it typically occurs at the proximal nerve roots. It takes several days
before reduction of conduction velocity develops. Severe decrease in compound

Table 1 Types of GBS

AIDP AMAN AMSAN MFS

Ages affected All Mainly children

and young

adults

Mainly adults Adults more

than children

Clinical

involvement

Motor and

sensory

Motor Motor and

sensory

Ataxia and

ophthalmoplegia

Electrodiagnosis Demyelinating Axonal Axonal Demyelinating

Pathology Attack at Schwann

cell surface with

vesicular myelin

damage;

lymphocytic

infiltration and

macrophage

activation

Attack at nodes

of Ranvier

with frequent

periaxonal

macrophages

and few

lymphocytes

Same as AMAN,

but also affects

sensory nerves

and dorsal roots

with severe

axonal damage

Recovery Rapid (most) Rapid (most) Slow Variable

AIDP ¼ acute inflammatory demyelinating polyradiculoneuropahty; AMAN ¼ actue motor axonal neu-

ropathy; AMSAN ¼ acute motor sensory axonal neuropathy; MFS ¼ Miller Fischer syndrome. Adapted

from Ref. 1.
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motor action potential amplitude is more commonly seen in children than it is in
adults with demyelinating polyneuropathy, and is associated with incomplete recov-
ery presumably due to axon degeneration. The relative prognostic importance of
diminished compound motor action potential amplitude in children is not known.
Although serum antibodies to many peripheral nerve antigens have been found in
GBS, their role in the pathogenesis of the disease remains unclear.

Therapy

Mortality rates from GBS have fallen dramatically in recent decades mainly because
of improvements in nursing and critical care measures. Any child suspected of hav-
ing GBS should be hospitalized until the maximum degree of clinical disability is

Table 2 Differential Diagnosis in GBS

Pseudoencephalopathy
Meningitis
Meningoencephalitis

Cerebellar syndrome
Postinfectious cerebellar ataxia
Structural lesion

Myelopathy
Spinal cord compression
Transverse myelitis
Acute disseminated encephalomyelitis
Anterior spinal artery distribution infarction

Anterior horn cells
Enteroviral infection
Poliomyelitis

Peripheral nerve
Tick paralysis
Diptheria
Lyme disease
Toxins=drugs
Acute intermittent porphyria
Critical illness polyneuropathy
Mitochondrial disease

Neuromuscular junction
Botulism
Myasthenia gravis
Neuromuscular blockade
Pseudocholinesterase deficiency

Muscle disorders
Acute myositis
Infectious
Autoimmune

Metabolic myopathy
Glycogen storage disorders, etc.

Periodic paralysis
Critical care myopathy

From Ref. 2.
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established. In the early stages of the disease, respiratory status should be monitored
carefully with frequent measurement of vital capacity. Endotrachial intubation and
mechanical ventilation should be initiated early, when proper intensive care specia-
lists can be assembled in a careful and controlled manner, rather than waiting for a
respiratory crisis. Generally, any sign of compromised airway during the progressive
phase of GBS, or vital capacity below 15 cm3=kg, is an indication for intubation. In
older, larger children preventive measures for deep venous thrombosis and pulmon-
ary embolus should include use of leg stockings (TEDS) and subcutaneous heparin.
It is essential to monitor patients for autonomic nervous system dysfunction such as
blood pressure fluctuations, cardiac arrythmias, gastrointestinal pseudoobstruction,
and urinary retention. Nutritional issues should be considered and addressed early.
Patients also require frequent turning to prevent skin breakdown. Physical therapy
with passive range of motion exercises should be started immediately to avoid con-
tractures. Pain is common in children with GBS, and should be aggressively treated,
sometimes with opiates. In profoundly weak children who are unable to communi-
cate, sinus tachycardia and other features of sympathetic activation may represent
primary autonomic involvement, pain, or both.

In several large clinical trials in adults, plasma exchange and intravenous
immunoglobulin (IVIg) have each been shown to be equally effective in reducing
the time to recovery in patients with GBS, if initiated within the first two weeks
(Table 3). Observational studies suggest similar benefit in children, although the
potential for complications due to plasma exchange increases with smaller body size.
On balance, these therapies are recommended only for the minority of children who
manifest more severe forms GBS: those that have lost the ability to ambulate or have
bulbar weakness causing dysphagia or aspiration. Because of the difficulty with vas-
cular access and potential problems with fluid shifts given smaller blood volume, of
the two therapies, treatment with IVIg has become the accepted therapy for GBS in
children. The recommended schedule is 2 g=kg of body weight divided into five con-
secutive daily doses of 400mg=kg each. Side effects are generally minor, but severe
side effects can include chemical meningitis, acute tubular necrosis, and renal failure
(particularly in patients with pre-existing renal disease), thomboembolic events, and
rarely anaphylaxis.

Table 3 Treatment Options for GBS

Therapy Regimen Side effects

Plasma exchange Remove 200–250mL=kg
of plasma over 7–10 days

Catheter placement may cause
pneumothorax, bleeding,
deep vein thrombosis, pulmonary
emboli, or sepsis.

Blood removal may cause hypotension,
anemia, thrombocytopenia, or
electrolyte derangements

Intravenous
immunoglobulin

0.4 g=kg=day� 5 days Fever, chills, myalgia, fluid
overload, hypertension, nausea,
vomiting, skin rash, headaches,
chemical meningitis, acute tubular
necrosis, thromboembolic events,
anaphylactic reaction associated
IgA deficiency
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Administration of plasma exchange requires a central line or large peripheral
line. In centers with appropriate experience, this may be safely done in children
who weigh more than 10 kg. The usual protocol, derived from experience with
adults, involves exchanges on the 1st, 3rd, 5th, and 7th days targeting a total
exchange volume of 250mL=kg. Problems with plasma exchange include difficulty
with placement and maintenance of central lines and hypotension during exchanges.
If patients experience a relapse within approximately 10 days of the first treatment,
retreatment with the same initial agent at half the dose is recommended.

Prognosis

Overall prognosis in GBS is good with approximately 90–95% of affected children
making a complete functional recovery within 6–12months. Those who do not
recover completely are often ambulating independently with only minor neurologic
residua. Since the advent of modern critical care, mortality from GBS in children is
rare.

CHRONIC INFLAMMATORY DEMYELINATING
POLYRADICULOPATHY (CIDP)

CIDP is a form of inflammatory motor and sensory neuropathy that evolves over a
protracted time of more than 4–8 weeks. CIDP is less common than GBS and occurs
less frequently in children than in adults. Nonetheless, CIDP represents approxi-
mately 10% of all chronic childhood neuropathies.

Diagnosis=Clinical Features

The classic symptoms and signs of CIDP include largely symmetric weakness in
proximal and distal limb muscles, reduced or absent tendon reflexes, and, sometimes,
sensory deficits and paresthesias. Most often children present with abnormal gait
and frequent falls secondary to weakness of the legs. Rarely CIDP may present with
arm weakness. CIDP may manifest with a chronic progressive, monophasic, or
relapsing–remitting clinical course. Weakness is primarily a consequence of conduc-
tion block resulting from focal demyelination; as such it often responds well to treat-
ment. After years of disease, there can be accumulating axonal degeneration,
clinically evident by wasted muscles, which may be irreverisible.

There are many causes of symmetrical weakness in children ranging from
central nervous system disorders to muscle disease. In patients without sensory
symptoms and signs, anterior horn cell disease (spinal muscular atrophy), neuromus-
cular junction disease, and muscle disease are important considerations. Neuropathy
in children is often due to inherited disorders such as Charcot-Marie-Tooth disease
(CMT type 1–4 and X) or less commonly due to inborn errors of metabolism such as
Krabbe’s disease, metachromatic leukodystrophy, Refsum’s disease, adrenomyelo-
leukodystrophy, or acute intermittent porphyria. A diagnosis of CIDP is made
primarily on the basis of nerve conduction studies (Table 4). Although decreased
conduction velocities and prolonged distal motor latencies can be seen in both CIDP
and hereditary demyelinating neuropathy, CIDP is distinguished by the presence of
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Table 4 Clinical and Electrophysiologic Criteria for Childhood CIDP

Mandatory clinical criteria

Progression of muscle weakness in proximal and distal muscles of upper and lower
extremities over at least 4 weeks, or rapid progression (GBS-like presentation) followed by
a relapsing or protracted course (>1 year)

Major laboratory features

Electrophysiologic criteria
Must demonstrate at least three of the following four major abnormalities in motor nerves (or
two of the major plus two of the supportive criteria)
A. Major
1. Conduction block or abnormal temporal dispersion in one or more motor nerves at

sites not prone to compression:
a. Conduction block: at least 50% drop in negative peak area or peak-to-peak

amplitude of proximal compound action potential (CMAP) if duration of
negative peak of proximal CMAP is < 130% of distal CMAP duration.

b. Temporal dispersion: abnormal if duration of negative peak of proximal CMAP is
> 130% of distal CMAP duration.

2. Reduction in conduction velocity (CV) in two or more nerves: <75% mean of
mean CV value for age minus 2 standard deviations (SD).

3. Prolonged distal latency (DL) in two or more nerves: >130% of mean DL value for
age þ2SD.

4. Absent F-waves or prolonged F-wave minimal latency (ML) in two or more nerves:
>130% of mean F-wave ML for ageþ 2SD.

B. Supportive
When conduction block is absent, the following abnormal electrophysiological parameters
are indicative of nonuniform slowing and thus of acquired neuropathy:
1. Abnormal median sensory nerve action potential (SNAP) while sural nerve SNAP

is normal.
2. Abnormally low terminal latency index: distal conduction distance (mm)=

(conduction velocity [m=sec]) � distal motor latency [msec]).
3. Side-to-side comparison of motor CVs showing a difference of >10m=sec between

nerves.
Cerebrospinal fluid (CSF) criteria
Protein > 45mg=dL
Cell count <10 cells=mm3

Nerve biopsy features
Predominant features of demyelination

Exclusion criteria
A. Clinical features of history of a hereditary neuropathy, other disease, or exposure

to drugs or toxins known to cause peripheral neuropathy.
B. Laboratory findings (including nerve biopsy or genetic testing) that show evidence of a

cause other than CIDP.
C. Electrodiagnostic features of abnormal neuromuscular transmission, myopathy, or

anterior horn cell disease.
Diagnostic criteria
A. Confirmed CIDP
1. Mandatory clinical features
2. Electrodiagnostic and CSF features

B. Possible CIDP
1. Mandatory clinical features
2. One of the three laboratory findings

From Ref. 4.
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Figure 1 Proposed treatment algorithm for childhood chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP). (CSF ¼ cerebrospinal fluid; EMG ¼ electromyogram; IVIg
¼ intravenous immunoglobulin; MRC ¼Medical Research Council; NCS ¼ nerve conduction
study; NIS ¼ neuropathy impairment score; NSC ¼ neuropathy symptoms and change score).
(From Ref 4.)
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features indicating acquired demyelination, such as motor conduction block, tem-
poral dispersion, and asymmetric involvement. A nerve biopsy is sometimes diagnos-
tic, but not necessary and now not routinely done. An elevated CSF protein without
pleocytosis is evident in at least 90% of children with CIDP. Magnetic resonance
imaging can show gadolinium enhancement of nerve roots that favors a diagnosis
of CIDP over CMT.

Therapy

The two most commonly used immunomodulatory therapies for children with CIDP
are oral corticosteroids and IVIg. Treatment should be reserved for children with sig-
nificant disability. A detailed discussion needs to be undertaken with the patient and
family to explain the rationale for treatment and the potential short- and long-term
side effects. IVIg has been shown to be effective in clinical trials in adult patients.
The reported experience in small case series of children also supports its use in this
age group. Prednisone has been used for many years in childhood CIDP and
reported to be effective in several case series. Unfortunately, there are many poten-
tial side effects of prednisone including weight gain, hyperglycemia, neuropsychiatric
disturbance, impaired wound healing, avascular hip necrosis, hyperlipproteinemia,
accelerated atherosclerosis, osteoporosis, myopathy, peptic ulcer disease, and
cataracts. In some cases intermittent high dose solumedrol infusions, weaning on
interval rather than dose, may have enhanced efficacy without the same degree of
Cushingoid side effects. There is little published experience with plasma exchange
in the children with CIDP, likely due to the significant problems associated with
maintaining vascular access. Other treatment options include azathioprine, metho-
trexate, cyclosporine A, cyclophosphamide, and interferon beta. Because of the lim-
ited experience and adverse effects of these drugs, IVIg and prednisone should be
first line therapy. A treatment algorithm for childhood CIDP proposed by Burns
et al. (3) is detailed in Fig. 1.

Prognosis

The long-term prognosis for children treated for CIDP is favorable. Most patients
return to normal strength after treatment and may be asymptomatic for extended
periods (months to years) of immunotherapy. Relapses may occur after years of
therapy, but are usually not as severe as the original illness. A minority of patients
have severe residual weakness.

SUMMARY

When acute and chronic forms of inflammatory neuropathy are accurately diag-
nosed, supportive and immune modulating therapy can be instituted. This often
leads to complete recovery of function. In addition to these treatment measures,
however, it is critical to focus time on patient and family communication, and educa-
tion. From the earliest stages, the patient should understand the risk of progression,
the prognosis for recovery, and that the disease process is limited to the peripheral
nervous system.
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INTRODUCTION

Therapeutic measures available for the specific underlying cause of most neuropa-
thies that affect children are few or not very effective. Notable exceptions are the
inflammatory and some metabolic neuropathies, where treatment can be remarkably
effective. For most of the hereditary neuropathies, the basic mechanisms are poorly
understood and progression is irreversible. Even in the absence of a treatment for the
primary pathology, however, there are many ways in which function can be
enhanced and symptoms minimized. As reviewed by Hallett et al. (1): ‘‘Three kinds
of therapy are possible. If the etiology of the neuropathy is identified, then therapy
directed to the underlying illness may be beneficial to the neuropathy. Regardless of
whether the etiology of the neuropathy is known or unknown, it may be possible to
improve nerve function with therapy directed to improving nerve metabolism itself.
If it is impossible to reverse the neuropathy, it still maybe possible to be helpful with
symptomatic therapy.’’ Especially in children, where the additional dimension of
growth adds layers of both complexity and opportunity, judicious use of orthotics
and surgery may often prevent the contractures and deformities that may occur in
those whose primary condition resists treatment.

The following chapter discusses these general aspects of diagnosis and therapy.
Those treatments directed to the underlying cause of specific disorders are listed in
Tables 1 and 2.

DIAGNOSIS

Peripheral neuropathies are those conditions in which the pathological process pri-
marily affects the peripheral nerves between the brainstem or spinal cord at one
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end and the peripheral terminus at sensory receptors or neuromuscular junctions at
the other. In some cases the pathology also extends into the neuronal cell body in the
spinal cord, dorsal root ganglion, or sympathetic chain. The major clinical hallmarks
of the peripheral neuropathies are weakness, diminished tendon reflexes, and sensory
loss. Recognition of one of several characteristic patterns of distribution (Table 3) is
a useful first step in diagnosis.

GENERAL MANAGEMENT

Acute Polyneuropathies (Guillain–Barré Syndrome and Others)

Meticulous supportive care is the mainstay of therapy in the acute polyneuropathies,
such as the Guillain–Barré syndrome and those associated with a toxic or metabolic
cause. Children with rapidly progressive weakness or sensory loss should be closely
monitored in the hospital, ideally in an intensive care setting, until their clinical state
stabilizes. This is particularly important in younger children in whom objective
assessment of respiratory function is difficult. In the older, cooperative child regular
measurement of vital capacity is important as long as the overall condition is worsen-
ing or if there is any suggestion of respiratory compromise. Ventilatory support
should be considered when vital capacity falls below 30% of predicted values and
instituted if there is evidence of respiratory insufficiency. Simple bedside observa-
tions of the child’s ability to count as far as possible with one breath can be very
useful. Most children over the age of five years can count to more than 30. Progres-
sive decline in this capacity may warn of impending respiratory insufficiency.

Although relatively rare in childhood Guillain–Barré syndrome, autonomic
complications such as hypertension and cardiac arrhythmias need to be watched
for and treated appropriately. Because of denervation supersensitivity, treatment
should begin with more conservative measures, and be initiated only when vital func-
tions are compromised. For example, sinus tachycardia is relatively common but in

Table 1 Treatment of Inflammatory Neuropathies in Childhood

Disorder Neuropathy Therapy

Guillain–Barré
syndrome

Demyelinating IVIG l g=kg daily for 2 days
or IVIG 0.4 g=kg daily for 5 days

Guillain–Barré
syndrome

Axonal (acute motor
axonal neuropathy:
AMAN)

IVIG l g=kg daily for 2 days
or IVIG 0.4 g=kg daily for 5 days

Diphtheria Demyelinating Diphtheria antitoxin
Chronic inflammatory
demyelinating
neuropathy

Mostly demyelinating IVIG l g=kg daily for 2 days or
IVIG 0.4 g=kg daily for 5 days
Repeat at 3–4 week intervals
until remission. If response poor,
prednisolone 0.5–1.0mg=kg per day
with gradual tapering over months.
If response is poor, consider
immunosuppression with
azathioprine, methotrexate, or
cyclosporine A
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the otherwise healthy child usually does not require treatment. Serum sodium levels
are frequently disturbed by the presence of ‘‘inappropriate’’ ADH (vasopressin)
secretion, but usually conservative treatment with fluid restriction is sufficient.

Dysphagia or bulbar paresis may necessitate temporary withdrawal of oral
feeding, followed if necessary by parenteral, nasogastric, or gastrostomy feeding.
Constipation is common and should be anticipated and treated aggressively. Pain
is frequent in childhood Guillain–Barré syndrome and may go unrecognized in small
children. It is managed with nonsteroidal or narcotic analgesia, gabapentin, and
sometimes with intravenous immunoglobulin or corticosteroids.

Chest and limb physical therapy is important to clear secretions and
maintain limb mobility. Attention to pain control during therapy sessions often

Table 2 Treatment of Neuropathies Associated with Inborn Errors of Metabolism in
Childhood

Disorder Neuropathy Treatment

Mitochondrial cytopathies Large fiber demyelination
and axon loss

Putative role dichloroacetate,
co-enzyme Q, carnitine

Globoid cell leukodystrophy Large fiber demyelinating Hematopoietic stem cell
transplantation

Metachromatic
leukodystrophy

Large fiber demyelinating Bone marrow transplantation

Fabry disease Small fiber axonal Recombinant alpha-
galactosidase A therapy

Refsum disease Large fiber demyelinating Dietary restriction of phytanic
acid and phytol

Adrenomyeloneuropathy Large fiber demyelination
and axon loss

Treatment of adrenocortical
insufficiency, dietary
supplementation with
Lorenzo’s oil, restricted
dietary intake of very long
chain fatty acids, possible
role of lovastatin

Type 1 primary
hyperoxaluria

Large fiber segmental
demyelination and
axon loss

Combined liver–kidney
transplantation

Cerebrotendinous
xanthomatosis

Large fiber demyelination,
secondary axon loss

Oral chenodeoxycholic acid,
cholic acid, HMG-CoA
reductase inhibitors

Abetalipoproteinemia,
hypolipoproteinemia

Large fiber demyelination
and axon loss

High-dose supplementation
vitamins A,D,E, and K

Ataxia with vitamin E
deficiency

Large fiber axonal High-dose supplementation
vitamin E

Tyrosinemia type 1 Large fiber axonal Dietary restriction of tyrosine
and phenylalanine, oral
hematin, 2-nitro-4-trifluoro-
methyl-benzoyl-1,3-
cyclohexanedione (NTBC)

Acute intermittent
porphyria

Large fiber axonal loss Intravenous heme and
heme arginate
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assists mobilization. Splints may be required to prevent contractures due to chronic
foot- and wrist drop. Frequent turning of the patient is essential to avoid pressure
sores.

Acute neuropathies caused by iatrogenic, inadvertent, or deliberate exposure to
medicines, chemotherapeutic agents, environmental toxins and agents of abuse are,
fortunately, relatively rare in childhood. In such cases the mainstay of therapy is ces-
sation of exposure to the toxic agent, with or without more specific treatment.

Hereditary Neuropathies

The genetic polyneuropathies of children are divided into several groups, the most
prominent of which are the hereditary motor and sensory neuropathies, and the her-
editary sensory and autonomic neuropathies. None of these has a specific treatment
for the primary pathophysiology. All are characterized by genetically mediated
defects in peripheral nerve structure or metabolism. Very rarely such patients
develop a second pathology, in the form of an acquired (inflammatory) demyelinat-
ing neuropathy, which may be steroid responsive. Most patients with these disorders,
however, derive no long-term benefit from corticosteroids or other immunosuppres-
sive medications. Management of chronic genetically determined pediatric neuropa-
thies mostly consists largely of anticipation and treatment of secondary
complications. In addition to these primary genetic neuropathies, there are a number
of other disorders in which chronic peripheral neuropathy contributes significantly
to functional loss, including Friedreich’s ataxia, some inborn errors of metabolism,
and neuropathies that arise as a complication of systemic disease.

Children with chronic neuromuscular disorders are best followed in a multidis-
ciplinary clinic in which they can undergo regular review by a multiple specialty team
that includes specialists in rehabilitation, physical and occupation therapy, orthope-
dics, and neurology. As a group, certain complications of chronic peripheral neuro-
pathy can be anticipated, and with foresight sometimes mitigated. These generally
involve the hands, feet, and spine. In certain disorders, some more specific complica-
tions can be anticipated as discussed below.

Hereditary Sensory and Motor Neuropathies
The Foot

The foot is involved in the majority of cases of peripheral neuropathy. Both cavus
contractures and ‘‘flail’’ type planovalgus feet are encountered. Palliative manage-
ment of problematic feet is largely based on approaches adapted from other areas
of practice and can be very helpful. More curative approaches are attractive in prin-
ciple, especially in younger patients, but often meet with only limited success.

Adequate footwear and appropriate orthoses to improve posture and support
foot drop are effective in reducing discomfort and=or minimizing the functional
impact of peripheral neuropathy. Ankle=foot orthoses (AFOs) limit foot drop dur-
ing walking but are cosmetically unattractive and can be unpopular, especially with
older children. Strengthening exercises have been shown to result in short-term gains
in proximal muscles, but there are no studies evaluating the short- or long-term effect
of exercise on the distal musculature, which is most often preferentially denervated in
peripheral neuropathy. Passive stretching is thought to prevent contractures in the
calf and feet, but a recent controlled trial of night splints in Australian adults and
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children with Charcot–Marie–Tooth disease type lA revealed no significant gains in
ankle joint motion, even after three months of treatment. Compliance with night
splinting regimens is a major problem, and especially so in children.

Many children with peripheral neuropathy will ultimately require surgery to
correct structural changes in the feet. If contractures are severe and fixed, hindfoot
or forefoot reconstruction with selective arthrodesis will stabilize the foot and give
adequate function. In younger, flexible, or more dynamic cases there is some contro-
versy over the best surgical approach. Some surgeons advocate early arthrodesis on
the premise that the chronic nature of the neuropathy makes further degeneration
inevitable. A second school of thought advocates a more dynamic approach, attempt-
ing to restore muscle balance through tendon transfer and maintaining joint function
as far as possible. There are no good data to support the superiority of either
approach. Arthrodesis yields moderately good results in the short and medium term,
making this a relatively predictable approach; however, the few studies that have fol-
lowed cases for 15–20 years suggest that ongoing functional degeneration in neighbor-
ing joints often results in reduced patient satisfaction. The joint preserving techniques
are conceptually attractive but largely unproven, and many patients will eventually
require arthrodesis. Quality data on the outcomes of the surgical approaches would
be of great benefit to patients and doctors, but in the meantime patients and parents
facing decisions about surgery should be informed that there is little consensus.

The Hand

Many children with peripheral neuropathy will experience difficulties resulting from
weakness in the hands. Problems with clothing fasteners such as buttons and zips are
common but may be overcome with dressing aids. Many children find that reduced
writing speed and increased fatigue hamper their schoolwork. As typing is generally
less problematic than writing with a pen, assistance with access to typing, word
processing, and special computer equipment or software that speed input from the
physically impaired can be very helpful. Night splints may help slow the development
of clawing of the hands in children with severe distal weakness.

The Spine

Scoliosis occurs in about 10% of children with hereditary neuropathies. It is more
frequent in patients with the more severe forms of hereditary motor sensory neuro-
pathy, (e.g., those with the Déjerine–Sottas syndrome). In most cases, scoliosis is
mild (less than 20 degrees) and nonprogressive or only slowly progressive. Only a
minority of patients will require surgery because of significant deformity. Careful
preoperative assessment of respiratory function is essential in such cases.

Hereditary Sensory and Autonomic Neuropathies

Treatment of dysautonomia is palliative. Impaired swallowing in infancy is dealt with
by special nipples, feeding bottles and thickened feeds, but gavage feeding is often
required. Gastrostomy and fundoplication should be considered early. Vomiting
and hypertensive crises may respond to treatment with oral diazepam. Hypotensive
episodes may be alleviated by wearing elastic stockings, lower limb exercises, fludro-
cortisone and other drugs.

Infants with severe sensory loss require protection from self-mutilation by
protective gloves, special footwear and sometimes restraints. Dental prostheses or
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judicious extractions may be required to prevent tongue biting and lip lacerations in
extreme cases. Early education of the patient and family to avoid potentially dama-
ging activities is paramount. Daily inspection of the feet for abrasions and cuts, and
of the footwear for roughened areas or protruding tacks, is essential. If sensory
deficit is combined with structural deformity of the feet there may be an increased
risk of foot ulceration. Foot ulcers should be managed aggressively with offloading
(casting, or an ‘‘aircast’’ type boot and elbow crutches) and prophylactic antibiotic
cover. Where there is a patent arterial supply, and as long as offloading is adequate,
neuropathic ulcers will usually resolve within two weeks.

In some forms of hereditary and sensory neuropathy anhidrosis predisposes to
episodic hyperthermia, which may result in febrile convulsions. Hyperthermia should
be avoided by avoidance of raised ambient temperatures and the use of air condi-
tioning.

Friedreich’s Ataxia

This autosomal recessive disorder is the most common spinocerebellar ataxia of
childhood. As no curative treatment is as yet available, treatment of Friedreich’s
ataxia has traditionally focussed on management of its complications, particularly
cardiomyopathy, impaired glucose tolerance, and scoliosis. Friedreich’s ataxia is
caused by a GAA trinucleotide expansion in the gene for frataxin, a protein impli-
cated in mitochondrial iron metabolism. This finding has prompted therapeutic trials
with idebenone, a non-FDA-approved antioxidant and short-chain analog of coen-
zyme Q. Idebenone (5mg=kg=day) has shown promise for treatment of the cardio-
myopathy associated with Friedreich’s ataxia in early trials, but did not
demonstrate any benefit to the neurologic features of this disorder. Further trials
of this and related treatments are being carried out.

Neuropathies Secondary to Inborn Errors of Metabolism

In recent years advances in treatment of a number of genetic conditions have enabled
symptomatic or curative treatment of a range of neuropathies associated with inborn
errors of metabolism (Table 2). Important recent advances include the licensing in
the United States of recombinant alpha-galactosidase A enzyme for the treatment
of Fabry disease, where it has been shown to minimize neuropathic pain and to sta-
bilize renal function. Outcome of adrenoleukodystrophy (ALD) and adrenomyelo-
neuropathy (AMN) has been improved with treatment of adrenocortical
insufficiency, dietary supplementation with Lorenzo’s oil, and restricted dietary
intake of very long chain fatty acids. Bone marrow transplantation has demon-
strated efficacy in early symptomatic cases of childhood-onset cerebral ALD, but
is not indicated in primary AMN and has not been shown to affect the neuropathy
sometimes associated with AMN.

Peripheral neuropathy is a prominent feature of some mitochondrial disorders
such as Leigh syndrome and neuropathy, ataxia and retinitis pigmentosa (NARP).
Nonspecific treatment for these disorders is reviewed in Chapter.

Neuropathies Secondary to Chronic Systemic Disease

The neuropathies secondary to chronic renal failure and diabetes are often subclini-
cal during childhood and may improve with improved metabolic control of the
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underlying condition. In end-stage renal failure, transplantation is the only really
effective treatment. Compared to adults, when children suffer from serious systemic
illness a secondary polyneuropathy is relatively infrequent.

PROGNOSIS

Most children with genetic polyneuropathies have a normal lifespan marked by very
slow progression of debility, the severity of which can be fairly well predicted by
the teenage years. Life-threatening complications are generally a consequence of
associated conditions or other organ involvement, and only rarely are the genetic
neuropathies associated with respiratory compromise. Treatment should thus be
offered with the expectation of a long life encumbered to a variable degree by the
orthopedic and neurologic problems in the feet and hands. Most can look forward
to the fulfilment of schooling, career, and family.

REFERENCE

1. Hallett M, Tandon D, Berardelli A. Treatment of peripheral neuropathies. J Neurol
Neurosurg Psych 1985; 48:1193–1207.

SUGGESTED READINGS

1. Burns TM, Ryan MM, Darras BT, Jones HR Jr. Therapeutic options for neuropathies
associated with inborn errors of metabolism in childhood: an update. Mayo Clin Proc
2003; 78:858–868.

2. Durr A. Friedreich’s ataxia: treatment within reach. Lancet Neurol 2002; 1:370–374.
3. Ouvrier RA, McLeod JG, Pollard JD. Peripheral Neuropathy in Childhood. 2nd ed.

London: MacKeith Press, 1999.
4. Westmore RS, Drennan JC. Long-term results of triple arthrodesis in Charcot–Marie–

Tooth disease. J Bone Joint Surg 1989; 71:417–422.

184 Ouvrier et al.



28
Congenital Myopathies

Monique M. Ryan and Kathryn N. North
Institute for Neuromuscular Research, Children’s Hospital at Westmead,
Sydney, Australia

INTRODUCTION

The congenital myopathies are a heterogeneous group of neuromuscular disorders
defined by distinctive histochemical or ultrastructural changes in muscle. Most
of these disorders present in infancy or early childhood with hypotonia, muscle
weakness, and delayed achievement of motor milestones.

DIAGNOSIS AND CLINICAL FEATURES

The congenital myopathies have a number of common features: early-onset general-
ized weakness, hypotonia and hyporeflexia, and a characteristic body habitus with
thin elongated facies, high arched palate, slender build, poor muscle bulk, scoliosis,
and pectus carinatum. Each is defined by a single distinguishing, but not specific,
morphologic abnormality in muscle fibers. Clinical clues to the specific diagnosis
may include the pattern of inheritance and associated features such as ophthalmople-
gia and cardiomyopathy (Table 1).

Certain congenital myopathies are well defined clinically, morphologically, and
genetically (Table 2). A number of other conditions with specific structural abnorm-
alities remain that have not, as yet, been associated with a demonstrable genetic
abnormality. Other myopathies seen in childhood include infantile and juvenile-
onset acid maltase deficiency, the inflammatory and metabolic myopathies.

THERAPEUTIC CONCERNS

There are no curative therapies for the congenital myopathies. A multidisciplinary
approach to the treatment of individual patients will, however, greatly improve their
quality of life and may influence survival. Management of individuals with a conge-
nital myopathy should include the following considerations: prevention; monitoring;
risk management; and symptomatic therapy and rehabilitation.
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PREVENTION

Genetic counseling for families with congenital myopathies can be challenging, even
for those disorders in which disease genes have been identified and molecular genetic
testing is available. Causative mutations are identified in only a minority of cases,
and in many cases genetic heterogeneity and clinical variability limit the extent to
which definitive genetic counseling is possible. Clinical evaluation (and even muscle
biopsy) of other family members may identify very mildly affected relatives.

Table 1 Common Clinical Features of the Congenital Myopathies

Facial
weakness Ptosis

External
ophthalmo-

plegia
Respiratory
involvement

Skeletal
deformities

Cardiac
involvement

Nemaline
myopathy

þþþ þþþ � þþþ þþ þ

Central core
disease

þþ þ � þ þþþ þ

Myotubular
myopathy

þþþ þþþ þþþ þþþ þþ �

Centronuclear
myopathy

þþ þþ þþ þþþ þþþ �

Multiminicore
disease

þþþ þ þ þþþ þþþ þþ

Congenital
fiber-type
disproportion

þþ � � þþ þþþ �

Key: þþþ, common association; þþ, occurs occasionally; þ, occurs rarely; �, no reported association.

Table 2 Congenital Myopathies with Identified Gene Loci

Disorder Protein and gene (symbol) Inheritance
Chromosome
localization

Nemaline myopathy Nebulin (NEB) AR 2q 21.2–2q22
Skeletal alpha actin (ACTA1) AR, AD 1q42.1
Alpha tropomyosin (TPM3) AR, AD 1q21–q23
Beta tropomyosin (TPM2) AD 9p13.2
Slow skeletal troponin T (TNNT1) AR 19q13.4

Actin myopathy Skeletal alpha actin (ACTA1) AD 1q42.1
Core-rod myopathy Ryanodine receptor (RYR1) AD 19q13.1

Unidentified AD 15q21–q24
Central core disease Ryanodine receptor (RYR1) AD, AR 19q13.1
Myotubular myopathy Myotubularin (MTM1) X Xq28
Multi-minicore disease Selenoprotein N1 (SEPN1) AR 1p36

Ryanodine receptor (RYR1) AD, AR 19q13.1

Key: AR, autosomal recessive; AD, autosomal dominant.
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MONITORING AND PROSPECTIVE DETECTION OF MEDICAL
COMPLICATIONS

The mainstay of therapy for patients with congenital myopathy is early detection of
disease manifestations and complications. Particularly important to management of
these children are regular monitoring of pulmonary function and sleep, early identi-
fication of cardiac involvement, nutritional care, maintenance of mobility, and
screening for scoliosis (Table 3).

RISK MANAGEMENT

Surgical Procedures and Anesthetic Risks

Malignant hyperthermia (MH) is characterized by uncontrolled hyperthermia in
response to certain anesthetic agents and depolarizing muscle relaxants. Central core
disease and multiminicore disease are the only congenital myopathies clearly asso-
ciated with an increased risk of malignant hyperthermia. Because the diagnosis is
unknown in most patients undergoing muscle biopsy, however, MH precautions
should be taken in all cases prior to definitive diagnosis. The first exposure to trigger-
ing substances elicits an event in only 50% of MH susceptible patients, so previous
tolerance to halothane, succinylcholine, or other depolarizing neuromuscular block-
ade medications does not guarantee safe future use of these agents.

In general, patients with congenital myopathy tolerate surgical procedures and
general anesthetics well, but it should be recognized that they have an enhanced risk
for respiratory decompensation postoperatively. Preoperative assessment of respira-
tory status is important in determining the timing of surgical intervention. Prolonged
postoperative immobility may exacerbate or worsen muscle weakness. Patients
should be mobilized as soon as possible after a surgical procedure.

SYMPTOMATIC THERAPY AND REHABILITATION

Respiratory Care

Respiratory muscle weakness is common to many of the congenital myopathies and
is the primary cause of death from these disorders at all ages. It important to be
aware that the degree of skeletal muscle weakness does not necessarily reflect that
of respiratory muscle involvement. Respiratory compromise occurs secondary to
involvement of the intercostal muscles and diaphragm and may be exacerbated by
scoliosis. Bulbar weakness increases the risk of aspiration, and poor nutritional sta-
tus may increase susceptibility to respiratory infection. Respiratory failure can occur
at any age and may be of very sudden onset. Most patients, even those with no symp-
toms of pulmonary disease, will show restriction of their respiratory capacity on for-
mal testing. Patients with congenital myopathy also run a great risk of insidious
nocturnal hypoventilation, symptoms of which include sleep disturbance, night-
mares, morning headache, daytime fatigue, and weight loss. Nocturnal hypoventila-
tion may occur even in the absence of diurnal symptoms.

All patients with congenital myopathy should have a baseline evaluation of
their respiratory status. Children with a vital capacity of less than 50% of their pre-
dicted value should be evaluated at least annually. Evaluations include lung function
testing (vital capacity, FEV1, and maximal inspiratory and expiratory pressures),
waking and sleep oximetry and capnography, and an assessment of bulbar function.
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Table 3 Management of Patients with Congenital Myopathies

Compromised function Clinical problem
Possible therapeutic
interventions

Skeletal muscle
weakness

Hypotonia Regular exercise

Weakness Stretching, active and passive
Contractures Standing frame

Orthotics=splinting
Serial plaster casting
Enhance mobility with walking
frames or wheelchair

Respiratory muscle
weakness

Reduced vital capacity Breathing exercises
Pneumonia Chest physiotherapy
Aspiration Influenza vaccination
Hypoventilation Aggressive management of acute

infections
Respiratory failure Nocturnal or assisted ventilation

Bulbar muscle weakness Dysarthria Speech therapy
Excessive drooling Anticholinergic medications

Botulinum toxin injection to
salivary glands

Pharyngoplasty, salivary duct
surgery

Cardiac muscle involvement Conduction defects Careful anticipatory monitoring
Cardiomyopathy Cardiac medication
Cor pulmonale

Gastrointestinal function Constipation High fiber diet
Glycerin suppository
Bowel training
Laxatives, enemas

Functional activities Restricted mobility Wheelchair
Restricted access Other mobility aids

Modifications to car
Written communication Assistive technology

Writing assists
School visit and modifications

Developmental delay Formal psychometric assessment
Early intervention services

Scoliosis Careful anticipatory follow up
External bracing
Surgical fusion

Self-care and feeding Nursing assistance
Insufficient sports, leisure, social activities Liaison with school

Hydrotherapy
Contact with special sporting
organizations
Contact with community
disease-specific organizations

Psychiatric disorders Individual or family therapy
Medication

(Continued)
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Postural drainage, regular chest physiotherapy, and a manually assisted cough may
improve respiratory toilet in patients with bulbar weakness, reduced vital capacity,
and recurrent aspiration. Respiratory infections should be treated early and
aggressively, including antibiotics where indicated. Some children will require
short-term assisted ventilation during intercurrent illness. The patient and their
family should be educated with respect to the possibility of ultimate respiratory
insufficiency and options for home mechanical ventilation.

Indications for ventilatory support include CO2 retention (pCO2> 50mmHg),
chronic hypoxia (pO2 < 90mmHg), very restricted vital capacity for size (less than
1L in adults), and recurrent pneumonia. The preferred method of home mechanical
ventilation will depend on the clinical status of the patient, the rate of progression
and the natural history of the underlying disorder, and should be determined in con-
junction with an experienced physician, the patient and their family. Options include
bilevel positive airway pressure (BiPAP) by nasal or facial mask and tracheostomal
ventilation if noninvasive means are not feasible. The institution of home ventilation
may not be appropriate in all cases. Aggressive management is commonly more
appropriate for the older child, for whom assisted ventilation will often result in
marked improvement in quality of life.

Feeding Difficulties

Inability to feed sufficiently to sustain weight and growth, necessitating gavage feed-
ing, is common in newborn infants with congenital myopathy. Many infants will
eventually be able to tolerate oral feeds. In others persisting feeding difficulties even-
tually necessitate insertion of a gastrostomy tube, with or without fundoplication. In
older patients bulbar dysfunction can cause chewing and swallowing difficulties and
recurrent aspiration, and in combination with facial weakness may cause dysarthria
and poor control of secretions.

Table 3 Management of Patients with Congenital Myopathies (Continued )

Compromised function Clinical problem
Possible therapeutic

interventions

Financial distress Disability eligibility
Other community resources

Family planning Genetic counseling
Prenatal diagnosis
Anticipation of potential

obstetric complcations
Enhanced
surgical risk

Malignant hyperthermia
precautions

Preoperative pulmonary
function testing

Anticipatory pulmonary
physiotherapy

Postoperative weaning to
noninvasive ventilation

Employment Anticipatory vocational
assessment and training

Support in the workplace
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Joint Contractures and Scoliosis

A regular program of muscle stretches and exercise helps prevent or minimize joint
contractures in children with congenital myopathy. Ideally, such a program should
become integrated into the child’s day-to-day activities. Orthotics, splinting and
serial casting may be necessary for mild joint contractures. Surgical release may be
indicated for contractures that do not respond to aggressive physiotherapy.

All patients with congenital myopathy should be monitored for the develop-
ment of scoliosis and kyphosis. Progressive spinal deformity can cause pain, impede
motor function and independence, and further compromise respiratory function.
Treatment options include bracing and spinal fusion. Spinal bracing does not cor-
rect, prevent or reverse spinal curvature but may improve sitting stability and is
an option in nonambulatory children. Surgery is indicated if the curve is progressing,
pulmonary function is impaired, and spinal fusion is unlikely to impair motor func-
tion. The most important factors related to the timing of surgery are a persisting
degree of flexibility of the spine and a stable pulmonary forced vital capacity that
is more than 30% predicted value.

PROGNOSIS

Most of the congenital myopathies are static or slowly progressive disorders. Man-
agement of these conditions is predicated on prediction and prevention of disease
complications. Over the next few years, it is likely that genetic loci for the majority
of congenital myopathies will be identified, in the first step towards a better under-
standing of the pathogenesis of these disorders, and the development of curative
rather than symptomatic therapies.
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Therapy for Spinal Muscular Atrophy

Thomas O. Crawford
Johns Hopkins Hospital, Baltimore, Maryland, U.S.A.

INTRODUCTION

Spinal muscular atrophy is a term applied to both a specific and common disorder,
and to a group of related but individually rare disorders. The specific, common dis-
order is also known as childhood spinal muscular atrophy, proximal spinal muscular
atrophy, and historically has been broken up into several subgroups labeled SMA 1
(Werdnig Hoffmann disease), SMA 2 (intermediate childhood SMA), and SMA 3
(Kugelberg Welander disease). All of these labels refer to a recessively inherited
genetic disorder caused by mutation of the survival motor neuron gene, SMN. The
group of disorders collectively known as the spinal muscular atrophies (Table 1) is
diverse in many respects. Some are well characterized genetically by defined muta-
tions in known genes, some are clearly genetic from their inheritance pattern but as
yet involve unknown genes, and others affect single patients in a manner that suggests
a genetic etiology that yet remains unproven. Both the specific SMN-related SMA
and the broad range of SMA disorders share in common certain clinical features
including slow progressive, symmetric and often diffuse weakness caused by degen-
eration of the primary motor neurons. Symmetric dysfunction and degeneration of
spinal and bulbar motor neurons may be a feature of other disorders (Table 2).

SMN-RELATED SMA

Clinical Appearance and Diagnosis

Affected individuals initially manifest weakness over a range of ages beginning pre-
natally to young adult years or possibly later. Infants with the common, and well
recognized, type 1 SMA (Werdnig–Hoffmann disease) typically are normal at birth
but develop weakness of limbs, trunk and neck in the first few months of life. The
arbitrary division of type 1 from type II SMA involves the inability to maintain,
at any point in the course, an independent sitting position. Infants with type I
SMA often have a bright and intelligent appearing face, particularly of the eyes, a
strong diaphragm, and normal tone of the anal sphincter but weakness diffusely else-
where. A ‘‘frog leg’’ recumbent posture with the legs fully externally rotated, knees
and hips partially flexed, arms internally rotated at the shoulder and often extended
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at the elbow is characteristic and strongly suggests the diagnosis. In this form of
SMA tongue ‘‘fasciculations’’ are common, but by itself this is a nonspecific feature
that often leads to diagnostic error. Infants and children with type II SMA typically
manifest weakness at a later age, usually prior to 18 months of age. While able to sit,
they cannot maintain a standing position sufficiently well as to take a step—the arbi-
trary dividing line that distinguishes type 2 from type 3 (Kugelberg Welander) SMA.
Individuals with type 2 or 3 SMA often manifest a characteristic tremor, very fine
and irregular tremor, termed ‘‘minipolymyoclonus,’’ in the fingers when held
outstretched. Those with type 3 SMA may manifest weakness at any time in
childhood or even as young adults—in which case some investigators apply the
term SMA type 4. Weakness is of widely varying severity, but again has the
caudal-to-cranial symmetric distribution.

In infants, the diagnosis can be strongly suggested by the appearance alone. In
some of the more mildly affected, the clinical features are generally less distinctive. If
the clinical suspicion is high, diagnosis is possible with a DNA test alone, looking for
the homozygous absence of the SMN1 gene. Because there is a near-homologous
copy of the SMN1 gene, termed SMN2, absence of the pathogenic SMN1 gene must
be determined by the major distinguishing features within exons 7 and 8, thus the
reports generally describe ‘‘homozygous absence (or deletion) of SMN exon 7 and
8,’’ which is diagnostic. Specificity of the DNA test in this setting is 100%, and spe-
cificity is well over 90% in all cases, and even better in those more severely affected. If

Table 1 Potential Mimics of Spinal Muscular Atrophy

Brain Degenerative disease
Hypotonic cerebral palsy
Congenital Myotonic Dystrophy
Prader Willi syndrome, other genetic disorders

Spinal cord=column Traumaa

Structural disorders: e.g. syringomyelia, tethered corda

Inflammatory or structural vascular disordersa

Tumora

Acute transverse myelitisa

Epidermal abscessa

Monomelic Amyotrophy
Other motor neuron disorders Poliomyelitis syndrome due to Polio Virus, other

enterovirus, or West Nile Virusa

Following severe acute asthma attack (Hopkins
syndrome)

Root Polyradiculitisa

Leukemia=Lymphomaa

Plexus Chronic lumbar or brachial plexitisa

Nerve Progressive axonal polyneuropathy
Multifocal motor neuropathya

Chronic inflammatory demyelinating polyneuropathya

Toxic polyneuropathya

Neuromuscular junction Myasthenia gravisa

Botulisma

Tic paralysisa

Drug induced NM blockade or AChE inhibitora

Muscle Myopathya

a Denotes entities with potential specific therapy.
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the initial clinical suspicion is less striking, nerve conduction and EMG studies can
be very useful to raise clinical suspicion to the threshold necessary for genetic testing.
The major differential diagnoses include various genetic and acquired myopathies,
which should demonstrate myopathic features on EMG, severe neuropathies which
should show either slowing or reduced amplitude motor and sensory responses on
nerve conduction studies, or severe central hypotonia, which will have normal
EMG and NCV studies. Because SMA is a symmetric disorder, a limited study, eval-
uating only a few nerves and muscles is often sufficient to justify DNA studies. If the
DNA studies then obtained are not informative, more extensive testing may then be
carried out. Care in limiting the extent of uncomfortable studies to only that which is
necessary is much appreciated by parents and children alike.

In most cases, muscle biopsy is unnecessary. The sole exception will be those
unusual individuals in whom the SMA gene test is falsely reassuring. In those with
true SMN-related SMA, this occurs when there is a rare point mutation in some
other portion of the SMN 1 gene than that ascertained by the exon 7 and 8 test.
In most such cases, diagnosis will need to be done in centers with access to more
sophisticated genetic testing.

As a recessive disease, the risk to future siblings is 25%. Although SMA exists
across a spectrum of weakness, siblings are usually similarly affected so the older
healthy sibling of all but the mildest affected newly diagnosed patient need not be
concerned. The risk to cousins is equal to 1:2 (the probability that the uncle or aunt
is a carrier)� 1:40 (the average rate of asymptomatic carriers in the normal
population)� 1:4 (recessive risk), or 1:320. Because this involves another allele, how-
ever, affected cousins need not have the same degree of weakness. A high-quality
(though not perfect) test for the carrier state is available: often the cheapest means
of reassuring family member is to test the in-law uncle or aunt since there is a
39=40 chance that the test will demonstrate a noncarrier state and the blood-related
aunt or uncle will then not need to be tested.

Across the range of disease severity, the clinical course for children with SMA
is unusual for a ‘‘degenerative’’ disorder. The rate of degeneration declines with the
passage of time, so that most children enter a very slow ‘‘plateau’’ phase with little or
no change in strength over long durations. For those with SMA 1 this level of
strength may be very low, and by itself insufficient to prevent respiratory failure
due to trivial intercurrent upper respiratory illness or even slowly progressive atelec-
tasis. For those with SMA 2 and SMA 3, the slow rate of change can be complicated
by various secondary complications, which then have the effect of dragging function
down. Many of these secondary complications can be anticipated and prevented.
Thus, fastidious prospective care can have a major influence on function and life
span. In older textbooks, children with SMA 2 are said on average to live to early
school years but with modern supportive care many in this group are now doing well
in high school and beyond.

Special Concerns Regarding Care for Infants with SMA 1

In infants with SMA 1, very complex levels of medical care are mixed with difficult
ethical and resource issues. At issue in many of these most severely affected infants is
the question of treatment goals. While it is virtually always possible to maintain life
with tracheostomy, assisted ventilation and assisted tube feedings, most will never
emerge from a state of complete dependence. For some, even yes=no binary forms
of communication are difficult or impossible. The burdens of care include
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continuous high stress to other family members, limited interest or ability of some
medical communities, very high financial costs borne by private and governmental
third parties and families, and inevitable patient discomforts associated with the high
levels of intervention necessary. For many dedicated and caring parents, these
burdens easily surpass the benefit of extending life in the state of complete or near
complete immobility for their children. As SMA manifests across a continuous
spectrum of severity, and because every family and community will value elements
of burden and benefit differently in making decisions about the goals of care, there
will inevitably be many difficult cases. In recent years, advancements in ‘‘noninva-
sive’’ chronic ventilation have made life somewhat less burdensome for many
patients and their families, increasing the number of very weak infants for whom
a decision to extend life, rather than enter into a program of palliative care, may
be a reasonable choice.

Caring physicians have an important role in identifying the probable conse-
quences of each choice, and to help shoulder the inevitable guilt that accompanies
any choice made. A choice for pure palliative care for infants with type 1 SMA is
extraordinarily difficult for parents. This can be made easier by understanding that
most or all of the discomforts associated with SMA 1 can be effectively minimized.
Referral to hospice services, when available, is often very useful. Many infants
develop difficulty with sucking and swallowing, particularly when during respiratory
illness. In anticipation of this time, it is reasonable to place G tubes prospectively at a
time when anesthesia concerns can be minimized. Local institutions favor endo-
scopic or surgical approaches, and general vs. spinal anesthesia; neither is inherently
better and local experience and comfort of specialists dictate the best approach.
Nissen fundiplication is rarely indicated for patients receiving palliative care. Infants
also tolerate thin flexible NG tubes well, which can be placed for days or a few weeks
at a time in those infants who cannot tolerate G tube placement. Placement of these
artificial means for alimentation do not preclude bottle or even breast feeding for
those infants who are able to do so, but alleviate the difficulties with maintaining
minimum caloric support that frequently develop over time.

Many infants with SMA 1 eventually develop noisy breathing. This is partially
related to an increased risk of aspiration, but is less frequent than might be expected.
Oral suctioning is uncomfortable for the infant; with time parents can learn to dis-
tinguish noisy breathing from distressed states that are relieved with suctioning by a
portable suction machine or bulb syringes. Postural drainage with a small percussive
cup, or vibration, placing the most atelectatic lung segments upward can be helpful.
Glycopyrrolate (Robinul) is difficult to use well; often the benefit of drying secretions
is undermined by increased thickness of secretion that makes the overall situation
worse. Infants often benefit from aerosolized bronchodilator treatments during times
of increased respiratory distress. Many infants with SMA 1 are more comfortable
and breath more slowly and effectively in a Trendelenberg position and on their side
or even prone. This position is advantageous given the relative imbalance between
chest wall weakness and diaphragmatic strength: in the upright position the increase
in thoracic volume created by diaphragmatic contraction is undermined by chest
wall collapse, but in the Trendelenberg position the forces to collapse the chest wall
are diminished.

Finally, the distress of severe dyspnea can be blunted by use of aerosolized nar-
cotics. This includes the risk of suppression of respiratory drive, but in my experience
there is little evidence that delivered in the following manner that induced respiratory
depression is a major concern. Instead, the delivered dose appears to be partially
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adjusted by the diminished respiratory volumes. A dose of 0.5mg morphine or
0.25mg Dilaudid in 2mL normal saline in a 5–10 kg child is appropriate. This is
placed in a standard nebulizer and directed to the mouth and nose with enough air-
flow to last approximately 10min (usually about 6L=m). Repeated dosing is possible
every 30–60min observing for effect and the absence of apparent respiratory depres-
sion. This does not have to be used only in the terminal stages, though I tend to
confine its use to more severe episodes. Parents do not have to be worried that
use of this commits the infant to an immediately terminal course, as I have frequently
had the experience with infants recovering from severe dyspnea to their prior level of
compromised respiratory function.

Care for Children Not in Palliative Care

Those with different levels of weakness due to SMA have varying treatment
concerns. Those with the mildest forms of SMA have chiefly orthopedic problems,
with deformities of feet and spine of paramount concern. With increasing levels of
weakness, respiratory care assumes proportionately greater importance. At all levels
there are nutritional, therapy, and parenting issues to be followed.

The principal orthopedic concern is the spine. In children who sit only with
effort, the development of scoliosis is virtually inevitable; for those stronger it
remains a high risk. The driving force for scoliosis is gravity. In contrast to orthope-
dic scoliosis, children with SMA develop scoliosis with a broad curve that initially
appears slowly, but once established can progress rapidly as the deforming force
of gravity increases with the degree of curvature. Use of a light weight rigid jacket
brace (thoraco-lumbo-sacral orthosis or TLSO) can be very useful to slow the rate
of progression, particularly when begun relatively early in the course. Thus, children
with SMA at risk for scoliosis need to have careful and frequent assessment for the
development of mild degrees of curvature. Unfortunately TLSO braces are uncom-
fortable, expensive, and need to be adjusted frequently, but the alternative of cata-
strophic scoliosis is life threatening or life limiting. The TLSO is fashioned to
maintain supportive pressure on the pelvic rim and must below the axilla (which sup-
ports at about T7) on the concave side and broadly over the trunk on the convex side
of the curve; some looseness of fit can be afforded in the anterior–posterior
dimension to maximize room for thoracic expansion. It should be worn full time
whenever the child is upright; since it is intended to counter the deforming force
of gravity it can be removed when the child is recumbent or in water. The overall
goal of TLSO support is to maintain as straight and flexible a spine a possible for
as long as possible to improve the outcome with operative spinal fusion. This
operation (discussed in Chapter x) is more successful in the long run if done as close
as possible to, or after, the onset of skeletal maturity.

Other orthopedic concerns involve the limbs. Dislocation of the hips is
common in the nonambulatory or limited ambulatory patient. This rarely limits
function more than does the underlying weakness. As surgical ‘‘correction’’ often
increases pain and immobility in the long term, thus operative approaches should
be approached with caution.

Muscle biopsy specimens show sometimes extensive denervation, but the resi-
dual innervated muscle fibers are usually hypertrophied, sometimes to an extraordin-
ary degree exceeding the caliber seen in any other condition, including extremes of
training. Thus, the advisability of strength training is unclear. With use-hypertrophy
the potential for disuse atrophy is enhanced, so that during illness or enforced
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immobility there often appears to be a rapid loss of strength and function. Therapy
should be designed to enhance routine functions, and in general pure strength exer-
cises in the young child do not easily translate into functional changes. Particular
attention to the prevention of hip and knee contractures in the child who requires
long-term wheelchair seating is important to preserve the ability to roll easily in
bed. Particular attention to maintaining the ability for self-transfers is important,
as this is the single most important gross motor task necessary for independent liv-
ing. I am enthusiastic about providing mobility devices relatively early for children
who have restricted range, but restricting their use within the normal perimeter
within which independent mobility is possible. For example, it is reasonable to
acquire a motorized chair for the child who can walk independently within the con-
fines of the house, but use it only for trips outside the house. For those who can walk
around the school, such a chair can be used only for longer trips. The chair is an
important tool to extend range, and is a ‘‘liberator.’’ I am concerned that the expres-
sion ‘‘confined to a wheelchair’’ is internalized by many patients, who reject the assis-
tance that a wheelchair may offer, thus allowing their disease to confine them to an
artificially small world.

Children with severe muscular atrophy are vulnerable to metabolic derange-
ments with intercurrent illness. Potassium losses in diarrheal fluids are not easily
made up from diminished reserves in skeletal muscle beds, and thus symptomatic
hypokalemia may result early. Similarly symptomatic hypoglycemia may result rela-
tively early in catabolic illness because of the absence of substrate from muscle to
fuel gluconeogenesis. Thus, individuals with more severe weakness should be evalu-
ated during intercurrent illness relatively early, and if significant supported with
intravenous fluid, glucose, and solute supplementation.

Parenting a child with SMA is not easy. Because of the unusual slowing of
degeneration, long-term survival into adulthood is a reasonable expectation for all
but the most feeble. Whether independent living will be possible as an adult depends
in large part on two factors: the level of residual power, and the level of self-confi-
dence and independence. These two are only partially related. The natural tendency
of children to grow up and away from their parents, resisted by the natural tendency
of parents to resist the evolving separation, is undermined by the child’s weakness.
Children with SMA should be given as much as possible normal responsibilities,
tasks, and should be expected to accomplish for themselves as much as is physically
possible—even when this is a slow and labored process. Many children with SMA
are very bright and creative; their ability to develop novel solutions to the challenges
of weakness is one of their chief assets that serves well for a lifetime if allowed to
develop.

Specific Therapies for SMN-Related SMA

Because there is a second, partially functioning, copy of the SMN gene in all indivi-
duals with SMA, there is now substantial interest in the development of specific
therapies. This is an area of substantial interest, and the prospect for agents that will
increase SMN2 gene expression appears good. However, no trials evaluating the
potential benefit and burden of such agents have yet been performed.

A pes planus foot, with valgus deformity of the heel, is common. For those with
potential for walking long term, associated foot and ankle pain that arises over time
from this deformity can be limiting. A UCBl (University of California, Berkeley)
brace, supporting the lateral 5th metatarsal distally, medial navicular prominence,
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and lateral calcaneus can be useful but is a finicky brace that is expensive and requires
frequent adjustment during growth years. As a wholly in-shoe orthosis, many insur-
ance companies’ policy for durable medial equipment will not cover this brace. The
goal is to fix only a part of the deformity, just sufficient to counter the forces that pro-
duce additional ligamentous laxity over time.

Respiratory compromise is a persistent concern. For those at the lower end of
respiratory function, the ongoing assistance of pulmonary medicine is essential.
Important concerns include potential compromise of the airway, particularly
at night, and diminished lung expansion leading in the short term to resting hype-
ercarbia and in the long term to underdevelopment of the lung led many to benefit
from night-time noninvasive ventilatory assistance with (Bi-level positive airway
pressure) (BiPAP) device fitted through a mask. Many toddlers develop symptomatic
night airway obstruction from normal amounts of developmental tonsilar and
adenoidal hyperplasia that is relieved with surgery. Aggressive treatment of lower
tract disease with bronchodilators, antibiotics, and percussive pulmonary therapy
is warranted.

Prospective respiratory care includes immunization with pneumoccal conjugate
vaccine, as indicated for persons with high risk, at all ages. Use of the 25 valent
Pneuovax every 5 years is also appropriate.

OTHER SPINAL MUSCULAR ATROPHY SYNDROMES

The spinal muscular atrophy label has been applied to a number of other genetic or
presumably genetic conditions (Table 2). Many of these non-SMN SMA disorders
are identified by the specific regions of weakness and family history. Unfortunately,
with the exception of two disorders, the diagnosis by semiologic characteristics alone
in isolated cases is insufficiently specific to be useful in genetic counseling. It can be
expected that an increasing number of specific genes and gene tests will be found and
developed soon. With these findings comes the potential for specific diagnosis,
improved prognosis, and perhaps specific therapy.

X-linked spinobulbar atrophy, also known as Kennedy’s syndrome, is the first
of these two specific non-SMN SMA disorders. This affects men mostly as adults,
but sometimes manifests in boys during school years. Early symptoms and signs
include diffuse cramping and myalgia, fasciculations, and gynecomastia. The CK
is often modestly elevated. Diagnosis is furthered by the electrophysiologic evidence
of denervation and confirmed by genetic testing of the androgen receptor gene. The
second disorder, spinal muscular atrophy with respiratory distress, or SMARD, gen-
erally affects infants postnatally with progressive foot deformity and diffuse weak-
ness, especially involving the diaphragm. In contrast to babies with SMA 1,
affected infants thus have prominent chest expansion with descent of the abdomen
during inspiration. Testing for missense mutations within the causative IGHMBP2
gene is likely to be commercially available soon.

An infantile form of spinal muscular atrophy, often associated with arthrogry-
posis, has been linked to the X chromosome and exclusively affects males. Without
an X-linked family history there is presently no means of making this diagnosis,
though prospect for successful conclusion to the search for the causative gene is
good. This is similar to the other named forms of spinal muscular atrophy, for which
a positive family history is necessary to make the diagnosis.
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Therapy for Neuromuscular
Junction Disorders

Thomas O. Crawford
Johns Hopkins Hospital, Baltimore, Maryland, U.S.A.

INTRODUCTION

The neuromuscular junction (NMJ) is the remarkable structure at the interface of
the motor axon and its innervated muscle fiber that is responsible for neuromuscular
transmission. It is a synapse, but a highly specialized synapse because of its both cri-
tical and unique physiologic task. The NMJ is designed to transfer the motor axon
potential to a muscle fiber action potential with 100% fidelity. In this respect, it is
unlike all other synapses in the brain where various excitatory and inhibitory influ-
ences engage in a competition with one another to influence postsynaptic firing. That
the NMJ normally functions without failure is remarkable given the size difference:
the terminal motor axon within the synapse is tiny and the innervated muscle fiber is
massive. The infusion current required in order to bring the muscle cell membrane to
its depolarization threshold is correspondingly large. Neuromuscular transmission is
critical to viability: it is not an accident that the various steps in the process of
neuromuscular transmission are the biologic target of choice for evolved toxins
injected by many different predators, or that a wide array of rare genetic and
acquired disorders of the neuromuscular junction manifest with obvious and often
life-threatening symptoms. The complexity of neuromuscular transmission, and
the early and obvious manifestation of its dysfunction, is expressed in the array of
disorders that affect children. Fortunately, the sophistication of diagnosis rivals that
in any other area of molecular, genetic, immunologic, or physiologic branch of
neuroscience, and many of the various disorders of neuromuscular transmission
are associated with specific and successful treatment.

The process of neuromuscular transmission involves a series of physiologic
steps. First, arrival of a sodium channel-mediated conducted action potential to
the terminal motor axon opens voltage-gated calcium channels on the presynaptic
surface. The influx of calcium triggers a series of proteins to bind and fuse acetylcho-
line (ACh) containing vesicles to the inner presynaptic membrane, releasing their
contents into the synaptic cleft. The ACh then diffuses across the 70 mm space of
the synapse, through a loose basal lamina, to bind reversibly to acetylcholine recep-
tors (AChR) on the surface of the muscle cell. This in turn opens a cation channel,
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permitting the in rush of sodium ion. The membrane depolarization produced by
release of a single presynaptic vesicle of ACh into the synaptic cleft is in the range
of 1mV. With each motor axon action potential, approximately 100 vesicles are
released, resulting in a summed muscle depolarization of approximately 40mV, more
than enough to meet the 10–20mV threshold necessary to open adjacent voltage-
gated sodium channels surrounding the NMJ. The process of neuromuscular trans-
mission is enhanced by the presence of multiple pleated folds in the postsynaptic
muscle membrane that are densely lined with voltage-gated sodium channels.
Depolarization of the voltage-gated sodium channels within each of these electrically
isolated folds acts as an amplifier, multiplying the current influx and membrane
potential difference within the region of the junction. Small cation currents at the
AChR thus lead to substantial currents around theNMJ, sufficient to trigger an action
potential across the muscle fiber surface that leads to muscle cell contraction through
an equally remarkable downstream series of steps. The excess of current beyond that
necessary to trigger the muscle cell action potential is called the safety factor.

In one way or another, all symptomatic disorders of neuromuscular junction
ultimately act by diminishing the safety factor. The result is that some, or many,
of the conducted motor action potentials fail to trigger a muscle fiber action poten-
tial, and the muscle fiber fails to contract. This can be by disturbing any step of the
process, from decreasing the number of ACh molecules per vesicle, decreasing the
number of vesicles that fuse with each motor axon potential, abnormal ACh binding
or the associated binding of cation channels, diminished amplification by simplifica-
tion of the postjunctional clefts, or diminished acetylcholinesterase activity. Infants
tend to have less of a physiologic safety factor compared to older children and
adults. Junctional failure at a single synapse is an all-or-nothing process, but at
the level of the motor neuron it is graded, as some muscle fibers may fail to contract
while others respond normally. The specifics of physiologic testing for neuromuscu-
lar junction failure are complex and beyond the scope of this chapter, but excellent
reviews exist. General features of enhancing the diagnosis of specific disorders of
neuromuscular disorders in children are discussed below.

SPECIFIC DISORDERS

Autoimmune Myasthenia Gravis

Autoimmune myasthenia gravis (MG) is by far the single most common disorder of
the NMJ in children. This disorder is more common in adults, but can affect children
as early as late infancy. In children, the general incidence correlates with age; MG is
rarest in the youngest. It tends to affect orbital and bulbar-innervated muscles more
than appendicular muscles, but there is wide individual variation. The clinical hall-
mark of MG is fatigue. Muscle power may be normal after a period of rest, but with
repeated activation available power drops quickly. Both the intensity and the course
of MG are highly variable. The MG can manifest over a range from trivial to cata-
strophic; the course can be stable and predictable or extraordinarily capricious. In
general, the severity and course of any one individual with MG will declare itself
relatively early in the course. For example, more than half of affected children have
symptomatic weakness restricted to orbital muscles; if early eye muscle involvement
does not spread more widely for 6 months it is unlikely to do so thereafter. Similarly,
the tendency for minor intercurrent illness to trigger a sudden exacerbation that
requires urgent medical intervention usually manifests within the first year.
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Diagnosis

The diagnosis of MG is sometimes simple, sometimes extraordinarily difficult.
Fortunately, however, the general difficulty of establishing a definitive diagnosis is
inversely related to the need for that diagnosis. In those with severe illness the diag-
nosis is usually straightforward, while the diagnosis in those with subtle transient
symptoms may never be established with certainty. Clinical suspicion of MG should
be increased whenever weakness is variable from time to time or with fatiguing
effort. A frequent clinical test is to examine for decreasing range of extraocular
mobility or ptosis with sustained up gaze. Another test is to look for early fatigue
while sustaining a horizontal anteverted posture of the arms. In addition, four lines
of evidence can contribute to the diagnosis:

� A positive test for antibodies against the acetylcholine receptor (anti-AChR
antibodies) has the best predictive value of any single test. Unfortunately,
anti-AChR antibodies are less often found in children than adults with
MG, and much less often found in those with weakness restricted to the
orbital muscles. In the practice of pediatrics, the antibody test thus often
operates as does a ‘‘one way ratchet’’—useful if positive but not if negative.

� Electrodiagnostic testing, demonstrating a characteristic decremental
response of muscle action potential amplitude—generally considered as
anything greater than 10–15%—decreases from the first to the fourth or
fifth response at 2–5Hz stimulation, can be very useful, particularly if it
can be shown to improve following rest or anticholinesterase treatment.
Unfortunately this is an insensitive test, particularly in children and when
weakness is transient. It is absolutely necessary to obtain a stable baseline
and repeated testing, which are difficult to obtain in a less than fully
cooperative child. When done poorly, false interpretation of testing to be
abnormal is a risk. Sedating the child will improve the sensitivity of the test
somewhat and substantially improve test specificity, but sedation of the
child with enhanced potential for bulbar muscle weakness must be done
in a controlled environment and carefully followed, increasing the morbidity
and emotional and financial costs of the test. Very specialized electrodiag-
nostic testing with a stimulated single fiber technique, looking for abnormal
jitter and block, is occasionally useful.

� Evaluation of the clinical response to short-term anticholinesterase inhibi-
tor medications can be very useful, but care must be taken to insure a qual-
ity test. To be useful as a test for mysathenia, the child must manifest partial
and easily testable weakness in a muscle at the time of treatment. A positive
test is one where dramatic improvement can be demonstrated within
seconds of infusion and the improvement then lapses back to baseline over
a period of minutes. Because edriphonium clearly produces autonomic
symptoms, care must be taken not to interpret as positive responses that
could be attributable more simply to vigorous stimulation—such as the
resolution of ptosis in a sleepy infant.

� In very subtle cases of transient symptoms—such as in children with vari-
able ptosis, the sensitivity of each of the above methods may be limited.
Use of a randomized paired on=off trial testing standard oral anticholines-
terase medications with a blinded observer can be useful in some such cir-
cumstances. One parent can give the medication, while the other is
instructed to score whether or not the symptom of concern is improved.
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The MG is more likely if the observer reliably identifies the medication day
correctly in multiple medication=no medication paired trials, each arm of a
trial assigned to a separate day. The observer should also be asked to iden-
tify what were the most distinctive features—with post hoc reporting of
observed anticholinergic features diminishing the power of the test.

Treatment

Treatment for children with confirmed MG should be tailored to clinical need. The
range of required therapy is vast, with some requiring no therapy and some necessi-
tating substantial intervention and tolerance for its associated morbidity (Table 1).
Therapeutic modalities include short-term treatment of symptoms with acetylcholi-
nesterase inhibiting agents, intermediate term treatment of the antibody response
with plasmapheresis and IVIG, and long-term modifiers of the disorder with corti-
costeroids, other immunosuppressives, and thymectomy.

Oral acetylcholinesterase inhibitor therapy with pyridostigminine bromide can
minimize weakness transiently. The onset of action is rapid, and duration of action
is approximately 3–4 hr. Dosage can be increased slowly, titrating for benefit and the
absence of side effects, usually abdominal cramping and diarrhea. The standard dose
for children is xx. Too high a dose may increase weakness, so the dose should not be
increased too rapidly. Dosing is best at 4 hr intervals, with 3, 4, or 5 doses daily with
meals to minimize GI side effects. If the child wakes strong, night-time dosing is
unnecessary. An extended form is available for those who have symptoms in the
morning before taking their dose. This come at only 180mg doses, however, which
is generally useful for the adult or child taking 60mg or more with each dose. Use of
the timespan form of pyridostigmine other than at night is contraindicated because
of wide variation in daytime absorption and elimination pharmacokinetics. Intrave-
nous neostigmine by continuous infusion can be substituted for oral mestinon in an
ICU setting during crises, to tailor dosage and effect, and when oral medications
cannot be tolerated. The dose equivalence is 1mg neostigmine ¼ 60mg pyridostigi-
mine; thus, an individual receiving 60mg pyridostigmine every 4 hr should have
approximately equal response to 0.25mg hourly (i.e., 60mg=4 hr=60). Generally
the initial dose is less than this, with escallation to the equivalent dose over a period
of hours depending upon response.

Table 1 Treatments for MG

Rapid diagnostic AChE inhibition i.v. edrophonium (Tensilon)
Rapid diagnostic=sustained
therapeutic in ICU

i.v. or i.m. neostigmine
(Prostigmin)

Rapid therapeutic p.o. pyridostigmine bromide
(Mestinon)

Rapid therapeutic p.o. ephedrine
Short term (days) Immunomodulation Plasmapheresis
Short term (days) IVIg
Long term (weeks) Immunomodulation corticosteroids
Long term (months) Immunomodulation Azathioprine (Imuran)
Long term (months) Cyclosporine (Sandimmune)
Long term (months) Mycophenolate mofetil (CellCept)
Long term (months) Immunomodulation Thymectomy
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Ephedrine has been reported to help in some cases of MG, probably as a result
of presynaptic adrenergic receptors that may increase calcium influx and the number
of quanta released with each depolarization. At best the effect is modest, however.
This, rapid drug tolerance, and withdrawal of ephedrine from the United States over
the counter market all decrease interest in this form of therapy. Anecdotal reports of
improvement in weakness following treatment with pseudoephedrine or other
over-the-counter cold preparations may be partially explained by this mechanism,
however, no dosing recommendations are available.

Thymectomy was first offered for patients in whom MG coexisted with
thymoma. The observation that patients’ myasthenic symptoms improved led to ever
decreasing threshold for the diagnosis of thymoma. Thymectomy has, without benefit
of a controlled trial, become generally accepted as an effective long-term therapy
based upon the perception among experienced clinicians that there is an associated
diminished need for immunosuppressive therapy. This, plus the occurrence of cases
of dramatic change in the clinical course of myasthenia following thymectomy
further fuel the enthusiasm for its use. An accepted and accepted without contro-
versy about the relative efficacy and safety of thymectomy nonetheless persist
around the edges. For example, the minimum severity of myasthenic symptoms
necessary to justify operative thymectomy, the minimum and maximum ages for
which the relative benefits outweigh the risks, and the effect of duration of
myasthenia prior to thymectomy on the efficacy of thymectomy remain controver-
sial in the absence of data. Of importance to children is that no abnormality of
immune function appears to be seen in patients who have had thymectomy even
in early school years. On the other hand, spontaneous remissions of myasthenic
symptoms may be more common among affected children, making the interpreta-
tion of improvement in any one child more difficult to interpret.

Fastidious preoperative preparation for thymectomy is an essential element of
its success. Reduction of the severity of symptoms with preoperative plasmapheresis
can substantially increase respiratory function and reserve, diminishing perioperative
respiratory insufficiency. Establishment of the dose for optimum anticholineresterase
inhibition with continuous neostigmine infusions preoperatively can improve
respiratory function in a steady state postoperatively. Fastidious treatment of infec-
tion and other catabolic stresses is equally important.

Corticosteroid treatment is the mainstay for long-term therapy of children with
symptomatic generalized myasthenia. Initiation of corticosteroid therapy may be
associated with transient worsening, so that patients with incipient respiratory com-
promise should be watched in the hospital. In those who have not experienced wor-
sening with the initiation of steroids, treatment with high-dose pulse IV
methylprednisolone may be beneficial. Patients receiving chronic prednisone should
have weaning dosing adjustments slowly, because the tendency for relapse can build
over time and rapid weaning frequently tends to lead to the need for a significant
increase in dosage—hence increasing disease morbidity. In those patients with new
onset generalized myasthenia in whom thymectomy is anticipated, it is better if pos-
sible to withhold corticosteroid therapy until after surgery, given its impact on peri-
operative infection risk and wound healing.

IVIG has been associated with short-term improvement of myasthenic
weakness. Onset of action is over days, and duration of expected benefit generally
measures in weeks. Though expensive, it can be useful to tide over difficult patients
until other immunosuppressives can begin to have an effect, and may be useful for
the care of patients in crisis when plasmapheresis is not an option.

Therapy for Neuromuscular Junction Disorders 205



Plasmapheresis is the most consistent means for improving myasthenic weak-
ness in the short term. The duration of benefit extends from a week or two to longer
periods. The amount of benefit is related to the number and extent of exchanges.
Pheresis can be useful to prepare a patient for surgery, or in response to a myasthenic
crisis. Longer term therapy is limited by the expense and morbidity associated with
large caliber catheters necessary for the exchange. The risk associated with these
catheters increases substantially with the smaller size of young children.

Other immunosuppressive medications can clearly be useful in the treatment of
myasthenia. Because these agents will be needed for years, however, there are real
concerns about potentiating later malignancy and other serious side effects. The
most common treatment is with azathioprine (Imuran), which is generally best used
as a steroid sparing agent after attempts to slowly withdraw daily prednisone is met
with disease worsening, or when daily steroid therapy is helpful but not sufficient to
maintain sufficient control of symptoms. New to the treatment of myasthenia is the
use of mycophenolate mofetil (CellCept), which has shown promise in the treatment
of adults with myasthenia.

Passive Transfer Myasthenia (Neonatal MG)

Infants born to a mother with autoimmune MG are at risk for developing weakness
that may be more dramatic than that seen in the mother due to the passive transfer
of AChR antibodies into the baby. This is a transient disorder, which will improve as
the infant replaces this acquired immunoglobulin with that synthesized endogen-
ously. Most affected infants are only mildly weak, manifesting with ptosis or dimin-
ished feeding. Treatment is usually not necessary, but use of acetylcholinesterase
inhibitors would generally be the mainstay if necessary.

A rare disorder, caused by maternal antibody directed exclusively against a
fetal isoform of the AChR, manifests with fetal akinesia that manifests after birth
with lethal weakness and arthrogryposis. Once this antibody develops, subsequent
pregnancies would be expected to have similar difficulty. Treatment with maternal
plasmapheresis throughout pregnancy was shown in one case to result in a normal
infant after a series of 4 affected infants with lethal weakness and deformity.

Genetic (Congenital) Myasthenia Syndromes (CMS)

An array of different genetic defects (Table 2) have been described that lead to fail-
ure of neuromuscular transmission. Like autoimmune MG, these can have widely
varying presentation and course. The possibility of a CMS should be considered
in any child with a fatiguable neuromuscular disorder, or unexplained static weak-
ness with prominent bulbar, facial, and extraocular signs and symptoms, that is long
standing. No AChR antibody titer should be detected in those with a CMS. Diagno-
sis with careful electrophysiologic studies, sometimes with stimulated single fiber
EMG, or with in vitro studies of neuromuscular transmission, in tertiary centers with
special interest in the CMS disorders may be necessary. A ‘‘double hump’’ CMAP
response to single shocks of the innervating motor nerve in multiple different
nerve–muscle combinations suggests a disorder with increased, rather than
decreased, neuromuscular conductance, generally caused by either abnormally sus-
tained open channel time of the acetylcholine receptor-gated sodium channel, or
abnormality of the junctional acetylcholineresterase. Genetic testing for the CMS
is likely to become increasingly important in the diagnosis.
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One important form of CMS requires additional suspicion and additional spe-
cial testing to diagnosis. Congenital myasthenic syndrome with episodic apnea, due to
mutation of choline acteyltransferase, is the manifestation of a disorder in which sus-
tained depolarization, either due to fever, illness, prolonged work (as with crying)
leads to decreasing concentration of ACh within individual quanta. The disorder pre-
sents with intermittent and sometimes severe respiratory failure precipitated by infec-
tion. Conventional repetitive nerve conduction studies are normal. During healthy
times, sustained stimulation at 10Hz for 5–10min is necessary to demonstrate a decre-
mental response. This will obviously require anesthesia to perform, and hence diagno-
sis requires vigilance and a high degree of suspicion on the part of caring physicians.

Unlike autoimmune MG, therapies directed toward an immune pathogenesis
will have no effect. The mainstay of pharmacologic therapy is oral pyridostigmine,
with occasional patients also benefitting from ephedrine. Much attention should
be directed to safety concerns in the newly diagnosed baby or toddler with a
CMS, since some patients develop unexpected airway and respiratory compromise
swiftly in times of new upper respiratory infections or other intercurrent illness.

Infant Botulism

Enteric colonization with toxin-forming Clostridium botulinum species is responsible
for nonepidemic acquired weakness in babies, chiefly in the first 6 months of life,
nationwide. Affected infants are often breast fed in transition to formula feeds,
and have a history of constipation prior to the onset of weakness. Weakness of bul-
bar and extraocular muscles often precedes appendicular weakness, leading to a soft
cry, diminished oral intake, and ptotic, impassive face. If present, pupilary dilation

Table 2 Selected CMS Syndromes

Location Name (defect)
Inheritance
pattern Features

Presynaptic Congenital myasthenic
syndrome with episodic
apnea: (choline acety-
ltransferase, CHAT)

AR Severe respiratory
and bulbar weakness with
illness, onset in infancy

Synaptic Acetylcholinesterase
deficiency

AR Onset infancy to childhood.
Worsens or nonresponsive
to AChE inhibitors.
‘‘Double hump’’ CMAP
response to single shock
of motor nerve

Postsynaptic Slow channel
(AChR subunits
8, 9, or ,)

AD Highly variable onset age,
nonresponsive to AChE
inhibitors. ‘‘Double hump’’
CMAP response to single
shock of motor nerve may
respond to Quinidine sulfate

AChR deficiency
(any AChR
subunit, most
common)

AR Most common form of CMS.
Highly variable phenotype
responds to AChE inhibitors
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and sluggish responsiveness to light is a significant physical sign. The most important
factor to prognosis is an enhanced diagnostic suspicion: the most dangerous time for
airway and vital support is before the diagnosis is made. Sedation for radiologic pro-
cedures, or prolonged trunk flexion for a diagnostic lumbar puncture, can be of spe-
cial risk. Immediate diagnosis can be suggested by electrophysiologic testing.
Analysis of the toxin from stool specimens is definitive.

Once the diagnosis is made, the mainstay of therapy is careful supportive care.
The prognosis for full return of muscle power is excellent, although the course may be
prolonged. Intubation for airway and respiratory muscle support should be instituted
early when the course is clearly progressive. Although endotrachial intubation is fre-
quently prolonged, side effects such as subglottic stenosis is rare as long as uncuffed
tubes with some leak are used; immobility of the infant likely reduces physical irrita-
tion of the tube against the trachial lining. Relapses of respiratory failure after wean-
ing have been reported; prolonging the period of careful observation after successful
weaning of support is prudent. Although the infant is frequently constipated at the
outset, re-initiation of feeds by gavage is usually successful and important to sus-
tained health during the period of immobility. Tachyarrhythmias and other auto-
nomic abnormalities are generally mild and respond best to conservative treatment.
In the first days after intubation some infants manifest low serum sodium levels likely
due to an acquired syndrome of inappropriate antidiuritic hormone excess; this can
be treated with volume restriction and rarely persists for more than a few days.(3).

Human-derived botulinum immune globulin (BIG) was recently licensed for
treatment of infant botulism due to botulinum toxins A and B, these two being
responsible for the vast majority of cases. It has been shown to reduce the time of
hospitalization and duration of requirement for assisted ventilation. Its effectiveness
is highly related to speed of administration, so that with high probability cases
treatment should be initiated before toxicologic confirmation. Information about
obtaining human-derived BIG is available at www.infantbotulism.org.
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Table 3 Complications of Infant Botulism

Complication Treatment
Hypoventilation=respiratory failure Assisted ventilation
Constipation=malnutrition Increasing rate of gavage feeds
Low serum Naþ, SIADH Transient fluid restriction
Autonomic instability Monitoring, minimal symptomatic treatments
Family and social stresses
with extended hospital stay

Encourage long-term planning for family
visitation and social work consultation
beginning at time of diagnosis; contact
with other families previously affected
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The muscular dystrophies represent a group of slowly progressive inherited diseases
that usually have a very specific pattern of muscle wasting and weakness. Because of
better physical therapy, surgical, and ventilatory techniques, the lifespan of those
patiets with these often progressive illnesses has grown in the last 50 years. With a
few notable exceptions, however, current therapy for muscular dystrophies remains
largely supportive and rarely targeted. Because of major advances in the diagnosis
and treatment ofDuchenne dystrophy, this chapter will focus primarily on this dystro-
phinopathy. Briefer sections, as well as information contained in Table 1 address sys-
temic treatment of some of the other muscular dystrophies that occur in childhood.

DUCHENNE DYSTROPHY

Duchenne dystrophy is a slowly progressive muscle-wasting disease marked by
symptoms that develop before age 5. Early in its course, Duchenne dystrophy affects
the proximal hip and shoulder girdle muscles as well as the anterior neck and abdom-
inal muscles. The pathology is caused by absence or extreme deficiency of a large
cytoskeletal protein, dystrophin, encoded in the Xp21 region. This protein attaches
to the inner surface of the muscle fiber membrane as a part of a complex of glyco-
proteins. Dystrophin also is part of the inner membrane structure of smooth and
cardiac muscle and of certain cells in the central nervous system and in specialized
connective tissues, such as the myotendinous junctions. This distribution of dystro-
phin corresponds closely to those tissues with major damage in Duchenne dystrophy.

Duchenne dystrophy typically manifests between 2 and 4 years of age. Parents
notice weakness of forward head flexion that persists beyond infancy, accompanied
by slowed motor development. Patients have difficulty keeping up with their peers,
both physically and sometimes cognitively. Diagnosis hinges on careful history
and physical, as well as laboratory testing (i.e., serum creatine kinase levels, leuko-
cyte DNA testing for the Duchenne dystrophy mutation), occasionally electro-
diagnostic testing, and in situations in which DNA testing is not informative in
obtaining a muscle biopsy. Muscle biopsy also helps distinguish many of the recently
described autosomal dominant and autosomal recessive forms of limb girdle
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Table 1 Muscular Dystrophies in Childhood: Complications and Treatment

Duchenne

dystrophy

Becker

dystrophy Myotonic dystrophy

Limb girdle

muscular

dystrophy

Faciosc

dystrop

Muscle

weakness

Treatment with

prednisone slows or

stabilizes muscle

strength; lightweight

long-leg bracing

maintains ambulation

in later stages

No controlled

studies of prednisone

treatment; bracing is

helpful in late stages

No specific therapy;

braces for foot drop;

children usually can

participate in gym in

school

No specific therapy;

braces for foot drop;

children usually can

participate in gym in

school

No spe

patients

lifting w

extende

braces a

needed

Respiratory

problems

Forced vital capacity

is monitored (in later

stages, atelectatic

pneumonitis is

common); colds are

treated aggressively; if

signs of respiratory

failure develop,

nasal=oral ventilation

should be considered

Uncommon until late

stages; management then

is as with Duchenne

dystrophy

For congenital cases,

ventilary care often is

needed; the prognosis for

survival is very

poor if the patient is

ventilator dependent > 4

weeks; other management

is as for Duchenne

dystrophy

Uncommon until late

stages; management

then is as with

Duchenne dystrophy

Uncomm

Cardiac

problems

Occasionally cardio-

myopathy leads to

congestive heart

failure—afterload-

reducing therapy often

helps; the role of

digoxin is uncertain;

patient should be

monitored for intra-

cardiac clots

Occasionally, severe

cardiomyopathy develops;

treatment is the same as

for Duchenne dystrophy

Occasionally, tachy-

arrhythmias or heart

block develop in

childhood forms, and

pace maker treatment

is indicated

Occasionally, severe

cardiomyopathy

develops; treatment is

the same as for

Duchenne dystrophy

Uncomm

Orthopedic

problems

Achilles tendon

contractures respond to

stretching in early

stages, later tendon

release surgery often is

necessary; contractures

at the hips, knees,

elbows, and wrists

usually develop after

the patient becomes

wheelchair bound;

scoliosis often develops

when patients stop

ambulating, and spinal

stabilization surgery

helps maintain use of

the arms and preserves

pulmonary reserve

Uncommon; contractures

are much less common

than in Duchenne

dystrophy

Talipes deformity

requires treatment

with stretching and

orthotic support;

occasionally surgery

is necessary

Uncommon;

contractures are much

less common than in

Duchenne dystrophy

Occasio

effusion

pain dev

to weak

conserv

measure

in late s

surgeon

good re

procedu

the scap

uncomm

Nervous

system

symptoms

Increased incidence of

cognitive and

behavioral problems;

some patients improve

with small doses of

methyl-phenidate

Uncommon Mental retardation is

common, especially in

congenital cases, and

special classroom care is

needed; hearing deficits

are common and may

require hearing aids;

facial weakness,

dysarthria, and hearing

problems exaggerate the

impression of mental

retardation

Uncommon Uncomm

cases, th

form of

occurs i

with hea

and=or
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rdle

ar

hy

Facioscapulohumeral

dystrophy

Fukuyama-type

congenital muscular

dystrophy

Congenital muscular

dystrophy: primary

deficiency of merosin

Emery–Dreifuss

muscular dystrophy

cific therapy;

or foot drop;

usually can

ate in gym in

No specific treatment;

patients should avoid

lifting with arms fully

extended and abducted;

braces are sometimes

needed

No specific treatment;

bracing and physical

therapy are useful in

some patients

Same as Fukuyoma-

type congenital

muscular atrophy

No specific treatment;

skeletal muscle

weakness often is

relatively mild

compared with cardiac

problems and does not

limit function

mon until late

management

as with

ne dystrophy

Uncommon As with Duchenne

dystrophy; patients

often succomb to

respiratory failure late

in childhood or in early

teens

Same as Fukuyoma-

type congenital

muscular atrophy

Mild other than

symptoms related to

cardiac dysfunction

nally, severe

myopathy

s; treatment is

e as for

ne dystrophy

Uncommon Uncommon Uncommon Frequent cardiac

conduction defects;

atrial paralysis, cardiac

arrest, and sudden

death are common;

pacemaker treatment

and preventive therapy

for cardiac emboli often

are necessary

mon;

tures are much

mmon than in

ne dystrophy

Occasionally, knee

effusion and low back

pain develop secondary

to weakness;

conservative care

measures are effective;

in late stages some

surgeons have reported

good results with

procedures to stabilize

the scapula; surgery is

uncommon

Contractures develop

in 70% of patients by 3

months of age at the

ankles, knees, and hips

Contractures,

especially feet

and hips

Contractures, especially

in the elbows and

ankles, occur early and

respond somewhat to

physical therapy;

surgical release of

achilles tendon may be

necessary; some

patients develop a rigid

spine syndrome, for

which there is no

effective therapy

mon Uncommon; in rare

cases, the infant onset

form of the disease

occurs in association

with hearing loss

and=or retinal disease

Generalized or focal

seizures occur in most

patients; anticonvulsant

therapy is necessary;

mental retardation is

common; most patients

have microcephaly,as

well as polymicrogyria,

pachygyria, and

heterotopias, in the

brain on postmortem

examination

Mental retardation

common; MR of head

shows increased signal

from white matter on

T2 weighted images;

occipital agyria

Due only to stroke from

heart block or cardiac

emboli
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muscular dystrophy (LGMD) that sometimes have a close clinical similarity to
Duchenne dystrophy.

Treatment

The overall goals in managing patients who have Duchenne dystrophy are to main-
tain ambulation for as long as possible, to optimize the development of the patient’s
cognitive abilities, and to anticipate the occurrence of complications, such as exces-
sive weight gain, joint contractures (especially of the Achilles tendons), respiratory
insufficiency, scoliosis, gastrointestinal hypomotility, and occasionally cardiomyopa-
thy. Table 1 summarizes the principal problems and treatment options. The patient
and his family need to work closely with the physicians, schoolteachers, physical
educators, and physical and occupational therapists to develop an individualized
care plan for each stage of Duchenne dystrophy. Early in the illness the patient
usually can play with his peers in most activities, but by the first or second grade
some adaptation of physical education requirements becomes necessary.

Orthopedic Concerns

The natural history of Duchenne dystrophy predicts that the patient will become
wheelchair bound between 10 and 12 years of age. Often, lightweight long-leg bra-
cing is helpful at this stage to prolong weight bearing and ambulation, both of which
delay the development of joint contractures and scoliosis. Contractures and scoliosis
develop primarily after the patient becomes wheelchair bound. They do not appear
at a specific age but depend largely on the functional ability of the patient. Once con-
tractures begin to develop, usually at the ankles and elbows (flexion and pronation),
it is important to obtain physical therapy (PT) and occupational therapy (OT)
consultations. Once significant heel cord contractures develop, it also is useful to
obtain an orthopedic consultation. The orthopedist can help guide the timing of
the use of long-leg bracing and can discuss the possible need for surgery to lengthen
the Achilles tendons.

Scoliosis develops in the middle (wheelchair dependent) and late (respiratory
insufficiency) stages of Duchenne dystrophy. Orthopedic consultation and serial
follow-up to monitor contractures and degree of spinal curvature are part of
optimal care. Most spine surgeons recommend preventive stabilization surgery in
Duchenne dystrophy once the patient is nonambulatory and clearly progressive
curvature exceeds 20 degrees. Other surgical approaches, such as more limited
spinal surgery with lumbar fixation at L5, are also undergoing evaluation. Prior
to spinal stabilization surgery and prior to any major surgery in patients with
Duchenne dystrophy, it is necessary for the neurologist and primary care physician
to obtain what will likely be ongoing consultative assistance from pulmonary
medicine and cardiology.

Treatment of Systematic Complications

An involved pediatrician is critical in the early, middle, and late stages of Duchenne
dystrophy. Minor medical problems can sometimes provoke major complications. In
the later stages, a mild cold may lead to atelectatic pneumonitis and acute respiratory
insufficiency. Even chronic constipation can produce respiratory compromise in the
later stages of Duchenne dystrophy due to abdominal distention and upward pres-
sure on the diaphragm. Respiratory insufficiency is common in the late stages of
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Duchenne dystrophy. Forced vital capacity declines, usually into the range of
600–1000mL. Recent reports describe the management options, which include nasal
ventilation rather than positive pressure ventilation via tracheostomy. Considerable
discussion is necessary to educate the patient and his family at this stage and to help
to decide which options are most appropriate for them. Often neuromuscular physi-
cians and nurses are the individuals who educate the family, and the roles of the
pediatric pulmonologist and pediatrician have to be tailored to each medical care set-
ting. The function of other organ systems may be compromised later in the course of
Duchenne dystrophy, either as a direct consequence of the absence of dystrophin
within vascular and gastrointestinal smooth muscle, within cardiac muscle, or as a
downstream consequence of reduced skeletal muscle mass. Acute gastric dilation is
one such infrequent complication in the late stages of Duchenne dystrophy. This
typically occurs in association with an idiopathic metabolic acidosis and responds
rapidly to nasogastric tube decompression of the stomach and intravenous hydra-
tion. Caution must be used with intravenous repletion of potassium because in the
late stages of the disease the muscle mass of the patient is considerably diminished
and is not available to buffer an acute rise of extracellular potassium. Chronic intest-
inal hypomotility (constipation) is also a recognized problem. Good hydration, a
balanced dietary intake, and regular bowel habits are the mainstays of treatment
for these problems.

Occasionally, in the late stages of Duchenne dystrophy, patients develop symp-
tomatic cardiomyopathy. Clinical expression of more common mild cardiomyopathy
is masked by the diminished capacity for exercise due to skeletal muscle weakness.
Symptomatic cardiomyopathy is associated with cardiomegaly with a reduced car-
diac ejection fraction to 10–20% of normal. Heart failure often is exacerbated by
coexisting respiratory insufficiency. In all these cases simultaneous ventilatory sup-
port must be considered, provided the patient and his family have decided to pursue
a vigorous course of treatment of his illness. Heart failure in its advanced stage is
difficult to manage, and anticipaton of this complication by treatment with afterload
reduction therapy often is more effective than later treatment with digoxin. Typi-
cally, initial treatment is with an angiotensin converting enzyme inhibitor, titrating
diastolic blood pressure to 60–70 mmHg. If left ventricular dysfunction persists or
worsens, beta-blocker therapy is necessary with the goal of keeping heart rate
between 55 and 70 beats per minute. Cardiology consultation needs to guide the care
plan. Occasionally, ventricular and=or atrial clots are present, and long-term antic-
oagulant therapy is necessary.

Specific Treatments

The only effective therapy for Duchenne dystrophy is prednisone. Double-blind,
randomized, controlled studies have shown that prednisone in a daily dose of
0.75mg=kg maintains muscle strength and functions for at least 18–36 months.
These studies also have demonstrated that daily treatment is more effective than
alternate-day therapy. Some benefit occurs at doses as low as 0.3 mg=kg=day and
prolonged improvement of strength has occurred at doses ranging from 0.5 to
0.6mg=kg=day. Trials of deflazacort have shown efficacy equal to prednisone with
fewer complications, but this agent is unavailable in the United States.

How corticosteroids produce their beneficial effects in Duchenne dystrophy is
unknown. The answer may lead to new, more effective, therapy with fewer side
effects. However, there are several clues about the time course related to the benefit.
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The increase in strength begins to develop after only 10 days of treatment and
reaches a maximum response after 3 months of therapy. Muscle mass increases
10% after 3 months of prednisone treatment, and by 6–8 weeks the rate of muscle
breakdown declines in association with maintenance of a normal rate of muscle pro-
tein synthesis. One investigation compared the efficacy of 12 months of azathioprine
immunosuppressive therapy with that of prednisone; and, no beneficial effect
occurred with azathioprine. This result argues against the possibility that an immu-
nosuppressive effect accounts for the improvement in muscle strength with the use of
prednisone.

Patients have received long-term prednisone at only a small number of specia-
lized neuromuscular centers. Prednisone treatment preferably is monitored by or
coordinated with the guidance of one of these centers. The protocol for monitoring
side effects and for assessing muscle strength and function has been published
previously. The most common side effects are excessive weight gain, mood distur-
bances (more aggressive, more tearful), and cushingoid facial appearance. More
serious side effects (high blood pressure, GI bleeding, severe infections, or diabetes)
are uncommon. Some patients have developed small, dot-shaped cataracts; others,
as expected, have had decreased linear growth, which probably has helped maintain
ambulation.

To allow monitoring for the development of side effects, patients are seen
every 3 months for weight, blood pressure, pulse, forced vital capacity, urinalysis,
and an assessment of neuromuscular functioning. At each visit the patient under-
goes timed function tests (time needed to travel 30 feet, to arise from supine to
standing position, and to climb four standard steps) and a muscle strength evalua-
tion (shoulder abductors, elbow flexors and extensors, knee extensors, hip flexors
and extensors). These measures along with assessment of side effects help guide
the physicians in adjusting the dosage of prednisone. The blood count and serum
electrolyte levels are measured at 6-month intervals. With close follow-up, patients
have been kept stable or showed only very mild progression of muscle weakness for
periods exceeding 5 years. Even in the late stages, prednisone appears to maintain
respiratory muscle power and has reduced the number of patients who develop
respiratory failure.

Other agents are in various stages of study for DMD and include oxandrolone,
growth hormone, creatine, glutamine, oxatomide, co-enzyme Q10, albuterol, and
gentamicin. Advances in gene therapy coupled with successes in manufacturing small
segments of DNA containing the normal gene for dystrophin have raised hopes that
direct gene therapy, either by local injection or by viral vector, will be useful. Stem
cell therapy is being planned, but gene transfer and stem cell therapy are probably
years away in terms of routine treatment.

MYOTONIC DYSTROPHIES

The myotonic dystrophies are a group of diseases that share an autosomal dominant
inheritance and have the core features of myotonia, early onset cataracts, and weak-
ness. Classical myotonic dystrophy of Steinert, termed myotonic dystrophy type 1
(DM1), is the most common form of myotonic dystrophy, and it is due to an abnor-
mal enlargement of an unstable trinucleotide repeat expansion in the 3 prime non-
translated region of the DM gene on chromosome 19. Discovery of the gene
defect has led to the development of gene probes to identify both symptomatic
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and asymptomatic carriers. Genetic counseling and prenatal testing can now be per-
formed with a high degree of accuracy, an important advance in preventive therapy.
Another form of myotonic dystrophy, myotonic dystrophy type 2 (DM2) also results
from an unstable nucleotide repeat expansion, a CCTG repeat. A standardized DNA
test is available to screen for DM2. At present, it appears that infant or childhood
onset cases of DM2 are very rare or do not occur. A recent review discusses manage-
ment of DM1 in detail. The reader may want to consult that reference for more
information on neonatal and childhood manifestations of DM1. It also emphasizes
complications that occur when patients receive anesthetics and describes the pro-
blems involved in pregnancy and delivery.

The mainstays of treatment for DM1 in infancy and childhood are largely sup-
portive. In infants with congenital DM1 aggressive pulmonary toilet, ventilator sup-
port (if needed), feeding tube, and orthotic care for talipes are often necessary. In
cases with childhood onset careful monitoring of learning disability, hearing pro-
blems, and gastrointestinal dysfunction often lead to placement of these patients
in special classes and tutoring. Occasionally, antimyotonia therapy is helpful for
the intestinal dysfunction. Myotonia of the grip, swallowing, and speech usually
do not develop until late childhood or the teens. This is also the case for early onset
cataracts. During the late teens and early adulthood, the complications typical for
adult onset DM1 occur. Close observation for complications, like cataracts, chole-
cystitis, cardiac conduction abnormalities, and endocrine dysfunction is integral to
providing good care. These complications can be mitigated with appropriate surgical
procedures, hormone replacement, and occasionally pacemaker placement. Encoura-
ging responses to certain medical treatments in DM1 have occurred. For example,
mexiletine and tocainide show promise in lessening myotonia. Modafinil has reduced
hypersomnolence, Coenzyme Q10 may ameliorate cardiac dysfunction. Troglitazone
and possibly the currently available thiozolidine diones can reduce the insulin resis-
tance, and dehydroepiandosterone (DHEA) may be useful for cognitive problems
and for myotonia relief. Controlled, randomized studies are necessary to evaluate
these new potential treatments.

LIMB–GIRDLE MUSCULAR DYSTROPHIES

At the moment there are 10 autosomal recessive forms and 5 autosomal dominant
forms of LGMD. Because of their pattern of weakness, the LGMDs are often con-
fused with Duchenne dystrophy. However, most forms of LGMD are more slowly
progressive than Duchenne dystrophy and have fewer complications. Only some
forms have cardiomyopathy. It is important to avoid making a prognosis for survi-
val, the development of complications, or for the rate of progression for different
types of LGMD based upon the natural history of Duchenne dystrophy. It is also
important not to assume that corticosteroid therapy will be effective in the different
forms of LGMD.

For all of the LGMDs care relies on early orthopedic, respiratory, and physical
conditioning measures. Cardiomyopathies and conduction defects are particularly
prevalent in some forms of LGMD, for example, two autosomal recessive forms
of LGMD, alpha and gamma sarcoglycanopathies, and two dominant forms,
LGMD1B and LGMD1D. Close monitoring of cardiac status is crucial. Specific
therapy to reverse muscle wasting and weakness is not currently available.
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OTHER MUSCULAR DYSTROPHIES

Facioscapulohumeral dystrophy (FSHD) is not common in childhood and usually
does not pose significant management problems. DNA diagnosis is possible by detec-
tion of a reduced number of repeats of a large repetitive sequence at the end of chro-
mosome 4, yet curiously the causal gene has not yet been identified. A more detailed
review of FSHD is given in a recent text.

The infant-onset congenital muscular dystrophies are rare disorders and are
not usually confused with Duchenne dystrophy, LGMD, Becker dystrophy, or
FSHD. For more detailed discussion, the reader should refer to the recent reviews.

Emery–Dreifuss muscular dystrophy (EDMD) is a rare x-linked and more
rarely an autosomal recessive or dominantly inherited disorder. The EDMD is clini-
cally and genetically distinct from x-lined Duchenne and Becker muscular dystro-
phies. Occasionally, there may be confusion with Becker muscular dystrophy. The
EDMD can result from mutations either in emerin (x-linked form) or in A-type
lamin (autosomal dominant form). It can have severe cardiac complications that
require urgent treatment, typically pacemaker implantation. Cardiac symptoms
may prompt medical evaluation in EDMD before complaints about muscle weak-
ness or contractures.
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INTRODUCTION

Dysphagia (swallowing difficulty) in the pediatric population is generally one
component of a broad continuum of complex medical, health, and developmental
problems and is common in infants and children with histories of prematurity,
genetic syndromes, and neurologic disorders. Swallowing dysfunction may result
in respiratory problems, stunted growth or nutritional compromise, and disrup-
tions in the relationships between children and their caregivers. Early identification
and appropriate treatment improve outcomes for these children and their
caregivers.

NORMAL SWALLOWING

The primary functions of swallowing are to direct materials from the mouth to the
stomach while keeping the airway protected, and to provide the right types of
liquids and foods for children to grow and develop optimally. For discussion pur-
poses, the act of swallowing is divided into three highly integrated and partially
overlapping phases—the oral, pharyngeal, and esophageal phases of swallowing.
During the oral phase, food is processed into a ‘‘swallow-ready ball’’ (bolus),
which is then transported to the back of the mouth. In the infant, this phase is
limited to sucking fluid from a nipple. For solid foods, bolus formation is depen-
dent upon the consistency of food and may require chewing skills in older chil-
dren. The pharyngeal phase is comprised of a series of complex and interrelated
motor events that direct and propel a bolus through the pharynx and into the
esophagus while keeping the airway protected. During the pharyngeal phase of
swallow, breathing stops, the larynx elevates, the vocal folds adduct, the palate
elevates and approximates the posterior pharyngeal wall, and the pharyngeal
muscles contract to propel the bolus through a relaxed upper esophageal sphinc-
ter. The esophageal phase begins when the bolus enters the esophagus and ends
when it passes into the stomach.
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CONDITIONS AND CLINICAL PRESENTATIONS
ASSOCIATED WITH
NEUROGENIC DYSPHAGIA

Dysphagia is not a disease. It is a symptom of any disruption in the passage of secre-
tions or nutrients from the mouth to the stomach. Structural or anatomic abnorm-
alities or neurologic conditions, which obstruct the passage or interfere with the
coordination of bolus movement, may cause dysphagia. Children with syndromes,
sequences, or associations (e.g., Velocardiofacial syndrome, Pierre Robin sequence,
Charge association) may experience dysphagia caused by a combination of structural
anomalies and coordination problems.

Neurogenic dysphagia may be characterized by difficulties in any or all phases
of swallowing. Factors that influence the nature and progression of the swallowing
dysfunction include site of pathologic process (e.g., central nervous system, periph-
eral nervous system, or neuromuscular disease), the extent of the insult, and the
course of the underlying condition. Neurogenic dysphagia may result from acute
or chronic conditions; in turn, chronic conditions may be linked to static or progres-
sive processes. Some conditions associated with an acute onset of dysphagia are
encephalopathies, intracranial hemorrhages, cerebral infarctions, and infections.
In the pediatric population, cerebral palsy (CP) is the most common chronic static
condition associated with neurogenic dysphagia. Many children with CP or other
static conditions improve with time and the initiation of appropriate therapeutic
interventions. Others may regress in feeding and swallowing skills when they are
challenged with increased nutrition or hydration requirements, or foods which
require the use of more developmentally mature oral-motor skills (e.g., chewing),
or intercurrent illnesses (e.g., respiratory syncytial virus). With progressive disease
processes, feeding and swallowing skills usually worsen. These children may present
when ‘‘home remedies’’ fail to facilitate compensations that were previously
effective. The treatment implications for progressive neurogenic dysphagia are
significant and family counseling is critical. For children with undiagnosed condi-
tions, swallowing dysfunction may be the first indicator of an underlying medical
or health disorder.

Dysphagia should be part of the differential diagnosis for all children with
feeding or swallowing problems, or signs and symptoms suggestive of these pro-
belms. Although clinical presentations of pediatric dysphagia are variable, manifes-
tations may include:

� Respiratory problems

– Chronic (e.g., pneumonia, frequent or long lasting chest infections)
– Episodic (e.g., coughing, choking, congestion, or respiratory changes

with feeding)

� Poor weight gain, growth compromise, or failure to thrive

� Lengthy feeding times (>30min on a regular basis)

� Sudden onset of swallowing difficulties or regression in feeding and
swallowing skills

� Negative behavioral responses to feeding (e.g., irritability, refusal to feed,
lethargy)
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EVALUATION

History

Establishing a diagnosis and developing a treatment plan for pediatric patients with
swallowing dysfunction generally require input from multiple medical, health, and
developmental disciplines including a feeding=swallowing specialist, who is usually
a speech-language pathologist (SLP). The feeding=swallowing specialist completes
a comprehensive bedside or clinic evaluation that includes a detailed history, physi-
cal examination, oral-motor=feeding observation, and instrumental assessment, if
appropriate. A carefully tailored feeding history is critical and includes some of
the questions listed below.

� What is the nature of the problem and when did it start?Manifestations of the
problem, the age of onset, and whether the problem has stabilized or is con-
tinuing to worsen will guide further evaluation and management efforts.

� Does the child cough, choke, become congested, or change breathing patterns
during or after feeding? Responses to these questions may enable the exam-
iner to distinguish between symptoms of oropharyngeal dysphagia vs. gas-
troesophageal reflux (GER). Of note, the absence of coughing or choking
during feeding does not preclude the possibility of dysphagia with concomi-
tant aspiration. Silent aspiration (i.e., aspiration without cough) is common
in individuals with neurogenic dysphagia, and reported to occur in 70–97%
of pediatric patients with radiologic evidence of aspiration. Silent aspiration
is problematic because the protective cough mechanism is absent, and care-
givers and clinicians may underestimate the presence of swallowing dys-
function because ‘‘silent aspiration,’’ by definition, does not provide overt
evidence of airway contamination.

� Is there evidence of gastroesophageal reflux disease (GERD)? GERD is
common in children with neurologic conditions, with patholologic GER
reported in approximately 75% in children with CP. Manifestations of
GERD are variable and may include emesis or regurgitation, fussiness, irrit-
ability, arching or posturing during or between feeds, or limited food intake
despite the appearance of being hungry. A patient’s response to past conser-
vative (e.g., thickened feeds, small frequent feedings), pharmacologic (e.g.,
ranitidine, metoclopramide), or surgical (e.g, fundoplication) therapies for
GERD, will guide further evaluation and management efforts. For children
on tube feedings, the ability to tolerate bolus feedings is a prerequisite for
successful oral feeding.

� Are problems greater with liquids or solids, or are they equally difficult?
Although children with neurogenic disorders usually have the most difficul-
ties swallowing thin liquids, some have problems regardless of texture.
Difficulties with higher textured foods may be related to oral-motor skill
development, texture sensitivity, or anecdotally to GERD.

� What is the duration of mealtimes and are there changes as the meal
progresses? Mealtimes in excess of 30–40min on a regular basis may be
indicative of inefficient oral-motor skills or dysphagia involving any of
the phases of swallowing. In addition, lengthy meals may adversely affect
the relationship between the child and caregivers. Clinicians should ask
whether the child improves or has more problems as the meal progresses.
Children who are responsive to oral-motor or sensory stimulation may
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improve over the course of a meal. Children with oropharyngeal dysphagia,
cardiopulmonary problems, or those who fatigue may have more problems
as the meal continues.

� What medications are being administered? Is the child taking drugs that may
influence feeding or swallowing function? For example, common side
effects of baclofen (frequently used to treat spasticity) include fatigue,
increased drooling, and fatigue. Other medications (e.g., benzodiazepines)
have sedative side effects and may influence the brainstem centers that
regulate swallowing.

� How is the family coping with feeding and swallowing problems? Some
families are relieved when professionals are able to alleviate concerns about
swallowing dysfunction, and the associated respiratory or nutritional
problems, or lengthy mealtimes. Others may be more cautious or anxious
because dysphagia may be ‘‘another’’ problem to address. Attention to
the caregiver’s concerns is critical because family involvement is necessary
for obtaining optimal outcomes.

Diagnostic Testing

The clinical evaluation provides information that enables clinicians to identify
appropriate diagnostic tests, and ascertain whether a child is medically stable, ready,
and able to participate in a specific procedure. Specific diagnostic tests are frequently
needed to define the underlying pathophysiology because infants and children with
neurogenic dysphagia are at increased risk for pharyngeal phase deficits, and clinical
observations, including assessment of a gag reflex or pulse oximetry, do not define
pharyngeal phase function (Fig. 1). The Videofluoroscopic Swallow Study (VFSS)
is gold standard for determining the presence and extent of pharyngeal phase deficits,
elucidating the underlying pathophysiology, and identifying potential therapeutic
interventions.

Other diagnostic tests may be indicated for patients with specific diagnostic
concerns. The Flexible Endoscopic Evaluation of Feeding (FEES) is a modification
of the otolaryngologic examination and may help delineate the anatomic and struc-
tural integrity of the pharyngeal and laryngeal structures, and the coordination of
respiration with swallowing of secretions, liquid, or food boluses. The FEES may
be particularly helpful for children who are nonoral feeders. Other common diagnos-
tic tests include the upper gastrointestinal series for assessing the anatomic and struc-
tural integrity of the gastrointestinal tract, the pH probe for determining the
frequency of GER, and scintigraphy for quantifying the volume and fate of aspirated
materials (e.g., secretions).

TREATMENT

Unfortunately, there is no tool or algorithm to predict the best treatment modalities
for pediatric patients with dysphagia. Given that balance between severity of the dys-
phagia and the child’s compensatory mechanisms determines the impact of the dys-
function, the primary goals of dysphagia interventions are to correct or control
treatable etiologies, and avoid or minimize the consequences of the swallowing
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deficits. Medical or surgical management may be appropriate for some inflammatory
conditions (e.g., esophagitis) or anatomic anomalies (e.g., laryngeal cleft, vascular
rings). For some children, management approaches may lessen the impact of the
swallowing dysfunction by focussing on nutrition, GER, behavioral, or oral-motor
and swallowing therapies. (Fig. 1). Interventions may include modifications in feed-
ing routine or diet, and the introduction or adjustment of medications (e.g., anticon-
vulsants, antireflux medications, or respiratory agents). Early initiation of
nutritional support is critical and results in the greatest reversal of nutritional deficits
in children with central nervous system insults and poor growth.

Oral-motor and swallowing therapies may include changes in texture, utensils,
position, posture, or pacing of feeding, and the introduction of activities that
strengthen swallowing musculature or support developmentally appropriate move-
ment patterns for feeding and swallowing. Older children may benefit from direct
therapies and the use of compensatory techniques to increase the safety and effi-
ciency of swallowing. Adjustments in therapeutic goals and interventions need to
parallel improvement or regression in the underlying condition.

Although some children are unable to feed orally because it is unsafe or too
difficult, current evidence indicates swallowing is the best exercise for swallowing.
Consequently, regardless of whether children are oral or nonoral feeders, oral-motor
and swallowing therapies may facilitate the production of swallows, which in turn
may promote handling of secretions. Additionally, since oral=dental disease appears
to contribute to lung infections in older individuals with dysphagia, it is reasonable

Figure 1 Feeding=swallowing problems or clinical presentations suggestive of dysphagia.
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to incorporate oral hygiene into intervention programs for all children with feeding
and swallowing problems.

The progression or anticipated course of the underlying etiology will influence
decisions for nutritional management. For example, neurogenic dysphagia second-
ary to an acute condition with anticipated recovery (e.g., traumatic brain injury,
cerebral vascular accident) is managed differently from dysphagia caused by chronic
static (e.g., CP with profound mental retardation) or progressive (e.g., Ataxia-Telan-
giectasia) condition. Whereas a nasogastric tube may be appropriate for short-term
nutritional and aspiration concerns, a gastrostomy tube (GT) (or percutaneous gas-
trostomy [PEG]) may be more appropriate for long-term issues. Objective markers
to distinguish between short- and long-term supplemental nutritional needs are
not available; however, three or more months of anticipated supplemental feeding
needs may constitute an appropriate time interval for making recommendations
for GT placement in children without medical contraindications. When clinicians
counsel caregivers about placement of long-term feeding tubes, families frequently
want to know how long GTs will be needed. Families need to be told that feeding
tubes will be removed when underlying conditions have been corrected or resolved,
or when children are able to compensate for swallowing dysfunction without com-
promising their general health and overall well being. Clinical experience indicates
that many infants and young children with acute or static conditions improve with
prompt initiation of appropriate interventions and time, and thereby, lessen or elim-
inate the need for tube feedings. Caregivers should be reassured that although many
families struggle with initial decisions about whether to place GTs, following GT
placement, 90% of caregivers report that tube feedings have improved the quality
of life for their children and the family.

SUMMARY

Oropharyngeal dysphagia is common in children with neurologic diseases. The
underlying condition determines the nature and extent of the swallowing dysfunc-
tion, and governs the prognosis for recovery. Early detection of the problem and
prompt initiation of appropriate interventions are necessary for improving outcomes
for these children and their caregivers.
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Migraine Prevention
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Migraine is a common childhood disorder characterized by recurrent headaches.
Most children with migraine are symptom free between episodic headache attacks.
Headache frequency and severity increase over time for a subset of pediatric migra-
neurs. Chronic migraine headache, transformed migraine, chronic nonprogressive
headache, and chronic daily headache probably represent a spectrum of migraine
headache syndromes. As headaches increase in severity and=or frequency, patients
and their families are likely to experience significant disability. The burden of chronic
migraine not only includes severe head pain but also missed school and extracurri-
cular activities, academic underachievement, depressed mood, and anxiety. This
chapter will focus on therapeutic approaches to chronic headache syndromes; acute
therapies are covered.

The goal of preventative treatment should be to decrease significantly the
frequency and severity of migraine headache, improve quality of life, and increase
the effectiveness of abortive therapy. There is no fixed number of headaches per
month that requires prophylaxis. Pharmacologic therapy is usually started when
headache begins to interfere with a patient’s activities, or when abortive therapy
becomes less effective because of overuse (Table 1).

Physicians should help patients develop realistic expectations about the limits
of treatment for this chronic disorder. Responsibility for headache control should be
shared among patient, family, and physician. Patients and physicians often find that
a headache diary recording both frequency and severity of attacks as well as possible
trigger factors is useful in monitoring the efficacy of treatment.

Table 1 When to Consider Preventative Medication

Recurrent headaches that interfere significantly with daily activities
Ineffectiveness or contraindications to abortive medication
Analgesic overuse
Very frequent headaches
Patient preference
Headaches with significant neurologic threat (i.e., hemiplegic migraine)
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Common triggers for migraine include diet, sleep and exercise patterns, dehy-
dration, stress, hormonal change, and analgesic overuse. Caffeine, chocolate, mono-
sodium glutamate, processed and smoked meat and fish, nuts, vinegar and red wine,
citrus fruits, cheeses (especially aged), and aspartame tend to precipitate headache in
susceptible individuals. Foods like hotdogs, some corn and potato chips, pizza, soda,
and peanut butter must be included on any list for children. Skipping meals, espe-
cially during the school day, can lead to headache. Irregular, decreased, or increased
sleeping hours can lead to headache. Lack of exercise can also increase the likelihood
of headache. Dehydration, especially in the summer and during sports, is an under
recognized trigger in many children. Stress, good or bad, is a trigger in most children
with migraine. The hormonal changes of puberty may trigger an increase in head-
aches several months to years before menarche or obvious external signs are present.
The cyclical nature of many girls’ headaches suggests a hormonal component. Use of
over-the-counter or prescription medication for acute migraine (NSAIDS, aceta-
minophen, triptans) more than three times a week can lead to an increase in head-
aches and poor response to abortive medication. A timely (or rather untimely)

Table 2 Frequently Used Preventative Medications

Medication Common side effects
Most effective for
cases involving

Cyproheptadine Sedation, weight gain Young children
Amitriptyline,
nortriptyline

Drowsiness, dry mouth,
orthostatic hypotension

Insomnia, depression

Propranolol Bronchospasm, bradycardia,
hypotension, dizziness, fatigue

Contraindicated in
asthmatics

Valproic acid Nausea, weight gain, fatigue,
tremor, alopecia

Epilepsy, bipolar
disorder

Topiramate Paresthesias, fatigue, weight loss,
concentration difficulty

Epilepsy, obesity

Figure 1 A strategy for headache prevention.
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combination of trigger factors often culminates in a migraine attack in susceptible
individuals. Identification of triggers and modification of lifestyle often result in a
decrease in headaches.

In general, a preventative medication is chosen for its efficacy as well as side
effect profile (Table 2). Consideration should be given to comorbid conditions and
concurrent medication use (Fig. 1). A single medication should be started at low
doses and titrated gradually upward to the effective or maximum dose. A full
therapeutic trial will often take up to six months. Patients must be advised that most
prophylactics take two to four weeks to begin working. If a first choice medication is
not effective, a medication from another class should be considered as an alternative
choice.

FIRST LINE THERAPIES

Antihistamines

Cyproheptadine is an antihistaminergic and antiserotonergic drug most useful in
young children (less than 10 years old). Starting dose is 0.25mg=kg divided BID
or TID, or 2mg BID, and is increased slowly to an effective maximum tolerated
dose. Maximum recommended dose per day is 16mg. Common and dose-limiting
side effects include increased appetite, weight gain, and sedation.

Tricyclic Antidepressants

Tricyclic antidepressants are especially effective in those patients with comorbid
insomnia, anxiety, or depression. Both nortriptyline and amitriptyline are effective.
Starting dose is 0.1–0.2mg=kg qhs (usually 10–25mg) and is increased slowly in
weekly increments to 0.5–1mg=kg qhs (usually 50–75mg). Above this range, the like-
lihood of side effects limits dosage increases. Side effects are common and include
dry mouth, increased appetite, drowsiness, urinary retention, constipation, tachycar-
dia, hypotension, reduced seizure threshold, and triggering of a manic episode in
bipolar patients. EKG monitoring rather than blood levels is a more effective way
or monitoring the potential arrhythmogenic effects with doses above 50mg=day.

Beta-Blockers

Of the beta-blockers, propranolol is generally the best tolerated. The effective dose
range is usually 0.6–1.5mg=kg=day divided BID or TID. The maximum dose should
not exceed 4mg=kg=day. There is an extended release preparation available (twice
daily dosing). The tendency of beta-blockers to produce bronchospasm in asthmatics
limits its use in many children. Side effects are common and include bradycardia,
hypotension, dizziness, fatigue, depression, and weight gain.

Anticonvulsants

Divalproex has been approved by the FDA for migraine prophylaxis in adults. It is
generally well tolerated in children. Starting dose is 5–10 mg=kg=day divided BID,
and is increased to a dose of 15–20 mg=kg=day. It is available as an extended release
preparation that can be used once daily. Common side effects include nausea,
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fatigue, weight gain, tremor, and alopecia. Rare side effects include thrombocytope-
nia, hepatic dysfunction, and pancreatitis.

Topiramate is a good choice for overweight patients with headache because of
the often-coveted side effect of decreased appetite. Starting dose is 1–2mg=kg (15 or
25mg) qhs, and is increased by 15 or 25mg increments weekly to the target dose,
not usually to exceed 200mg. Common side effects include digital and perioral
parethesias, fatigue, concentration problems, word-finding difficulties, and weight
loss. The incidence of kidney stones due to carbonic anhydrase inhibition is approxi-
mately 1%, and is increased in those with a family history of kidney stones. There is
an increased risk of oligohydrosis and heat stroke in patients taking topiramate.
Zonisamide may be a suitable alternative to topiramate in those using oral contra-
ceptive medications as topiramate can interfere with the efficacy of estrogen contain-
ing contraceptive medications.

ALTERNATIVES

Other agents effective in migraine prophylaxis include calcium channel blockers,
selective serotonin reuptake inhibitors, gabapentin, zonisamide, and tizanidine.
Botulinum toxin injections to the frontal and posterior neck muscles have been well
studied in adult migraine, and have an extremely low risk of adverse effects. Never-
theless, it remains a relatively unappealing option for both pediatric patients and
families. Feverfew is a popular herbal remedy for fever and inflammation and more
recently for headache prevention. There are little data on its use in pediatric patients
and its safety profile is not well established. Riboflavin has also been popularized for
headache prophylaxis. The dose for young patients (up to 6 years) is 100mg daily,
6–8 years 200mg daily, 8–13 years 300mg, and 13 years and up 400mg. It tends to
have a strong odor and taste and produces bright yellow urine. Magnesium at doses
of 200–400mg daily usually produces no side effects. Stress reduction techniques
such as biofeedback yoga, counseling for stress management techniques, and exercise
are complimentary to pharmacologic therapy.

LONG-TERM CONTROL

Although prophylactic medication is often necessary to break the cycle of chronic
headache, optimal management of most chronic headache syndromes will rely on
identification and avoidance of trigger factors. Once headaches are well controlled
on preventative medication, the dose should be slowly tapered off. Often headaches
remain under reasonable control, especially if patients begin to adopt lifestyle
changes to avoid headache triggers.

SUMMARY

Chronic migraine headache can produce significant disability. A comprehensive
treatment plan including realistic patient expectations, patient education, and judi-
cious use of abortive and preventative medications is necessary for successful
long-term control of migraines.
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INTRODUCTION

While migraine is a well-recognized phenomenon in adults, it is often overlooked or
minimized in children and adolescents. Headache is quite a common complaint in chil-
dren, and migraine often has its onset in the first two decades of life. Recognition and
appropriate treatment can have a significant impact on the quality of life for young
sufferers as well as their caregivers, andmay ultimately impact the course of the illness.

The diagnostic criteria differ slightly between children and adults. The criteria
in children less than 15 years requires headaches of 1–48 hr in duration instead of the
4–72 hr in individuals greater than 15 years of age. The remainder of the criteria is
similar to the adult diagnostic criteria including: at least five attacks with photo-
phobia and phonophobia, nausea or vomiting; and two symptoms out of unilateral
pain, throbbing or pulsatile pain, moderate or severe pain intensity, or exacerbation
by routine activity.

The treatment of migraine in children and adolescents follows the same general
principle as for adults, including lifestyle modification, trigger avoidance, nonphar-
macologic treatments, acute treatment, rescue treatment and, where appropriate,
preventive treatment. It is very important to establish the diagnosis of migraine
and convey this clearly to the patient and parents. Many parents are concerned that
there is an underlying organic cause for their child’s headache, and unless these fears
are dispelled, treatment plans are often unsuccessful. Patients and parents are much
more likely to accept a treatment plan if they believe the diagnosis. Therefore, it is
important to spend time with the patient and the parents explaining the diagnosis
and the disorder. This needs to be done at a level that the child and parents can
understand. Reading materials, booklets, brochures, diaries, and videos can help
teach the patient and their families about what to expect from their disorder, how
to recognize an attack and management goals. Ongoing education should be part
of every office visit with emphasis on lifestyle modification, trigger avoidance, and
treatment strategies. Expectation management is also important, so that patients
and families will recognize treatment success and failure. Patient participation is
instrumental in treatment plan success, especially regarding teenagers who may
not comply with a treatment plan that they do not agree with. Adolescents and
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teenagers often need to feel like they are part of the decision-making process. This
can include dosage formulations, routes of administration, or types of medication.
For the purposes of this chapter, I will limit my discussion to the abortive therapy
of migraine rather than prevention.

Nonpharmacological Therapies and Lifestyle Modification

Nonpharmacologic therapies may be well received in younger patients, including
adolescents. Resting in a dark room, using an ice pack, and playing quiet music
can be beneficial. Basic lifestyle modifications may be reinforced in adolescents such
as implementing regular sleeping patterns. Sleep patterns are often disrupted with
changes in weekly schedules vs. weekend schedules—often triggering or exacerbating
migraine. Sleep deprivation is a common trigger in children and adolescents. Regular
sleep routines can often reduce attack frequency. Regular meals, consistent sleep
patterns, and routine exercise may be simple life-style changes that can improve
adolescent and childhood headaches. Stress is often a factor in children and adoles-
cents with migraine; however, stress factors differ in children vs. adults. School stress
can include anxiety about workload, grades, and relationships with peers. Many
children are overextended with extracurricular activities, and they may not have time
to complete their schoolwork or time to relax and enjoy a little social or leisure activ-
ity. For some children, reducing the number and frequency of after-school activities
allows them to focus on schoolwork, perform well, sleep regularly, and participate in
leisure activities.

Pharmacological Treatment

Medications used in the acute treatment of migraine attacks can be divided into two
major categories: migraine specific and migraine nonspecific therapies. Studies are
available supporting use of several of these medications for treatment of migraine.
However, further study is warranted for all medications, with specific attention
needed for dosing strategies. Common nonspecific acute medications are listed in
Table 1 and available migraine-specific therapies with their formulations and avail-
able doses are detailed in Table 2.

Scientific Evidence

There is limited clinical evidence for nonspecific acute therapies for treatment
of migraine in children and adolescents. Hamalainen and colleagues compared

Table 1 Nonspecific Medications for Acute Migraine Therapy

Medication Suggested dose

Acetaminophen 15mg=kg up to 1000mg
Nonsteroidal anti-inflammatory drugs (NSAIDs)
Ibuprofen 10mg=kg up to 800mg
Naproxen sodium 10mg=kg up to 400mg

Narcotics
Codeine 0.5–1mg=kg up to 60mg
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acetaminophen, ibuprofen, and placebo in a double-blind crossover study. Eighty-
eight children aged 4–15 years were enrolled. Each child headaches was treated with
acetaminophen (15mg=kg=dose), ibuprofen (10mg=kg=dose), and placebo. Aceta-
minophen and ibuprofen were statistically significantly more efficacious than pla-
cebo, and ibuprofen was more efficacious than acetaminophen. In another single
center study, Lewis compared ibuprofen suspension (7.5mg=kg=dose) to placebo,
in a double-blind, parallel group trial in children aged 6–12 years. There were 45
children in the ibuprofen arm and 39 children in the placebo arm. Headache
response at 2 hr was significantly higher in the ibuprofen arm (76% of attacks)
compared to placebo (53% of attacks, p¼ 0.006). Pain-free response was 44%
compared to 25% for placebo (p< 0.07). Only one child in the ibuprofen arm needed
rescue medication compared to 15 in the placebo arm (p< 0.001). These studies
suggest that ibuprofen in doses 7.5–10mg=kg=dose is effective as an acute therapy
for children. However, caution must be used in the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) due to the risk of rebound headache
(otherwise known as transformed migraine), which can occur with perhaps as little
as two to three doses of medication per week.

There are several studies examining the efficacy and tolerability of sumatriptan
in children under 12 years of age. A total of 67 children have been reported in open-
label trials utilizing sumatriptan subcutaneous injection. In both studies, sumatrip-
tan injection was fairly well tolerated and effective. Sumatriptan nasal spray has also
been investigated in children and adolescents. An open-label, retrospective study of
10 children aged 5–12 years found sumatriptan nasal spray well tolerated and effec-
tive. A randomized, double-blind, placebo-controlled crossover trial of 14 children
aged 6–9 years demonstrated that sumatriptan nasal spray 20mg=dose was effective
and well tolerated. Collectively, these studies suggest that sumatriptan given subcu-
taneously (0.06mg=kg) or intranasally (20mg) is effective in treating migraine in
children aged 6–12 years.

There is a building collection of clinical evidence from large multicenter,
randomized, double-blind, placebo-controlled, parallel group trials that assess the
efficacy of triptans specifically in adolescents over 12 years of age. In a study of

Table 2 Migraine-Specific Acute Therapies

Triptan Dosage strengths

Sumatriptan Injection 6mg
Nasal spray 5mg, 20mg
Tablet 25mg, 50mg, 100mg

Zolmitriptan Tablet 2.5mg, 5mg
ODT 2.5mg, 5mg
Nasal spray 5mg

Rizatriptan Tablet 5mg, 10mg
ODT 5mg, 10mg

Naratriptan Tablet 1.25mg, 2.5mg
Almotriptan Tablet 6.25mg, 12.5mg
Frovatriptan Tablet 2.5mg
Eletriptan Tablet 20mg, 40mg
Ergotamine Injection
(DHE 45) Nasal spray
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302 patients comparing sumatriptan 25, 50, and 100mg tablets to placebo, the
primary endpoint of 2 hr headache response failed to reach significant differences
from placebo (49%, 50%, 51% compared to placebo 42%). All three doses of suma-
triptan were statistically significant compared to placebo at 3 (65%, 64%, 69%
compared to 45%) and 4 hr (73%, 73%, 74% compared to 53%), however. The
50mg dose was significant compared to placebo at 90min (47% compared to
30%), while the 25mg (38%) and 100mg (38%) doses were not. Two things to note
about this trial are that the placebo rate was quite high compared to those normally
observed (30–40%) in most adult triptan trials. Also, this study failed to report a
dose–response curve.

In a large randomized, double-blind, placebo-controlled study of sumatriptan
nasal spray, 5, 10, and 20mg vs. placebo, subjects were required to have headaches
lasting longer than 4 hr in addition to meeting IHS criteria for migraine with or with-
out aura. Subjects were required to self-administer study medication at home under
the supervision of their parents. Five hundred and seven patients were enrolled. The
primary endpoint was headache response at 2 hr. Only the 5-mg dose was found to
be statistically significantly superior to placebo (p< 0.05). The 10- and 20-mg doses
did not statistically differ from placebo, although there is a numerical trend favoring
active treatment. This study differs from adult trials in that there was no apparent
dose–response curve noted.

A large study of rizatriptan used similar inclusion criteria as the sumatriptan
nasal spray study reviewed previously. In addition, patients were instructed to take
study medication within 30min of onset of a moderate=severe attack. The primary
endpoint of 2-hr pain relief was achieved in 66% of subjects treated with rizatriptan
5mg compared to 56% for placebo, which was not statistically significant. Posthoc
analysis found that for those attacks treated on weekdays, the response rates were
66% for rizatriptan and 61% for placebo. However, for those attacks treated
on weekends, the response rates were 65% and 36%, respectively. The response
rates were essentially the same for rizatriptan, but the placebo response rate for
weekends was much lower than during the week. To sum, there have been over
1650 subjects between 12 and 18 years involved in clinical trials published so
far with an excellent tolerability and safety record. The evidence regarding
efficacy has been marred by very high placebo response rates. This does not imply
that the medications are not effective but demonstrates the difficulty in studying
pain in this population. Further studies are ongoing with efforts to correct the
shortcomings of prior studies.

Treatment Algorithm

The use of migraine-specific medications should be considered early in the course of
treatment so as not to deny significant treatment benefits. Triptans are beneficial and
have been studied in children as described. The goal of the therapy is to achieve
effective headache relief without paying any significant penalty in terms of tolerabil-
ity and safety. It is quite reasonable to use nonspecific medications, such as acetami-
nophen and ibuprofen, as first-line acute therapy, as long as they are used in
appropriate doses (15mg=kg=dose up to 1000mg maximum for acetaminophen;
10mg=kg=dose up to 800mg for ibuprofen). It is then important to have adequate
follow-up arranged so that the treatment plan can be modified appropriately without
a long delay. The decision to use preventive medications in children should be consid-
ered after an adequate trial of acute treatment if frequent or disabling attacks persist.
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The goal of rescue therapy is to terminate a migraine attack when typical acute
medications such as NSAIDs and triptans have been unsuccessful. At this point the
attack has persisted long enough so that there is less concern over medication-
induced sleep. In fact, this is one of the goals of rescue medication, along with relief
of pain and associated symptoms such as nausea. The choices of rescue medication
thus include medications with sedation as a common side effect. If a child is taking a
NSAID for acute therapy, then appropriate rescue medications include antiemetics
and oral narcotics. If a migraine-specific medication is used for acute treatment, then
a combination of a NSAID with an antiemetic or narcotic is appropriate. Commonly
used antiemetics are metoclopramide (0.1mg=kg=dose, 10mg max), prochlorpera-
zine (0.1mg=kg=dose, 10mg max), and promethazine (0.5mg=kg=dose, 50mg
max). If vomiting is prominent then rectal administration may be most appropriate.
The most commonly used narcotics in children is codeine. For adolescents, other
narcotics such as hydrocodone or oxycodone may be used. Sometimes, antihista-
mines such as diphenhydramine, hydroxyzine, or cyproheptidine can be used to help
induce sleep.

If home rescue fails, then treatment in the office or emergency room may be
required. This in general involves parenteral interventions and should begin with
rehydration intravenously, typically with normal saline. There are several options
for rescue medication. None have been adequately studied in the pediatric popula-
tion. Ketoralac given IV or IM (15–60mg) is a potent analgesic and can be given
in combination with an antiemetic and a narcotic if necessary. Other non-narcotic
options include serotonin 1B=1D agonists, steroids, dopaminergic agents, and antic-
onvulsants. Sumatriptan and dihygroergotamine can be given subcutaneously if the
patient has not been previously treated with a serotonin agonist in the past 24 hr.
Dopaminergic agents include the antiemetics. There is also some evidence that
parenteral atypical antipsychotics can abort an acute migraine. For status migraino-
sus, intravenous dihydroergotamine and=or steroids such as methyprednisolone or
dexamethasone can be effective.

SUMMARY

For acute medications, there is a large body of evidence supporting the safety and
tolerability of several migraine-specific medications. Treating children and adoles-
cents with migraine can follow many of the same principles used in adults with
important consideration to the differences between adult patients and pediatric
patients. It is important not to underestimate the impact of headache in the child
or adolescent and their family and friends. Recognizing migraine and instituting
appropriate treatment will lead to greater patient and physician satisfaction.
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35
Pseudotumor Cerebri

Michael X. Repka
Johns Hopkins Hospital, Baltimore, Maryland, U.S.A.

INTRODUCTION

Although a number of terms have been used to describe the typical clinical picture, I
prefer the term pediatric pseudotumor cerebri (PPTC), rather than the alternative:
idiopathic intracranial hypertension. The diagnosis of PPTC allows inclusion of indi-
viduals who fit the typical clinical picture, yet have a putative cause identified, to be
classified as a case of associated PPTC. Another older name, benign intracranial
hypertension, should be avoided because it minimizes the potential for serious ocular
morbidity from this condition.

DIAGNOSIS=CLINICAL FEATURES

Definition

Pseudotumor cerebri is defined as elevated intracranial pressure (>200mm water),
normal brain on imaging, normal or small sized ventricles, and normal CSF compo-
sition. The neurological examination is usually normal, though some patients may
have ocular motor problems or other minor neurological symptoms.

Epidemiology

Pediatric pseudotumor cerebri may develop throughout the first two decades of life.
It is relatively rare in childhood, but increases after puberty. Prior to puberty the
gender ratio is 1:1, while after puberty girls outnumber boys by 2 to 1. Obesity is
noted in patients with PPTC, but only in about 25% prior to puberty and 50% after
puberty.

Symptoms

The most common symptom is headache, often posterior, which occurs in up to 86%
of cases. In young children and infants, irritability and apathy have been noted,
rather than headache. Other common symptoms are nausea, visual loss, vomiting,
and fatigue. Fatigue is frequent in younger children. Less frequent symptoms include
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ataxia, dizziness, neck pain, paresthesias, facial and limb numbness, and tinnitus. An
occasional child will be asymptomatic. The most common ocular symptom is
decreased vision, followed by horizontal double vision. This may be intermittent
or constant. Transient visual obscurations and visual loss are rarely presenting symp-
toms in children.

Signs

The key physical finding is papilledema. This will be found in nearly every patient,
though it can be unilateral or markedly asymmetric. Papilledema is manifested by
elevation of the optic disc tissue, blurring of the disc margin, and obscuration of
the retinal blood vessels as they cross the disc margin. The optic nerve swelling
should be assessed not only for the elevation, but also the presence of nerve fiber
layer infarcts, hemorrhages, exudates, and macular edema. The latter findings are
evidence of chronicity and a greater likelihood of permanent damage to the visual
pathways. Papilledema is occasionally seen in infants with PPTC, even among those
who have open fontanelles.

Visual acuity is typically normal, though about 1=3 of the children able to com-
plete optotype acuity testing will present with reduced acuity in their better eye.
Decreased vision should be considered a sign both of chronicity and of high pressure
and often signals irreparable visual loss.

An additional ophthalmological finding is the presence of an esotropia. This
may be from paresis of one or both lateral rectus muscles from abducens nerve
damage, but may also occur without clinical evidence of an ocular motor neuropa-
thy. Esotropia occurs in about 1=3 of pediatric patients. Other ocular motor findings
include trochlear nerve paresis, oculomotor nerve paresis, internuclear ophthalmo-
plegia, and hypertropias, all of which produce diplopia or torticollis in an attempt
to fuse a vertical misalignment. Neurological signs, other than the ocular motor
abnormalities, are unusual, except for a facial nerve palsy, which has been reported
in a number of series.

Etiologies (Table 1)

Cerebral venous drainage impairment is the most often cited association with PPTC.
Venous sinus thrombosis is a common cause, usually of the lateral sinus, frequently
with a history of otitis media. Thromboses of the superior sagittal sinus or cavernous
sinus have also been implicated. Sinus thrombosis may also be the final pathway for
some of the other associations. Corticosteroid use or withdrawal may be associated.
The use of some antibiotics may cause a nondose related rise in intracranial pressure.
In my experience, this is most commonly seen with doxycycline and minocycline, two
tetracycline class antibiotics used for the management of acne.

EVALUATION

A history is performed specifically evaluating the patient for symptoms as well as any
potential precipitating associations. The laboratory evaluation includes neuroima-
ging of the brain and orbits looking for evidence of a mass lesion or hydrocephalus.
For the diagnosis of PPTC, the scan should be normal with either small or normal
ventricles. Enlarged optic nerve sheaths may be seen on orbital sections. Lumbar
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puncture is necessary to examine the composition of the spinal fluid, which must
have normal cell count, cytology, and chemistry. The opening pressure should be
measured with a manometer prior to removing any spinal fluid. The patient needs
to be calm and in a recumbent position, occasionally requiring sedation. Intracranial
pressures greater than 200mm of water support the diagnosis. A neurological exam
should be performed, but is most often unremarkable (Fig. 1).

A complete ophthalmological evaluation should be performed as soon as pos-
sible. This examination should include careful measurement of best-corrected visual
acuity using age appropriate test charts, color vision, pupillary light responses, visual
fields, and ophthalmoscopy. Color photographs of the optic discs should also be
obtained for comparison at subsequent visits. Visual fields should be measured with
a perimeter whenever possible. Quantitative perimetry is preferred because it seems
to be the most sensitive test of optic nerve dysfunction. In addition, such studies can
be electronically compared from one visit to the next, improving the clinicians ability
to detect improvement or deterioration. Recently, computerized scanning using light
or ultrasound has become widely available. These instruments make three-dimen-
sional maps of the optic nerve. Such electronic images can be compared both visually
and electronically from visit to visit enhancing the physician’s ability to detect
improvement or progression of the disc swelling. Ophthalmoscopy should include
an evaluation of the optic disc for swelling, hemorrhage, exudates, as well as the pre-
sence or absence of venous pulsations. Normal pulsations are usually compatible
with normal intracranial pressure, though the absence of pulsations occurs in both
normal and high intracranial pressure states. If there is evidence of an optic neuro-
pathy on any of the tests of acuity, color vision, pupils or field, the pace of treatment

Table 1 Etiologies of Pediatric Pseudotumor Cerebri

Cerebral venous drainage impairment
Transverse sinus obstruction
Sagittal sinus obstruction
Coagulopathy
Trauma

Drugs
Corticosteroid use or withdrawal
Tetracycline type drugs (including minocycline and doxycycline)
Cyclosorin
Medroxy-progesterone
Nalidixic acid
Vitamin A

Endocrinological conditions
Hypoparathyroidism
Menarche
Thyroid replacement

Nutritional
Weight loss or gain
Vitamin D deficiency
Vitamin A deficiency

Metabolic
Renal disease

Infectious
Lyme
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is accelerated to avoid additional and potentially permanent visual loss. Evidence of
progression during follow-up examinations of any test should also cause the clinician
to consider intensifying the therapy.

Papilledema requires a few days to develop in patients with increased intracra-
nial pressure and will take several weeks to disappear after correction of the
increased pressure. In patients with symptoms, but optic discs that are difficult to
be certain of the presence of papilledema, hospitalization and placement of an

Figure 1 Treatment algorithm.
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intracranial pressure monitoring device may be essential in making the diagnosis of
PPTC.

THERAPY

The initial therapy depends on the state of the visual system and possible associa-
tions discovered during the history. For asymptomatic patients with no visual loss
and moderate pressure elevation, no therapy need be started immediately. If an asso-
ciation can be identified, it is reasonable in cases with no or a mild optic neuropathy
to just stop the putative agent or correct the underlying medical problem. Typically
this is enough to allow resolution of the symptoms. For patients who are obese,
weight management is the best initial treatment.

Pharmacotherapy

The mainstay of pharmacotherapy is oral acetazolamide, though there are no clinical
trials proving efficacy. For children, the initial dose is 30mg=kg=day orally divided
into four doses, whereas for teens the dose is 1 g divided into four doses per day.
Higher doses have been used, with the most frequent side effect being paresthesias.
Systemic corticosteroids have been found in some patients to be helpful, especially
when the PPTC is associated with systemic inflammatory disease, like sarcoidosis.
Some patients have been found to be responsive to other diuretics, especially furose-
mide.

Lumbar Puncture

Serial lumbar punctures are performed to lower the pressure. This approach may
work by creating a number of holes in the dura of the spinal canal allowing enough
cerebrospinal fluid egress to normalize the intracranial pressure. This method is dif-
ficult to accomplish in children over a long period of time for practical reasons, but
can be used over a short period of time until more definitive therapies can be
arranged.

Surgical Treatment of PPTC

Surgical treatment is not often needed for PPTC, possibly because there are frequent
associations, which can be corrected with rapid normalization of the pressure. How-
ever, the physician must be prepared to intervene when there is optic neuropathy,
very high pressure, or documented progression of optic nerve damage. Unfortu-
nately, there is insufficient published evidence to clearly recommend one over the
other procedure. Repeat eye examinations are required to monitor the outcome of
either surgical drainage procedure.

Lumboperitoneal Shunt

Lumboperitoneal shunting involves the placement of a silicone tube from the lumbar
subarachnoid space to the peritoneal cavity. These have long been used by neurosur-
geons for PPTC, though not always successfully. This approach leads to a rapid
resolution of the PPTC, but the tubes can obstruct, become infected, and are
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associated with the development of a Chiari malformation. Failure to drain is com-
mon and blockage leads to a rapid increase in pressure, which can cause catastrophic
damage to the optic nerve. Ongoing ophthalmologic observation is recommended
especially when there is a recurrence of symptoms.

Optic Nerve Sheath Fenestration

This treatment has been reported in many adults for the relief of pseudotumor cere-
bri, but has only been performed in a small number of children. An incision in the
dural sheath of optic nerve is made from an orbital approach under general anesthe-
sia. Fenestration has been shown to relieve papilledema of the operated nerve
and sometimes even the contralateral nerve. If the contralateral eye does not show
evidence of improvement, a second procedure will be needed for this eye. Most
patients do not experience much relief from their headache.

PROGNOSIS

Most children with PPTC have a self-limited course, resolving once the causative
problem has been corrected. However, the clinician should be vigilant for older chil-
dren and teens, who may have more chronic elevation of intracranial pressure or lack
an obvious association. Permanent damage to the optic nerves is found in about one-
fourth of affected pediatric patients. There does not seem to be any age difference in
the occurrence of this unfavorable outcome.

SUMMARY

Pediatric pseudotumor cerebri is an uncommon neurologic disease of childhood.
Obesity is less common in the childhood form of the disease and there is often an asso-
ciated condition. Management requires collaboration of neurology, ophthalmology,
and pediatrics in evaluating and monitoring the patients. The sooner the increased
pressure is reduced, the less likely there will be permanent visual impairment.
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The Management of Pediatric Pain
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INTRODUCTION

The International Association for the Study of Pain defines pain as ‘‘an unpleasant
sensory and emotional experience connected with actual or potential tissue damage,
or described in terms of such damage.’’ Operationally, pain can be defined as ‘‘what
the patient says hurts’’ and exists ‘‘when the patient says it does.’’ Infants, preverbal
children, developmentally handicapped, and critically ill children may be unable to
describe their pain or their subjective experiences. This has led many to conclude
incorrectly that children do not experience pain in the same way as adults do.

Unfortunately, even when their pain is obvious, children frequently receive no
treatment or inadequate treatment for pain and for painful procedures. There are
many reasons for this. There is a lack of knowledge of pain assessment, pain syn-
dromes, and the use of powerful analgesics, particularly the opioids, in the treatment
of pain by many health-care professionals. There is in an unwarranted fear of produ-
cing opioid-induced respiratory depression and of inducing opioid addiction.
Health-care providers are often focused on the treatment of underlying disease
pathology and not on symptom management. Finally, there is an under appreciation
by physicians and nurses of the consequences of the failure to treat pain adequately.

Infants have the capacity to perceive pain at birth. The structures necessary for
nociception are present and functional between the first and second trimesters.
Maturation of the fetal cerebral cortex has been confirmed by various studies.
Newborn infants have a functionally mature hypothalamic-pituitary axis and can
mount a fight-or-flight response.

MEASUREMENT OF PAIN IN CHILDREN

Ongoing assessment is essential to adequate pain treatment. Reliable, valid, and
clinically sensitive tools exist to assess pain in children from neonates to adolescents.
Pain and response to treatment, including adverse effects, should be routinely mon-
itored by caregivers (‘‘the fifth vital sign’’) and recorded on the patient’s record to
facilitate communication between caregivers. Pain can be assessed by a variety of
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measures, including self-report (visual analogs scales, Oucher scale), physiological
(heart rate, vagal tone, respiratory rate, and oxygen saturation), behavioral (facial
activity, cry, and body movements), and composite measures [Neonatal Infant Pain
Scale (NIPS), Premature Infant Pain Profile (PIPP)], depending on the age and cog-
nitive ability of the child and his communication skills. Rating scales have been vali-
dated to assess pain in cognitively impaired patients and young children.

Accurate pain assessment requires consideration of the plasticity of pain per-
ception and the developmental and psychological state of the child. Self-report of
pain is the preferred method of assessment. Pain expression reflects the physical
and emotional state, coping style, and family and cultural expectations and can be
misinterpreted by the health-care provider. Cultural and language differences may
make assessment difficult. Careful and thorough assessment is required in children
with severe developmental disabilities, as well as severely emotionally disturbed
children. Proxy report from a parent, guardian, or caregiver is often used in young
children, but the proxy will often underestimate the pain experience.

DEVELOPMENTAL PHARMACOLOGY

It is well known that the pharmacokinetics and pharmacodynamics of analgesics
change during the child’s development. These changes are most pronounced during
the first year of life. Whereas neonates have reduced clearance of many drugs, chil-
dren 2–6 years of age have greater weight-normalized clearance than adults for many
drugs. This greater clearance in young children is attributed to the larger liver
mass=kilogram of body weight, resulting in higher rates of metabolism of drugs
by the cytochrome P-450 mechanism. More rapid clearance by the liver usually
means that more frequent dosing intervals are required in young children.

NOCICEPTIVE PAIN

General Principles

Nociceptive pain is pain that is associated with tissue injury or inflammation and
serves a protective role in preventing further injury. Common examples of
nociceptive pain include pain due to trauma, surgery, or obstruction of a viscus. This
pain may be acute and self-limiting or chronic (e.g., arthritis). Chronic nociceptive
pain is common in children, and recurrent pain (headaches, abdominal, and muscu-
loskeletal pain) occurs in as many as 30–40% of children on a weekly basis. Pain
assessment and management in children with a significant neurologic impairment
present many challenges, and factors to consider include the patient’s baseline beha-
vioral and health condition, developmental level, and communicative ability. Gen-
eral principles of pain management include regular pain assessments, appropriate
analgesics with regular dosing intervals, and adjunctive therapy to treat side effects.
Acetaminophen and non-steroidal anti-inflammatory drugs NSAIDs are useful for
relieving milder forms of nociceptive pain. Severe pain can usually be controlled with
opioid analgesics. Guiding principles of analgesic administration include the follow-
ing: ‘‘by the clock’’—regular analgesic administration with fixed doing intervals and
‘‘rescue’’ doses for ‘‘breakthrough’’ pain, ‘‘by the child’’—regular assessment for
clinical effectiveness and individualized dosing, and ‘‘by the mouth’’—analgesics
given by the simplest and most effective route.
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Classes of Medications
Antipyretics with Weak Analgesic Properties

The ‘‘weaker’’ or ‘‘milder’’ analgesics, of which acetaminophen, salicylate, ibuprofen,
naproxen, and diclofenac are the classic examples, comprise a heterogeneous
group of NSAIDs and nonopioid analgesics with antipyretic properties. These
analgesic agents are usually administered enterally and are particularly useful for
inflammatory, bony, or rheumatic pain. Parenterally administered NSAIDs, such
as ketorolac, are now available for use in children in whom the oral or rectal routes
of administration are not possible. Unfortunately, regardless of dose, the nonopioid
analgesics reach a ‘‘ceiling effect’’ above which pain cannot be relieved by these
drugs alone.

The most commonly used nonopioid analgesic in pediatric practice remains
acetaminophen. Unlike aspirin and the NSAIDs, acetaminophen has minimal, if
any, anti-inflammatory activity. When administered in normal doses
(10–15mg=kg, PO or PR), acetaminophen has very few serious side effects. It is
an antipyretic and like all enterally administered NSAIDs takes about 40–60min
to provide effective analgesia. Dosage guidelines for the most commonly used non-
opioid analgesics are listed in Table 1. Recent studies have recommended acetamino-
phen doses as high as 30–40mg=kg when administered rectally as a single (loading)
dose. Follow-up rectal doses are 15–25mg=kg every 6 hr.

The discovery of at least 2 cyclo-oxygenase (COX) isoenzymes, COX-1 and
COX-2, has updated our knowledge of NSAIDs. In addition to the induction of
COX-2 in inflammatory lesions, it is present constitutively in the brain and spinal
cord, where it may be involved in nerve transmission, particularly that for pain
and fever. The discovery of COX-2 has made possible the design of drugs that reduce
inflammation without removing the protective prostaglandins in the stomach and
kidney made by COX-1.

Table 1 Dosage Guidelines for Commonly Used NSAIDs

Generic name
Dose (mg=kg)
frequency

Maximum adult
daily dose (mg) Comments

Salicylates (aspirin) 10–15 q 4 hr 4000 Inhibits platelet aggregation,
GI irritability, Reye syndrome

Choline magnesium
trisalicylate

7.5–15 q 6 hr 4000 Aspirin compound that does
not affect platelets

Acetaminophen 10–15 PO q 4 hr
25–40 PR q 6 hr

4000 Lacks anti-inflammatory activity

Ibuprofen 4–10 q 6–8 hr 2400 Available as an oral suspension
Naproxen 5–10 q l2 hr 1500 Available as an oral suspension
Indomethacin 0.3–1 q 6 hr 150 Commonly used IV in NICU

to close PDA
Ketorolac IV or IM 120 May be given orally

Load 0.5 Maximum dose 30mg
Maintenance
0.2–0.5q 6 hr

Causes GI upset and ulcer,
discontinue after 5 days
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Opioids

Opioid receptors are primarily located in the brain and spinal cord, but also exist
peripherally. The most commonly used agonists of the mu receptor include mor-
phine, meperidine, methadone, and the fentanyls. Mixed agonist–antagonist drugs
(pentazocine, butorphanol, buprenorphine, and nalbuphine) act as agonists or par-
tial agonists at one opioid receptor (e.g., mu) and antagonists at another receptor
(e.g., kappa or sigma).

Many factors are considered including pain intensity, patient age, co-existing
disease, potential drug interactions, prior treatment history, physician preference,
patient preference, and route of administration when deciding which is the appropri-
ate opioid analgesic to administer. At equipotent doses most opioids have similar
effects and side effects (Table 2).

Codeine, oxycodone, and hydrocodone are opiates frequently used to treat
pain in children and adults, particularly for less severe pain. In equipotent doses,
they are equal both as analgesics and respiratory depressants (Table 2). These drugs
have a bioavailability of approximately 60% following oral ingestion. Their analgesic
effects occur as early as 20min following ingestion and reach a maximum at
60–120min; their plasma half-lives of elimination are 2.5–4 hr. Sustained-release
oxycodone is for use only in opioid-tolerant patients with chronic pain, and not
for routine postoperative pain.

Morphine is also very effective when given orally, but only about 20–30% of an
oral dose reaches the systemic circulation. Oral morphine is available as a liquid,
tablet, and sustained-release preparation. The liquid is particularly easy to adminis-
ter to children and severely debilitated patients. Indeed, in terminal patients who
cannot swallow, liquid morphine will provide analgesia when simply dropped into
the patient’s mouth.

Patient (Parent and Nurse) Controlled Analgesia

In order to give patients, and, in some cases, parents and nurses, some measure of
control over their, or their children’s, pain therapy demand analgesia or patient-
controlled analgesia (PCA) devices have been developed. These are microprocessor-
driven pumps with a button that the patient presses to self-administer a small dose
of opioid.

The PCA devices allow patients to administer small amounts of an analgesic
whenever they feel a need for more pain relief. The opioid, usually morphine, hydro-
morphone, or fentanyl is administered either intravenously or subcutaneously. The
dosage of opioid, number of boluses per hour, and the time interval between boluses
(the ‘‘lock-out period’’) are programmed to allow maximum patient flexibility and
sense of control with minimal risk of overdosage (Table 3). Typically, we initially
prescribe morphine, 20mcg=kg per bolus, at a rate of 5 boluses=hr, with a 6–8min
lock-out interval between each bolus. Variations include larger boluses
(30–50mcg=kg) and shorter time intervals (5min). Hydromorphone may have fewer
side effects than morphine and is often used when pruritus and nausea complicate
morphine PCA therapy. Because it is 5–7 times more potent than morphine, the size
of the hydromorphone bolus dose is reduced to 3–4mcg=kg. The fentanyl equivalent is
less clear. Although fentanyl is considered 50–100 times more potent than morphine
when given as a single bolus, a conversion of 40:1 was used in a study in which par-
ents and nurses controlled the PCA pump. In that study, fentanyl 0.5mcg=kg was
administered by continuous infusion, and bolus doses were 0.5mcg=kg.

246 Lee and Myson Yaster



T
a
b
le

2
C
o
m
m
o
n
ly

U
se
d
M
u
A
g
o
n
is
t
D
ru
g
s

A
g
o
n
is
t

E
q
u
ip
o
te
n
t
IV

d
o
se

(m
g
=
k
g
)

D
u
ra
ti
o
n
(h
r)

B
io
a
v
ai
la
b
il
it
y
(%

)
C
o
m
m
en
ts

M
o
rp
h
in
e

0
.1

3
–
4

2
0
–
40

�
‘‘
G
o
ld

S
ta
n
d
ar
d
,’
’
v
er
y
in
ex
p
en
si
v
e

�
C
a
n
ca
u
se

se
iz
u
re
s
in

n
ew

b
o
rn
s

�
H
is
ta
m
in
e
re
le
a
se
,
v
a
so
d
il
a
ti
o
n
(a
v
o
id

in

a
st
h
m
a
ti
cs

a
n
d
in

ci
rc
u
la
to
ry

co
m
p
ro
m
is
e)

�
M
S
-C

o
n
ti
n
�
8
–
1
2
h
r
d
u
ra
ti
o
n
(p
il
l)
,
ca
n
n
o
t
b
e
cr
u
sh
ed

o
r

g
iv
en

v
ia

a
g
a
st
ri
c
tu
b
e

�
L
iq
u
id

m
o
rp
h
in
e
2
–
2
0
m
g=
m
L

M
ep
er
id
in
e

1
3
–
4

4
0
–
60

�
C
a
ta
st
ro
p
h
ic

in
te
ra
ct
io
n
s
w
it
h
M
A
O

in
h
ib
it
o
rs

�
T
a
ch
y
ca
rd
ia
;
n
eg
a
ti
v
e
in
o
tr
o
p
e

�
M
et
a
b
o
li
te

p
ro
d
u
ce
s
se
iz
u
re
s

�
0
.2
5
m
g =
k
g
ef
fe
ct
iv
el
y
tr
ea
ts

sh
iv
er
in
g

�
N
o
t
re
co
m
m
en
d
ed

fo
r
ro
u
ti
n
e
u
se

H
y
d
ro
m
o
rp
h
o
n
e

(D
il
a
u
d
id
)

0
.0
1
5

3
–
4

5
0
–
70

�
L
es
s
it
ch
in
g
a
n
d
n
a
u
se
a
th
a
n
m
o
rp
h
in
e,

co
m
m
o
n
ly

u
se
d
w
h
en

m
o
rp
h
in
e
p
ro
d
u
ce
s
to
o
m
a
n
y

o
f
th
es
e
sy
st
em

ic
si
d
e
ef
fe
ct
s

F
en
ta
n
y
l

0
.0
0
1

0
.5
–
1

�
V
er
y
ef
fe
ct
iv
e
fo
r
sh
o
rt

p
a
in
fu
l
p
ro
ce
d
u
re
s

�
B
ra
d
yc
a
rd
ia
;
m
in
im

a
l
h
em

o
d
y
n
a
m
ic

a
lt
er
at
io
n
s

�
C
h
es
t
w
a
ll
ri
g
id
it
y
(
>
5
-m

cg
=
k
g
ra
p
id

IV
b
o
lu
s)
.
R

x
n
a
lo
x
o
n
e

o
r
su
cc
in
y
lc
h
o
li
n
e
o
r
p
a
n
cu
ro
n
iu
m

�
O
ra
l
tr
a
n
sm

u
co
sa
l
d
o
se

1
0
–
15

m
cg
=
k
g

M
et
h
a
d
o
n
e

0
.1

4
–
2
4

7
0
–
10
0

�
L
iq
u
id

p
re
p
a
ra
ti
o
n
a
v
a
il
a
b
le

�
L
o
n
g
d
u
ra
ti
o
n
o
f
a
ct
io
n
m
a
k
es

it
id
ea
l
fo
r
ca
n
ce
r
p
a
in
,

w
ea
n
in
g
d
ep
en
d
en
t
p
a
ti
en
ts
,
et
c.
,
w
ea
n
in
g

C
o
d
ei
n
e

1
.2

3
–
4

4
0
–
70

�
P
O

o
n
ly

�
P
re
sc
ri
b
e
w
it
h
a
ce
ta
m
in
o
p
h
en

H
y
d
ro
co
d
o
n
e

0
.1

3
–
4

6
0
–
80

�
P
O

o
n
ly

�
U
su
a
ll
y
p
re
sc
ri
b
ed

w
it
h
a
ce
ta
m
in
o
p
h
en

�
L
es
s
n
a
u
se
a
th
a
n
co
d
ei
n
e

O
x
y
co
d
o
n
e

0
.1

3
–
4

6
0
–
80

�
P
O

o
n
ly

�
S
u
st
a
in
ed
-r
el
ea
se

ta
b
le
t
a
v
a
il
a
b
le

�
U
su
a
ll
y
p
re
sc
ri
b
ed

w
it
h
a
ce
ta
m
in
o
p
h
en

�
L
es
s
n
a
u
se
a
th
a
n
co
d
ei
n
e

Management of Pediatric Pain 247



Many PCA units allow low ‘‘background’’ continuous infusions (morphine,
20–30mcg=kg=hr, hydromorphone 3–4mcg=kg=hr, fentanyl 0.5mcg=kg=hr) in addi-
tion to self-administered boluses. A continuous background infusion is particularly
useful at night and often provides more restful sleep by preventing the patient from
awakening in pain but increases the potential for overdosage. The PCA requires a
patient with enough intelligence and manual dexterity and strength to operate the
pump. In fact, it has been our experience that any child able to play video games
can operate a PCA pump (age 5–6). Allowing parents or nurses to initiate a PCA
bolus is controversial. We recently demonstrated that nurses and parents can be
empowered to initiate PCA boluses and to use this technology safely in children less
than even a year of age. Difficulties with PCA include its increased costs, patient age
limitations, and the bureaucratic (physician, nursing, and pharmacy) obstacles (pro-
tocols, education, storage arrangements) that must be overcome prior to its imple-
mentation. Contraindications to the use of PCA include inability to push the
bolus button (weakness, arm restraints), inability to understand how to use the
machine, and a patient’s (or parent’s) desire not to assume responsibility for his=her
own care.

NEUROPATHIC PAIN

Neuropathic pain is described as pain that is associated with injury, dysfunction, or
altered excitability of portions of the peripheral, central, or autonomic nervous
system and is not associated with ongoing tissue inflammation or injury (i.e., not
nociceptive pain). It is manifested by cutaneous hypesthesia, hyperalgesia, allodynia,
and hyperpathia, and is often associated with neurogenic inflammation, autonomic
dysregulation, and motor phenomena.

Table 3 Intravenous PCA Treatment Guidelines

Drug
(concentration
mg=mL)

Basal rate
range

(mg=kg=hr)

Bolus rate
range

(mg=kg)

Lock out
interval range

(min)
Number of

boluses=hr range

Morphine (1.0)
(in older patients or
dependent patients,
concentrations can
be increased
to 10mg=mL)

0.01–0.03
(10–30mcg)
(usually 0.02)
(20mcg)

0.01–0.03
(usually 0.02)
(20mcg)

5–10
(usually 8min)

2–6 (usually 5)

Fentanyl
(0.01 in children
< 20 kg,
0.05 in children
> 20 kg)

0.0005
(0.5mcg)

0.0005–0.001
(0.5–1mcg)

5–10 1–6

Hydromorphone
(0.2 in children
< 50 kg
0.5–1.0 in children
> 50 kg)

0.003–0.005
(3–5mcg)
(usually 0.004)
(4mcg)

0.003–0.005
(3–5mcg)
(usually 0.004)
(4mcg)

5–10
(usually 8min)

2–6 (usually 5)
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The pathophysiologic mechanisms underlying the development of neuropathic
pain are complex and just recently being characterized. Central sensitization is
the hallmark of neuropathic pain. After peripheral tissue damage or nerve injury,
neuronal plasticity and reorganization within the CNS occur.

It was commonly thought that the prevalence of chronic pain in children was
quite low; however, recent studies have shown that chronic pain (nociceptive and
neuropathic) is a significant problem in the pediatric population affecting 15–20%
of children. The prevalence of neuropathic pain in children is unknown, and it is
likely that neuropathic pain is not properly diagnosed in many children. The most
common causes of neuropathic pain in children include post-traumatic and postsur-
gical neuropathic pain, complex regional pain syndromes 1 and 2 (CPRS 1 and 2,
formerly known as reflex sympathetic dystrophy and causalgia) and tumor-
associated neuropathic pain. Less frequent causes include metabolic and toxic
neuropathies, neurodegenerative disorders, and pain after CNS injury.

Treatment of Neuropathic Pain

Neuropathic pain is notoriously difficult to treat and often does not respond to con-
ventional analgesic therapy. The management of pain is often frustrating for the
patient and the health-care provider. It is rarely possible to predict high success rates
for any single therapy and often the patient will receive multimodal therapy. The
treatment often involves trial and error, titration of medication as limited by side
effects, and weighing of risks and benefits of therapy. The functional rehabilitative
approach is often emphasized with return to school and palliation being the goals
as often the pain will be persistent.

Most pharmacologic treatment is based on extrapolation from treatment for
adults, with opioids, antidepressants, anticonvulsants, and local anesthetic-like drugs
demonstrating varying degrees of effectiveness. Many of the medications used are
not traditional analgesics, and the safety and pharmacokinetic data for the use of
these drugs in children have come from clinical trials for the treatment of depression,
epilepsy, and enuresis (Table 4). Generally, a slow titration of these medications is
recommended to minimize side effects and detect adverse reactions. There is often
a trade-off between moderate analgesia and some side effects.

Classes of Medications
Tricyclic Antidepressants

The effectiveness of tricyclic antidepressants (TCAs) is well established for treatment
of a variety of neuropathic pain conditions including diabetic neuropathy, posther-
petic neuralgia, and central poststroke pain. Nortriptyline has less anticholinergic
side effects than amitriptyline, and is a common first-line agent used in the treatment
of neuropathic pain (Table 5). Common side effects include sedation, dry mouth,
orthostatic hypotension, constipation, urinary retention, and tachycardia.

A small number of patients who have received TCAs have had sudden death
attributed to dysrhythmia. It is unknown whether these children had a pre-existing
conduction disturbance, and these drugs have been used safely in children for dec-
ades. We recommend a baseline ECG to rule out rhythm disturbances prior to start-
ing a TCA and also when escalated to a full antidepressant dose range. These drugs
should be used with extreme caution in patients with pre-existing rhythm distur-
bances or cardiomyopathy. There is no established correlation between plasma
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Table 5 Sample Dose Titration Regimen for Nortriptyline and Gabapentin for Neuropathic
Pain

1. Slow titration (e.g., ambulatory
outpatients who are attending
school or work)

< 50 kg

a. Nortriptyline or amitriptyline Obtain baseline ECG
Days 1–4 0.2mg=kg q.h.s.
Days 5–8 0.4mg=kg q.h.s.

Increase as tolerated every 4 to
6 days until
i. good analgesia
ii. Limiting side effects or
iii. Dosing reaches 1mg=kg=day

(< 50 kg) or 50mg (> 50mg)
iv. If condition iii, consider measuring
plasma concentration
and ECG before further does escalation.

Consider twice-daily dosing
(25% in morning, 75% in evening).

b. Gabapentin
< 50 kg > 50mg

Days 1–2 2mg=kg q.h.s. 100mg q.h.s.
Days 3–4 2mg=kg b.i.d. 100mg b.i.d.
Days 4–6 2mg=kg t.i.d. 100mg t.i.d.

Days 7–9
2, 2, 4mg=kg
(t.i.d. schedule) 100, 100, 200mg

Increase as tolerated every 3 days
(with 50% of daily dose in the
evening) until
i. Good analgesia
ii. Limiting side effects or
iii. Dosing reaches 60mg=kg daily

< 50 kg) or 3 g daily (> 50 kg)
2. Rapid titration (e.g., nonambulatory
patients with widely metastatic cancer)
a. Tricyclics: begin at 0.2mg=kg (10mg
for > 50 kg) and titrate up every 1–2
days in steps according to the slow
titiation regimen

b. Gabapentin: begin at 6mg=kg b.i.d.
(300mg b.i.d. for > 50 kg) for 1–2 days,
6mg=kg t.i.d. (300mg t.i.d. for > 50 kg)
for 1 to days,
6 mg=kg morning and midday, 12mg=kg q.h.s
(300, 300, 600mg for
> 50 kg) for 1–2 days, and increase as tolerated
to 60mg=kg daily
(3 g=day for > 50 kg) over 5–10 days.

ECG (electrocardiogram); q.h.s., once daily at bedtime; b.i.d., twice daily; t.i.d., three times daily.

(From Berde CB, Lebel AA, Olsson G. Neuropathic pain in children. in: Schechter NL, Berde CB, Yaster

M, eds. Pain in Infants, Children, and Adolescents. 2d ed. Philadelphia: Lippincott, Williams, and

Wilkins, 2003, used with permission.)
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concentration of TCAs and analgesic efficacy; therefore, routine measurement of
plasma drug levels is useful only to determine patient compliance, optimization of
dose before aborting a therapeutic trial, or to identify patients who need dosing
modification based on metabolism of the drug (i.e., those patients who may need
b.i.d. dosing). If the drug needs to be discontinued for any reason, the dosing should
be tapered over 1–2 weeks to avoid irritability and agitation. Other antidepressants
have been used for neuropathic pain without much success, and the selective seroto-
nin reuptake inhibitors (SSRI) such as paroxetine are not as effective as the TCAs
for pain control but are helpful with associated depression, sleep disturbance, and
anxiety.

Anticonvulsants

Along with the TCAs, anticonvulsants are usually considered as first-line agents for
the treatment of neuropathic pain. Gabapentin has emerged as the most common
anticonvulsant for the treatment of neuropathic pain. It has been used for neuro-
pathic cancer pain, centrally mediated pain, trigeminal neuralgia, and migraine.

Gabapentin is used as a first-line drug due to effectiveness, low side effect pro-
file, and low frequency of adverse reactions. The drug is also beneficial in the treat-
ment of mood disorders and is commonly used for anxiety. Pediatric use of
gabapentin as an anticonvulsant for epilepsy is well documented; however, the use
of gabapentin for neuropathic pain in children is largely confined to case reports.
Due to the relatively benign side effect profile, it is becoming very commonly used
for pediatric neuropathic pain, and a recommended dosing schedule is found in
Table 5. Side effects include somnolence, dizziness, ataxia, tremor, and occasional
oppositional behavior.

Other agents less commonly used include carbamazepine, valproic acid, and
clonazepam. These agents may have significant hematologic, cardiovascular, and
CNS adverse effects.

Membrane Stabilizers

Drugs such as intravenous lidocaine and oral mexilitine are useful for the treatment
of neuropathic pain by interfering with the conduction of sodium channels in periph-
eral and central neurons, reducing the spontaneous impulse firing. The pharmacoki-
netics of these drugs are similar in children and adults. Lidocaine is used as an
adjunct treatment for pain and is reportedly predictive of efficacy of mexilitene. Side
effects such as nausea, vomiting, sedation, and ataxia limit the usefulness of this
drug.

Alpha Agonists

Drugs such as clonidine are effective in the treatment of pain by acting at the
dorsal horn to facilitate the descending inhibitory pathways as well as a potential
mechanism of action involving increasing secretion of acetylcholine. Efficacy has
been demonstrated for epidural use in neuropathic pain associated with cancer.
There is less evidence of efficacy with the use of this medication by the oral,
intravenous, or transdermal route. Side effects may include sedation, bradycardia,
and hypotension.
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Nonpharmacologic Treatment of Neuropathic Pain

Many patients with neuropathic pain will benefit from the use of cognitive-
behavioral treatments (CBT) for pain management. This treatment often involves
relaxation training, biofeedback training, and structured counseling regarding cop-
ing strategies and stress management. This therapy is supplemented by supportive
individual or family counseling for school avoidance, depression, anxiety, and family
dysfunction. An accepted model for treatment is a rehabilitative one which empha-
sizes full participation in school and other activities when possible.

Physical therapy for CPRS often involves cutaneous desensitization and trans-
cutaneous electric nerve stimulation (TENS) for allodynia as well as aerobic exercise
training, strength training, and postural exercises for the deconditioned state. Studies
have shown excellent efficacy for the use of physical therapy and CBT in CRPS.

CONCLUSION

The past two decades have witnessed an explosion in research and interest in pedia-
tric pain management. Multidisciplinary pain service teams provide the pain man-
agement for acute, postoperative, terminal, neuropathic, and chronic pain. In this
chapter we have tried to consolidate in a comprehensive manner the recent advances
in the pharmacologic and nonpharmacologic treatment of childhood pain.
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Neurologic Effects of Cancer and Its
Therapies

Paul Grahan Fisher
The Beirne Family Director of Neuro-Oncology at Packard Children’s Hospital,
Stanford University, Stanford, Calefornia, U.S.A.

INTRODUCTION

The incidence of pediatric cancer has climbed now to 16 per 100,000 children every
year. In conjunction with this rise, survival for these patients has vastly improved.
By the year 2010, 1 in 250 young adults will be survivors of childhood cancer.
As treatments have become increasingly intense or novel, the neurologist is consulted
more often to assist in the diagnosis and management of problems experienced by
either the child recently diagnosed with cancer or the long-term survivor. An exhaus-
tive review of the neurologic difficulties experienced by the patient with cancer is
expansive and can consume a textbook (see Suggested Readings). In this chapter,
our aim will be to address the clinical features, diagnosis, and management of the
most common neurologic complaints, along with their most common causes,
encountered by pediatric oncology patients.

ENCEPHALOPATHY

An alteration in level of consciousness can be caused by a variety of ‘‘metabolic’’
(i.e., nonlocalizing or diffuse) and structural processes in the child with cancer.
Acutely, chemotherapeutic agents (Table 1), as well as cranial irradiation, weeks,
to sometimes years, after delivery are concerns. Post radiotherapy somnolence
syndrome is marked by lethargy and anorexia for days to weeks about a month or two
after whole-brain irradiation. Nonlocalizing leukemic meningitis and leptomeningeal
metastases from other cancers can also lead to mental status changes. Metabolic
derangements, neurotoxicity from supportive agents commonly used (e.g., narcotics,
benzodiazepines, corticosteroids, antihistamines, or tricyclic antidepressants), or
infection such as viral encephalitis—most commonly herpes simplex or varicella
zoster—can produce encephalopathy. Depression or behavioral changes masquerading
as encephalopathy are diagnoses of exclusion.

Structural lesions can certainly produce encephalopathy, too. Perhaps most
worrisome are neoplastic processes, including primary brain tumor, metastasis from
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cancer elsewhere in the body, and secondary malignancy. Cancer metastasizing to
the central nervous system (CNS) is rare in children, and occurs most frequently late
in the course of rhabdomyosarcoma, Ewing sarcoma, neuroblastoma, or Wilms
tumor, or less often, renal rhabdoid tumor, hepatoblastoma, or embryonal carci-
noma. Glioblastoma multiforme, sarcomas, and meningioma can occur as secondary
malignancies years after cranial irradiation (Table 2). Intracranial abscess (e.g.,
bacterial, fungal, or mycobacterial, or rarely protozoal), or strokes are other
possibilities. Stroke can result from several causes (Table 3).

Cognitive decline or leukoencephalopathy can be notable years after a large
field of supratentorial radiotherapy. Methotrexate, particularly high-dose intrave-
nous or intrathecal, can also cause a striking acute to more commonly chronic leu-
koencephalopathy. Toxicity is potentiated by radiotherapy. Patients may display
specific learning disabilities or nonspecific developmental delay. Computed tomogra-
phy of the head might reveal microcalcifications at the gray–white junction, while
magnetic resonance imaging (MRI) shows bilateral frontal greater than posterior
subcortical increased white matter signal on T2-weighted or FLAIR MRI. The
mechanism of methotrexate neurotoxicity remains unclear, although effects on
methylene tetrahydrofolate reductase, homocystine, and NMDA metabolism have
been postulated.

In recent years, a syndrome of reversible posterior leukoencephalopathy,
characterized by transient headaches, confusion, seizures, or visual impairment,
has been reported, particularly during induction therapy for acute lymphoblastic
leukemia or non-Hodgkin lymphoma. Magnetic resonance imaging of the brain
reveals reversible, bilateral parieto-occipital white matter increased signal abnormal-
ities, with sparing of the occipital cortex, seen best on T2-weighted or FLAIR
images. This syndrome may represent hyperfusion breakdown of the blood–brain
barrier. Reversible posterior leukoencephalopathy in leukemia may be triggered by
methotrexate, steroids, vincristine, and=or high-dose cytarabine, and in other situa-
tions has been associated with hypertension or immunosuppression, triggered by
renal failure, cyclosporine, or FK506 (tacrolimus). This syndrome tends to resolve
spontaneously.

Table 1 Chemotherapeutics Associated with Encephalopathy

BCNU (carmustine) high dose and intra-arterial
Cisplatin intra-arterial
Corticosteroids
Cyclophosphamide (mild symptoms)
Cyclosporine
Cytarabine high dose
5-Fluorouracil high dose
Ifosfamide (worsened symptoms with prior cisplatin > 300mg=m2)
Interferons
Interleukin-2 high dose
l-Asparaginase
Methotrexate high-dose intravenous and intrathecal
Procarbazine
Thiotepa high dose
Vinblastine
Vincristine

256 Fisher



Reversal of encephalopathy in the pediatric oncology patient can be challen-
ging. First, unexplained encephalopathy in the febrile, immunocompromised patient
should always prompt initiation of broad-spectrum antibiotics and acyclovir. For
chemotherapy-related alterations producing severe or life-threatening encephalopa-
thy, or any other profound neurologic insults, discontinuation of the offending agent
is usually the wisest choice. Methylene blue has been reported as an antidote for ifos-
famide encephalopathy. Acute dysfunction from elevated methotrexate levels can be
treated with increasing leucovorin, although whether this affects long-term sequelae
is debatable. For children with leukoencephalopathy or cognitive decline, supportive
treatment with stimulants such as methylphenidate may prove helpful. Data on use
of atomoxetine in such situations are lacking.

INCREASED INTRACRANIAL PRESSURE

Elevated intracranial pressure (ICP) can be heralded by a change in mental status,
lethargy, headache, or vomiting. Increased ICP can arise from the structural lesions
mentioned above, as well as hydrocephalus, meningitis, and pseudotumor cerebri.
The retinoids cis-retinoic acid and fenretinide, used in neuroblastoma, and all-trans
retinoic acid, utilized in acute promyelocytic leukemia, can cause pseudotumor. The
clinician should maintain an orderly approach to the urgent and emergent treatment
of increased ICP (Table 4).

SEIZURES

Seizures in children with cancer may arise from primary brain tumors or metastatic
disease, leukemic meningitis, stroke, CNS infection, metabolic abnormalities, or
treatment sequelae. Antineoplastic therapy may cause seizures too (Table 5).
Intrathecal methotrexate can cause seizures 7–10 days after administration, while
high-dose intravenous methotrexate can lead to seizures more acutely. Standard neu-
rologic management of status epilepticus and seizures, described elsewhere in this
book, should be followed. For the child undergoing chemotherapy, special consid-
eration should be given to the choice of antiepileptic agent. Recent data have shown
marked reduction in bioavailability of chemotherapy metabolized by the cytochrome
P450 mono-oxygenase system, when patients concurrently receive the enzyme-
inducing anticonvulsants phenytoin, phenobarbital, or carbamazepine. For these children,
if chronic anticonvulsant therapy is warranted, selection of a non-enzyme-inducing
agent, such as gabapentin, levetiracetam, lamotrigine, or topiramate, is preferable
to avoid this complication. Furthermore, carbamazepine and valproic acid are
avoided owing to their potential bone marrow myelosuppression.

MYELOPATHY

The neurologist should always think beyond cerebral processes and consider myelo-
pathy to explain motor loss, sensory deficit with a dermatomal level, or autonomic
(i.e., bowel and bladder) changes, even when findings are asymmetric and particu-
larly when they are accompanied by back pain. Spinal irradiation, months to years
after its administration, can lead to myelopathy, often symmetric. Intrathecal agents,
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such as cytarabine, methotrexate, and thiotepa, can cause acute to subacute spine
necrosis, specifically when these drugs distribute unevenly in the subarachnoid space
because of blockage from tumor. Nuclear medicine studies with technetium or
indium can often demonstrate blockage in the presence of leptomengineal disease,
even when spine MRI appears to show patent spaces.

SPINAL CORD COMPRESSION

The most alarming cause of myelopathy in the oncology patient is compression of
the spinal cord by tumor. Acute compression occurs in 3–5% of children with cancer.
Tumor most often infiltrates through intervertebral foramina, unlike in adults where
vertebral body involvement is more often found. Epidural tumor spread through the
foramina is seen most frequently with Ewing sarcoma, neuroblastoma, osteosar-
coma, rhabdomyosarcoma, Hodgkin disease, and non-Hodgkin lymphoma. Tumor
can sometimes metastasize along the dura mater in neuroblastoma. Spinal subarach-
noid tumor can develop with leukemia and ‘‘drop metastases’’ from the primary
brain tumors medulloblastoma, embryonal tumors, ependymoma, and astrocytoma.

In addition to the signs of myelopathy already described, these patients com-
monly have exquisite back pain and localized tenderness to percussion over the
spine. For children suspected to harbor pathology of the inferior cord, spending con-
siderable time distinguishing between localization to the conus medullaris (i.e., upper

Table 3 Differential Diagnosis for Stroke in the Child with Cancer

Acute promyelocytic leukemia
Chemotherapeutics
BCNU (carmustine) intra-arterial
Cisplatin intra-arterial
l-Asparaginase

Hyperleukocytosis, in leukemia
Intratumoral hemorrhage—high-grade astrocytoma, medulloblastoma
Methotrexate-associated stroke-like events days to a week plus after intravenous high dose
Neuroblastoma metastatic to the dura or torcula
Platelet-resistant thrombocytopenia

Table 4 Management of Increased Intracranial Pressure

Urgent
Place head in midline elevated 30�

Restrict fluids to 3=4 maintenance with isotonic solutions
Dexamethasone 1–2mg=kg intravenous
Furosemide 1mg=kg intravenous
Uninterrupted oxygenation
Gentle blood pressure control

Emergent
Mannitol 0.5–1.0 g=kg intravenously
Hyperventilation
Ventriculostomy, surgical decompression
Possible high-dose barbiturates
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motor neuron) vs. cauda equina (i.e., lower motor neuron) is not useful, since tumor
frequently involves both. Instead, to expedite diagnosis for any child suspected to
have spinal cord compression, spine MRI is always the study of choice.

Emergent treatment of spinal cord compression should commence with dexa-
methasone 1mg=kg intravenously. In suspected cases of lymphoma, the oncolytic
effect of steroids can be so profound that biopsy should be performed immediately
to confirm diagnosis. For some tumors, laminectomy and posterior decompression
may suffice as initial therapy, along with steroids. Surgery is particularly recom-
mended as initial therapy when the primary tumor is unknown and another easily
accessible disease site cannot provide the diagnosis, all or most of the neoplasm
can be removed, or relapse occurs during or after maximal radiotherapy. Thrombo-
cytopenia and coagulopathy should be corrected before surgery (or before lumbar
puncture, as described above) is attempted. If the diagnosis is known and the tumor
radioresponsive, then radiotherapy is the therapy of choice. No controlled compar-
ison of surgery vs. radiotherapy in children with compression has been performed. A
few reports of initial chemotherapy for young children with spinal cord compression
and newly diagnosed neuroblastoma, Ewing sarcoma, germ cell tumors, and osteo-
sarcoma have shown efficacy, but the symptomatology of these patients is often
minimal and the choice of therapy nonrandomized.

ATAXIA

As ataxia connotes simply incoordination, the clinician should exclude cerebral or
spinal processes already described before localizing the process to the cerebellum.
Nevertheless, a number of agents are known to produce cerebellar ataxia, particu-
larly cyclosporine, cytarabine, 5-fluorouracil, ifosfamide, intrathecal methotrexate,
and procarbazine. The ataxia with cytarabine is most often seen when the drug is
administered in high dosage, e.g., 3 g=m2 for several consecutive doses, in children
with acute myelogenous leukemia (AML). Cytarabine injures Purkinje cells and
the ataxia typically but not always resolves spontaneously. Although this chemother-
apeutic is key in the treatment of AML, whether a child whose ataxia resolves should
be re-challenged with this drug is unclear.

While paraneoplastic syndromes are rare in children, opsoclonus-myoclonus
associated with ataxia in a toddler can be the harbinger of thoracic or abdominal
neuroblastoma. As opsoclonus-myoclonus is an autoimmune reaction associated
with humoral response to neuroblastoma, the syndrome often resolves with just
therapy of the tumor. In some instances, the autoimmune response can cause

Table 5 Chemotherapeutics Associated with Seizures

BCNU (carmustine) intra-arterial
Busulfan high dose
Cisplatin (rare)
Cyclosporine
Cytarabine intrathecal
Ifosfamide
Methotrexate high-dose intravenous and intrathecal
Vincristine (rarely)
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more extensive or persistent neurologic damage. Isolated reports have described
improvements to persistent neuroblastoma-associated opsoclonus-myoclonus with
use of prednisone, ACTH, or intravenous immunoglobulin.

NEUROPATHY

Neuropathy, in general, is rare in children but in the oncology setting seen most
often with vincristine or cisplatin. With vincristine, the neuropathy is a length-
dependent, small-fiber axonal neuropathy. Pathologic examination of nerves shows
axonal degeneration with regeneration affecting both myelinated and unmyelinated
axons. Foot and toe dorsiflexion and foot everters are initially affected, with loss of
ankle jerks. Patients can complain of parasthesias in the fingertips. The associated
weakness is reversible, with recovery taking months after drug discontinuation,
although some patients have persistent minor residual deficits. It is usually best to
‘‘dose through’’ rather than reduce vincristine in the presence of neuropathy while
employing ankle–foot orthoses and physical therapy, unless the neuropathy threa-
tens walking. Cranial neuropathies (often unilateral rather than bilateral) are less
common, but may result in jaw pain or facial weakness upon infusion early in treat-
ment. Ptosis is seen sometimes, especially in younger children. Vincristine must be
avoided in children with Charcot–Marie–Tooth disease, in which there is risk of irre-
versible paralysis with administration of the drug. It is essential that the clinician
inquire about a family history of this disease, pes cavus, or neuropathy before
administering this drug.

Cisplatin causes a sensory, dose-related (usually > 200mg=m2 cumulatively)
large-fiber peripheral neuropathy. Children will show depression of vibratory sensa-
tion and loss or proprioception, sometimes with refusal to walk or bear weight. Pain
and temperature sensations are spared. Muscle cramps occur more commonly with
cisplatin neuropathy than vincristine neuropathy. Cisplatin also produces ototoxi-
city by damage to cochlear hair cells. This high-frequency hearing loss is irreversible
and progresses with increased cumulative dosage. Prior radiotherapy may enhance
damage, as the radiotherapy can cause an obliterative cochlear arteritis. Other
agents associated with neuropathy in the setting of childhood cancer are listed in
Table 6.

Table 6 Chemotherapeutics Associated with Neuropathy

Carboplatin
Cisplatin
Cytarabine (rare)
Doxorubicin (rare)
Etoposide
Paclitaxel
Procarbazine
Teniposide
Thalidomide
Vinblastine
Vincristine
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MYOPATHY

In the oncology setting, myopathy is noted commonly with the prolonged adminis-
tration of dexamethasone in patients with brain tumors or prednisone or other ster-
oids in children with other malignancies. Steroid myopathy is treated by
discontinuation of the drug, if possible, after which, the myopathy usually resolves
over months. Supportive care and rehabilitation are required. Chemotherapeutics
associated with myopathy include 5-azacytidine, doxorubicin, and paclitaxel.
Myopathy can occur subacutely following vincristine exposure.
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Supratentorial Tumors of Childhood

Kaleb Yohay
Department of Neurology, Johns Hopkins Hospital, Baltimore, Maryland, U.S.A.

INTRODUCTION

According to data from the Central Brain Tumor Registry of the United States
(CBTRUS), the incidence of childhood brain tumors is 3.9 cases per 100,000
person-years, making brain tumors the most common solid malignancy of childhood.
It is estimated that there are 26,000 children diagnosed with a primary brain tumor
living in the United States, and over 3000 children are diagnosed with a primary
brain tumor every year. Infratentorial tumors are more common in children aged
3–11years, while supratentorial tumors predominate in infants and toddlers, as well
as in older children. The distribution of CNS tumors is much more diverse with
regard to both histopathological type and grade when compared to adults. Though
improvements in therapy have resulted in improved survival of children with brain
tumors, mortality remains high, with an overall survival rate of 63% at 5 years
following the diagnosis of a primary malignant brain tumor. In addition,
morbidity from the tumors and their therapies is extremely high.

OVERALL MANAGEMENT

For most supratentorial tumors, surgical resection is the initial and an essential step
of the treatment process. Surgery is useful for obtaining tissue for diagnosis, symp-
tom control, and to improve the efficacy of other therapies. Surgery can result in cure
when a gross total resection is achieved and histology is favorable. Improved tech-
nology including frameless stereotaxy, intraoperative MRI, and improved endo-
scopy has improved the extent of resection. However, inherent limitations make
surgery in some situations impossible or extremely risky.

Radiation therapy (RT) is another treatment modality used to treat macro-
scopic tumor and treating local or distant microscopic disease. In some circum-
stances, RT is used alone, but it is most often utilized as an adjunct to surgery.
The use of conformal field radiation has allowed the delivery of higher doses to
the tumor while minimizing side effects. Side effects of radiation to normal brain
are frequently a limiting factor, particularly in younger children in whom it can
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result in severe cognitive dysfunction. Stereotactic radiosurgery is likely to become
more commonly used in children, and can be very effective in some instances.

The blood–brain barrier (BBB) presents special challenges for the chemother-
apeutic treatment of brain tumors. Recent work has shown that chemotherapy may
be helpful in treating some primary tumors and metastases by delaying radiation
therapy and by decreasing the total radiation dose required. Side effects and morbid-
ities associated with chemotherapy are variable.

Seizures are a frequent complication of supratentorial tumors, occurring in
22% of children under 14 years old and in 68% of children greater than 14 years
old, according to data from the Childhood Brain Tumor Consortium. Seizures
due to the presence of a supratentorial tumor are most likely to be partial in onset,
with or without secondary generalization. The choice of anticonvulsant therapy
should take this into account along with the age of the patient, route of administra-
tion, and potential interactions with steroids, chemotherapeutic agents, or other
medications. Despite the high prevalence of seizures associated with brain tumors,
studies in adults have not shown an advantage to prophylactic treatment with antic-
onvulsants in preventing a first seizure. Some studies have examined the role of peri-
operative prophylaxis with anticonvulsants such as phenytoin and have shown some
benefit of short-term use, while other studies have shown no benefit. After surgical
resection of a tumor, the duration of antiepileptic therapy should be based on a
number of factors, including the type and severity of seizures and the extent of
resection. Typically, patients are treated for a seizure-free interval lasting from
several months to two years, though there is no specific data to suggest the most
efficacious duration of therapy.

Corticosteroids, especially dexamethasone, can be useful in decreasing edema
associated with brain tumors and can significantly improve symptoms related to
swelling. Their use should be considered in any patient with symptomatic peritu-
moral edema. We use a loading dose of dexamethasone of 1–2 mg=kg up to 10mg
followed by 1–1.5mg=kg=day to a maximum of 16mg=day divided every 4 hr. Cor-
ticosteroids are also frequently used in asymptomatic patients several days prior to
surgery. Aside from the common side effects of steroids such as psychosis, GI bleed-
ing, hypertension, and hyperglycemia, steroids can have the unintended effect of
decreasing BBB permeability and can interact with chemotherapeutic agents,
increasing toxicity and=or decreasing efficacy.

In patients with evidence of raised intracranial pressure, appropriate emer-
gency measures to decrease ICP and maintain cerebral perfusion pressure should
be undertaken; as detailed.

SPECIFIC THERAPIES

Gliomas

Astrocytomas are among the most common supratentorial tumors in children, mak-
ing up over one-third of childhood brain tumors. In contrast to the adult population,
low-grade astrocytomas predominate in children and in many instances treatment
may not be needed. A tumor with features of a low-grade astrocytoma on neuroima-
ging may be followed expectantly with serial scans. For low-grade astrocytomas that
cause significant symptoms and cannot be adequately managed symptomatically,
surgery is the mainstay of treatment. For low-grade astrocytomas in locations con-
ducive to gross total resection (GTR), outcomes are excellent with near 100%
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long-term progression-free survival. When GTR is not possible, surgical debulking
can prolong survival and improve symptoms, but the incidence of progression is
high. Radiation therapy and=or chemotherapy may be used in instances of tumor
recurrence. For unresectable low-grade astrocytomas located in the optic pathways,
thalamus or hypothalamus, chemotherapy or local radiation therapy may be used as
the primary treatment. Stereotactic radiosurgery may prove to be an effective
alternative in cases of recurrence or unresectable low-grade astrocytomas.

High-grade astrocytomas (anaplastic astrocytomas and glioblastoma multi-
forme) have been a treatment challenge and most options have had limited success.
Maximal surgical resection provides some survival benefit and adjuvant therapy with
RT and=or single or combination chemotherapy may provide the modest benefit.
Combination therapy with lomustine, vincristine, and prednisone and single agent
therapy with temazolamide have shown some efficacy. Other therapies being tried
include interstitial brachytherapy with radioisotope seeds implanted into the tumor
bed, high-dose chemotherapy with autologous stem cell rescue, radiosensitizers, and
local administration of chemotherapeutic agents with implanted polymers. Gene
therapy and other molecular techniques are also being explored.

The management of optic pathway gliomas (OPGs) presents its own set of
challenges and controversies. These low-grade astrocytomas have a variable natural
history ranging from no progression or even regression to being very aggressive and
even deadly. In contrast, OPGs generally have a more benign course in NF-1
patients. Generally, conservative management with serial ophthalmologic examina-
tions and MRI scanning is preferred. Surgery may be considered in instances of sig-
nificant proptosis or visual loss, and particularly in unilateral, anteriorly located
tumors. Shunting may be required if obstructive hydrocephalus develops. Che-
motherapeutic agents have been shown to be effective and are often used in sympto-
matic patients under 5 years old in whom radiation would carry high morbidity.
Various combination regimens using vincristine, etoposide, carboplatin, and=or
cisplatin are most commonly used. Radiation may be helpful in older children
who have had a partial resection or progression after surgery and=or chemotherapy.

Oligodendrogliomas are uncommon in children, making up only about 1% of
intracranial tumors. Oligodendrogliomas are more likely to be low grade in children.
Gangliogliomas are somewhat more common, accounting for 4–8% of brain tumors
in children. Both frequently present with long histories of seizures or other neurolo-
gic deficits. For progressive or symptomatic tumors, surgical resection is the main-
stay of treatment. The effectiveness of adjuvant treatment with radiation or
chemotherapy is unproven.

Ependymomas make up about 10% of childhood brain tumors. Only about
one-third of ependymomas are located supratentorially. Ependymomas have a pro-
pensity for seeding the neuraxis, with reports of metastatic rates ranging from 5% to
20%. Evaluation should include MR imaging of the entire neuraxis at the time of
diagnosis. In contrast to infratentorial ependymomas that are typically located in
association with the ventricular system, supratentorial ependymomas tend to be
located within the parenchyma. The peak incidence in children is around 4–5 years
of age with a moderate male predominance. Survival rates for patients after GTR
range from 50% to 70% and 0–30% after subtotal resection (STR). For tumors that
are resectable with a wide margin and with no evidence of metastatic disease, adju-
vant therapy may not be necessary. Adjuvant radiotherapy is typically used in the
settings of STR, anaplasia, or neuraxis dissemination. In younger children where
the morbidity from radiation therapy is high, lower doses may be used or even be
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deferred with the use of adjuvant chemotherapy. Chemotherapeutic regimens have
included etoposide, cisplatin, and ICE (ifosfamide, carboplatin, and etoposide).
Salvage therapy with oral etoposide in instances of recurrence has shown modest
benefit.

Primitive Neuroectodermal Tumors

Supratentorial primitive neuroectodermal tumors (PNETs) tend to occur in infancy
and early childhood. They are much less common than infratentorial PNETs
(medulloblastoma). Overall, they account for about 3% of brain tumors in children.
Five-year survival rates range between 12% and 34%. They are most commonly
located in the cerebral hemispheres or in the pineal region. The PNETs have a pro-
pensity to spread along the neuraxis. Treatment includes surgical resection, craniosp-
inal irradiation, and chemotherapy. The tendency of this tumor to present in
younger children presents additional treatment challenges due to the high morbidity
of RT. Treatment regimens in these children have included intensive chemotherapy
with stem cell rescue to delay or potentially avoid the need of RT. In this setting
younger children may receive focal radiation. Complete resection is often difficult
because of the highly invasive nature of the tumor. In children 3 years of age or
younger, negative prognostic indicators include the presence of metastatic disease
and residual tumor after resection.

Craniopharyngioma

Craniopharyngiomas (low-grade neoplasms that arise from remnants of Rathke’s
pouch) are the most common nonglial brain tumor of childhood, accounting for
about 3% of all intracranial tumors. There are two types of craniopharyngioma,
of which the adamantimous type is much more common in childhood, with a peak
incidence around age 5–9 years. The squamous papillary type rarely occurs in chil-
dren. Endocrine dysfunction frequently occurs with about 75% of the children hav-
ing growth hormone deficiency at time of presentation. Hypothyroidism, diabetes
insipidus, adrenal insufficiency, increased intracranial pressure, and=or visual
changes are often present. Surgical resection remains the mainstay of therapy,
despite the fact that the cystic and adherent nature of these tumors often make sur-
gical resection difficult or impossible. When complete resection is not achieved, adju-
vant radiation therapy is used. Intralesional therapy with radioisotopes or infusion
of bleomycin has been helpful in recurrent or progressive cystic tumors. Despite ther-
apy, recurrence rates are as high as one-third by 10 years.

Germ Cell Tumors

Germ cell tumors (GCTs) arise from embryonic cell rests located in the midline of
the brain. These tumors arise in midline structures, most often in the suprasellar
or pineal regions, accounting for 3% of childhood brain tumors. They typically occur
in childhood and adolescence, with a peak age of 10–12 years, occurring twice as
often in boys. Because of differential response to therapy, GCTs are typically divided
into germinomas and nongerminomatous germ cell tumors (NGGCTs). Germino-
mas are the most common GCT, making up about half. Suprasellar GCTs typically
present with visual field defects, diabetes insipidus, early or delayed puberty, or
growth arrest. Pineal region tumors more commonly present with signs and
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symptoms of elevated intracranial pressure. If a GCT is suspected on the basis of
neuroimaging, cerebrospinal fluid should be examined for the presence of malignant
cells as well as biochemical markers (aFP, b-hCG, PLAP), which may be helpful in
establishing a diagnosis, particularly of the NGGCTs. In addition, neuroimaging of
the entire neuraxis should be performed because of the propensity for metastasis.
Imaging should be performed prior to the lumbar puncture or surgery. In germino-
mas, surgical resection and histopathological evaluation are necessary for diagnosis
though the relative importance of GTR vs. STR is controversial. The mainstay of
treatment is radiation therapy with craniospinal radiation for disseminated disease.
Adjuvant or neoadjuvant chemotherapy, particularly with platinum-based regimens
is sometimes used. Though malignant in character, cure for germinomas is usual.
The NGGCTs (except mature teratomas) require maximal surgical resection, with
adjuvant radiation therapy and chemotherapy. Chemotherapeutic agents used
include combination therapy with etoposide and cisplatin and other combination
regimens. High-dose chemotherapy with stem cell rescue has also been used. Mature
teratomas can be treated with GTR alone. The prognosis for yolk sac tumors,
embryonal carcinomas, and choriocarcinomas is poor with frequent recurrence
and dissemination.

SUMMARY

Supratentorial tumors in children are pathologically diverse and clinical course is
variable. They present many diagnostic and therapeutic challenges. Therapeutic
options are frequently limited and inadequate, and carry with them risk of significant
morbidity. New therapeutic modalities for brain tumors are being explored. These
include gene therapies and other molecular techniques, localized administration of
chemotherapeutic agents (intravascularly or via impregnated polymers), and loca-
lized RT using implanted radioisotopes.
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Posterior Fossa Tumors of Childhood
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Neuroscience and Behavioral Medicine, Division of Child Neurology,
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Washington, D.C., U.S.A.

INTRODUCTION

Childhood brain tumors constitute nearly 20% of all childhood cancers and are the
most common form of solid tumor of childhood. The reported incidence of child-
hood brain tumors is approximately 3.5 cases per 100,000 children per year. The inci-
dence is inversely proportional to age, as most tumors occur in younger children.

One-half of all childhood brain tumors occur in the posterior fossa and are
comprised of three major subtypes: medulloblastoma, gliomas, and ependymomas.
Posterior fossa tumors are also commonly separated by anatomic site of origin; as
an example, cerebellar astrocytomas (which are histologically pilocytic and relatively
well localized in 80% of cases) are conventionally separated from brainstem gliomas
(which are usually diffuse infiltrating fibrillary tumors arising in the pons). Another
histological subtype, the atypical teratoid=rhabdoid tumor, has been described
recently and comprises 10–20% of all primitive tumors of the posterior fossa arising
in children less than two years of age.

DIAGNOSIS AND EVALUATION

Signs and symptoms of posterior fossa lesions are dependent on the location of the
tumor and the age of the patient. In very young children, especially those less than
one year of age, symptomatology is notoriously nonspecific. Presentations include
lethargy, failure to thrive, and a slowing or retardation of developmental milestones
until specific neurologic signs are appreciated. Hydrocephalus associated with down-
ward deviation of the eyes is a frequent presentation for infants with large posterior
fossa masses. Obstructive hydrocephalus is present in the majority of children with
medulloblastoma, as the tumor fills the fourth ventricle early in the course of illness,
whereas patients with brainstem gliomas and laterally placed cerebellar astrocytomas
more commonly present with lateralizing or focal neurologic deficits prior to the
onset of signs and symptoms of increased intracranial pressure.
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With current means of neuroradiographic diagnosis, identification of a poster-
ior fossa tumor is not difficult. Except for diffuse intrinsic brainstem gliomas,
surgical conformation is required to determine the exact type of tumor. Surgery also
is a critical component of management for most posterior fossa tumors.

Staging has become a mandatory component of the management of medullo-
blastoma and atypical teratoid tumors and is performed for children with other types
of posterior fossa tumors. Appropriate disease staging usually requires MR imaging
of the entire brain and spine, (preferably done prior to surgery to avoid postopera-
tive artifact) and postoperative cerebrospinal fluid cytological examination. Molecu-
lar genetic changes in the tumor have recently been shown to be predictive of
outcome, especially for medulloblastoma, and are presently being prospectively
assessed to determine if their incorporation into staging=risk-based stratification will
alter management.

TREATMENT

General Considerations

The treatment for childhood brain tumors has not changed dramatically over the
past two decades. For most tumors, therapy consists of a combination of surgery,
radiation, and chemotherapy. Aggressiveness of treatment is usually based on dis-
ease-risk stratification. There is significant reluctance to utilize radiotherapy in very
young children with posterior fossa tumors, especially in those less than three years
of age; however, with advances in the delivery of radiotherapy, there has been a
recent reassessment of the use of focal radiotherapy in young children with relatively
localized disease. Surgery followed by chemotherapy is the most common approach
for children less than three years if adjuvant therapy is required.

Medulloblastoma

Medulloblastoma comprises approximately 40% of all posterior fossa brain tumors.
It is an embryonal small cell tumor that peaks in incidence between the ages of three
and five years. Treatment is complicated by the proclivity of medulloblastoma to dis-
seminate within the nervous system early in the course of illness. Approximately one-
third of patients have disease spread to other central nervous system sites at the time
of diagnosis, most commonly the spine. This incidence is even higher in younger chil-
dren. Staging is critical for medulloblastoma. A tumor size=metastases (or TM) sta-
ging system is most commonly employed based on the impressions of the surgeon at
the time of surgery, imaging of the entire neuroaxis (preferably performed before
surgery), and postoperative cerebrospinal fluid cytological examination. A variety
of molecular markers have also been related to outcome, but they have not yet been
prospectively assessed and are not currently a component of stratification schemas.
Patients are conventionally stratified into two major risk categories: average risk—
those with totally and near-totally resected, nondisseminated tumors; or poor
risk—those with disseminated tumors or those with tumors that are only partially
resected. Another factor utilized in the staging system with medulloblastoma has
been age, as younger children have poorer outcomes.

For children greater than three years of age at diagnosis with average-risk
medulloblastoma, treatment consists of postoperative craniospinal and local boost
radiotherapy followed by chemotherapy (Fig. 1). The radiotherapy required includes
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craniospinal radiation therapy to prevent leptomeningeal disease relapse with addi-
tional local boost radiotherapy. In the past, conventional doses of craniospinal
radiotherapy were 3600 cGy with a local boost of 5400–5600 cGy. After such treat-
ment, without chemotherapy, 50–60% of children with average-risk disease were free
of progressive disease five years from diagnosis. The addition of chemotherapy,
given during and after radiotherapy, has improved the progression-free survival rate
to 80% at five years. Due to concerns over the deleterious effects of cranial irradia-
tion, especially intellectual function, recent studies have decreased the dose of
craniospinal radiation therapy to 2400 cGy in children with nondisseminated
disease. Preliminary evidence suggests that this will reduce sequelae and result in
an equivalent disease control rate as long as chemotherapy is also employed.

The optimal chemotherapeutic regimen to be used with radiotherapy is still
under study. The best results have been with vincristine during radiotherapy and a
combination of CCNU, vincristine, and cisplatinum after radiotherapy.

For children with poor-risk medulloblastoma, treatment with full-dose cra-
niospinal radiotherapy and chemotherapy results in long-term disease control in
between 50% and 65% of patients (Fig. 1). Studies are presently underway evaluating
the utility of chemotherapy as a radiosensitizer and the use of higher doses of
chemotherapy after radiotherapy, supported by peripheral stem cell rescue.

Children less than three years of age with medulloblastoma remain an extre-
mely challenging subgroup of patients to treat (Fig. 1). There is significant reluctance
to utilize craniospinal irradiation therapy due to the risk of long-term sequelae.
Treatment approaches have focused on the use of high-dose chemotherapy following
surgery in attempts to delay the need for cranial irradiation. Such therapy results in
long-term disease control in 20–40% of children with localized disease at the time of
diagnosis. High-dose chemotherapy with peripheral stem cell rescue has also been
used. Other approaches under study include the use of intrathecal chemotherapy
and the earlier introduction of focused radiation therapy to the primary tumor site
after chemotherapy.

Long-term sequelae of therapy are a major issue in the treatment of children
with medulloblastoma. Complications of surgical therapy of medulloblastoma
include the posterior fossa mutism syndrome, which is being increasingly recognized
in children following surgery for medulloblastomas. Patients develop the delayed
onset (usually 6–24 hr after surgery) of mutism associated with severe cerebellar
deficits, hypotonia, supranuclear cranial nerve palsies, and emotional lability. The
etiology is unclear. It occurs in up to 20% of children after posterior fossa surgery
and one-half of affected children will have permanent sequelae.

Neurocognitive sequelae are common after treatment of medulloblastoma and
are related to a variety of factors, including the presence of hydrocephalus at the
time of diagnosis and postoperative complications. A primary cause of intellectual
compromise is radiotherapy. Studies are underway attempting to reduce the dose
of craniospinal radiation therapy in patients without disseminated disease at diagno-
sis. Radiotherapy also causes delayed permanent endocrine deficts, especially growth
hormone deficiency. Decreased linear growth is exacerbated by the effects of radio-
therapy on the spine. Growth hormone replacement therapy partially ameliorates
this sequela without an increase in tumor relapse. Other long-term problems include
acute and delayed ototoxicity secondary to cisplatinum (intensified by the use of
concomitant radiotherapy), potential mutagenesis, and sterility.

Treatment for medulloblastoma is a balance between the need to control dis-
ease in a tumor that is both sensitive to radiotherapy and chemotherapy and the
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long-term deleterious effects of treatment. The incorporation of new biologic
approaches, especially molecularly targeted therapy based on advances on the
understanding of medulloblastoma, promises to dramatically change treatment
approaches in the years ahead.

Cerebellar Astrocytomas

Approximately 40% of all posterior fossa tumors in childhood are cerebellar astro-
cytomas. They usually arise in the cerebellar hemispheres and most commonly
present with unilateral cerebellar deficits followed by headaches, nausea, and
vomiting as the mass extends to obstruct the fourth ventricle.

The majority of childhood cerebellar astrocytomas are pilocytic astrocytomas.
The typical pilocytic cerebellar astrocytoma is characterized as a solid nodule (the
so-called ‘‘mural nodule’’) with a large surrounding cyst arising in one cerebellar
hemisphere. Treatment with surgery alone is curative in up to 95%. After gross total
resections, no adjuvant therapy is required. The majority of recurrences are due to
remnants of tumor left after the original surgery and the treatment is resection.

A subgroup of cerebellar astrocytomas tends to be more solid and arises in the
midline. They are often more difficult to totally resect, as they may be attached to the
brainstem or cerebellar peduncles. Solid cerebellar astrocytomas are also more histo-
logically diverse, with fibrillary tumors as common as pilocytic lesions. Surgery
remains the treatment of choice but because of tumor location, other forms of treat-
ment including focal radiotherapy and chemotherapy (in very young children) may
be required for disease control.

Brainstem Gliomas

The most common form of childhood brainstem gliomas is a diffuse infiltrating
lesion, which usually involves the pons but may also contiguously involve the mid-
brain and medulla (Table 1). Such lesions may also extend rostrally and caudally.
The management of diffuse intrinsic brainstem gliomas has not changed radically
over the past 40 years. Surgery has never been shown to be of benefit and most
patients are now treated without histological confirmation. MRI is diagnostic in
the majority of cases, as findings on biopsy may be misleading and are not helpful
in guiding therapy.

Treatment with radiation therapy alone, in doses ranging between 5500 and
6000 cGy, results in transient clinical improvement in majority of patients. However,
over 90% of children will develop progressive disease despite radiotherapy and die
within 18 months of diagnosis. Alterations in the dose and dose schedule of radiation
therapy and the addition of chemotherapy have not altered prognosis. Current
studies are evaluating the efficacy of a variety of different drugs, including
antineoplastic agents during radiotherapy to act as radiosensitizers.

Approximately 20% of brainstem gliomas may be more focal, with two main
subvarieties (Table 1). One subtype occurs in the tectum, usually presenting with
hydrocephalus. Patients with tectal tumors have indolent courses and 75% require
no treatment for many years other than cerebrospinal fluid diversion. At time of
progression, management usually includes biopsy to confirm the type of tumor
and either focal radiotherapy or, in young children, chemotherapy.

The second subtype occurs at the cervicomedullary junction and is usually exo-
phytic. It tends to enhance on MR or CT and may be partially cystic. Histologically,
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the majority are pilocytic astrocytomas. Patients commonly present with
relatively long histories of nonspecific headaches and vomiting. Later, children
may develop lower cranial nerve findings or cerebellar deficits. Long-term disease
control has been noted after surgery alone, although extensive resections can result
in significant permanent neurologic morbidity. Alternatively, these patients have
been treated with partial resection followed by local radiotherapy or chemother-
apy. The combination of carboplatin and vincristine chemotherapy has been shown
to be effective for patients with partially resected tumors.

Ependymomas

Posterior fossa ependymomas outnumber cortical ependymomas by a ratio of 4:1.
Although these tumors may occur in the midline, they often arise in or involve the
cerebellopontine angle. Because of this, they are often intertwined with multiple
cranial nerves, especially the sixth and seventh cranial nerve, making surgical
resection difficult.

Outcomes are primarily dependent on the degree of surgical resection. After
gross total resection and focal radiotherapy, five year disease-free survival is 70%,
while disease-free survival is between 20% and 40% for children after partial resec-
tions. Histology has been related in some studies to outcome, as patients with ana-
plastic ependymomas do not fare as well as those with benign or cellular
ependymomas.

Postoperative focal radiotherapy, ranging in doses between 5500 and 6000 cGy,
has been a conventional component of therapy for patients with ependymomas.
Patients who undergo total resections may fare well after total resection without
any other form of adjuvant therapy. However, the majority of such reports have
been in patients with cortical, as opposed to posterior fossa, ependymomas. Local
radiotherapy is as effective as craniospinal plus local radiotherapy. Until recently,
chemotherapy has not been shown to improve survival for patients with ependymo-
mas. Preliminary data suggest that the addition of chemotherapy prior to radiother-
apy improves disease control in patients with partially resected lesions.

Atypical Teratoid=Rhabdoid Tumors

Atypical teratoid=rhabdoid tumors of the central nervous system have been increas-
ingly recognized over the past decade. They most frequently arise in children less
than three years of age. Approximately one-half to two-thirds of these tumors arise
in the posterior fossa. Dissemination at the time of diagnosis is noted in 30–50% of
patients.

These tumors cannot be reliably separated from other tumors on imaging.
Since they exhibit histological features consistent with other forms of primitive neu-
roectodermal tumors and have a population of rhabdoid cells, diagnosis is often dif-
ficult. Immunohistochemical analysis is critical, as the rhabdoid regions of the tumor
can express epidermal membrane antigen, vimentin, and smooth muscle actin in the
majority of cases. Molecular genetic analysis documenting a mutation on chromo-
some 22 is critical in separating atypical teratoid=rhabdoid tumors from other primi-
tive neuroectodermal tumors of the posterior fossa.

The management of atypical teratoid=rhabdoid tumors is quite challenging. In
the majority of patients less than two years of age, treatment with chemotherapy
alone or chemotherapy plus local radiotherapy has resulted in disease control in less
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than 10% of patients. Treatment with chemotherapy followed by early craniospinal
and local boost radiotherapy in older patients has been shown to result in a better
rate of long-term disease control. The management approaches utilized for patients
with poor-risk medulloblastoma are often utilized for children with atypical tera-
toid=rhabdoid tumors, although recent studies have suggested that an intensification
of therapy may be necessary to improve disease control.

PROGNOSIS

Over 75% of children with posterior fossa tumors can be expected to be alive five
years from diagnosis, many cured of their disease. Therapy is rapidly evolving and
biologic-based treatment is beginning to be incorporated into management. The
tumors or their treatment may result in significant long-term sequelae in children
with posterior fossa tumors, especially in those requiring radiotherapy.

SUMMARY

Childhood posterior fossa tumors are comprised of five major subtypes—medullo-
blastoma, cerebellar astrocytoma, ependymoma, brainstem glioma, and atypical
teratoid=rhabdoid tumors. Presentation, diagnosis, management, and outcome
are dependent on tumor type, age, disease, extent at diagnosis, tumor biology, and
treatment.
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INTRODUCTION

This chapter describes the epidemiology, clinical features, diagnosis, and treatment
of congenital infections affecting the central nervous system. In the early 1970s phy-
sician scientists at Emory University and the Centers for Disease Control and Pre-
vention introduced the unifying concept of TORCH–an acronym that refers to
Toxoplasma gondii, Rubella, Cytomegalovirus, and Herpes simplex virus, potential
causes of human congenital infection. Although improved laboratory methods have
supplanted the original TORCH titers and new pathogens have been added to the
list of causes, TORCH remains a useful paradigm, emphasizing that these agents,
when acquired in utero, produce similar clinical manifestations in infected infants.

EPIDEMIOLOGY

Viruses

Cytomegalovirus. Cytomegalovirus (CMV), the most common cause of conge-
nital viral infection in developed countries, infects approximately 1% of newborns,
usually asymptomatically. Adults and children acquire CMV by direct contact with
infected humans. Fetuses become infected during 40% of primary maternal CMV
infections.

Rubella. After licensure of the rubella vaccine in 1969 and effective immuniza-
tion programs, the incidence of the congenital rubella syndrome (CRS) in nations
with compulsory rubella immunization declined substantially. Rubella is transmitted
by contact with infected aerosols.

Herpes simplex viruses. Herpes simplex virus (HSV) types 1 and 2 affect
approximately 1000 infants annually, causing mucocutaneous or invasive disease
of neonates and rarely congenital infections. Approximately 5% of neonatal HSV
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infections represent congenital infections. The HSVs are acquired by direct human
contact with infected mucosal surfaces.

Varicella zoster virus. Varicella zoster virus (VZV), the agent of chickenpox
(varicella) and shingles (zoster), occasionally causes congenital infection, the fetal
varicella syndrome. Women who have chickenpox during the first or second trime-
ster have a 2% risk of delivering an infant with the fetal varicella syndrome. Humans
acquire VZV by contact with infected persons or virus-infected aerosols.

Other viral causes. Venezuelan equine encephalitis (VEE) virus, West Nile virus
(WNV), lymphocytic choriomeningitis (LCM) virus, and parvovirus B19, the cause
of erythema infectiosum (fifth disease), are rare causes of the TORCH syndrome.

Parasites

Toxoplasma gondii. T. gondii, an obligate, intracellular protozoan, infects birds
and many mammals, especially members of the cat family, worldwide. Humans
acquire infection by ingesting meat, fruits, vegetables, and other foodstuffs contami-
nated by the organism. Approximately 0.1–2% of the adult population acquire T.
gondii annually, and like CMV, fetal infections complicate approximately 40% of
the infections in pregnant women.

Trypanosoma cruzi. The protozoan cause of Chagas’ disease, T. cruzi, exists
endemically throughout Latin America. Congenital infection occurs during maternal
parasitemia, but many aspects of the epidemiology and pathogenesis of congenital
T. cruzi infection have not been determined.

Spirochetes

Treponema pallidum. The overall incidence of congenital syphilis, the conse-
quence of intrauterine infection with T. pallidum, is low in the United States, but
syphilis remains a threat in urban areas or the rural South. In virtually all other
developed countries, congenital syphilis rarely occurs. Untreated maternal infections
cause perinatal death, stillbirth, miscarriage, or congenital infection.

CLINICAL MANIFESTATIONS

Viruses

Cytomegalovirus. Approximately 90% of the CMV-excreting newborns have no
signs of infection at birth. Infants with symptomatic CMV infections exhibit intrau-
terine growth retardation, jaundice, hepatosplenomegaly, microcephaly, chorioreti-
nitis, and petechial or purpuric rash.

Rubella. Symptomatic infants with CRS have cataracts, retinopathy, micro-
ophthalmia, microcephaly or sensorineural hearing loss, as well as meningoencepha-
litis, osteopathy, pneumonitis, hepatitis, hepatosplenomegaly, thrombocytopenia,
jaundice, myocarditis, patent ductus arteriosus, valvular stenosis, or ventricular or
atrial septal defects.

Herpes simplex viruses. Infants with congenital HSV infections have skin
lesions at birth, chorioretinitis or cataracts, microphthalmia, and microcephaly or
hydranencephaly, and closely resemble neonates with the fetal varicella syndrome.

Varicella zoster virus. Infants with the fetal varicella syndrome have skin
lesions, chorioretinitis, microphthalmia, cataracts, paralysis, microcephaly or
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hydrocephalus, congenital Horner syndrome, and limb hypoplasia. The cicatrix, a
characteristic feature of congenital varicella infection, consists of skin scarring and
new skin formations that conform to a dermatomal distribution.

Lymphocytic choriomeningitis virus. The clinical features of congenital LCM
virus infection mimic those of intrauterine CMV or T. gondii infections and include
chorioretinopathy, macrocephaly, microcephaly, and vesicular or bullous skin
lesions.

Arboviruses (VEE and WNV). Infants infected in utero with VEE virus can be
stillborn or have microcephaly, microphthalmia, hydranencephaly, or hemorrhagic
lesions of the CNS. Offspring of women infected with WNV during pregnancy
can have chorioretinitis and cystic encephalomalacia.

Parvovirus B19. Human parvovirus B19 can infect the fetus and cause red
blood cell aplasia, anemia, and cardiac failure. Severe infections are associated with
hydrops fetalis, which can cause cerebral hypoperfusion and CNS sequelae.

Parasites

T. gondii. Symptomatic neonates commonly exhibit jaundice, splenomegaly,
hepatomegaly, fever, anemia, chorioretinitis, hydrocephalus or microcephaly, and
petechiae, secondary to thrombocytopenia.

T. cruzi. Infants with congenital Chagas’ disease have hepatosplenomegaly,
jaundice, anemia, respiratory distress, seizures, and bony lesions resembling conge-
nital syphilis or CRS.

Spirochetes

T. pallidum. Early signs of congenital syphilis consist of intrauterine growth retarda-
tion, rash, hepatosplenomegaly, jaundice, lymphadenopathy, pseudoparalysis, and
bony abnormalities such as osteochondritis. Late signs of congenital syphilis include
sensorineural deafness, dental abnormalities, saddle nose, saber shins, hydrocepha-
lus, and developmental delay.

DIAGNOSIS

Congenital infections should be suspected in newborn infants with jaundice, hepa-
tosplenomegaly, rash, seizures, macrocephaly, microcephaly, chorioretinitis or cat-
aracts. Certain clinical features, such as head size at birth, skin lesions, and the
presence of congenital heart disease, provide useful clues to the specific infectious
agent. These features enable construction of diagnostic algorithms (Fig. 1). How-
ever, because the agents display considerable overlap in the clinical manifesta-
tions, recapitulating the TORCH paradigm, infants with suspected congenital
infections require thorough microbiologic evaluations. These infants require
ophthalmologic examinations, audiometry, neuroimaging (beginning with CT in
the perinatal period), and when CRS is possible, a cardiac evaluation to deter-
mine the spectrum and severity of neurologic, ophthalmologic, audiologic, and
systemic complications.
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Laboratory Features

Laboratory abnormalities compatible with congenital infection include thrombocy-
topenia, anemia, leukopenia, direct hyperbilirubinemia, and elevations of serum
hepatic transaminases. The cerebrospinal fluid can be normal or show a mixed pleo-
cytosis, modestly depressed glucose content, and elevated protein content. Skeletal
radiographs during the perinatal period may show osteochondritis in infants with
congenital infections due to T. cruzi, T. pallidum, or rubella virus, and chest radio-
graphs can detect pneumonitis during infections with several agents, including
rubella, HSVs, CMV, and T. cruzi.

Neuroimaging Features

Intracranial calcifications are the hallmark of intrauterine infections, occurring in
infants with congenital infections with CMV, rubella virus, LCM virus, HSV,
VZV, T. gondii, and T. cruzi. Calcifications tend to be periventricular in infants with
CMV, rubella, and LCM virus, but can be diffuse in congenital toxoplasmosis or
involve the thalamus or basal ganglia symmetrically in congenital HSV and VZV

Figure 1 Diagnosis of congenital infections.
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infections. Periventricular leukomalacia commonly accompanies intracranial calcifi-
cations in infants with congenital CMV infection and CRS.

Cortical dysplasias, including polymicrogyria or focal dysplasia, and develop-
mental defects, such as lissencephaly-pachygyria, schizencephaly, and agenesis of the
corpus callosum, have been reported as a consequence of congenital infections, espe-
cially with CMV. These abnormalities reflect the timing of intrauterine infection.
Additional abnormalities linked to congenital infection include subependymal
(germinal matrix) cysts, cystic encephalomalacia, intraparenchymal hemorrhage,
and cerebellar hypoplasia.

Obstructive hydrocephalus occurs commonly in infants with congenital infec-
tions with T. gondii or LCM virus. Infants infected with the latter virus can have
microcephaly in the neonatal period but later show progressive macrocephaly and
hydrocephalus requiring shunt placement. Infants with congenital HSV, VZV,
VEE virus, and WNV infections can have hydranencephaly or cystic encephaloma-
lacia.

Microbiologic Studies

The diagnosis of intrauterine CMV infection (Table 1) is made by detecting the virus
in urine or saliva samples collected during the first three weeks of life. The diagnosis
of CRS can be confirmed by detecting infectious virus in body fluids (nasal secre-
tions, urine, or CSF) or rubella virus-specific IgM in the infant’s serum. Congenital
and neonatal infection with the HSVs can be confirmed by isolating HSV-1 or 2 from
the conjunctiva, throat, rectum, circulating leukocytes, CSF, or skin lesions.

Infections with several agents, including VZV, LCM virus, T. gondii, T. cruzi,
and T. pallidum, and parvovirus B19, are established by detecting pathogen-specific
IgM in the infant’s serum. When LCM virus is suspected, serum samples should be
sent to the Centers for Disease Control and Prevention for analysis. When T. gondii
infection is suspected, samples can be sent to Palo Alto Laboratories, Stanford, CA
[(650)-853-4828] for a comprehensive panel of serologic markers, including toxo-
plasma-specific IgG, IgM, IgA, and IgE. Certain pathogens including CMV, T.
gondii, and VZV can be detected prenatally by sampling the amniotic fluid or fetal
cord blood, but such methods may not distinguish symptomatic from asymptomatic
fetal infections.

THERAPY AND PROGNOSIS

Infants with congenital infections have variable prognoses that reflect the agent, the
timing of infection, the severity of brain involvement, and the availability and effi-
cacy of postnatal therapy. Infants with intracranial calcifications or other neuroima-
ging abnormalities are more likely to have permanent neurologic sequelae. Because
infants and children with several different congenital infections can experience
sensorineural hearing loss, audiometry should be obtained in the perinatal period
and periodically thereafter into the school years.

Cytomegalovirus. In a prospective, controlled clinical trial of symptomatic new-
borns with CNS disease or chorioretinitis, ganciclovir given at doses of 8 or
12mg=kg=day intravenously for 6 weeks reduced viral shedding and had modest
beneficial effects on hearing outcomes. The effect of postnatal ganciclovir therapy
on long-term neurologic outcomes of CMV-infected infants is unknown,
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although one report suggested more favorable outcomes in a small number of treated
infants.

Approximately 90% of the infants with symptomatic CMV infections have
long-term sequelae affecting development, behavior, intelligence, or hearing. By
contrast, infants with asymptomatic congenital CMV infections have low rates of
sequelae except for sensorineural hearing loss, a complication affecting approxi-
mately 10% of such infants. Although CMV is not highly contagious, pregnant
women should not have direct, intimate contact with CMV-infected infants.

Congenital rubella syndrome. Because CRS cannot be treated effectively by
postnatal antiviral therapy, prevention through vaccination is essential. All children
require rubella virus immunization during early childhood (12–15 months of age)
and again at school entry (4–6 years of age). Infants with suspected rubella require
standard and droplet precautions (private room; masks, gowns, and gloves for per-
sons having patient contact). Infants with confirmed infections should be considered
contagious for at least 12 months, unless nasopharyngeal and urine cultures are

Table 1 Organisms Causing Congenital Infections and Their Associated Clinical
Manifestations

Organism Clinical manifestations

Cytomegalovirus Hepatosplenomegaly, jaundice, petechial rash, microcephaly,
chorioretintitis, sensorineural hearing loss

Rubella Hepatosplenomegaly, jaundice, petechial rash, microcephaly,
osteopathy, chorioretinopathy, cataracts, sensorineural hearing
loss, congenital heart defects

Herpes simplex viruses Microcephaly, cataracts, vesicular skin rash, cystic
encephalomalacia, microphthalmia

Varicella zoster virus Hydranencephaly, cataracts, microphthalmia, cicatrix, limb
hypoplasia, congenital Horner syndrome

LCMa virus Hydrocephalus, microcephaly, chorioretinitis
Arboviruses Chorioretinitis, hydranencephaly, cystic encephalomalacia
Toxoplasma gondii Hepatosplenomegaly, jaundice, hydrocephalus, chorioretinitis
Trypanosoma cruzi Hepatosplenomegaly, jaundice, seizures, osteopathy
Treponema pallidum Early: intrauterine growth retardation, rash, hepatosplenomegaly,

jaundice, lymphadenopathy, pseudoparalysis, osteochondritis
Late: sensorineural deafness, dental abnormalities, saddle nose,
saber shins, hydrocephalus
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negative on serial samples obtained after 3 months of age. Nonimmune pregnant
women must not have contact with infants with CRS.

Neurologic sequelae of CRS include microcephaly, language delay, autism, and
developmental delays or mental retardation. Progressive sensorineural hearing loss
can develop in children who survive CRS. Children with CRS also have increased
risks of growth failure or diabetes mellitus beginning in the second or third decades.

Herpes simplex viruses. Infants with suspected HSV infections should receive
acyclovir at 60mg=kg=day intravenously in evenly divided doses every 8 hr. For
maximum sensitivity, cultures should be obtained prior to acyclovir treatment, but
HSV CSF PCR can remain positive for 24–48 hr or longer after initiation of acyclo-
vir therapy. Although treatment of congenital HSV infections seems prudent, espe-
cially when there is uncertainty regarding the timing of infection, there are no data to
suggest that acyclovir therapy improves the outcome of infants with congenital HSV
infections. Infants with perinatal HSV infections require 21 days of acyclovir
therapy. Infants who survive congenital HSV infections have high rates of cerebral
palsy, vision loss, epilepsy, and developmental delays. Additional information
regarding ongoing trials of antiviral therapy for HSV infections can be obtained
from the Collaborative Antiviral Study Group, Birmingham, Alabama [(205)
934-5316].

Varicella zoster virus. There is no effective postnatal therapy for congenital
varicella syndrome. By contrast, VZV infections acquired in the perinatal period
should be treated with acyclovir using 60 mg=kg=day intravenously in divided doses
every 8 hr for 7–14 days. Because of the damaging effects of VZV on the developing
brain, infants who survive congenital varicella syndrome commonly have cerebral
palsy, developmental delays, vision loss, and epilepsy.

Lymphocytic choriomeningitis virus. There is no effective therapy for congenital
LCM virus infection. Infants with congenital LCM virus infection often have severe
neurology sequelae consisting of cerebral palsy, vision loss, epilepsy, and develop-
mental delay. Progressive hydrocephalus requires placement of ventriculoperitoneal
shunts.

Arboviruses (VEE and WNV). None of the currently available antiviral agents
has proven efficacy against these viruses, especially when acquired in utero.
Although infants with these infections can have severe outcomes with fetal or
neonatal death, developmental delay, and cerebral palsy, the numbers of infants
with these disorders are too few to determine the precise spectra of outcomes.
Public health officials should be consulted when these infections are suspected.

Parvovirus B19. No specific antiviral therapies exist for intrauterine parvovirus
infections.

Congenital toxoplasmosis. Infants with proven, symptomatic congenital toxo-
plasmosis should be treated with prolonged courses of pyrimethamine and sulfadia-
zine. Although opinions differ regarding the duration of therapy, an appropriate
regimen consists of one year of pyrimethamine, 1mg=kg=day orally every 2–3 days,
and sulfadiazine, 100–200mg=kg=day orally every day. Folinic acid, 5–10mg orally
three times per week, should be provided concurrently. Prenatal diagnosis allows
maternal antitoxoplasma therapy, using agents such as spiramycin, an antitoxo-
plasma drug available from the manufacturer, Rhône-Poulenc Rorer.

Aggressive antitoxoplasma therapy and neurosurgical intervention appear to
reduce the likelihood of permanent neurodevelopmental sequelae of intrauterine
toxoplasmosis. In one trial, 79% of treated infants had mental development within
the normal range, and children with hydrocephalus responded favorably to shunt
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placement. Infants with high CSF protein and venticulomegaly (‘‘hydrocephalus ex
vacuo’’) have less favorable prognoses.

Trypanosoma cruzi. Nifurtimox or benznidazole is used to treat active Chagas’
disease in children or adults, and benznidazole has been used to treat infants infected
in utero. In one report infants received benznidazole 7mg=kg BID for 60 days.
Infants who survive congenital Chagas’ disease can have cerebral palsy, epilepsy,
and developmental delay.

Treponema pallidum. Neonates with proven or highly suspected, symptomatic
congenital syphilis require aqueous crystalline penicillin G 50,000U=kg intrave-
nously every 12 hr during the first week of life and every 8 hr thereafter for a total
of 10 days. Alternatively, procaine penicillin G can be given intramuscularly at a
dose of 50,000U=kg once a day for 10 days. Infectious disease experts should be
consulted regarding current treatment strategies for infants whose mothers received
inadequate treatment, infants with asymptomatic infections, or infants older than 4
weeks with possible syphilis and neurologic involvement. Should penicillin G not be
available, alternative treatment recommendations can be found at www.cdc.gov=
nchstp=dstd=penicillinG.htm=.
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Meningitis
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INTRODUCTION

Meningitis, specifically bacterial meningitis, remains a major concern for physicians
treating children because of the high mortality if untreated, as well as the significant
morbidity even when diagnosed and treated early. With the development of the Hae-
mophilus influenzae vaccine, there has been a striking decrease in the number of
pediatric meningitis victims. Meningitis is defined as the occurrence of inflammation
of the meninges, evidenced by increased cells in the cerebrospinal fluid (CSF), and
the simultaneous identification of infection from CSF or blood culture. It is worth
remembering that bacteria, particularly Neisseria meningitidis, may be isolated from
CSF even though it appears normal.

ETIOLOGY

In neonates, there has been a decrease in Group B Streptococcal early infections as a
result of maternal pretreatment. However, the late infection (defined as over 7 days
postpartum), usually associated with meningitis, continues to occur and is unaffected
by maternal pretreatment with ampicillin since the organism is not transmitted ver-
tically during delivery as is the early infection. Gram-negative bacteria and Listeria
are the other frequent causative agents in this age group.

Beyond the neonatal age, Streptococcus pneumoniae and N. meningitidis are the
most common causative agents of bacterial meningitis. Although bacterial meningi-
tis is the greatest concern, most cases of meningitis are due to viral infections, with
enteroviruses causing up to 95% of aseptic meningitis. The majority of other viral
agents (excluding the nonpolio enteroviruses but including the arboviruses), herpes
viruses, measles, mumps, rubella, and West Nile are more likely to present as menin-
goencephalitis rather then meningitis. Borrelia burgdorferi, Rickettsiae, and Ehrlichia
species may cause a pure meningitis and should be considered in the setting of tick
bite, summer and fall infection, and appropriate geographic location. Fungal infec-
tions are more common in the immunocompromised patient, but even normal chil-
dren should be evaluated for such in the case of an uncharacteristic meningitis
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picture, especially of a chronic nature. Mycobacteria tuberculosis meningitis remains
a rare but serious disease in both developing and developed countries. Children are
infected by adolescents and adults with disease and may present with meningeal
disease as the predominant symptom.

PATHOGENESIS

The pathogenesis of typical childhood bacterial meningitis follows a predictable pat-
tern. Initially, invasion occurs across the respiratory tract with bacteria entering the
blood stream, then entry into the central nervous system (CNS) across the blood–
brain barrier. The presence of bacteria in the brain results in alteration in blood flow
secondary to cerebral edema, vasospasm, and thrombosis, all of which can lead to
brain injury. Additional brain injury occurs from inflammatory mediators, free radi-
cals, and the toxic effects of excessive excitatory amino acid production.

Children with immunodeficiencies, shunts, recent neurosurgical procedures,
CSF leaks, and congenital heart disease may have a different initiating event than
that described above. In these children there is an increased risk of meningitis;
aggressive evaluation and treatment are mandated.

DIAGNOSIS

The classic triad for meningitis of fever, headache, and neck stiffness is frequently
absent in children. Even in adults it has been found that, in patients with less then
1000 cells=mm3 in CSF, the sensitivity and specificity of Kernig’s and Brudzinski’s
signs and nuchal rigidity are quite low. For neonates, a suspicion of meningitis should
be raised if the infant demonstrates temperature instability, apnea, irritability, poor
feeding, respiratory distress, diarrhea, or a bulging fontanelle. The American Acad-
emy of Pediatrics (AAP) recommends lumbar punctures (LPs) after febrile seizures
in children less than 12 months of age, due to the nonspecific findings of meningitis
in this age group. In the older child, headache, fever, neck stiffness or pain, alteration
in consciousness, vomiting, focal neurological findings, and seizures (often focal) are
the most frequent signs and symptoms of meningitis. Bacterial meningitis may pro-
gress rapidly within hours, proceed at a more moderate pace, or insidiously worsen
over days. A positive LP is the gold standard for confirming meningitis, as it allows
identification of the organisms involved and may allow early customizing of treat-
ment based on Gram stain results. Early treatment of meningitis should be the pri-
mary goal. However, if the LP is to be delayed while awaiting a CT scan or
postponed altogether, antibiotic treatment should be initiated immediately. The CT
scans are indicated in the setting of focal neurologic signs or insignificantly depressed
consciousness. In the absence of these signs, it is not required before proceeding to
LP. A normal CT scan does not guarantee that intracranial pressure (ICP) is not
increased. An LP should not be performed in the presence of worsening levels of con-
sciousness, posturing, papilledema, pupillary changes, or any other sign of incipient
herniation. Seizure and fever are rarely the only signs of meningitis; however, if addi-
tional indications point towards meningitis, the LP should at least be delayed 30min
after short seizures and postponed or deferred after longer seizures. This is to decrease
the risk of herniation resulting from increased blood flow and ICP during seizures.
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The LP is contraindicated in the setting of an uncorrected bleeding disorder or if
infection is present that could be introduced into deeper locations with the procedure.

Antibiotics can result in sterilization of CSF, a negative Gram stain, and
normalization of glucose within minutes to hours but the pleocytosis and
protein changes will remain evident for at least 48 hr. The advantages of early
treatment cannot be overstressed; however, if suspicion is low or an LP can be
performed safely and expeditiously, the value of a positive culture with the ability
to determine antibiotic susceptibility outweighs immediate treatment.

While culture is the gold standard for identifying the etiology of meningitis, the
initial CSF may help distinguish between bacterial and viral meningitis. Bacterial
meningitis is usually associated with a significant (>1000 cells=mm3) pleocytosis with
a polymorphonuclear predominance, elevated protein (>80mm=dL in the non-neo-
nate), and decreased CSF serum glucose ratio (< 0.6 and often as low as 0.2). Viral
meningitis is usually associated with a cell count of less then 300 cells=mm3, normal
protein and normal glucose, and a lymphocytic predominance. Early results may
show polymorphonuclear cell predominance. However, while predictive models to
distinguish between bacterial and viral infections are being developed, the most com-
mon practice in the United States is for a 48–72 hr course of antibiotics in the pre-
sence of meningitis (defined as more than 6 cells=mm3 in the CSF in non-neonates
or 22 cells=mm3 in the neonate) until bacterial cultures become negative. Enterovirus
PCR may shorten hospitalizations in those institutions that can provide test results
in a rapid manner by confirming a nonbacterial source of the meningitis and allow-
ing earlier discharge before bacterial cultures are final. Tubercular meningitis usually
presents with a clinical course progressing over weeks, a CSF WBC count in the
range of 500 cells=mm3, very low glucose, and elevated protein with a lymphocytic
predominance. The article by Starke provides a thorough review on TB meningitis.
Table 1 summarizes the CSF findings in various forms of meningitis.

TREATMENT

Empiric therapy for bacterial meningitis should not be delayed for diagnostic stu-
dies. Appropriate empiric treatment should be started based on the age of the patient
and the patterns of resistance in the area from which the patient acquired the
infection. As an example, S. pneumoniae can have resistance rates as high as 40%
to penicillins; in that case, vancomycin would be the first choice for coverage,
rather than cephalosporins alone. This information is readily available from local

Table 1 CSF Findings in Meningits

Bacterial Viral Mycobaterial

CSFcell count 500–10,000 > 6–500 > 6–1000
Predominant WBC cell type PMNsa Lymphocytesb Lymphocytes
Protein Elevated Normal-Mildly Elevated Elevated

CSF:Serum Glucose ratio Decreased Normal Decreased

a PMNs¼polymorphonuclear cells.
b Polymorphonuclear cells may predominate initially in viral infections.

Adapted data from Kaplan (1), Rotbart (2), and Starke (3).
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microbiology labs or Departments of Health in respective cities, counties, and states.
For the neonatal age group, I use ampicillin and either and aminoglycoside such as
gentamicin or a third generation cephalosporin, such as cefotaxime. Doses are dic-
tated by the infant’s gestational age, chronologic age, and weight. They can be found
in a variety of neonatal texts. For children over the age of 3 months, I recommend
coverage with vancomycin (15mg=kg every 6 hr, up to a maximum dose of 2 g per
day) and a third generation cephalosporin, such as ceftriaxone (50mg=kg every
12 hr, up to a maximum of 4 g per day). Later adjustment of antibiotic choices
should be made based on Gram stains and, ultimately, isolation of the organism
and its antibiotic susceptibility. To decrease the risk of drug resistance, vancomycin
should be discontinued promptly if bacterial susceptibilities allow it.

Dexamethasone use has been shown to be beneficial in reducing hearing loss in
children with H. influenzae meningitis. It may also prevent hearing loss in S. pneumo-
niae meningitis if given prior to antibiotic administration. A recent Cochrane review
concluded that steroids are beneficial for children with acute meningitis. Other ana-
lyses focusing on the most recent studies have been less emphatic in their conclusion
of benefit. Experts remain divided on treatment, as noted by the AAP’s Red Book
statements on dexamethasone use. Theoretical concerns based on animal studies sug-
gest that steroid use may decrease vancomycin entry into the CSF, although this has
not been seen clinically. If steroids are to be used, they should be used at least 30min
prior to or at least concurrently with the first dose of antibiotics so that the benefit of
decreasing inflammation triggered by bacterial death can be gained. A reasonable
course of treatment would be a dose of 0.6mg=kg=day of dexamethasone for 2 days.
As a neurologist, I am rarely consulted until long after the effectiveness of steroids is
gone.

Coverage for other causes of meningitis, such as herpes simplex, Lyme, and
tuberculosis, is covered in the chapter on Encephalitis.

PROGNOSIS

Mortality in neonates is reported as 10% in developed countries with up to 1=3 of
survivors suffering long-term sequelae including hearing loss, cortical blindness, cer-
ebral palsy, and mental retardation. In older children, mortality is between 2% and
5% in developed countries while morbidity is 10–20%. Increased risk of poor
outcome is associated with infection with S. pneumoniae, presence of coma, focal
seizures or seizures continuing more then 72 hr after treatment, or CSF glucose
less then 20. Major morbidity includes severe mental retardation, hydrocephalus,
blindness, and the most common serious side effect, deafness.

With continuing research and clinical work, we hope the next version of this
book will be able to recommend agents to treat viral meningitis and further eradica-
tion of bacterial meningitis with broadly effective vaccines against S. pneumoniae and
N. meningitidis.

SUMMARY

The management of meningitis is continuously evolving due to advances in immuni-
zation and emerging changes in resistance patterns for various organisms. The signs
of meningitis may be subtle, depending on both the patient and the organism.
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Lumbar puncture remains the gold standard for diagnosis but should not be delayed
for effective therapy. Initial selection of antibiotics should be based on local
resistance patterns and then narrowed based on the organism’s sensitivity pattern.
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INTRODUCTION

Encephalitis is inflammation of the brain parenchyma. Its cardinal clinical manifes-
tations, occurring singly or in combination, are headache, fever, altered conscious-
ness, and focal neurological deficits. The inflammatory process may be generalized
throughout the brain or restricted to focal involvement. It may also involve the
meninges. The diversity of clinical features reflects these patterns of involvement
and a particular clinical picture is seldom specific to an individual infectious agent.
Encephalitis is often an unusual manifestation of a common infection. This leads to
variation in the relationship between the systemic infection and the neurological ill-
ness because individual agents vary in their propensity for CNS involvement and the
prognosis of the neurological illness. The pathogenesis of encephalitis is heteroge-
neous even for a single infectious agent and may follow an acute, subacute, or
chronic course. This chapter will be limited to discussing infective causes. Prion
disease, metabolic or toxic encephalitides, postinfectious demyelinating disease,
and encephalitis in immunodeficiency, including that caused by HIV infection, are
not discussed in this chapter.

DIAGNOSIS

Encephalitis is a generic term associated with numerous infective etiologies. A speci-
fic infectious agent may be suggested by geographical, environmental, and seasonal
factors in the history or clinical features on examination. Rarely, however, can a spe-
cific causative infection be identified on clinical grounds alone. The diagnosis of
encephalitis is, strictly speaking, histological but with the exception of HSV1 infec-
tion, has usually been based only upon assessment of clinical features and exclusion
of other possibilities leaving the pathogenesis and even the diagnosis in doubt.

The importance of antibody serology as a diagnostic tool in this context is
often underestimated. Furthermore, its diagnostic potential is frequently not realized
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because of failure to collect convalescent samples. Acute phase samples are required
to detect elevated concentration of specific IgM and both acute and convalescent
samples for detection of a fourfold rise in serum IgG titers. Its value in guiding treat-
ment is limited by the delay, until convalescence in most cases, of definitive diagnos-
tic information.

CSF analysis is central to diagnosis but may be contraindicated by clinical or
imaging evidence of raised intracranial pressure. CSF pleocytosis has been reported
in between one-third and two-thirds of reported series of consecutive cases of ence-
phalitis. A nonspecific increase in CSF protein level may be seen in an additional per-
centage but the etiological agent can only be established with certainty by additional
laboratory investigations. Meticulous collection of appropriate samples (CSF, throat
swab, blood, stool, and urine) for viral and bacterial culture and serology enabled a
diagnosis of a specific infectious agent to be made in around 80% of a large reported
series cases of encephalitis of presumed viral etiology. In clinical practice, less than
half of this yield of diagnoses would be typical.

Viral culture of CSF is rarely positive but techniques to identify specific viral
amino-acid sequences, such as polymerase chain reaction (PCR), are highly sensitive
and specific, with the possibility of simultaneous screening for multiple infectious
agents now available. As with serological testing, CSF antibody analysis is most sen-
sitive in the convalescent period (peaking around 6 weeks after infection). It is most
reliably interpreted in relation to serum antibody levels using the specific antibody
ratio, which is a comparison of the CSF-to-serum ratio of specific antiviral IgG anti-
body with that of total IgG. If the fraction of specific antiviral IgG in the CSF
exceeds the fraction of total IgG in the CSF by more than 1.4 to 1, intrathecal anti-
body synthesis is probable. This test has proved both sensitive and specific in the
diagnosis of HSV-1 encephalitis applied to CSF obtained more than 10 days after
the onset of the illness. The CSF IgG index, another measure of intrathecal IgG
synthesis, is a comparison of the CSF-to-serum ratios of total IgG and albumin.
Elevation of the ratio supports intrathecal IgG synthesis, but, unlike the specific
IgG ratio, cannot be used to confirm the relevance of a specific agent to the
neurological illness.

EEG changes will corroborate evidence of an encephalopathic process but with
the exception of subaute sclerosing panencephalitis (SSPE) and herpes encephalitis
are not usually helpful in identifying a specific aetiology. Cranial imaging with CT
is often normal in encephalitis but usually performed as an integral part of assessing
a patient with acute encephalopathy. MR imaging may show diffuse or focal edema;
focal changes in specific brain areas can be suggestive of particular infections
(see below).

BRIEF DESCRIPTION OF DISEASE AND TREATMENT

Supportive Care

The initial treatment of a patient with acute encephalitis involves supportive
measures and symptomatic treatment with intensive care management if necessary.
Seizure and temperature control, avoidance of electrolyte imbalance, maintenance
of cerebral perfusion pressure, and treatment of systemic dysfunction are
common issues in clinical management.

Compared to other acute encephalopathies, the pathologic process in encepha-
litis is often temporary or reversible so that an excellent recovery is possible in some
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cases despite an illness that is very acute and severe. Attention to the details of
supportive care of patients at their nadir is therefore critical. The value of steroid
treatment has not been subjected to systematic scientific evaluation but has a clear
rationale for use in parainfectious, as opposed to invasive, viral disease.

Prompt initiation of intravenous acyclovir is mandatory once a diagnosis of
encephalitis is suspected, with empirical treatment continued until a diagnosis of
herpes infection is excluded. HSV encephalitis is the only example of viral encepha-
litis in which there is a well-established evidence that neurological outcome is
improved by specific antiviral treatment after the onset of neurological symptoms.

Herpes Viruses

HSV-1 and -2 are common infections but only rarely do they involve the CNS.
HSV-1 is nevertheless the commonest cause of nonepidemic focal infective ence-
phalitis in the USA and untreated has a high mortality and morbidity. It causes
focal encephalitis with a predilection for temporal structures, which is often but
not always reflected in clinical features, EEG (periodic sharp waves in the temporal
leads in the later stages), and MR imaging abnormalities in the temporal lobes.
CSF PCR and=or convalescent CSF antibodies are important since serum antibody
concentrations can be unhelpful. Viral DNA studies have shown HSV encephalitis
occurring due to HSV strains other than the original infection in HSV seropositive
individuals.

Early initiation of treatment with acyclovir has been shown to reduce greatly
the mortality and morbidity of HSV encephalitis. Delays beyond 4 days from the
onset of neurological symptoms decrease its effectiveness. Recommended regimes
for HSV-1 encephalitis are 500mg=m2 or 10mg=kg 8 hourly for 14 days intrave-
nously in immunocompetent patients. Relapse following completion of acyclovir
treatment has been reported as more likely to occur with lower dose regimes of
shorter duration. Some studies recommend continuing treatment for 21 days to mini-
mize risk of relapse, but the evidence for this is not yet strong.

Neonatal HSV encephalitis is usually due to HSV-2 acquired during delivery
from a mother with genital herpes. After 3 months of age, HSV encephalitis is almost
exclusively due to HSV-1. Treatment of neonatal infection is covered in Chapter 40
(Congenital Infections and the Nervous System).

New antiherpetic agents, such as ganciclovir, vidarabine, cidofovir, valaci-
clovir, and famciclovir, have an established role in the treatment of non-CNS
herpes infection but not in the treatment of immunocompetent patients with ence-
phalitis and acyclovir remains the treatment of choice. Acyclovir resistance is
emerging in HIV-positive patients. This may impact on future treatment of the
general population. Special considerations apply in the treatment of HSV
encephalitis in immunocompromised patients but are beyond the scope of this
chapter.

Other herpes encephalitides caused by varicella, cytomegalovirus, human
herpes virus 6 (the infective agent in roseola infantum), and Epstein–Barr virus
are usually benign and do not require antiviral therapy for an immunocompetent
host. Herpes B encephalitis is a severe and often rapidly fatal infection transmitted
from the Macaque monkey. Management guidelines by the Herpes B 1994
working group include advice regarding wound cleaning, appropriate investigation,
prophylaxis, and treatment with acyclovir or ganciclovir.
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Measles Virus

Measles infection is said to be responsible for 1% of deaths from all causes world-
wide. Although the majority of these deaths are attributable to other complications,
neurologic involvement is common. Encephalomyelitis affects 1 in 1000 cases of
measles and is not always accompanied by a rash. Acute inclusion body encephalitis,
in which viral replication is prominent, and demyelinating postinfectious encephalitis
can be clinically indistinguishable.

Subacute sclerosing panencephalitis is due to latent persistence of a mutant
measles virus infection. No adequate therapy is currently available for SSPE, which
is usually fatal within 3 years. Several agents have been suggested to modify the dis-
ease course. Isinoprine and interferon alpha are immune modulators that have been
reported to stabilize or improve clinical symptoms but are not yet an established
treatment. Combination therapies with ribavarin and triexyphenidyl may be benefi-
cial. Immunoglobulins, plasmapharesis, steroids, and cimetidine have been tried in
clinical practice with limited success.

Arboviruses

These enveloped RNA viruses cause a variety of geographically specific encephali-
tides transmitted by mosquitoes, sandflies, or ticks. Worldwide, Japanese B encepha-
litis is the greatest cause of death with 30,000 to 50,000 cases, mostly in young
healthy children. It is rare in the USA, where Eastern Equine encephalitis is the least
benign of the arboviruses commonly seen.

Rabies

Rabies, a rhabdovirus, is transmitted following an infected animal bite or exposure
to respiratory aerosols of the virus in caves housing bat colonies. Domestic animals
rarely carry the virus in Western Europe and the USA but in parts of South America,
Africa and Asia, dogs remain a common vector of the disease. If clinical disease
develops following exposure, it is almost invariably fatal. Vaccination is available
for high-risk individuals and a combination of human immunoglobulin and rabies
vaccine given after exposure can decrease the incidence of clinical disease. The diag-
nosis is made by PCR examination of saliva or tissue biopsy of brain, cornea, or
nuchal skin to detect viral proteins. Lyssavirus causes a rabies-like infection and is
transmitted to humans from bats.

Bacterial, Rickettsial, Parasitic, and Fungal Encephalitis

These agents can all cause acute encephalitis, whose treatment is summarized in
Table 1. Regional variations in antimicrobial resistance may alter recommended first
line treatments from those listed.

PUBLIC HEALTH MEASURES AND PREVENTION

Globally, mosquitoes and tics are important vectors of viral encephalitides, such as
Japanese B and West Nile Encephalitis. In the absence of new developments in anti-
viral therapies, the control of host reservoirs and intermediate vectors has become
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increasingly important. Epidemiological surveillance of birds, mosquitoes, and other
vectors enables activation of specific public health interventions, such as mosquito
control programs, during anticipated high-risk periods. Public awareness is also
important in encouraging risk-avoiding behaviors. Vaccination is available against
several viruses responsible for encephalitis, either on population vaccination
programs or for individuals at high exposure risk. Measles vaccination has
been reported not to be associated with a risk of encephalitis, vaccinated populations
having a ‘‘background rate’’ of encephalitis of 1.8 per million. Rabies vaccine is
used only for high-risk contacts. Vaccination against HSV-2 is under trial and
results are encouraging but not yet available for widespread use.

PROGNOSIS

The morbidity and mortality associated with encephalitis is determined primarily by
the underlying infective cause. Some infections have a notoriously poor outcome
with high mortality and neurological morbidity of survivors, including rabies,
Japanese B, untreated HSV, and Eastern Equine encephalitis. Mumps and chicken-
pox encephalitis are usually benign infections with few sequelae. Acyclovir has
significantly reduced both mortality and severe neurological disability following
HSV encephalitis. Mortality is now 28% overall for treated HSV encephalitis with
the greatest benefit seen in those treated early. Long-term follow up for acyclovir
treated patients suggests that although the majority of survivors live independently,
rigorous testing identifies cognitive deficits and behavioral changes in most. Memory
impairment, consistent with bilateral temporal lobe involvement, is often under-
recognized as a clinical problem.

Clinical factors at presentation can be used to predict poor outcome, even if the
underlying infection is not identified. Age less than 3 years, a modified Glasgow
Coma Score of less than 9, abnormal oculocephalic responses, and abnormal CSF
findings with evidence of infection or high CSF:serum albumin ratio are all predic-
tors of poor outcome.

SUMMARY

The treatment available for infectious encephalitis remains largely supportive except
for HSV and nonviral encephalitis. The prognosis is often good but with important
exceptions. Specific sequelae, especially those affecting cognition, memory, and
behavior are under-recognized. Significant advances have been made in diagnostic
techniques and these have facilitated public health measures of vaccination, vector
control, and other disease prevention strategies that remain the most important
factors in limiting the morbidity of the diverse spectrum of infectious encephalitis.

SUGGESTED READINGS

1. Chaudhuri A, Kennedy PGE. Diagnosis and treatment of viral encephalitis. Postgrad
Med J 2002; 78:575–583.

2. Garg RK. Subacute sclerosing panencephalitis. Postgrad Med J 2002; 78:63–70.

300 Goodwin and Kennedy



3. Holmes GB, Chapman LE, Stewart JA, et al with the B Virus Working group. Guidelines
for the prevention and treatment of B-virus infections in exposed persons. Clin Infect Dis
1995; 20:421–437.

4. Kennedy CR. Viral infections excluding herpes simplex, rabies, and HIV. In: Lambert, ed.
Infections of the Central Nervous System. Philadelphia: Decker, 1991:300–316.

5. McGrath N, Anderson NE, Croxson MC, Powell KF. Herpes simplex encephalitis treated
with acyclovir: diagnosis and long term outcome. J Neurol Neurosurg Psychiat 1997;
63:321–326.

6. Solomon T. Exotic and emerging viral encephalitides. Curr Opin Neurol 2003; 16:
411–418.

7. Whitley RJ, Gnann JW. Viral encephalitis: familiar infections and emerging pathogens.
Lancet 2002; 359:507–514.

Treatment of Pediatric Neurological Disorders: Encephalitis 301





43
Neurocysticercosis

Constance Smith-Hicks and Eric H. Kossoff
The Johns Hopkins Hospital, Baltimore, Maryland, U.S.A.

INTRODUCTION

Neurocysticercosis is the most prevalent parasitic disease that affects the nervous
system and the most common cause of epilepsy in the world. The causative parasite
is actually the larva (Cysticercus cellulosae) of the pork tapeworm Taenia solium.
Although found worldwide, cysticercosis has particularly high prevalence rates in
areas with poor sanitation and where human fecal material is used for fertilizer. It
is most common in Central and South America, Mexico, Spain, Portugal,
Sub-Saharan Africa, and East Asia—including India, Indonesia, and China. In
the United States, it is mainly a disease of immigrants; however, because of the
increase in travel to endemic areas, the incidence has increased, primarily in the
southwestern states, California, and Chicago.

Taenia solium has a two-host biological cycle with the pig as the intermediate
host carrying the larvae (cysticerci). Humans become the definitive host, harboring
the intestinal tapeworm by ingesting poorly cooked infected pork. Cysticercosis,
infection not with the tapeworm but its larva, is acquired by fecal-oral transmission.
The ova liberate oncospheres in the intestines that migrate to the central nervous
system where they form cysts.

Neurocysticercosis is a pleomorphic disease; its manifestation depends on the
number and location of tapeworm cysts and the host response. Cases of neurocysti-
cercosis are rarely seen in infants because of its prolonged incubation period of
3–5 years. Children with only a single exposure tend to have a solitary cyst and a
more benign course, experiencing vague symptoms (e.g., headache or dizziness) with
the lesion resolving spontaneously in 2–9months. Those living in endemic areas may
have a less favorable prognosis marked by a more complicated disease process as a
result of multiple lesions. Cysts in the brain commonly cause focal seizures in
children.

Most children have normal physical and neurologic examinations, although
some may present with hemiparesis due to Todd’s paralysis after a focal seizure. Less
common presentations are focal neurologic disturbances, movement disorders,
neuropsychiatric disturbances, communicating and non-communicating hydroce-
phalus, gait disturbance, and meningitis.
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DIAGNOSIS

The diagnosis is made primarily by non-contrast head CT. Features seen on CT
include the cyst (with or without a calcified center) possibly with edema surrounding
it. MRI with gadolinium is complementary and is more sensitive in identifying non-
inflamed and intraventricular cysts. The lesions may be ring-enhancing and calcified,
which indicates the death of the larva and its resulting inflammatory reaction.
Visualization of an eccentric nodule within the ring lesion is suggestive of neurocys-
ticercosis and represents the scolex. The cysts are usually located in the cortex at the
gray-white junction, but the deep ganglia, white matter, ventricles, and meninges are
not exempt. The enzyme-linked immunotransfer blot assay (EITB) is the test of
choice for detecting the antibody of T. solium in serum and is available through
the CDC. It has 100% specificity and 90% sensitivity with more than two lesions,
and 50–70% sensitivity with one lesion. When the parasites are located in the brain
parenchyma, results of the CSF analysis may be normal or may reveal either a
lymphocytic or eosinophilic pleocytosis. Although the stool test for T. solium is
rarely positive, the presence of ova may be the only diagnostic confirmation in some
children.

Diagnostic criteria were proposed in 1996, and recently modified based on clin-
ical, imaging, immunologic, and epidemiological data (Table 1). Definitive diagnosis
requires one absolute or two major, one minor, and one epidemiological criterion.
Probable diagnosis requires one major and two minor criteria, one major, one minor,
and one epidemiological criteria, or three minor and one epidemiological criteria.

TREATMENT

The introduction of praziquantel and albendazole in the treatment of neurocysticer-
cosis has led to intense controversy and confusion as to their role. A team of experts
at a meeting in Lima, Peru created consensus guidelines for the treatment of

Table 1 Diagnostic Criteria for Neurocysticercosis

Absolute
(a) Biopsy-positive lesion from the brain or spinal cord demonstrating the parasite
(b) Cystic lesion showing the scolex on CT or MRI
(c) Direct visualization of subretinal parasites by fundoscopic exam

Major
(d) Lesions on neuroimaging highly suggestive of neurocysticercosis
(e) Positive immunoblot for detection of anticysticercal antibodies
(f) Resolution of intracranial lesion after treatment with abendazole or praziquantel
(g) Spontaneous resolution of small single enhancing lesion

Minor
(h) Lesions on imaging study compatible with neurocysticercosis
(i) Clinical manifestations suggestive of neurocysticercosis
(j) Cysticercosis outside of the central nervous system

Epidemiological
(k) Household contact with T. solium infection
(l) Contact with individuals from cysticercosis
(m) History of frequent travel to disease-endemic area
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neurocysticercosis. The guidelines were individualized based on the viability of the
lesions within the nervous system, and the location and number of the lesions. An
algorithm based on these recommendations is presented in Fig. 1.

Parenchymal Neurocysticercosis

Details of antihelminthic and corticosteroid therapy are described in Table 2.
Whereas several case series have shown that single parenchymal lesions resolve with-
out antiparasitic drugs, others have suggested that treatment results in a faster dis-
appearance of cysts. Thus, the decision to treat children with single lesions is still
controversial. It is believed that patients who are at risk for cyst growth with result-
ing ventricular invasion and hydrocephalus should be treated with antiparasitic
agents. Carpio prospectively evaluated the evolution of viable cysts in patients with
single or multiple cysts, with or without antihelminthic therapy, and suggested that
patients with moderate infection burden (more than five cysts) benefit from treat-
ment. These patients are thought to be at a higher risk for cyst growth and aggressive
treatment is recommended. In cases of heavy infection with widespread infla-
mmation and cerebral edema, the current practice is to treat with corticosteroids

Figure 1 Algorithm for treatment of neurocysticercosis.
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to minimize worsening cerebral edema. There is no consensus on the use of antihel-
minthics after the cerebral edema is resolved.

Seizures are managed in a manner similar to that used in other causes of
secondary seizure disorders, with carbamazepine and phenytoin reported as first-
line drugs. After resolution of infection, patients who remain seizure-free for
1–2 years can be taken off antiepileptic agents.

Extraparenchymal Neurocysticercosis

The management of intracranial hypertension and hydrocephalus in patients with
extraparenchymal neurocysticercosis takes first priority, as it is associated with a
worse prognosis. Treatment may require neuroendoscopic resection for cysts located
within the ventricles, the use of shunts, and antiparasitic agents for infections invol-
ving the basal cisterns. There is general agreement that subarachnoid cysticercosis
should be managed with both antihelminthics and corticosteroids.

PROGNOSIS

The mortality and morbidity associated with neurocysticercosis depends highly on
whether the disease process is simple or complicated. Patients with mild disease bur-
den tend to have fewer complications and a favorable prognosis. Treatment with
antihelminthics results in significant regression or complete resolution in 80–90%
of cases, and patients can be weaned from their anticonvulsants within 1–2 years.
Depending on the location of the cysts, patients in endemic areas are at risk for
major complications, for example increased intracranial pressure, recalcitrant
seizures, and focal neurologic deficits.

SUGGESTED READINGS

1. Davis LE, Kornfeld M. Neurocysticercosis: neurologic, pathogenic, diagnostic and
therapeutic aspects. Eur J Neurol 1991; 31:229–240.

2. Garcia HH, et al. Current consensus guidelines for treatment of neurocysticercosis. Clin
Microbiol Rev 2002; 15:747–756.

Table 2 Drug Therapy for Neurocysticercosis

Therapy Doses Advantages Disadvantages

Albendazole 15mg=kg=day High cysticidal effect Possible hypersensitivity
Low cost
Good CSF penetration

Risk of increased ICP
with cyst death

One-week course just as
effective as four weeks

Praziquantel 50mg=kg=day Fifteen-day course Possible hypersensitivity
Higher cost

Prednisone 1–2mg=kg=day Effective in children to
reduce local
inflammation secondary
to death of larvae
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Neurologic Complications of HIV Infection
in Infants and Children
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INTRODUCTION

Perinatal infection is the most common route of HIV infection among children living
with HIV infection in the United States. Currently, adolescents are the pediatric age
group at highest risk of new infection through sexual and drug-using behaviors
(readers are referred to other references for diagnosis and management of neurologic
disease in adolescent-acquired HIV infection).

Neurologic manifestations of HIV infections vary in type and frequency across
the wide range of ages, developmental stages, comorbidities, immunologic status,
and medication regimens of HIV-infected infants, children, and adolescents. As in
adults, progressive decline in immune function is the major risk factor for opportu-
nistic infections, malignancies, and vascular events of the central nervous system.
Peripheral neuropathy, whether due to medication toxicity or HIV infection itself,
can also occur in children but less often than in adults. Diagnosis and management
of infants and children with HIV presents unique demands on the health care practi-
tioner, as immunological, medical, neurological, and neuropsychological complica-
tions must be considered within a neurodevelopmental framework.

DIAGNOSIS AND EVALUATION BY CLINICAL PRESENTATION

HIV Encephalopathy

HIV encephalopathy in children (usually in those not receiving effective highly active
antiretroviral therapy (HAART)) produces global deficits but the pattern and sever-
ity may vary. The diagnosis is suspected by clinical history and exam, and there is no
specific diagnostic test to confirm HIV encephalopathy, although neuropsychologi-
cal examination results over time can aid in identifying encephalopathic progression.
Infants can present with developmental regression and, ultimately apathy and
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withdrawal, in a severe, progressive course (without HAART). Less severely affected
infants will show delayed but continued acquisition of developmental milestones
with ultimately below average functioning in all areas of development. Motor and
tone abnormalities most commonly are of the spastic diplegia type though other cer-
ebral palsy-type patterns occur. Examination of CSF, if undertaken, may reveal mild
elevations of protein and=or mononuclear cells, but is neither sensitive nor specific.
CSF viral loads are not of proven diagnostic or prognostic utility in this setting. The
purpose of CSF exam, neuroimaging, and other testing is generally to evaluate for
other conditions rather than to confirm the diagnosis of HIV encephalopathy.
Opportunistic infections are more likely considerations in the child with seizures,
stroke, or focal neurologic abnormalities, altered mental status, fever, or rapid onset
or progression of findings.

Progressive Multifocal Leukoencephalopathy

Progressive multifocal leukoencephalopathy (PML) occurs mostly in severely immu-
nocompromised patients (occasionally with lesser degree of immunosuppression) as
a result of reactivation of JC virus. It occurs far less frequently in children than in
adults. The typical presentation is progression of motor, visual, auditory, cranial
nerve, and cognitive deficits over a period of weeks to months in the absence of head-
ache or fever. CSF exam is usually normal. MRI demonstrates increased T2 signal
without mass effect, reflecting the JCV-mediated destruction of oligodendroglia.
Positive CSF JCV PCR confirms the diagnosis but is not positive in all cases.

Meningoencephalitis

In general, the more common causes of meningoencephalitis tend to be predominant
in children, even with HIV. However, some specific pathogens need to be considered
in the differential diagnosis when symptoms occur.

Cryptococcal

Cryptococcal meningitis is much less common in children than adults and occurs
with severe immunosuppression. Presentation is often subacute (over weeks) head-
ache and fever; meningismus, seizures, altered mental status or focal signs can also
occur at presentation. CSF exam may show elevated opening pressure, mononuclear
pleocytosis, elevation of protein and low glucose, but these abnormalities may be
minimal or absent. Neuroimaging may show evidence of increased intracranial pres-
sure (ICP) or other nonspecific abnormalities. Diagnosis is confirmed by positive cul-
ture, positive fungal stain or positive capsular antigen test on CSF. Serum
cryptococcal antigen tests are positive in most cases of cryptococcal meningitis.

Tuberculous

Tuberculous (TB) meningitis should be considered in any child presenting with
meningitis. Risk factors for increased likelihood of acquiring tuberculosis infection
should be sought (suspected or confirmed TB contact, children=family who immi-
grated from or traveled to TB endemic countries, homelessness, incarcerated con-
tacts, illicit drug use). Risk of developing TB disease in those who have acquired
TB infection is increased even in infants and young children without HIV
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infection; HIV infection only increases this risk further, particularly with progressive
immunosuppression. Tuberculous meningitis may present with rapid progression of
fever, headache, seizures, and increased ICP (more common in infants and young
children) or may present subacutely, with 1–2weeks of headache, fever, and irritabil-
ity followed by more abrupt onset of lethargy, depressed mental status, meningis-
mus, seizures, and cranial nerve abnormalities. CSF exam routinely shows
elevated protein (often extremely elevated, 400–1000) and low glucose; pleocytosis
can be neutrophilic early on but typically is mononuclear with variable counts
(10–500). AFB stain of CSF stain is typically negative; larger volume CSF samples
(minimum 5mL, preferably 10mL or more) are more likely to yield positive AFB
cultures, but cultures are often negative. PPDs should be placed on child but are fre-
quently negative; investigation and PPD testing of family and other contacts may
help determine the likely source of TB infection for the child. Chest x-ray should
be performed for evidence of TB infection and (if abnormal chest x-ray) three early
morning gastric aspirates should be sent for AFB culture. Supportive head CT find-
ings include basilar enhancement, hydrocephalus, and focal areas of ischemia.

CMV

CMV encephalitis is uncommon in adult AIDS patients and rare in children with
AIDS. Patients have extremely low CD4 counts (<50 cell=mm3) and present with
rapid onset, progressive delirium, headache, fever, cranial nerve deficits, and ataxia.
CSF is highly variable and may be normal, though low glucose, elevated protein, and
neutrophilic pleocytosis are common. MRI shows confluent lesions in brainstem and
periventricular distribution, often with enhancement. CMV PCR from CSF is more
useful than culture for diagnosis, though definitive diagnosis requires brain biopsy
for pathology and culture. Patients should have a dilated retinal exam for concomi-
tant CMV retinitis.

Varicella Zoster Virus (VZV)

Varicella zoster virus (VZV) encephalitis can occur coincident with primary varicella
(as it occasionally can in normal children). However, in AIDS patients, VZV can also
present subacutely with headache, behavior changes, fever, altered mentation, sei-
zures, and focal deficits. The illness can occur with or following a zoster eruption
but may also occur in the absence of skin lesions. CSF exam usually shows mild
mononuclear pleocytosis and protein can be mildly elevated. MRI may show patchy
demyelination. CSF VZV DNA PCR is used to confirm the diagnosis.

Cerebral Toxoplasmosis

Cerebral toxoplasmosis occurs much less commonly in children than adults and is
associated with severe immunosuppression. Since most cases are due to reactivation
of latent infection, toxoplasma seropositivity is the main risk factor for disease and
toxoplasmosis prophylaxis (e.g., bactrim) is indicated in severely immunosuppressed,
toxoplasma IgG positive patients. Illness onset is subacute or acute; altered menta-
tion, headache, and fever are typically accompanied by focal neurologic findings
and=or seizures. Typical findings on CT include multifocal ring-enhancing cerebral
lesions with a predilection for basal ganglia and corticomedullary junction.
CSF may show mild mononuclear pleocytosis and protein elevation but often is
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normal. Negative CSF EBV PCR helps exclude lymphoma and CSF Toxoplasma
PCR, where available, may help confirm the diagnosis. Empiric therapy is indicated
for typical presentation and neuroimaging findings in a severely immunocompro-
mised patient who is seropositive for Toyoplasma gondii, but lesion biopsy may be
necessary to prove the diagnosis and exclude other diagnoses (especially lymphoma)
in seronegative cases, cases that do not respond to therapy and cases of lesser diag-
nostic certainty (e.g., solitary lesions). Infants with suspected congenital toxoplasmo-
sis should have a dilated retinal exam for concomitant chorioretinitis, but
chorioretinitis is otherwise uncommon in HIV-infected patients with toxoplasmosis.

Primary Lymphoma

Primary lymphoma of the central nervous system occurs with increased frequency in
children with AIDS, often after years of very low CD4 counts. Headache and per-
sonality changes in the absence of fever developing over a several-week period would
be typical. Focal neurologic deficits are common; seizures also occur. CSF is often
normal and elevated protein and mononuclear cells are nonspecific. Contrast CT
or MRI shows single or multiple large (>2 cm) irregularly enhancing lesions usually
with edema and mass effect. CSF EBV PCR is highly specific (somewhat less sensi-
tive) for confirming the diagnosis, though biopsy is required for definitive diagnosis.

Stroke

Though uncommon in HIV-infected children, stroke is much more common than in
children overall. HIV-infected children presenting with focal deficits should undergo
urgent neuroimaging, usually with CT, then MRI and often MRA or conventional
angiography if the process remains unclear. Differential includes stroke due to hemor-
rhage (usually with thrombocytopenia), thromboembolic disease (protein C & S defi-
ciencymay bemore common), or ischemic infarction (primary or secondary vasculitis,
vasculopathy), as well as toxoplasmososis, lymphoma, and PML. CSF exam is indi-
cated in most cases to evaluate for evidence of an infectious or malignant process,
and directed testing for VZV, HSV, JCV, EBV, and malignant cells can be helpful.

Seizure

As emphasized throughout this chapter, consideration to all of the usual causes of
seizure should be given to seizure in an HIV-infected child. Etiologies of particular
importance in the context of HIV infection include bacterial meningitis and tubercu-
lous meningitis, and, in those with more advanced immunosuppression, cryptococcal
meninigitis, cerebral toxoplasmosis, varicella zoster encephalitis, and lymphoma.
Neuroimaging and lumbar puncture are indicated in most cases of seizure; see prior
descriptions of individual entities for diagnostic evaluation. Since protease inhibitors
(ritonavir, indinavir) prolong the action of diazepam and midazolam, lorazepam
may be preferable for gaining initial control of seizures. If ongoing anticonvulsant
treatment is needed, the interactions of many anticonvulsants (e.g., carbamezipime,
phenobarbitol, phenytoin) with antiretrovirals should first be reviewed.

CNS Vasculitis=Vasculopathy

When neuroimaging and=or angiography is undertaken for HIV-infected children,
usually in the setting of a suspected stroke, multiple areas of stenosis and aneurysmal
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dilatation of the vessels in and emanating from the Circle of Willis may be identified.
These cerebral large vessel abnormalities occur predominantly in children with
advanced immunodeficiency. It is not clear if these vasculopathic changes are due
to active vasculitis of the involved vessels, damage from past vasculitis that is
no longer active or other nonvasculitic processes. HIV vasculopathy=vasculitis
becomes a diagnosis of exclusion, and complete evaluation for causes of secondary
vasculitides (e.g., VZV, other infections), other primary vasculitis syndromes, and
thrombophilias are warranted.

Gait Disturbance and Extremity Complaints
Distal Neuropathy

As in adults, children with AIDS may complain of chronic, bilateral, distal pain, and
paresthesias in the lower extremities, interfering with walking. Distal vibration sense
and ankle jerks are often diminished and weakness may be present. Upper extremi-
ties may also be involved. Bowel and bladder function are not affected. This distal
neuropathy may be due to advanced HIV infection itself or may be due to certain
NRTIs (ddI, d4t, ddc), especially ddI in combination with d4t. It is important to con-
sider other nonantiretroviral neuropathy-inducing drugs (e.g., dapsone, INH), B12
deficiency, and other conditions (e.g., diabetes) associated with neuropathy. If there
is diagnostic uncertainty, skin biopsy showing epidermal denervation and nerve-
conduction studies showing axonal neuropathy can be used to confirm the diagnosis.

Guillain-Barré Syndrome

Guillain-Barré syndrome can present early or late in HIV infection, can improve
with HAART or can appear during HAART-mediated immune reconstitution. In
most cases, no specific opportunistic pathogen can be identified, but CMV has been
implicated in some cases with severe immunosuppression. Clinical presentation may
be similar to non-HIV-associated cases. As in non-HIV associated GBS, CSF pro-
tein is generally elevated, but in HIV-associated cases, mild pleocytosis may occur
more often (though not in all cases) and course is more likely to be chronic. CSF
PCR for CMV and perhaps other agents should be considered in patients with
CD4 <50–100.

Myelopathy

Myelopathy may be due to an opportunistic pathogen, occur without identifiable
pathogen besides HIV (HIV-associated vacuolar myelopathy) or be due to causes
seen in HIV-uninfected patients. Leg weakness, gait disturbance, bowel=bladder
dysfunction and leg pain and paresthesias in a patient with low CD4 counts would
be typical. Spinal MRI is warranted. In addition to cultures for bacteria, fungus, and
viruses, CSF should be sent for VDRL, cryptococcal antigen, and PCR testing for
CMV, enteroviruses, HSV, and VZV. Serum for RPR and HTLV-1=II should also
be sent.

Polyradiculitis

Patients with lumbosacral radicultitis have low CD4 counts and usually present with
paraparesis, lower extremity areflexia, and voiding dysfunction. CSF usually reveals
a neutrophilic pleocytosis, elevated protein, and positive CMV PCR.
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Neuropsychological Deficits

Studies of a variety of pediatric HIV populations have documented impairments in
motor skills, visual spatial processing, executive functioning, attention, processing
speed, receptive and expressive language, memory and social and emotional func-
tioning. Differential profiles of impairment have been noted among children with
vertical vs. transfusion-based transmission, with less severe neuropsychological
impairment noted in children infected through transfusion of blood. Children with
an onset of HIV related symptoms before age 1 or 2 often demonstrate a much more
rapid and progressive course of both neurological and neuropsychological deteriora-
tion, while those who remain asymptomatic through school age typically present
with more subtle but important neuropsychological impairments.

In addition to cognitive, motor, and language impairments noted in pediatric
HIV populations, these children also experience significant difficulties with social
and emotional functioning. While some children demonstrate remarkable resilience
in the face of multiple stressors, in general, higher rates of depression, anxiety, social
withdrawal, and disruptive behavior can be expected in this population. Emotional
and behavioral difficulties may be related to primary neurological effects (as HIV
impacts cortical and subcortical sites associated with emotional and behavioral
regulation), multiple psychosocial stressors experienced in this population, or
some combination of neurological and environmental risk factors.

TREATMENT

There are four main aspects of the treatment of HIV-related neurologic problems: (1)
initial stabilization and empiric treatment, (2) directed, specific treatment, (3) role of
antiretrovirals in causing the problem, and (4) role of effective HAART in ultimately
treating and preventing recurrence of the problem. Treatment of psychosocial and
neuropsychological problems is an additional critical element in appropriate care
for children with HIV.

Cerebral Toxoplasmosis

Pyrimethamine=sulfadiazine=leucovorin is initiated in toxoplasma seropositive
patients with suspicious clinical and neuroimaging findings. Pyrimethamine loaded
at 1mg=kg=dose (max 50mg) BID for 3 days followed by maintenance dosing at
1mg=kg daily (max dose 25mg); leucovorin 5–10mg given with each dose of pyri-
methamine. Sulfadiazine dose is 25–50mg=kg=dose (max 1.5 g) QID. Progression
of disease or failure to improve within 2weeks would require additional diagnostic
procedures (e.g., biopsy). After treatment, lifelong suppressive therapy (usually with
bactrim) should be given to prevent recurrence; sustained immune reconstitution
though HAART may allow discontinuation of this secondary prophylaxis.

CMV

CMV-associated encephalitis and polyradiculitis are treated with antivirals with
activity against CMV (ganciclovir or foscarnet), but recovery probably ultimately
depends more on the ability to immune reconstitute with effective HAART.
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HSV or VZV Meningoencephalitis

Intravenous acyclovir at 10mg=kg=dose TID (20mg=kg=dose for neonates) for
2–3weeks is used for treating HSV or VZV meningoencephalitis. It is often used
for CNS vasculopathy=vasculitis syndromes with positive CSF VZV PCR, though
it is difficult to prove benefit in this setting.

Cryptococcal Meningitis

This condition should be treated with amphotericin B (0.25–0.5mg=kg initially then
increased to 1.0mg=kg daily)þ flucytosine (50–150mg=kg per day divided QID with
serum levels of 40–60mg=L measured after 4 days) though fluconazole (400mg load
then 200–400mg daily) has been successfully used in adult patients with less severe
disease. Elevated intracranial pressure may require serial lumbar punctures. Ampho-
tericin=flucytosine should be used for at least 2weeks and until CSF cultures are
negative, though flucytosine toxicity may lead to earlier discontinuance. Total
amphotericin therapy lasts 6weeks followed by lifelong fluconazole suppression.
Data for adults, not available for children, show that ‘‘lifelong’’ suppression can
be safely discontinued with sustained reconstitution on HAART.

CNS Vasculitis=Vasculopathy

Acyclovir therapy is commonly used until PCRs for HSV and especially VZV are
negative. Immune reconstitution may help prevent additional vascular damage,
but already damaged vessels may put the child at risk for additional strokes. Active
CNS vasculitis has also been suspected in some patients but even meningeal and
brain biopsies may fail to reveal a vasculitic process discovered later at autopsy.
The approach to these patients is multidisciplinary, involving intensivists, HIV=ID
specialists, neurologists, hematologists, and rheumatologists. Most experts agree
that immune reconstitution with HAART is important. Low-dose aspirin or other
thrombosis prophylaxis is frequently used to try to prevent additional strokes; more
intensive anticoagulation may be warranted if a specific thrombophilia is diagnosed.
There is no consensus about the role or steroids, cyclophosphamide, or other immu-
nosuppressive agent for presumed CNS vasculitis as a means to prevent additional
strokes.

CNS Lymphoma

This condition should be managed by a multidisciplinary team including a pediatric
oncologist and pediatric infectious disease specialist and is beyond the scope of this
chapter.

Problems Due to Antiretrovirals

In cases of distal neuropathies, lesser acuity allows for outpatient management of
change in HAART regimen without an obligatory antiretroviral-free interval.
Prompt discontinuation of ddI, d4t and=or ddc may result in improvement within
several weeks, but continued use of the offending antiretrovirals may produce a more
recalcitrant neuropathy. Failure to improve after stopping these agents may also
indicate the neuropathy is HIV-related (not drug induced) or of another etiology.
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In all cases, adjunctive supportive measures including limits on walking distances,
comfortable footwear, and cold foot soaks can be helpful.

Problems Treated by Effective HAART

Effective HAART may be the only treatment that can arrest the progression or even
reverse the abnormalities in HIV encephalopathy, PML, HIV myelopathy, HIV vas-
culopathy, and HIV neuropathy. In addition, while ganciclovir and foscarnet are
used for CMV polyradiculitis and encephalitis, effective HAART is likely the more
important aspect of successful treatment. For all of the opportunistic CNS infec-
tions, in fact, effective HAART in combination with specific therapy will yield the
best outcome and reduce the risk of relapse or recurrence. However, institution
or reinstitution of HAART can be safely deferred several days while the patient is
stabilized, diagnoses are clarified and other specific therapies are initiated.

Neuropsychological=Psychosocial Issues

Management of developmental, learning, and behavioral problems in HIV-infected
children, as for HIV-uninfected children, includes early intervention services,
school-based multidisciplinary services using individualized educational plans
(IEPs), pharmacotherapy for ADHD and mood disorders, behavioral psychological
services, and intense psychosocial support as well. While findings regarding HAART
and neuropsychological functioning continue to be debated, there is evidence to
suggest that individuals taking HAART may demonstrate less severe
neuropsychological impairments and that HAART may potentially yield
improvement in many areas of neuropsychological functioning.

SUMMARY

HIV-infected children experience a wide range of central and peripheral neurologic
problems due to direct effects of HIV infection, HIV-mediated immunosuppression,
and HIV pharmacotherapies. The context of HIV infection should lead the careful
clinician to broaden the diagnostic evaluation of neurologic signs and symptoms
without neglecting the comprehensive evaluation that would be indicated for such
complaints in the absence of HIV infection. Evaluations are more extensive and
aggressive and multiple empiric therapies are commonly necessary, particularly in
children with more advanced immunosuppression and more serious neurologic
illness. In addition to specific, directed therapies (when available), optimization
of HAART is often the most important determinant of ultimate recovery.
Consideration of neuropsychological status as well as regular neuropsychological
monitoring is also recommended.
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INTRODUCTION

Lyme borreliosis is a multisystem disease resulting from infection by the spirochete
Borrelia burgdorferi transmitted by the symptomless bite of certain ticks of the
Ixodes species. Although several genospecies of B. burgdorferi sensu lato have been
characterized, only B. burgdorferi sensu stricto is endemic in North America
(Table 1). The differences in the tick vector in Europe, Eastern Europe, Asia, and
North America, the proportion of infected ticks in different geographic areas, the
virulence differences of the transmitted Borrelia genospecies, and possible concurrent
infection with babesiosis or ehrlichiosis all contribute to the different clinical syn-
dromes in different parts of the world.

EPIDEMIOLOGY

Lyme borreliosis is the most common arthropod-born disease in the United States.
The estimated prevalence of Lyme disease in the United States is 6 per 100,000 with
roughly 15,000 new cases per year. In highly endemic areas, the attack rate reaches
2–3% of the population. Roughly 20% of infections are asymptomatic. People with
greater occupational, recreational, or residential exposure to either tick-infested

Table 1 Comparison of Lyme Disease by Geography

Geographical site Spirochete Organ involvement

North America B. burgdorferi sensu stricto Joints, nervous system
Europe B. garinii Nervous system

B. afzelii Skin (acrodermatitis chronica
atrophans), nervous system
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woods or fields near woods in areas of endemic spread are at greater risk of devel-
oping Lyme borreliosis.

In the United States, the highest rate of Lyme disease is in children aged 5–10
years. The age-specific incidence rate for Lyme disease in children 5–15 years is 140
per 100,000. Children account for a disproportionate number of Lyme borreliosis
cases presumably because of increased exposure and decreased attention to preven-
tion.

In this chapter, we present a brief synopsis of the clinical presentation, clinical
course, diagnosis, and treatment of Lyme disease effects on both the central (CNS)
and peripheral (PNS) nervous systems, i.e. lyme neuroborreliosis.

CLINICAL PRESENTATION

In 201 consecutive children with a median age of 7 years followed in the state of
Connecticut, Lyme borreliosis manifested as erythema chronicum migrans in 89%
of cases, musculosketal complaints such as myalgias or arthralgias in 6%, facial
nerve palsy in 3%, meningitis in 2%, and carditis=AV block in 0–5%. The clinical
manifestations of Lyme borreliosis are believed to be the result of the inflammatory
response to infection by B. burgdorferi.

CLINICAL SIGNS

The most common finding in patients with Lyme disease is erythema chronicum
migrans (ECM) at the site of a recent tick bite, typically located around the knees,
axilla, or groin. This lesion is classically described as a nonpruritic expanding,
erythematous macule=papule forming a large annular bull’s eye with central clearing,
but the lesion can also be irregular, raised, vesicular, or pruritic. It typically occurs at
day 7–14 (range of incubation period is 3–30 days) and represents early localized
infection. Secondary annular, erythematous lesions, smaller than the primary lesion,
appearing 3–5 weeks after a tick bite represent an early disseminated form of Lyme
disease.

Neurologic manifestations, known as Lyme neuroborreliosis, occur in 5–20%
of North American cases (10–40% of infected individuals worldwide), and are more
common in children than adults in European studies. Patients may present with
aseptic meningitis, encephalopathy, facial nerve palsy, and=or peripheral neuropa-
thy. Headache, photophobia, fever, and meningismus are not always seen. Lyme
neuroborreliosis is known as a great mimicker, as its clinical manifestations are vari-
able (Table 2). Neurologic manifestations can occur in either early or late disease.

EARLY DISEASE

Peripheral Nervous System (PNS)

Paresthesias, radicular pain, and hyperesthesia are the most common peripheral
nerve complaints. The typical mechanism is thought to involve perivascular inflam-
mation with axonal loss due to an immune response to B. burgdorferi epitopes that
cross-react with axonal proteins. Peripheral nervous system involvement occurs in
10–15% of infected adults and up to 25% in those with chronic untreated infection.
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The radicular symptoms may include acute polyradiculopathy, a brachial or
lumbosacral plexopathy, or as mononeuropathy multiplex, thus affecting plexus,
nerve roots, and nerves either singly, or in combination. EMG/nerve conduction
typically shows an axonal sensorimotor neuropathy with diffuse involvement of both
proximal and distal nerve segments.

Cranial Nerve Palsy

Cranial neuropathy is seen in up to two-thirds of patients with early disseminated
Lyme neuroborreliosis. The facial nerve, cranial nerve VII, is most frequently
affected, often with bilateral involvement. Lyme neuroborreliosis is suspected to
be the etiology of acute facial palsy more often in children than adults. Children with
neuroborreliosis related facial nerve palsy are less likely than adults to experience
systemic symptoms such as fatigue, arthralgias, myalgias, headache, lymphadenopa-
thy, fever, and=or chills.

An inflammatory CSF, suggesting actual CNS infection, generally accompa-
nies Bell’s palsy secondary to neuroborreliosis. In one European series, a CSF
lymphocytic pleocytosis was detected in 26% of children with multiple erythema
migrans alone. Cranial nerves III, IV, V, VI and VIII can also be affected, resulting
in diplopia, facial numbness and=or pain, vertigo, or hearing impairment.

Meningoencephalitis

Lyme meningitis is the single most common presentation in early-disseminated Lyme
neuroborreliosis. Headache is the major complaint in Lyme meningitis, while fever
and meningismus are usually mild or absent. CSF findings in Lyme meningitis can
be indistinguishable from viral meningitis, with a mild to moderate lymphocytic
pleocytosis (usually 100–170 cells=mm3), a mild elevation of CSF protein
(100–300mg=dL), and a normal to a mildly low CSF glucose. In comparing viral
to lyme meningitis, patients with neuroborreliosis tend to have lower body tempera-
tures, longer duration of headache, neck pain, and malaise, more often present with
cranial neuropathy, and papilledema, and have fewer white blood cells, but a higher
percentage of mononuclear cells in the CSF.

Table 2 Neurologic Involvement in Lyme Disease

Early local infection (<30 days)
EM with CNS seeding (headache, stiff neck, cognitive difficulties)
Flu-like syndrome with CNS seeding (headache, stiff neck, cognitive difficulties)

Early disseminated infection (<3months)
Aseptic meningitis
Meningoencephalitis (acute cerebellar ataxia, acute myelitis)
Cranial nerve palsy (facial nerve palsy)
Acute painful radiculoneuritis (Bannwarth’s syndrome, lymphocytic meningoradiculitis)

Late persistent infection (>3 months)
Encephalopathy
Chronic axonal polyradiculoneuropathy
Chronic encephalomyelitis
EM erythema migrans; CNS central nervous system
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In Europe, 10–20% of cases of early disseminated neuroborreliosis present with
an encephalomyelitis, an acute inflammatory process involving brain and spinal cord
parenchyma. In the United States, only 0.1% of untreated patients develop an ence-
phalomyelitis. White matter is affected predominantly with spasticity, ataxia, and
even seizures being seen. Virtually all these patients have a lymphocytic pleocytosis.

LATE DISEASE

Encephalopathy

Lyme encephalopathy occurs more commonly in North America than in Europe,
presenting as cognitive impairment with somnolence or insomnia, irritability, confu-
sion, memory difficulty, depressed mood, and problems with complex tasks. The def-
icits can be described by the mini-mental exam, but formal neuropsychologic testing
is more reliable. The pattern of abnormal findings in Lyme neuroborreliosis is differ-
ent from that seen in depression, anxiety, or metabolic effects. When the impair-
ments are due to neuroborreliosis, they tend to resolve with antibiotic treatment.
Objective neurologic findings tend to be lacking. In Lyme encephalopathy, a CSF
pleocytosis may be present in only 5% of patients, while protein content may be
increased in 20–45%. In those who are treated, but whose deficits persist, a diagnosis
of ‘‘post-Lyme syndrome,’’ or chronic Lyme disease, may be made.

There are no formal objective criteria to diagnose chronic Lyme disease
syndrome, leading to over-diagnosis and=or over-treatment. Patients complain of
headache, arthralgias, fatigue, malaise, mild cognitive abnormalities, and sleep
disturbances. These nonspecific phenomena are also seen after influenza,
hepatitis, infectious mononucleosis, or in chronic fatigue syndrome.

Post-Lyme syndrome has been described in seronegative individuals with non-
specific symptoms who did not likely have tick exposure. It has also been considered
in endemic areas to explain nonspecific symptoms in seronegative and seropositive
individuals. We feel the diagnosis should be considered only in those patients with
clear-cut Lyme disease (see below) who received recommended adequate treatment,
yet continue to note problems that date to their original B. burgdorferi infection.

Diagnosis

The diagnosis of Lyme disease usually is based on the recognition of the character-
istic clinical findings, a history of exposure in an area where the disease is endemic,
and an antibody response to B. burgdorferi by enzyme-linked immunosorbent assay
(ELISA) and Western blotting. In patients with evidence of erythema migrans on
presentation, no serologic laboratory data are required to confirm the diagnosis.
In patients without the classic rash, the diagnosis remains ultimately a clinical
one, with laboratory data intended to help support the clinical diagnosis (Table 3).

Serologic Diagnosis

Serologic testing involves a two-tier system, according to the criteria of the
Centers for Disease Control. The first-tier testing consists of an enzyme-linked
immunosorbent assay (ELISA), while the second-tier antibody test by Western blot
is performed on specimens that are positive by ELISA. The sensitivity of the
two-step ELISA and Western blot was 100%.
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Most first-tier ELISA tests use a spirochete preparation containing shared and
specific antigens, making low titer or inconsistent first titer results likely to be false
positive. False positive results can be seen in syphilis, tuberculous meningitis, bacter-
ial endocarditis, rheumatoid arthritis, varicella, Ebstein–Barr virus, Rocky
Mountain spotted fever, and AIDS. Second-generation tests using recombinant B.
Borrelia proteins, or synthetic peptides, in a first-tier ELISA provide better sensitiv-
ity and specificity than a sonicate-based assay.

Western blot results can be considered positive only if the consensus criteria are
met for positive IgM and/or IgG immunoreactive bands (Table 4). IgM antibodies
typically are not detected on Western blot until roughly 2weeks after spirochete
inoculation (peaks at 3–6 weeks). Specific IgG antibody peaks weeks to months later.
Antibody testing may therefore be inaccurate if testing is performed too early in the
disease course. After the first month of infection, only the IgG response should be
used to support the diagnosis, since an IgM response alone is likely to represent a
false positive result. Since Western blotting is designed to achieve higher specificity
at the price of sensitivity, this test should not be used when the ELISA is negative.

Positive serologic testing at a single time-point can suggest prior exposure to,
but not an active infection from, B, burgdorferi. Treatment of B. burgdorferi may
permanently prevent the ability to detect serum antibodies. When treatment is
partial, serum antibodies maybe undetectable, but the organism may still exist
within the individual, particularly in the CNS, allowing for persistent infection.
Nevertheless, antibody detection should not be used to assess the success of
treatment, because antibodies may persist for years. Lyme urine antigen testing is
grossly unreliable and is not recommended.

Table 3 AAN Practice Guidelines for Neurologic Lyme Disease

Exposure to appropriate ticks in Lyme endemic region
Compatible neurologic abnormality without other cause
One or more of the following criteria:
(1) Skin manifestation (EM or histologically proven lymphocytoma cutis, acrodermatitis

chronica atrophicans)
(2) Immunologic evidence of B. burgdorferi exposure (seroconversion or fourfold rise in

titer of anti-B. burgdorferi antibodies in paired serum specimens)
(3) Detectable B. burgdorferi (by culture, histology, or PCR)
(4) Intrathecal intrathecal CSF anti-B. burgdorferi antibody production
(5) Lymphocytic meningitis � cranial neuropathy, painful radiculoneuritis, or both
(6) Encephalomyelitis
(7) Peripheral neuropathy
(8) Encephalopathy

(From Ref. 1.)

Table 4 Consensus Criteria for Positive Western Blots

IgM IgG

Two out of the following three
immunoreactive bands: 23, 39,
and=or 41 kDa

Five out of the following 10 immunoreactive
bands: 18, 23, 28, 30, 39, 41, 45, 58, 66, and=or
93 kDa
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CSF Diagnosis

CSF studies help to document neurologic involvement, but the invasion of the ner-
vous system by B. burgdorferi may be difficult to prove. The small bacterial load, the
slow reproduction time, and the predominance of spirochetes found tissue-bound
rather than free-floating in CSF or blood are some of the reasons given for the
difficulty in making a definitive diagnosis of Lyme neuroborreliosis. Culturing B.
Borrelia in Barbour–Stoenner–Kelly medium permits definitive diagnosis, but posi-
tive cultures for the spirochete are obtainable primarily from skin lesions with
ECM, less often from plasma and only rarely from CSF. In patients with clinically
diagnosed Lyme disease presenting with meningitis, only 10% will have spirochetes
cultured from their CSF.

The most helpful specific test to support a diagnosis of Lyme neuroborreliosis
is intrathecal anti-B. burgdorferi antibody production. If present, this test provides
indirect evidence for CNS seeding by the spirochete. Intrathecal antibody without
CSF pleocytosis, however, should exclude active neuroborreliosis and points to pre-
vious infection or disruption of the blood–brain barrier. CSF anti-B burgdorferi anti-
bodies (usually IgG or IgA) and oligoclonal bands may be present in up to 80–90%
of patients with Lyme neuroborreliosis. Paired CSF and serum samples must be col-
lected to determine an anti-B. burgdorferi antibody index. CSF and serum are nor-
malized to the same total (i.e. not borrelia specific). IgG concentration before
ELISA is run. Local CSF antibody production is implied when the CSF antibody
to serum antibody index is greater than 1. Absence of CSF antibodies in patients
with Lyme neuroborreliosis may occur due to restricted access caused by the immu-
noprivileged status of the CNS, local production of antibodies which do not reach
CSF, a shift in the immune response from B-cell to T-cell mediated, or antibody test-
ing is performed too early, during the so-called diagnostic gap.

TREATMENT

Lyme disease is rarely fatal and is not contagious, but it is not always a mild illness.
Untreated Lyme disease is more likely to be associated with arthralgias, sleep diffi-
culties, mild residual cognitive deficits, and physical limitations compared with
patients who had received treatment. Lyme borreliosis should be treated early, not
only to shorten the course of illness, but also to prevent late manifestations. When
treatment is started in the early phase with no evidence of neurologic involvement,
oral antibiotics are successful in 90% of patients. In general, intravenous (IV) anti-
biotics are recommended for neurologic infection with associated CSF abnormal-
ities, except in isolated facial nerve palsy that has an excellent prognosis, with rare
late sequelae (Table 5).

The frequency of Lyme disease after a recognized tick bite is roughly 1%. The
infected tick must be attached for at least 24 hr for transmission to occur. Thus, if an
attached tick is removed quickly, no other treatment is usually necessary. After a tick
bite has occurred, the body of the tick should be grasped with medium-tipped twee-
zers as close to the skin as possible and removed by gently pulling the tick straight
out, without twisting motions. If some of the mouth parts remain embedded in the
skin, they should be left behind because they are eventually extruded; additional
attempts to remove these fragments often result in unnecessary damage to the tissue
and may increase the risk of local bacterial infection.
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Chemoprophylaxis within 72 hr of a tick bite with a single dose of doxycycline
(200mg) is 87% effective in preventing Lyme disease. Prophylactic antibiotic therapy
is not generally recommended, however, because the adverse effects of antibiotics are
felt to outweigh the risk that an individual tick was both infected with B. burgdorferi
and transmittted the infection.

Erythema Chronicum Migrans (ECM)

Doxycycline is the first-line agent for ECM. The oral absorption is 95%, and plasma
levels are equivalent whether the drug is given orally or parenterally. It shows good
pharmacokinetics, and the concentration of this lipophilic agent in CSF by therapeu-
tic oral administration is higher than the MIC90 for B. burgdorferi. In addition, it
treats Ehrlichia infection, which may be transmitted by the same tick species that car-
ries B. burgdorferi. Major side effects are photosensitivity and gastrointestinal upset.
It should not be used in children younger than age 8 because of the risks of tooth
discoloration and retardation of skeletal development. Amoxicillin is an alternative
medication in this age group. Erythromycin can be used for treating penicillin aller-
gic children, but it may be less effective. Erythema migrans resolves within several
days of treatment, but other signs and symptoms of Lyme disease often persist
longer.

Facial Nerve Palsy

In the case of uncomplicated facial nerve palsy without CSF abnormalities, oral anti-
biotic therapy for 3–4 weeks is adequate to prevent further sequelae. Doxycycline
and amoxicillin are first-line drugs, while clarithromycin, azithromycin, and cefurox-
ime have also been used. Amoxicillin is recommended in children under age 8 (and
pregnant women). Ceftriaxone can also be given as a first-line medication for a 2–3
week treatment course, especially when compliance with oral medications is ques-
tionable. Antibiotic therapy does not hasten resolution of facial nerve palsy, but it
does help prevent late effects. Corticosteroids are not recommended for the
treatment of Lyme disease associated Bell’s palsy.

Table 5 Recommended Treatment Guidelines from the Red Book

Stage Antibiotic

Early infection (local or
disseminated)

Doxycycline, 100mg p.o. bid for 14–21 days

Amoxicillin, 25–50mg=kg=day p.o. div tid for 14–21 days
If allergic: cefuroxime or erythromycin (30mg=kg=day
divided tid)

Neurologic disease Ceftriaxone, 75–100mg=kg=days IV or IM qd(maximum
2g IV qd ) for 21–28 days (may extend to 6weeks for severe
parenchymal involvement)

Cefotaxime, 150mg=kg=day divided tid or qid for 21–28 days
Penicillin G, 300,000U=kg=day IV in six divided doses
(maximum 20 million U=d) for 21–28 days

If allergic: doxycycline 100mg IV or p.o. tid for 30 days
Facial nerve palsy alone Oral regimens may be adequate, 21–28 days course
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Lyme Neuroborreliosis

If the clinical picture of facial nerve palsy is complicated by other neurologic find-
ings, a lumbar puncture and Western blot of CSF should be obtained in a seroposi-
tive patient before initiating intravenous antibiotic therapy. When the CNS is
involved, such as in cases of headache, meningitis, or encephalopathy, ceftriaxone,
cefotaxime, penicillin, or doxycycline should be given IV for 3–4 weeks. Ceftriaxone
is preferred to penicillin because better serum levels are achieved, it penetrates the
blood–brain barrier better, and it is more effective in vitro against B. burgdorferi.
In a European study of children with neuroborreliosis, a 10-day course of treatment
resulted in 58% of children being symptom free by the end of treatment, 92% after
2months and 100% by 6months after treatment. These same good results have
not been achieved in adults regardless of time of initiation of therapy, or immune
status.

The Jarisch–Herxheimer reaction presenting as fever, headache, myalgias, and
worsening constitutional symptoms lasting less than 24 hr can occur with the initia-
tion of antibiotic therapy. This transient reaction is thought to result from the
sudden release of bacterial products from injured and=or killed bacteria, as
described following treatment for secondary and tertiary syphilis, brucellosis, and
enteric fever. Antibiotics should be continued and nonsteroidal anti-inflammatory
agents given to reduce symptomatic complaints.

Length of Therapy

Long-term IV antibiotics are not recommended for ‘‘resistant’’ or ‘‘dormant’’ infec-
tion. Persistence of symptoms after treatment is due either to slowly resolving Lyme
neuroborreliosis, irreversible tissue damage, inadequacy of initial treatment, post-
Lyme disease syndrome, or initial misdiagnosis. Post-Lyme borreliosis syndrome is
best treated symptomatically rather than with prolonged courses of antibiotic ther-
apy. The use of IV antibiotics for longer than 4–6 weeks is not supported by
published studies because B. burgdorferi resistance to penicillin and ceftriaxone
has not been reported.

Prevention

Protective measures for the prevention of Lyme borreliosis may include the avoid-
ance of tick-infested areas, the use of protective clothing, repellents containing
DEET (diethyltoluamide), and acaricides, tick checks, and modifications of land-
scapes in or near residential areas.

Vaccinations

A vaccine for Lyme disease, consisting of recombinant OspA in adjuvant, was com-
mercially available in the United States. Although efficacious and apparently safe,
the vaccine against Lyme disease was withdrawn from the market in February
2002 because of safety concerns and prohibitive expense for widespread use. Accord-
ing to experts in the field, a second-generation vaccine will not likely be marketed in
the near future.
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Steroids

In addition to antibiotics, Lyme borreliosis patients have been given steroids to treat
pain syndromes, hasten the resolution of facial palsy, or treat late neurologic com-
plications of chronic infection, all with various results. Little is known about the
effects of steroids on the course of infection with B. burgdorferi. Persistence of
inflammation with or without residual infection may explain why some patients with
Lyme borreliosis remain symptomatic despite treatment with adequate doses of anti-
biotics. Patients treated with antibiotics and steroids may recover faster than those
treated with antibiotics alone. There are concerns, however, that treatment with
steroids can reactivate latent infection and impair the host’s ability to clear the infec-
tion. Therefore, there are no current recommendations for treatment of Lyme
neuroborreliosis with steroids.

Prognosis

Residual neurologic symptoms after treatment for Lyme disease may occur in up to
25% of individuals and may include facial palsy, concentration and learning difficul-
ties, vertigo, cerebellitis, arthralgias, weight loss, paresthesia, and neuropathy. Com-
pared to adults, children have favorable long-term outcomes including normal
cognitive function 2 years after treatment. Associations with dementia, multiple
sclerosis, and movement disorders have been suggested, but not proven.

The recovery rate of children with acute facial palsy due to Borrelia infection is
roughly 82% after 1 year, higher than the 61% rate for children with facial palsy from
other causes (e.g. varicella-zoster virus, herpes simplex virus, Epstein–Barr virus,
etc.). Up to one-fifth of children develop permanent nerve dysfunction following
Lyme associated facial palsy. Sequelae after facial palsy are not only cosmetic and
psychological, but may also include problems with pronunciation and tear secretion.
Recovery may be incomplete if significant damage to the neuroaxis has occurred,
commonly with gliosis as a residual insult. Actual tissue damage is not only due
to the invading organism, but is amplified by the local immune response, perhaps
by autoreactive CSF T cells.

CONCLUSIONS

The diagnosis of Lyme neuroborreliosis depends mainly on history and clinical man-
ifestations. Laboratory studies are meaningful only in the setting of a high clinical
suspicion and should not be used as a screening tool. The optimal duration of ther-
apy is still controversial, but most treatments with standard antibiotics are generally
successful for each of the stages of Lyme disease. As newer diagnostic tools and the
results of more clinical trials become available, the management of Lyme disease will
continue to be refined and debated.
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Shaken Baby Syndrome (Shaken-Impact
Syndrome)

Richard Kaplan
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INTRODUCTION

Shaken baby syndrome (SBS), also known as nonaccidental or inflicted head injury,
are often used to describe craniospinal injuries sustained by infants or children as a
result of violent physical actions of adults or teenagers caring for them. Although for-
ceful shaking alone may cause significant injury, in many instances, the head is struck
against a surface. Others have proposed the term ‘‘shaken-impact syndrome,’’ since it
more accurately reflects the age range and different mechanisms of injury. In its classic
form, SBS involves an infant less than 6 months of age who presents with subdural
and=or subarachnoid hematomas, bilateral retinal hemorrhages, and minimal or
absent signs of external trauma. Long bone and=or rib fractures or evidence of other
injuries (e.g., abdominal or urogenital) of differing ages are common findings. Regard-
less of whether shaking occurs alone or is accompanied by impact, the injury to the
brain and eye results from sudden angular acceleration–deceleration of the head,
which can cause intracranial hemorrhage and wide spread parenchymal axonal injury.

INCIDENCE AND EPIDEMIOLOGY

Prior evidence of abuse is common occurring in up to 50% of cases highlighting the
need for increased vigilance by the medical community. The true incidence is
unknown but estimates range from 750 to 3750 cases per year in the United States.
Two recent British surveys estimated an annual incidence between 21 and 25 per
100,000 children under 1 year. Infants who were premature, or had congenital
defects, developmental delays, or difficult temperament are at greater risk for SBS,
possibly due to poor parental bonding.

CLINCIAL PRESENTATION AND EVALUATION

The onset of symptoms typically appears hours to weeks before the child is brought
to the attention of medical professionals and presenting symptoms are often
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attributed to a recent mild illness or accidental fall, inconsistent with the physical
findings and subsequent evaluation. Common presenting symptoms include: seizures
(in one series, 45% of patients presented this way), decreased consciousness (43%),
respiratory difficulties (34%), irritability (25%), lethargy (23%), vomiting (22%),
apnea (21%), sleepiness, and poor feeding. Rapid head growth noted on routine
examination in an otherwise healthy child can also be indicative of nonaccidental
trauma. If child abuse is suspected, the appropriate authorities should be contacted
immediately to begin an investigation.

Retinal hemorrhage is the most consistent finding on examination occurring
between 65% and 90% of cases. A recent large retrospective Canadian study of
364 children reported retinal hemorrhage in 76% of the children of which 83% were
bilateral. Retinal hemorrhages can be missed unless both direct and indirect ophthal-
moscopy is performed. Retinal injury is usually secondary to the acceleration–
deceleration of the eye brought on by shaking. Other possible although less likely
causes include tracking of intracranial blood into the orbit (Terson syndrome),
increased intracranial pressure, and increased thoracic pressure induced by the per-
petrator grabbing the chest or, very rarely, from cardio-respiratory resuscitation by
medical personnel. The findings should be well documented and photographed at the
earliest possible time. Hemorrhage into superficial retinal layers results in a splinter
or flame appearance whereas hemorrhage located in deeper retinal tissue results in a
dot or blot appearance. Hemorrhage in front of the retina (preretinal) obscures the
underlying retinal vessels whereas vessels are visible if the blood is subretinal. Blood
can also extend into the vitreous gel (vitreous hemorrhage). Traumatic retinoschisis
in which the retina at the macula is separated, raised, and folded by shearing forces
may be highly suggestive of SBS when found in a young child. Retinal hemorrhage is
not usually helpful in determining when the injury occurred. Newborn infants can
also have retinal hemorrhages within the first week of life, so interpretation in this
setting can be a challenge. Retinal vascular abnormalities can be seen very rarely
in patients with selected vascular malformations (e.g., cavernomas), endocarditis,
hematological disorders, and encephalitis.

Imaging studies are essential in demonstrating the extent of injuries and in
establishing the diagnosis. CT scan with bone and soft-tissue windows should be per-
formed emergently since it may demonstrate injuries that require prompt interven-
tion. Subdural hematoma most prominent in the interhemispheric fissure, cerebral
edema, and subarachnoid hemorrhage are the most common intracranial abnormal-
ities seen on CT. In more severely affected infants, unilateral or bilateral hypoden-
sities can also be seen along with loss of gray-white matter differentiation.

An MRI of the brain and cervical spine including diffusion-weighted sequences
(looking for edema) and gradient echo sequences (looking for old hemorrhages) in at
least two planes should be obtained when the child is stable to identify small sub-
dural hematomas (located near the base of the brain and vertex), parenchymal
lesions including cerebral contusions and shearing injuries to the white matter, cere-
bral infarction, and spinal cord trauma (from C1 to C4). Cerebral contusions (ovoid
shaped intraparenchymal blood with surrounding edema) are typically located in the
anterior temporal, and orbitofrontal regions and are caused by the brain forcefully
striking the skull. Shearing injuries commonly occur at the gray-white matter
junction, centrum semiovale, and corpus callosum and are caused by the stretching
and disruption of axonal fibers. Diffusion-weighted sequences are particularly sensi-
tive early on to axonal injury and cerebral ischemia. Both CT and MRI can be help-
ful in determining when the injury occurred and documenting prior trauma. In CT
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imaging, acute bleeding (within the first 7 days) appears hyperdense; subacute bleed-
ing (7–21 days) is isodense, and chronic bleeding (>21 days) is hypodense. Table 1
outlines dating of blood on MRI sequences. It is important to remember that a mix-
ture of old and new blood does not necessarily indicate additional trauma since
rebleeding into a chronic subdural can occur without new injury.

Skull films and a skeletal survey are essential since bone fractures are a com-
mon in SBS with up to 50% of children affected. Complex or multiple skull fractures
are suggestive of nonaccidental injury. Similarly, rib fractures from holding the
infant tightly while shaking and old and=or new long bone fractures are suggestive
of SBS. Fractures can also involve other areas including the fingers, spine, and
scapula.

Laboratory studies including CBC, platelets, PT, PTT, and a metabolic panel,
and an arterial blood gas can rule out other causes and identifying abnormalities that
require treatment or monitoring. A mild coagulopathy can be seen but significant
clotting dysfunction is rare and should suggest other disorders. Mild to moderate
anemia may also occur from intracranial bleeding and=or internal bleeding else-
where. A lumbar puncture, when performed to rule out meningitis, can yield bloody
spinal fluid that is often xanthrochromic, suggesting that the intracranial hemor-
rhage is at least several hours old and not the result of a traumatic tap.

DIFFERENTIAL DIAGNOSIS

Table 2 lists the differential diagnosis of SBS. Rare causes of intracranial hemor-
rhage include congenital deficiency of coagulation factors, vitamin K deficiency,

Table 1 Guideline for Evaluating Age of Hemorrhage on MR

Time Hematoma stage T1 (short TR) T2 (long TR)

Few hours (0–4 hr) Oxyhemoglobin Slightly hypointense
or isointense

Slightly
hyperintense

Acute (4 hr–3 days) Deoxyhemoglobin Slightly hypointense Hypointense
Early subacute (3 days–
2weeks)

Intracellular
methemoglobin

Hyperintense Hypointense

Late subacute 1week–1
year)

Extracelluar
methemoglobin

Hyperintense Hypointense

Chronic (>1month) Hemosiderin Slightly hypointense Hypointense

Table 2 Differential Diagnosis

Accidental trauma
Congenital deficiency of coagulation factors
Acquired coagulation disorders
Vitamin K deficiency
Congenital arterial aneurysm or AVM
Benign enlargement of the subarachnoid spaces
Gluteric aciduria type I
Menkes
Osteogenesis imperfecta
SIDS=ALTE
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acquired coagulation disorders (e.g. from infection or leukemia), congenital arterial
aneurysm, and arteriovenous malformations (AVMs). MRI and MRA can rule out
congenital vascular malformations. Bleeding diatheses are usually ruled out by the
history, physical examination, and coagulation studies. A pediatric hematology
consultation should be obtained if a bleeding disorder is suspected.

Rare inborn errors of metabolism can present with features of SBS. Subdural
hematomas can be seen in both glutaric acidura type I (GA-1) and Menkes disease
(discussed further elsewhere in this text).

GA-1 is autosomal recessive disease caused by a deficiency in glutaryl-CoA
dehydrogenase. Patients may present with an acute encephalopathy following an
infection or with more gradual neurological deterioration consisting of developmen-
tal delay, large head, hypotonia, and movement disorder. Although subdural fluid
collections can sometimes be seen, more typical MRI findings include frontal tem-
poral atrophy manifested by widening of the Sylvian fissures and CSF fluid anterior
to the temporal lobe, widening of the mesencephalic cistern, and abnormal high
T2-weighted signal intensity in the basal ganglia and periventricular white matter.
Abnormalities can also be seen in the brainstem and cerebellum. Urine organic acids
usually show marked increase in glutaric acid and 3-hydroxy glutaric acid. The diag-
nosis can be confirmed by fibroblast analysis.

MEDICOLEGAL ISSUES

Child abuse, especially when accompanied by serious or permanent injuries, is a par-
ticularly vile crime that always needs societal intervention. Even though the perpe-
trator may be emotionally disturbed or a substance abuser, it is the responsibility
of the legal system, not the medical team, to determine culpability and appropriate
punishment. In order that the system works fairly both for the victim and perpetra-
tor, it is essential that the medical team works closely with both social services, child
protection investigators, and the police during the initial hours and days of the hos-
pitalization. As soon as is it is medically practical, a physician familiar with child
abuse along with appropriate legal authorities should interview the people involved
with the child’s care and obtain appropriate evidence including photographs, radi-
ological reports, and reports detailing the physical condition of the child when first
evaluated. The initial interview with the family and providers is often key and, if
possible, should be done with each member separately so that inconsistencies in
the history can be documented for later follow up.

Although the suspected perpetrator should face prosecution and punishment
according to state law, therapeutic intervention, especially when injuries do not
result in death or permanent disability, can be an important means of preventing
more severe injuries in the future. Medical, psychiatric, and social service input
should be obtained in planning the appropriate intervention. The goal is to prevent
further harm and restore physical and emotional well being to both the child and
those involved in child’s care.

TREATMENT

The initial management of those children with marked impairment of consciousness
and=or breathing includes intubation and ventilation, maintaining adequate
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circulation, and anticonvulsant therapy. Evacuation of large acute subdural hemato-
mas should be considered. Aggressive management of increased intracranial pressure
using hyperosmolar therapy, ICP monitoring, hyperventilation, pressors, and pento-
barbital coma is controversial due to unproven long-term benefit, although recent
guidelines on this subject have been published. Less severely effected children should
be observed closely. Neurosurgery, ophthalmology, and neurology consultations
should be obtained as soon as possible.

OUTCOME

The outcome depends on the severity of brain injury. Factors suggesting a poor
prognosis include: unresponsiveness on admission, poor vision and an absent or
diminished pupillary response on presentation, early and intractable posttraumatic
seizures, age under 6 months, need for intubation, and bilateral or unilateral diffuse
hypodensities on CT scan. Mortality rates are high and range between 15% and 40%
with a median of 20–25%. In a limited follow-up study of 14 children contacted on
average 9 years after injury, 7 were severely disabled or vegetative, 2 were moderately
disabled, and 5 had a good outcome. Other reports similarly suggest that a majority
of surviving children suffer some permanent disability which may include visual
impairment usually from cortical damage and optic atrophy, mental retardation,
learning disabilities, cerebral palsy and other motor deficits, hearing loss, hydroce-
phalus, and epilepsy. Long-term follow up is required since the deficits may not be
apparent until the child enters school.
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INTRODUCTION

Coma is a state where arousal to wakefulness and conscious awareness cannot be
achieved despite sufficient stimulation. Depression in level of consciousness may
exist at any level between the fully alert state and the unresponsive state and
demands urgent evaluation and treatment. The level of consciousness usually deter-
mines the degree of urgency with complete unresponsiveness—coma—demanding
the most immediate response.

Management of coma usually begins in the emergency room and continues in the
intensive care unit. The major challenge for the clinician is in the early management of
coma when it first presents. It may be the end-result of any pathological brain insult
of sufficient severity. Initial treatment must be aimed at supporting the patient and
initiating specific treatment for the responsible etiology. Long-termmanagement con-
sists of maintenance of physiological function and assessing prognosis—a task usually
reserved exclusively for the pediatric neurologist. If all brain function is lost, this must
be recognized, so that futile care is not given and organ procurement can be considered.

Coma in infants, children, and adolescents will be addressed. The unrespon-
sive neonate represents a special situation best dealt with under the appropriate
conditions requiring treatment.

EARLY ASSESSMENT AND INTERVENTION

Gathering of history, physical examination, laboratory testing, and imaging must
occur simultaneously with early supportive treatment. Initial assessment should focus
both on identifying the etiology and on assessing the level of central nervous system
depression. At the same time, emergency resuscitative measures must be initiated.

Assessment and Stabilization

The etiology of coma may be evident from history or circumstances, as in the case
of trauma or in-hospital hypoxic–ischemic encephalopathy. Where it is not, rapid
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assessment of possible etiologies is necessary to insure initiation of appropriate spe-
cific treatment. These may be structural, infectious, toxic, metabolic, or hypoxic. In
children, structural causes for coma are usually due to trauma and less likely to be
due to primary intracerebral hemorrhage, infarction, or a previously unsuspected
mass. Trauma may be obvious direct head injury or occult injury, as with a shaken
baby. Epidural, subdural, and intraparenchymal hemorrhage will be identified on
noncontrast head computed tomography (CT), which should be performed as soon
as the child is stable. Occult trauma may be suspected with the finding of retinal
hemorrhages in the absence of obvious CT abnormalities. Where trauma is a possi-
bility, cervical spine injury must also be suspected, and immobilization should be
performed prior to examination, early treatment, or imaging.

The history from available sources will depend on how apparent the etiology of
coma is at presentation. In nontraumatic situations, the physician must determine
whether the loss of consciousness was abrupt or gradual, whether there have been
any underlying illnesses or other predisposing factors, whether seizure activity was
observed, and what preceding symptoms may have been present. The presence of
behavior change, headache, vomiting, diarrhea, or rash may point to central nervous
system infection. Accessibility of the child to medications, cleaning agents, or other
toxins determines the level of suspicion of ingestion. The identity and circumstances
of the caregiver prior to the call for help may raise the question of nonaccidental
trauma. Sudden onset of coma without obvious explanation, in a previously healthy
child, especially a toddler or adolescent, suggests an ingestion, warranting early
decontamination. More gradual deterioration suggests infection or metabolic
abnormality. Treatable etiologies must be considered first.

Initial supportive care consists of standard emergency resuscitative measures.
An adequate airway must be established and maintained. Cervical immobilization
should be employed where there is any possibility of cervical spine trauma. Where
there is respiratory insufficiency on observation, pulse oximetry, or blood gases,
intubation using the rapid sequence induction technique should be performed
by an experienced person. This technique involves administration of a short-
acting sedative=hypnotic agent followed by a rapidly acting neuromuscular
blocker and cricoid pressure to prevent regurgitation. Circulation and perfusion
must be maintained with intravenous or intraosseous administration of fluids
and pressors.

Physical Examination

General examination may provide useful clues to etiology. Alterations in body
temperature may suggest infection or confirm near-drowning. Nuchal rigidity points
to meningitis. Petechiae, rash, or purpura may also indicate infection. Red, hot, dry
skin may be seen with anticholinergic poisoning. Unusual odors should raise a suspi-
cion of an inborn error of metabolism. Retinal hemorrhages on funduscopic exam-
ination indicate occult trauma, especially the shaken baby syndrome. Papilledema
would suggest an intracranial mass producing chronic increased intracranial pres-
sure. A cardiac murmur should raise the suspicion of endocarditis or congenital
heart disease with its risk of brain abscess or infarction. A rigid abdomen may point
to a source for sepsis, and hepatomegaly may go along with hepatic failure with
encephalopathy or may indicate a storage disease.

Neurologic assessment of the level of central nervous system depression
consists of evaluation of level of consciousness, motor symmetry, and brainstem
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reflexes. Level of consciousness should be described in the most specific terms
possible, so that serial examinations can be compared. General terms, such as
obtundation or stupor, may be used differently by different examiners and do
not facilitate ready comparison over time. The Glasgow Coma Scale (GCS), an
abbreviated, scored list of best eye, verbal, and motor responses, is widely used
in adults, especially in cases of trauma, and may be used in children beyond
age 5. There are several pediatric coma scales, which represent modifications of
the GCS that take into account normal phases of development and can be used
for infants and young children. None of these scales assess brainstem reflexes or
specific motor function.

The brainstem reflexes that should be assessed are the pupillary light and ves-
tibuloocular reflexes. Corneal reflexes are helpful, if present, but may be absent
because of corneal edema, not brainstem injury and, so, are less reliable. Pupillary
light reflexes should be assessed with an adequately bright light. Anisocoria sug-
gests an oculomotor nerve palsy and may indicate uncal herniation. Absence of
light reflexes, if not pharmacologic, indicates loss of midbrain function and usually
is seen with structural or hypoxic–ischemic injury. Miosis may represent opioid or
other ingestion. The vestibuloocular reflex, which requires an intact brainstem from
the vestibular nuclei in the lower pons up to the oculomotor nuclei in the upper
midbrain, can be assessed with the oculocephalic maneuver or with ice water irriga-
tion of the external auditory canals. With the oculocephalic maneuver, the head is
turned from side-to-side or up-and-down. In the unconscious patient with no visual
fixation present, the eyes should move proportionately to the amount of head
movement, degree for degree (‘‘doll’s eyes’’). If the vestibuloocular pathways are
nonfunctional, indicating pontomesencephalic injury, the eyes will not move and
will remain in a fixed position. If no ‘‘doll’s eyes’’ can be obtained, then 10–
30 cm3 of ice water can be irrigated into the external auditory canal, against the
tympanic membrane, to suppress vestibular tone on that side. This may not be
needed in the initial examination, when etiology and urgent treatment are still
being considered, but it is important in the subsequent serial evaluation of the
patient. In the intact brainstem, the eyes will deviate toward the ear being irrigated,
being driven to that side by vestibular tone from the contralateral side that is
unopposed. There is no point in assessing more than one side at a time, since ves-
tibular tone will remain suppressed in the first ear for a brief period. If both the
pupillary light reflexes and vestibuloocular reflexes are absent, then it can be
assumed there is no brainstem function down to the medulla, which is likely also
impaired and may need to be assessed later with an apnea challenge to determine
death by brain criteria.

Motor examination may help identify the brain pathology and its localization.
Abnormal posturing of the trunk and extremities may indicate increased intracranial
pressure, along with hypertension, widening of the pulse pressure, and bradycardia
(Cushing’s triad). An asymmetry of limb movement may be seen with cerebral
infarction, mass, or trauma and can often be detected by elevating the limbs and
observing whether one side drops more freely than the other. An asymmetric
withdrawal response may be seen with deep painful stimulation, as well.

Laboratory

Initial evaluation should include measurement of blood sugar, serum electrolytes,
BUN=creatinine, liver functions, ammonia, urinalysis=urine drug screen, and complete
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blood count. Arterial blood gases and EKG should have been included as part of
initial and stabilization, if needed. If there is no obvious etiology from the clinical
assessment, immediate laboratory values, or CT, then lumbar puncture and blood
cultures should be considered, especially if the child is febrile. Empiric antibiotics
can then be given, depending on the level of suspicion of meningitis, encephalitis,
or sepsis.

Therapy

Specific intervention is diagnosis-specific. Once assessment has determined the most
likely cause of the depressed level of consciousness and resuscitative measures have
stabilized respiratory and hemodynamic status, further treatment will then be guided
by the presumed pathophysiology.

Increased ICP

For cerebral edema due to traumatic head injury, hypoxic–ischemic or metabolic
encephalopathy, or infection, nonsurgical treatment is directed toward increased
intracranial pressure (ICP) and cerebral perfusion pressure (CPP) to prevent hernia-
tion and cerebral ischemia. For cerebral edema due to neoplasms or other space
occupying lesions, treatment may also include dexamathasone. Early measures
should be aimed at avoiding any further increase in ICP. These include avoiding
neck flexion, which may obstruct jugular venous return, and elevating the head of
the bed 15–30� to reduce venous outflow pressure. Likewise, sedation or neuromus-
cular blockade can be initiated to avoid Valsalva maneuvers from coughing, which is
common with an endotracheal tube in place. Mechanical ventilation should be set so
that there is enough relative hyperventilation to reduce the pCO2 to 25–35mmHg.
(This can be accomplished quickly, but the benefits are transient.)

Further management requires an accurate knowledge of the child’s fluid bal-
ance, frequent monitoring of blood chemistries, and, especially with traumatic brain
injury, monitoring of intracranial pressure. If ICP monitoring is undertaken, ICP
over 20mmHg warrants treatment measures. Intracranial pressure can be measured
with one of several monitoring techniques. A ventricular catheter allows the most
accurate measurement and also allows therapeutic drainage of CSF to lower ICP,
but it may be difficult to place because of small or shifted ventricles. Other devices
include transducers placed in extradural, subdural, or subarachnoid spaces, which
carry a lower risk of complications but do not allow for fluid drainage.

Fluid restriction should be avoided because there may be accompanying hypo-
volemia. Somewhat hypertonic solutions that maintain a normal or slightly
increased intravascular volume are recommended. Hypertonic saline has been
shown to be effective for control of increased ICP after severe head injury. A con-
tinuous infusion of 3% saline at a rate between 1 and 2mL=kg=hr, aiming to raise
serum sodium to 145–155mEq=L, can be used to keep the ICP below 20mmHg.
Intermittent boluses of mannitol 0.25–1 g=kg as a 20% solution may be also be used.
Mannitol, like sodium, lowers ICP by osmotically drawing water out of the brain
into the vascular space. It also reduces blood viscosity, which elicits a vasoconstric-
tive response that decreases the cerebral blood volume. Normal saline may be
needed to maintain cerebral perfusion pressure to counteract mannitol’s diuretic
effect. A bladder catheter must be in place to manage the resulting increased urine
output, and central venous pressure monitoring should be considered. Serum osmol-
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ality should not exceed 320mOsm=L to avoid precipitating acute renal failure in
patients treated with mannitol, and 360mOsm=L for those treated with hypertonic
saline.

Mild hyperventilation may be used for brief periods, maintaining the PaCO2

between 25 and 35mmHg. This leads to cerebral vasoconstriction and a reduction
in cerebral blood flow and volume, decreasing ICP. This vasoconstrictor effect is
transient, lasting less than 24 hr. More aggressive or prolonged hyperventilation
may produce cerebral ischemia and should be avoided.

High dose barbiturate therapy should only be used when elevated ICP is resis-
tant to these measures and only with ICP measurement. This is usually done with
pentobarbital, loading with 10–15mg=kg IV over 1 hr, titrating the dose to the point
that a suppression-burst pattern is seen on EEG. Continuous EEG monitoring can
be used as a guide to the infusion rate needed to maintain this state.

Metabolic Problems

Metabolic disturbances, such as hypoglycemia, electrolyte disturbances, or hyperam-
monemia should be corrected promptly. If the initial blood sugar is low, intravenous
glucose should be given. If the serum sodium is below 120mEq=L, slow correction
with fluid restriction, loop diuretic, and isotonic=hypertonic saline should be
instituted.

Ingestion

If ingestion is suspected, naloxone, 0.1mg=kg intravenously or intratracheally
should be given for children up to age 5. In adolescents, a minimum dose of 2mg
is recommended. This may be repeated every 2–3min until at least 10mg is given
without a response. If there is a response, an infusion of two-thirds of the successful
dose per hour may be necessary to avoid recurrent episodes of hypoventilation. This
is necessary because the half-life of the opiate may be longer than the naloxone. If
benzodiazepine ingestion cannot be excluded, there is no evidence of tricyclic antide-
pressant ingestion by history or EKG, and there is no history of seizures, flumazenil
0.02mg=kg may be given over 30 sec up to a maximum of 0.2mg. Use of these
antagonist antidotes is safer in small children than in adults because it is unlikely
they are on chronic opioid or benzodiazepine therapy. Gastric lavage, including
nasogastric charcoal, may be used, if advised by poison control measures.

Nonconvulsive Status Epilepticus

Nonconvulsive status epilepticus should be suspected when a child is unresponsive,
yet the eyes are open with nystagmus, gaze deviation, or lid flickering movements.
An EEG may need to be performed urgently to confirm the diagnosis, followed
by appropriate anticonvulsant therapy. Lorazepam 0.1mg=kg is usually the first
drug of choice, repeating the dose until there is a clinical or electrographic response.
Alternatively, IV phenobarbital, phenytoin, or valproate may be used, depending on
initial response and EEG findings.

Infection

If meningitis or encephalitis is suspected, then antibiotic therapy should be given.
Where there is delay in performing a lumbar puncture, such as when increased
intracranial pressure is suspected and a CT cannot be expedited, antibiotics may
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need to be initiated before cerebrospinal fluid can be obtained. For possible menin-
gitis, empiric antibiotic therapy will depend on the child’s age. Cefotaxime or
ceftriaxone and vancomycin should be given to cover for Streptococcus pneumoniae,
Haemophilus influenzae, andNeisseria meningiditis. If encephalitis is suspected because
of a prodrome of altered mental status and seizures, IV acyclovir should be given. (See
chapter on CNS infection.)

LONG-TERM MANAGEMENT AND PROGNOSIS

The prognosis for children with traumatic brain injuries may be better than for
adults. Factors that have been associated with poor outcome after trauma include
associated=total injuries, admission and 72 hr GCS scores, mass with increased
intracranial pressure, diffuse axonal injury, and hyperglycemia. For near-drown-
ing, there appears to be a bimodal distribution of outcomes. Children who sur-
vive tend either to return to normal or to remain in a vegetative state with
few having intermediate impairment. For this and other cases of hypoxic–
ischemic encephalopathy, initial cardiopulmonary resuscitation duration longer
than 10min, requirement of more than one bolus of epinephrine, and unreactive
pupils in the emergency room or GCS less than 5 at 24 hr are predictive of poor
outcome.

MR imaging, evoked potential studies, and EEG have been used to predict
outcome. In coma due to hypoxia, ischemic lesions and edema seen early on
MRI in arterial watershed regions and in the basal ganglia have been correlated
with poor neurologic outcome. With the use of an MR imaging scoring system,
these findings on early scans can be used to assess prognosis in children. Absence
of cortical responses on somatosensory evoked potentials predicts an unfavorable
outcome in most, but not all cases. Conversely, intact cortical potentials predict
good outcome. The presence of organized sleep patterns on 24 hr polysomno-
graphic EEG recordings, obtained 7–14 days after injury, has been shown to be
highly predictive of better outcome in posttraumatic coma. With routine EEG,
the most reliable indicator of a poor outcome is lack of variability and reactivity,
including low-voltage undifferentiated tracings, burst-suppression, and electrocer-
ebral inactivity. Clinically, the duration of coma remains an important indicator
of long-term disability.

Long-term management of coma requires attention to nutrition and skin care,
in addition to support of ventilation and perfusion. Once mechanical ventilation can
be discontinued, circulatory function has stabilized, and intracranial pressure has
normalized, early rehabilitation intervention should be considered, though the mea-
surable impact on outcome remains unclear. Modalities used include various sen-
sory stimulation techniques, along with standard physical, occupational, and
speech therapies. This usually is best managed in a specialized rehabilitation care
facility.

BRAIN DEATH

Determination of death using brain criteria is now equivalent to using cardiac
criteria. Every state has adopted a version of the Uniform Determination of Death
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Act, stating that ‘‘irreversible cessation of all functions of the brain including the
brainstem is dead,’’ just as with irreversible cessation of circulatory and respiratory
function. Given the potential for organ donation, as well as the interest of humane
care, timely identification of brain death is important in the child with coma. The
determination of ‘‘irreversible cessation’’ of the brain is a clinical assessment.
Before examining the patient, the cause of coma should be reasonably identified,
the patient should be normothermic, and there should be no recent administration
of interfering psychotropic or neuromuscular blocking pharmacologic agents.
Complete unresponsiveness (GCS¼ 3) can be determined by the absence of any-
thing more than spinal reflex activity to painful tactile stimulation. Brainstem
pupillary, corneal, and vestibulo-ocular reflexes are absent. Determination of apnea
is then made by removal of any external source of ventilation to allow a rise in
pCO2 to at least 60 torr or more than 20 torr above baseline with accompanying
respiratory acidosis. Oxygenation is best maintained with a continuous flow of
100% oxygen. This may be done with a cannula placed down the endotracheal tube
infusing at a low flow rate to avoid pneumothorax or with a source of continuous
positive airway pressure. Observation is made for any evidence of respiratory
effort. If none is seen, despite blood gas findings noted above, then complete apnea
can be assumed and cessation of medullary function assumed. Current guidelines
provide that, in infants age 7 days to 2 months, a repeat examination and EEG
be performed in 48 hr; for age 2months to 1 year, a repeat examination and ancil-
lary testing in 24 hr; and for more than age 1 year, repeat exam in 12–24 hr. EEG
may be used to provide ancillary confirmation at the discretion of the examining
physician in children over 1 year. Use of ancillary imaging studies, such as radio-
nuclide imaging, may be helpful where the child has been in drug-induced coma or
when there is a medico-legal situation that warrants more extensive documenta-
tion. Once the examination has been performed, and brain death determined, then
death should be pronounced and noted in the medical record. It is important to be
clear with the family that death has occurred. If organ procurement is anticipated,
mechanical ventilation is resumed, and circulatory support is maintained until
donor organs are obtained. It may be difficult for the family, and for new intensive
care staff, to understand or accept that the child has expired when color, perfusion,
EKG tracing, and other signs of life persist. It is important that the clinician feels
comfortable with the concept of brain death as equivalent to loss of life and that
the apprehension and confusion of family members be dealt with sensitively and
without ambiguity.

SUMMARY

Rapid assessment and skillful support are essential to the survival of any child
presenting in coma. Once ventilation and perfusion have been assured, all possibly
treatable etiologies need to be considered. If the severity of the brain insult prevents
recovery, then serial estimates of prognosis can be made from clinical examination,
MR imaging, and electrophysiologic measures. Early rehabilitation measures should
begin in the intensive care unit. If treatment is unsuccessful and brain function is
irreversibly lost, then this must be confirmed beyond doubt and communicated
sensitively, but unequivocally, to the family.
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APPENDIX

INITIAL EVALUATION OF UNEXPLAINED COMA

Support of airway, breathing, and circulation with cervical immobilization
Neurological examination

Glasgow Coma Scale

Sign Behavior Score

Eye opening Spontaneous 4
To command 3
To pain 2
None 1

Verbal response Oriented 5
Disoriented 4
Inappropriate words 3
Incomprehensible sounds 2
None 1

Motor response Obeys commands 6
Localizes pain 5
Withdraws 4
Abnormal flexion to pain 3
Abnormal extension 2
None 1

Best total score 15

(From Ref. 1.)

Etiologies of Coma

Structural
Trauma
Hydrocephalus
Neoplasm
Hemorrhage
Abscess
Infarction

Hypoxia-ischemia
Near-drowning

Continued
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Etiologies of Coma (Continued)

Near-miss SIDS
Electrocution
Strangulation

Metabolic-toxic
Ingestion=inhalation
Transient metabolic derangement
Electrolyte, glucose, calcium, magnesium

Organ failure
Kidney, liver, adrenal, pituitary

Hypothyroidism
Inborn error of metabolism
Drug reaction=anaphylaxis

Infection
Sepsis
Meningitis
Encephalitis

Paroxysmal disorders
Seizures
Migraine

Guidelines for the Determination of Brain Death in Children

A. History:
1. Determine cause of coma to eliminate remediable or reversible conditions.

B. Physical examination criteria:
1. Coma and apnea must coexist.
2. Absence of brainstem function:
(a) Midposition or fully dilated pupils unresponsive to light.
(b) Absence of spontaneous oculocephalic (doll’s eye) and caloric-induced eye
movements.
(c) Absence of movement of bulbar musculature, corneal, gag, cough, sucking,
and rooting refleces.
(d) Absence of respiratory effort with standardized testing for apnea.

3. Patient must not be hypothermic or hypotensive for age.
4. Flaccid tone and absence of spontaneous or induced movements excluding
activity mediated at spinal cord level.
5. Examination should remain consistent for brain death throughout the
predetermined period of observation.

C. Observation period according to age:
1. 7 days to 2 months: two examinations and EEGs 48 hr apart.
2. 2 months to 1 year: two examinations and EEGs 24 hr apart or one examination
and an initial EEG demonstrating electrocerebral silence combined with a
radionuclide angiogram demonstrating no cerebral blood flow, or both.
3. More than 1 year: two examinations 12–24 hr apart; EEG and isotope
angiography are optional.

(From Ref. 1.)
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Postconcussion Syndrome
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INTRODUCTION

During the past several decades, there has been a rapid proliferation of inter-
est in both amateur and professional athletics. Head injury and the conse-
quences of recurring head trauma have garnered interest among health
professionals, from primary care pediatricians to neurologists, neurosurgeons,
and psychiatrists. The result of this interest has led to research and long-term
assessment of patients with head trauma and to the development of practice
parameters such as the management of concussion in sports as established
by the American Academy of Neurology (Table 1). This practice parameter
is an essential guideline for all practitioners dealing with young athletes
suffering concussions.

This chapter will address the postconcussion syndrome specifically. The
postconcussion syndrome (PCS) can be a result of either minor or traumatic
brain injury and is controversial. The debate arises due to conflicting findings
regarding symptomatology, and the sparsity or absence of objective neurologic
findings. Added to this dilemma are the inconsistencies in presentation,
duration, and prognosis. The literature is also complex due to methodological
problems.

DIAGNOSIS=CLINICAL FEATURES

Postconcussion syndrome is considered to be a relatively major public health
issue, although it is rare in incidence. Most studies accept the definition of
PCS to include the continuation of at least three of the following symptoms:
headache, dizziness, fatigue, irritability, impaired concentration, insomnia, and
photo or phonophobia. One therefore realizes the controversy as to the presence
of true PCS as these symptoms are common with other etiologies such as
migraine, depression, and systemic disorders. The duration of the symptoms
can be weeks to months. Loss of consciousness does not have to occur to cause
PCS.
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NATURAL HISTORY

The natural history (e.g., dates and times for resolution) for particular symptoms in
individual patients is often variable. The severity of the injury, the effects of recur-
rent head trauma, and the predisposing neurologic state of the patient all influence
the time to resolution.

In the first few days after the injury, the complaints are typically referable to
the head (e.g., scalp, face, neck). Whiplash may occur in selected patients depending
on the nature of the injury. Injury to the soft tissue of the cervical region may be
associated with neck pain, musculoskeletal headaches, and dizziness.

The typical patient with PCS has a full recovery. Neural recovery often occurs
immediately, with many patients back to baseline in 6–12weeks. By one year,
85–90% of patients with PCS have fully recovered. These 10–15% of patients who
have not returned to their baseline are often classified as having persistent postcon-
cussion syndrome (PPCS).

In patients with PPCS, both cognitive and somatic complaints and=or emo-
tional and vegetative symptoms may persist. Brain injury may manifest as forgetful-
ness, decreased concentration, and disturbances of the sleep–wake cycle. Impairment
in attention may be long-lasting. Depression and anxiety appear to be highly corre-
lated with the chronicity of this syndrome. Reviews in the literature have shown that
the subset of PPCS often possesses premorbid psychiatric disorders and are typically
under stress around the time of the head injury.

EVALUATION

Children with concussions and subsequent PCS often have CT scans and magnetic
resonance imaging (MRI) at the time of injury. In the majority of cases, these studies
are normal. However, the absence of loss of consciousness and neuroimaging does
not rule out PCS. Findings, when present, can include petechial hemorrhage (often
seen in the temporal lobes) or diffuse axonal injury.

Table 1 AAN Parameter on Concussion in Sports

Grade 1: Transient confusion, no LOC (loss of consciousness), resolves in 15min
Remove from contest with neurologic examinations every 5min
May return to game if symptoms clear within 15min
If recurs, must stop competition and return no earlier than 1week

Grade 2: Transient confusion, no LOC, lasts longer than 15min
Remove from contest with no return that day
Can return in 1week after physician examination
CT or MRI if symptoms last longer than 1week
If recurs, must have at least 2weeks symptom-free with rest

Grade 3: Any LOC
Transport to nearest emergency department for neurologic exam
May go home if findings normal upon initial hospital exam
If LOC is brief, can return after 1week asymptomatic
If LOC is prolonged, can return after 2weeks
CT or MRI if symptoms last longer than 1week
If recurs, must have at least 1month symptom-free
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Neuropsychological evaluation, often crucial to help treat these children, fre-
quently demonstrates that cognitive symptomatology is not necessarily correlated
with the degree of injury. Discrepancies between the signs of organic injury and
symptoms may lead clinicians to question the diagnosis. Questions often arise
in both PCS and PPCS as to the premorbid emotional and cognitive status of
individuals with neuropsychologic difficulties.

TREATMENT

Treatment is directed to the symptom complex on an individual basis (Table 1).
Simple reassurance is often the major treatment because most patients will
improve within 3months.

The management of muscle contraction type headaches on an acute basis is
simple analgesics, NSAID, or muscle relaxants (methocarbamol). If headaches per-
sist and become ‘‘chronic daily headaches’’ with effects on daily functioning, then
prophylactic therapy is important.

Posttraumatic migraine is often responsive to abortive medications such
as NSAIDs and the triptans (e.g., sumatriptan, zolmitriptan). More informa-
tion about doses of all subsequently discussed medications are covered in both
the abortive and preventative medications for migraine chapters in this text-
book. Many of the newly approved triptans are not yet approved for the
pediatric age group. If migraine begins to occur frequently, i.e., several times
a week, and to interrupt daily function, then prophylaxis should begin. Pro-
phylaxis of migraine includes beta blocking agents, calcium channel blockers,
or antidepressants. Persistent vertigo or labyrinthine abnormalities with nausea
and=or vomiting respond to antiemetics such as meclizine or metoclopramide.
The prolonged postconcussive syndrome headaches and other nonspecific vege-
tative symptoms often require antidepressants, supportive psychotherapy, and
cognitive rehabilitation (Table 2).

Table 2 Treatment for Postconcussion Syndrome

Muscle contraction type of headaches
NSAIDs (ibuprofen, naproxen)
Antidepressants (amitryptline, sertraline)
Muscle relaxants (meclizine, metoclopramide)

Migraine type headaches
Prophylactic drugs
Beta blockers (atenolol, propranolol)
Antidepressants
Calcium channel blockers (verapamil)
Anticonvulsants (valproate, topiramate)

Abortive drugs
Triptans
NSAIDs

Psychological support
Cognitive rehabilitation
Psychotherapy
Antidepressant medications
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Antidepressants play a critical role in many levels of the postconcussive syn-
drome. Antidepressants, either the nightly administration of tricyclic antidepressants
or the daily administration of SSRIs, may affect many of the myriad of complaints
associated with postconcussive syndrome. Insomnia, anxiety, mood swings, and dif-
ficulty, in concentrating and remembering may all be positively influenced and
diminished by the use of antidepressants. It is important to realize that patients
may be extremely sensitive to the amount and the duration of these medications.
The anticholinergic effects of tricyclic antidepressants, and the other potential side
effects of SSRIs which might include emotional lability should be explained to the
patient and the family prior to instituting these medications. Newer SSRIs are being
approved and marketed while some of the older medications have been limited in
their use because of side effects, especially depressive side effects. Consultation with
psychiatrists who often use these mood-altering medications is very important for
long-term use.

Management of PPCS is a mixture of medical treatment for somatic com-
plaints, psychological and psychiatric management, and realistic occupational inter-
ventions. Cognitive therapy should be counseling, vocational supportive, adaptive
therapy programs. Pharmacological treatment is for depression; SSRIs may be better
than the tricyclic antidepressants. It is important to focus on the assistance in func-
tional recovery for the persistent posttraumatic syndrome. The longer the posttrau-
matic symptom goes untreated, the more difficult the recovery and adjustment.
Cognitive rehabilitation, biofeedback, and relaxation treatment can often be
effective.
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INTRODUCTION

Neonatal encephalopathy manifested by seizures, lethargy or coma, hypotonia, poor
feeding, and difficulty controlling respiration requires prompt evaluation because it
often reflects a major neurological disorder. It occurs with an incidence of about
4=1000 term infants throughout the world. In 1976, Sarnat and Sarnat described
encephalopathy from hypoxia–ischemia following fetal distress in full term infants
and staged its severity by correlating clinical signs with electroencephalography. In
1998, Badawi and colleagues reported the first large prospective study of neonatal
encephalopathy, the Western Australia study. In contrast to previous reports
that focused on intrapartum asphyxia as the cause of newborn encephalopathy,
the Western Australia study revealed a diverse group of antenatal etiologies
unrelated to hypoxia in more than 70% of cases.

DIAGNOSIS AND CLINICAL FEATURES

Diagnosis of the presence of encephalopathy is made on the basis of observation
by neonatal personnel and the neurologic exam, and its severity is graded into
three numerical stages as described by the Sarnats or as mild, moderate or severe,
in the Levene and Western Australia studies. In the Sarnat scale the EEG is nor-
mal in stage 1, slowed in stage 2 with a periodic or continuous delta pattern, and
suppressed with infrequent discharges or isoelectric activity in stage 3. In the
Levene study, the presence of seizures distinguished infants with moderate or
severe encephalopathy from those with mild or no encephalopathy, but in
the Western Australia study, infants were classified as having moderate encepha-
lopathy without seizures if they had two of the following: abnormal conscious-
ness, abnormal central breathing, poor feeding or abnormal tone and reflexes.
There do not appear to be any specific clinical signs of encephalopathy that
allow one to make a diagnosis of its cause. Although the EEG may suggest
hypoxic-ischemic encephalopathy, it is often not specific.
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DIFFERENTIAL DIAGNOSIS

The differential diagnosis of newborn encephalopathy is broad as shown in Table 1.
Both primary central nervous system infections including meningitis and encephalitis
as well as secondary effects of maternal infections are important to consider. Mater-
nal infection can be associated with a sepsis-like syndrome that resembles the effects
of direct infection. In the Western Australia study, maternal thyroid disease was
associated with a ninefold increase in encephalopathy. Antenatal viral infections,
placental disorders, and severe pre-eclampsia were also associated with an increase
in encephalopathy. The likelihood that encephalopathy is associated with intrapar-
tum asphyxia appears to be influenced strongly by country and level of medical care.
In contrast to Western Australia, where more than 70% of cases were associated with
non-hypoxic, antepartum events, a similar study in Nepal found that 60% were asso-
ciated with an intrapartum event and factors including non-cephalic presentation,
premature rupture of membranes and induction with oxytocin. Antenatal events
such as multiple births, poor antenatal care, anemia, or maternal thyroid disease
were also associated with neonatal encephalopathy in Nepal.

GENETIC AND METABOLIC DISORDERS CAUSING
ENCEPHALOPATHY

A diverse group of genetic and metabolic disorders can also cause neonatal encepha-
lopathy (Table 2). Hypoglycemia, non-ketotic hyperglycinemia, pyridoxine depen-
dency, benign neonatal convulsions, ammonia cycle disorders, and peroxisomal
disorders are fairly widely known, but it is less widely recognized that disorders such
as Rett, Joubert, and Angelman syndrome can present with encephalopathy in the
neonatal period, years before onset of other signs are recognized. In Rett syndrome,

Table 1 Differential Diagnosis of Neonatal Encephalopathy

Hypoglycemia
Infection
Primary: meningitis, encephalitis
Sepsis in infant
Congenital infections, TORCH
Maternal infection, sepsis syndrome

Electrolyte disturbances
Genetic=metabolic disorders
Brain malformations
Severe pre-eclampsia
Antenatal placental disorders
Stroke, in-utero or intrapartum
Asphyxia, in-utero or intrapartum
Trauma
Maternal thyroid disorders
Maternal medications=drugs=alcohol
Maternal nutritional=mineral disturbances
Venous sinus thrombosis
Intracranial hemorrhage
Kernicterus
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neonatal encephalopathy has been reported in both boys and girls. Infants with
Joubert syndrome can present in the nursery with hypotonia, periodic breathing,
and abnormal eye movements and have hypoplasia of the cerebellar vermis on brain
imaging. Patients with Angelman syndrome can also present in the nursery with
hypotonia, poor feeding, transient seizures and an abnormal EEG. It is noteworthy
that in the Western Australia study, 28% of infants with encephalopathy had birth
defects or other disorders (e.g., trisomy 13, 18, methylmalonic acidemia, Smith–
Lemli–Opitz syndrome) compared with 4% of control infants, and in 37% of those
cases the birth defect probably contributed to the encephalopathy.

DIAGNOSTIC EVALUATION

Information about the medical history of the mother and family, previous children
and this pregnancy are valuable for suggesting possible causes for the encephalopa-
thy. For example, the risk of encephalopathy is increased in families with a history of
seizures or other neurologic disorders. A family history of thrombophilic disorders
suggests the possibility of stroke or venous sinus thrombosis in the infant. Labora-
tory evaluation of the infant includes standard tests such as serum glucose, electro-
lytes, calcium, magnesium, and tests of renal and liver function, as well as umbilical
cord arterial and venous blood gases if available. A cord pH of less than 7.0 with a

Table 2 Genetic=Metabolic Causes of Neonatal Encephalopathy

Pyridoxine dependency
Benign neonatal seizures (Kþ channel genes)
Non-ketotic hyperglycinemia
Stroke=thrombophilic disorders (Leiden Factor V, etc.)
Zellweger syndrome
Neonatal adrenoleukodystrophy (peroxisomal disorders)
Ammonia cycle disorders
Congenital lactic acidosis
Mitochondrial disorders
Chromosomal disorders (e.g., trisomy 13, 18)
Smith–Lemli–Opitz
Methylmalonic academia
Angelman=Prader–Willi syndromes
Rett syndrome
Joubert syndrome
Cortical dysplasias (e.g., Miller–Dieker, 1p36 deletion)
Hemi-megalancephaly
Brain dysgenesis due to metabolic disorders
Neonatal epileptic encephalopathy (L-AADC deficiency)
Folinic responsive seizures
Ohtahara syndrome (EIEE)
Fumaric aciduria
Menkes’ syndrome
Glutaric aciduria I and II
Other organic acid disorders
Sulfite oxidase deficiency (molybdenum cofactor)
Myotonic dystrophy, congenital muscular dystrophy
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severe metabolic acidosis with a base excess of 20 or greater suggests that the infant
was asphyxiated, especially with a 5min Apgar score of 3 or less at 5min. Specialized
metabolic tests may be useful for ruling out inherited metabolic diseases as listed
in Table 2. Careful evaluation for sepsis, meningitis, and encephalitis is important,
and a lumbar puncture should be considered. Results of fetal heart monitoring are
sometimes useful, but they are often non-specific as many infants with prenatal brain
disorders show abnormalities similar to those produced by intrapartum asphyxia.

EEG and brain imaging, especially magnetic resonance (MR) imaging, are
valuable for determining the severity and cause of encephalopathy as well as for
prognosis. Seizures are difficult to distinguish from other types of movements in sick
neonates and EEG is useful for confirming their presence as well as for assessing the
severity of background slowing. Cranial ultrasound is useful for detecting intracra-
nial bleeding, hydrocephalus, and other malformations but is less sensitive for detect-
ing early infarctions or hypoxic–ischemic injuries. Computerized tomographic (CT)
scanning is rapid and readily available, but is far less sensitive than MR imaging for
detecting ischemic or asphyxial injuries. Severe, ‘‘near-total’’ asphyxia in term
infants produces a characteristic pattern of increased T1-weighted signal in the puta-
men, thalamus, and peri-Rolandic cerebral cortex that is often associated with extra-
pyramidal motor disability. In contrast, kernicterus produces increased signal in the
globus pallidus. Magnetic resonance is also quite sensitive for detecting evolving
infarctions, especially when diffusion and perfusion techniques are used.

THERAPY

Some causes of neonatal encephalopathy (e.g., hypoglycemia, pyridoxine depen-
dency, infections) have specific therapies. Phenobarbital is the mainstay of treatment
for seizures and is given intramuscularly or intravenously in boluses of 10mg=kg.
This is discussed in more detail in the chapter on neonatal seizures. Many clinicians
consider a total dose of 40mg=kg, producing a blood level of approximately
40 mg=mL, to be well tolerated and others use even higher doses. Respiration is mon-
itored carefully, and patients are often placed on a ventilator to control breathing.
Phenytoin (15–20mg=kg) or fosphenytoin (equal dose in phenytoin equivalents) in
a loading dose with monitoring for bradycardia is often used if a second drug is
needed. However, in contrast to phenobarbital, which has a half-life of 2–3 days
in neonates, the half-life of phenytoin is much shorter and less predictable. Loraze-
pam in boluses of 0.05–0.1mg=kg are also useful for sustained seizures. These antic-
onvulsants appear to be less effective in neonates compared to adults. While it is
prudent to treat seizures in the neonate, it has not been established if they damage
the brain independently of the underlying pathology that causes them. For example
in hypoxic–ischemic encephalopathy, seizures reflect the evolution of the cascade of
excitotoxic events that cause damage, but it is not clear if they enhance the damage.
A number of experimental therapies that might interrupt the neurotoxic cascade,
such as hypothermia, are being evaluated for use in infants with hypoxic–ischemic
encephalopathy, stroke or trauma, but none can be recommended at this time.

PROGNOSIS

Prognosis is linked to the cause of the encephalopathy as well as its severity.
Levene and colleagues pointed out that the severity of encephalopathy from

352 Johnston



hypoxia–ischemia is more important than the Apgar score for determining neurolo-
gical outcome in term infants with asphyxia. They reported that infants who had
mild encephalopathy with minor disturbances of tone, hyper-alertness, and slight
feeding difficulty with recovery in 48 hr were normal at follow-up, while 25% with
moderate signs such as lethargy and seizures and 76% with more severe signs had
adverse outcomes. Risk of death associated with encephalopathy in the Western
Australia study was 9%, but in Nepal the death rate was 30%, probably reflecting
the higher proportion of cases due to intrapartum asphyxial events in Nepal. EEG
and brain MRI appear to be useful for estimating prognosis, and when both studies
are normal within 72 hr, the outlook is generally favorable. However, the prognosis
can be worse than the severity of encephalopathy if it is an early manifestation of
a genetic disorder such as Rett syndrome or Angelman syndrome.

SUMMARY

Neonatal encephalopathy is caused by a diverse group of acquired and genetic
disorders. Geographic location and level of medical care appear to affect the distri-
bution of etiologies: less than 30% of cases are associated with intrapartum hypoxia
in advanced countries such as Australia while more than half have been linked to
intrapartum events in less advanced regions. A combination of EEG and brain
imaging, especially MRI, is useful for establishing a diagnosis and prognosis. Specific
therapies are available for some causes of encephalopathy, and anticonvulsants
should be administered to treat seizures although their neuroprotective effects have
not been established.
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INTRODUCTION

Pantothenate kinase-associated neurodegeneration (PKAN) is a genetic movement
disorder that accounts for the majority of cases of what was formerly called
Hallervorden–Spatz syndrome. In 1922, Hallervorden and Spatz reported an autoso-
mal recessive neurodegenerative disorder with retinitis pigmentosa and high levels of
iron in brain. Since then, the diagnosis has been expanded to encompass a heteroge-
neous group of disorders that share the feature of high brain iron. To discredit
Hallervorden and Spatz for their objectionable actions during World War II, the
eponym has been abandoned and replaced with the term ‘‘neurodegeneration with
brain iron accumulation’’ (NBIA). NBIA includes neurological disorders in which
basal ganglia iron levels are high. PKAN is one form of NBIA.

CLINICAL FEATURES AND DIAGNOSIS

The PKAN phenotype generally can be stratified into two groups: early onset,
rapidly progressive disease, or later onset, more slowly progressive disease. The clas-
sic, more severe form of PKAN begins usually by age 5 years with gait abnormalities
due to dystonia, rigidity, and spasticity. Though initially asymmetric and involving
the limbs, the disease progresses to more generalized dystonia, including orofacial
involvement. Pigmentary degeneration of the retina occurs in two-thirds of patients
with classic PKAN. Patients with this form of disease experience periods of rapid
clinical deterioration, with intercurrent plateauing. Skills, once lost, are only rarely
regained. The HARP syndrome (hypoprebetalipoproteinemia, acanthocytosis, reti-
nopathy, and pallidal degeneration) is in the PKAN disease spectrum and is caused
by mutations in the same gene as PKAN.

In contrast to the homogeneous clinical profile of most patients with
classic PKAN, atypical PKAN includes a broad spectrum of features including
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palilalia, parkinsonism, and neuropsychiatric disabilities. Eventually, these patients,
too, develop dystonia with gait impairment that progresses to more generalized dis-
ease. Usually, the rate of progression is slower in atypical PKAN than that seen in
classic disease, and the age at onset can be in the second or third decade of life.
Careful history-taking often reveals that these patients were clumsy as children with
frequent falls, impulsive behavior, and learning disabilities. Clinical retinal disease in
atypical PKAN is rare. Seizures are not a common feature of either form of PKAN.

Suspicion of PKAN is raised in a patient with clinical features suggestive of this
disease spectrum and in whom the brain MRI shows typical changes. These changes
include a region of hypointensity in the globus pallidus surrounding a central area of
hyperintensity on T2-weighted images (Fig.1). The hypointense lesions indicate abun-
dant iron, and the hyperintense signal suggests tissue edema. This pattern, called the
eye-of-the-tiger sign, is virtually pathognomonic for PKAN occurring in both classic
and atypical disease. In some patients, the MRI changes predate the onset of symp-
toms; in others, they become evident only following the initial period of clinical
decline. The brain MRI changes in NBIA are distinct from those seen in PKAN
and include only hypointense lesions in the globus pallidus on T2-weighted imaging.

The diagnosis of PKAN is strongly supported by the clinical and radiographic
features. Since the discovery of the gene that is defective in PKAN, clinical molecular
testing has become available (www.genetests.org). Demonstration of two deleterious
mutations in the PANK2 gene, which encodes pantothenate kinase 2, confirms the
diagnosis. In some patients only one mutation can be found, most likely reflecting
the limitations of current testing methods. As a general rule, patients with two null

Figure 1 Pattern on T2-weighted brain magnetic resonance imaging. The image of a
PANK2-mutation-positive patient shows hypointensity with a central region of hyperintensity
in the medial globus pallidus (the eye-of-the-tiger sign).
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mutations develop classic disease. To date, there is an absolute correlation between
the presence of the eye-of-the-tiger sign and mutations in PANK2.

THERAPY

Until very recently, treatment of PKAN has been palliative. Drug regimens have
been focused on managing the dystonia, rigidity, and pain associated with the
disease. Following the discovery of the defect in the gene encoding pantothenate
kinase 2, novel ideas for therapies that are based on predictions about the
biochemistry of this disease have been proposed. Disease outcome measures are
currently being studied in preparation for investigating rational treatments for
PKAN.

PALLIATIVE THERAPIES

PKAN is primarily a disorder of the basal ganglia, with the most disabling features
being dystonia, dysarthria, spasticity, and rigidity. Baclofen provides relief from the
dystonia more consistently than any other medication. Both oral and intrathecal
delivery have been used in PKAN with significant benefits. As their disease pro-
gresses, patients often require increasing doses in order to manage their worsening
dystonia. Other drugs that have brought relief to some patients include trihexyphe-
nydyl, clonazepam, and phenobarbital. As a rule, levo-DOPA offers no benefit to
patients with PKAN.

Pain management is an important part of care in the later stages of PKAN.
Foremost, it is essential to search for treatable causes of pain in these patients.
The combination of severe dystonia with osteopenia in nonambulatory patients
places them at high risk for fractures, even without obvious trauma. Orobuccal
dystonia is common and can result in repeated trauma to the tongue. Bite blocks
and other mechanical means to prevent this have generally proved unsuccessful.
Full-mouth dental extraction has been used to allay this especially distressing
problem. Involvement of a pain management team may eventually become
necessary.

SUPPORTIVE CARE

Problems of feeding and breathing eventually complicate the course of most patients
with classic PKAN. Early introduction of gastrostomy feeding helps to optimize
nutrition and limit risks from aspiration. Laryngeal dystonia causes severe stridor,
leading to distress for both the patient and their caregivers. This complication as well
as the increasing risk of aspiration may compromise oxygen saturation sufficiently to
warrant placement of a tracheostomy tube.

DEVELOPING ADDITIONAL RATIONAL THERAPIES

Ideas for rational therapies have followed the discovery of the genetic defect in
PKAN. Pantothenate kinase catalyzes the phosphorylation of pantothenate (vitamin
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B5) in a key regulatory step in the synthesis of coenzyme A, making PKAN the first
recognized inborn error of coenzyme A metabolism (Fig. 2). Coenzyme A is impor-
tant in numerous biochemical pathways, including energy and lipid metabolism, as
well as neurotransmitter and glutathione synthesis. Since pantothenate kinase 2 is
one of four human proteins predicted to carry out this enzymatic function and is
now known to be uniquely targeted to mitochondria, limitation of the phenotype
to brain and retina may reflect the high metabolic demands or susceptibility to
oxidative damage that characterize these tissues.

The pathogenesis of PKAN is hypothesized to derive from a combination of
product deficit and secondary substrate accumulation. Deficient pantothenate kinase
is predicted to lead to low levels of coenzyme A in mitochondria causing a host of
metabolic derangements. The cardinal feature of high basal ganglia iron levels in
PKAN may be explained by tissue accumulation of two substrates of pantothenate
kinase that contain cysteine, N-pantothenoylcysteine, and pantetheine. These
compounds are predicted to chelate iron, though they also may cause direct
toxicity. The globus pallidus may be especially susceptible to injury because of its
high metabolic activity and normally iron-rich composition.

These hypotheses of pathogenesis have lead to novel ideas for therapeutic
intervention in PKAN. Potential therapies aim to address the predicted deficiency
of coenzyme A or the mechanisms leading to iron accumulation and the sequelae
of oxidative damage. An obvious initial choice for therapy is the product of the
enzyme that is deficient in PKAN, phosphopantothenate. This compound, however,
is unlikely to traverse membranes and become bioavailable, and there is no ready
source of phosphopantothenate. Ingested coenzyme A is metabolized to pantothe-
nate, hence a direct attempt to supplement with CoA is probably no better than
using pantothenate. For PKAN patients who are predicted to retain partial PANK2
enzyme function, substrate overload with high doses of pantothenate may be bene-
ficial, and pantothenate has no significant toxicity.

Figure 2 Pantothenate forms the chemical core of coenzyme A. Pantothenate kinase
catalyzes the phosphorylation of pantothenate, N-pantothenoyl-cysteine, and pantetheine.
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To address the pathologic sequelae of possible tissue accumulation of cysteine-
containing compounds, cysteamine may be useful. Therapeutic iron-chelating agents
have been tried in PKAN in order to decrease brain iron levels. Their use has lead to
systemic iron deficiency with no apparent CNS benefits. Indirect approaches to limit-
ing the toxic effects of high levels of iron in brain might include antioxidant therapy.
However, there is a compelling argument against using antioxidants in PKAN since
they may paradoxically fuel the redox cycle and worsen disease. Anecdotal reports of
the use in PKAN of idebenone, a coenzyme Q analog, suggest that these compounds
may indeed exacerbate disease and therefore may be contraindicated.

PROGNOSIS

The prognosis for patients with PKAN depends on the severity of their disease.
Those with earlier onset consistently show a more rapid rate of disease progression
than those who present later in life. In the classic form, most patients show relentless
progression with loss of ambulation within 10–15 years of onset and death by the
third decade of life. Causes of death are typically complications of a vegetative state,
including pneumonia and sepsis, and are not directly from the disease. Adequate
nutrition, prevention of aspiration, and attention to minor illnesses can extend the
life of these patients. In atypical PKAN, patients often progress to loss of ambula-
tion within 15–40 years of disease onset, though rarely a patient will show only minor
neurologic impairment even into the eighth decade. Improvements in the prognosis
for these patients have come mostly from better supportive care.

SUMMARY

Significant gains in our understanding of the biochemical defects in PKAN have
shifted the therapeutic focus from palliative care to rational interventions. Novel
therapies aimed at correcting specific perturbations in cellular metabolism hold great
promise and are currently under investigation. Treatment of this rare neurode-
generative disorder is likely to change significantly over the next decade.
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INTRODUCTION

Copper is a heavy metal that is an essential cofactor for several important enzymes in
humans. Known as cuproenzymes, these enzymes include cytochrome C oxidase (elec-
tron transport chain), dopamine b-hydroxylase (catecholamine synthesis), superoxide
mutase (detoxification of free radicals), and lysyl oxidase (formation of collagen). The
main source of copper is copper-containing foods, high quality sources being shell-
fish, nuts, chocolate, mushrooms, and liver. In the intestines, copper is transported
into enterocytes and then transferred to the portal circulation by one of two mechan-
isms. Copper may bind to metallothioneins, proteins that bind metals, and then be
transported to the liver. Alternatively, copper can be actively transported across
the basolateral membrane of the enterocytes where it then binds to albumin and other
proteins in blood. It is then transported to the liver through the portal circulation.
Menkes disease is an X-linked disorder due to mutations in the gene ATP7A that
encodes the ATPase-dependent copper transporter on the basolateral membrane of
the enterocytes. In this disorder, there is a buildup of copper in enterocytes, leading
to a secondary systemic copper deficiency. Without adequate copper, cuproenzyme
function is impaired and the symptoms of Menkes disease develop.

Once copper reaches the liver, it is readily transported into the hepatocytes. A
different membrane-associated ATPase transporter then incorporates copper into cer-
uloplasmin or excretes it into bile. Wilson disease is an autosomal recessive disorder
due to mutations in ATP7B, the gene that encodes for this particular ATPase copper
transporter. InWilson disease, copper accumulates in hepatocytes, and this accumula-
tion causes cell death.When the cells die, copper is released into the bloodstream. Cop-
per then accumulates in the brain, eyes, kidneys, muscles, bones, and joints. Copper
accumulation in the brain and liver leads to the clinical features of Wilson disease.

MENKES DISEASE

Clinical Features and Diagnosis

The characteristic features of Menkes disease include seizures, developmental regres-
sion, hypotonia, and failure to thrive. Seizures may present in the neonatal period,
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and infantile spasms may develop. Symptoms begin by 2–3 months of age in almost
all boys with this disorder. Full rosy cheeks, coarse and sparse hair, and a highly
arched palate are common. Microscopic evaluation of scalp hair reveals twisting
of the hair shaft (pili torti). Individuals with Menkes syndrome may also have loose
and redundant skin, episodic hypoglycemia, temperature instability, autonomic
instability, hernias, retinal hypopigmentation, cataracts, and urinary bladder diver-
ticula. Neuroimaging may show impaired myelination, diffuse atrophy, ventriculo-
megaly, and strokes due to fragile, tortuous cerebral vessels. Copper and
ceruloplasmin levels are very low or undetectable. Dysfunction of dopamine b-
hydroxylase, the cuproenzyme that converts dopamine to norepinephrine, leads to
elevations of dopamine, dihydroxyphenylalanine (DOPA, a precursor of dopamine),
and dihydroxyphenylacetic acid (a metabolite of dopamine). Norepinephrine and
its metabolite, dihydroxyphenylglycol (DHPG), are low. The ratio of DOPA:DHPG
is markedly elevated. Confirmatory DNA analysis is available. A fetus can be
diagnosed with Menkes disease by measurement of copper concentration and direct
genomic DNA analysis of amniocytes or chorionic villi cells.

Treatment

Due to the underlying defect in Menkes disease, oral administration of copper is
ineffective. Parenteral administration of copper can be given in a variety of forms,
including copper-acetate, copper-ethylenediamine tetraacetic acid, and copper-
histidine. Copper-histidine is the form that is most efficiently taken up by the brain
and is the best tolerated; therefore, it is the form that is used most commonly in
Menkes patients. The dosage recommendation is 100–1000 mg per day given intra-
muscularly or subcutaneously. The efficacy of the medication can be monitored by
following serum copper and ceruloplasmin levels and urinary copper excretion. On
an adequate dose, the serum copper and ceruloplasmin levels should be within the
normal limits.

Individuals with Menkes syndrome should also receive symptomatic manage-
ment. The seizures can be very difficult to control, and the use of multiple anticon-
vulsants and the ketogenic diet may be necessary. If a bladder ultrasound reveals a
structural abnormality that may predispose to urinary tract infections, then prophy-
lactic antibiotics should be considered. Routine immunizations and the yearly influ-
enza immunizations should be given to the child. Ongoing physical and occupational
therapy should be provided. Genetic counseling should be offered to the parents.
Since many children with Menkes disease have profound neurologic impairment,
it may also be important to discuss end-of-life issues and palliative care options with
the family.

Prognosis

There is a correlation between early, presymptomatic initiation of copper treatment
and better neurologic outcome. If an infant with Menkes disease has neurologic dete-
rioration before treatment is started, then full neurologic recovery is impossible.
In some of these children, copper therapy may decrease the severity of the seizures,
diminish irritability, and improve sleep hygiene. Nonetheless, these potential benefits
must be weighed against the difficulty of providing daily to near-daily injections.

There are reports that normal development can be achieved in a subset of indi-
viduals with Menkes disease if the treatment is initiated before neurologic symptoms
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begin. Usually, a fetus or newborn is diagnosed with Menkes because he has a family
history of death from the disease. In these cases, copper-histidine can be initiated in
utero or in the newborn period. When treatment begins in the presymptomatic per-
iod, individuals may have no neurologic deficits. If they have impairment, it may
be significantly less impairment than that seen in individuals who are treated after
neurologic symptoms develop. However, presymptomatic copper therapy does
not necessarily cure the nonneurologic characteristics of the disease, including the
abnormal hair texture and connective tissue laxity.

WILSON DISEASE

Clinical Features and Diagnosis

Wilson disease can present with symptoms of hepatic, neurologic, or psychiatric dys-
function. Hepatic disease is most prevalent in those individuals who develop mani-
festations of the disease in adolescence. It causes nonspecific signs and symptoms
of liver disease, including persistently elevated serum aminotransferase levels, jaun-
dice, anorexia, vomiting, abdominal pain, ascites, weight loss, easy bruisability,
bleeding, hepatomegaly, and splenomegaly. Individuals may also present with acute
hepatitis or fulminant hepatic failure. Hemolytic anemia can be the presenting
problem in children with Wilson disease and when noted is associated with mortality
in up to 80%. In those with hepatic Wilson disease, there can be spontaneous
remissions and exacerbations.

About 1=3 of individuals with Wilson disease present with neurologic pro-
blems, including dysarthria, dysphagia, and drooling. They also typically develop
a movement disorder, including dystonia, rigidity, tremor, ataxia, ballism, or
hypokinesia.

Wilson disease can also present with psychiatric symptoms, such as mood
changes, frank depression, psychosis, and personality and behavior changes. Up
to 60% of individuals with Wilson disease will have psychiatric manifestations of
the disease at some point in the course of the illness. Other less common presenta-
tions include premature osteoporosis and arthritis, cardiomyopathy, pancreatitis,
nephrolithiasis, generalized aminoaciduria, hypoparathyroidism, and infertility.

Multiple laboratory studies can be performed in the evaluation of Wilson dis-
ease. Ceruloplasmin is low in up to 95% of cases. However, ceruloplasmin is an acute
phase reactant. Therefore, it can be within the normal range in affected individuals
who have an intercurrent illness. Also, the ceruloplasmin level can be low in asymp-
tomatic carriers. A 24-hr urine copper level is usually diagnostic. In affected indivi-
duals, the level is usually greater than 100 mg Cu=24 hr and a level less than
50 mg Cu=24 hr makes the disease highly unlikely. In half of individuals with only
hepatic Wilson disease and in almost all individuals with neurologic or psychiatric
symptoms from Wilson disease, slit-lamp examination reveals Kayser–Fleischer
rings. They are benign copper accumulations in Decemet’s membrane in the cornea.
If the diagnosis is uncertain, then a liver biopsy can be performed to determine cop-
per concentration. In affected individuals, the hepatic copper concentration is often
significantly elevated (above 250–300 mg Cu=g dry weight), but the concentration
can be elevated in any condition that causes impaired biliary excretion of copper.
Neuroimaging is usually abnormal in individuals with neurologic or psychiatric pro-
blems, but may be normal in those with only hepatic dysfunction. The typical MRI
abnormality is increased T2-weighted signal in the caudate, putamen, subcortical
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white matter, and=or brainstem. DNA mutation analysis is not feasible since over
200 mutations have been identified in individuals with Wilson disease.

All first-degree relatives of affected individuals should have screening studies
for the disease. This screen includes a complete history and physical examination;
measurement of serum ceruloplasmin, liver aminotransferases, albumin, bilirubin,
and 24-hr urine copper; and ophthalmology evaluation for Kayser–Fleischer rings.
Enzyme linkage analysis of the family members of a proband can also be performed.

Serum copper analysis is not a reliable method for diagnosing Wilson disease.

Treatment

There are three phases in the treatment of Wilson disease: acute therapy, mainte-
nance therapy, and prophylaxis of presymptomatic individuals. In affected indivi-
duals who present with acute liver failure, orthotopic liver transplantation may be
necessary. In those who present with less severe liver dysfunction or neuropsychiatric
symptoms, a chelating agent such as penicillamine, tetrathiomolybdate (TM), or
trientine is indicated.

Penicillamine

Penicillamine, the first oral agent used to treat Wilson disease, promotes copper
excretion in urine and induces metallothionein production. It is efficacious, but is
associated with multiple side effects, including hypersensitivity reactions; production
of autoantibodies that leads to Goodpasture disease, myasthenia gravis or systemic
lupus erythematosis; pancytopenia; and nephrotic syndrome. Up to one quarter of
the patients who begin penicillamine therapy discontinue it due to intolerable side
effects.

The tolerability of penicillamine can be improved by starting it in adults at 250
to 500mg per day and increasing by 250mg every 4–7 days to a maximum of 1000 to
1500mg per day in two to four divided doses. (All recommended doses are based on
the excellent review by Roberts and Schilsky that is referenced in the Suggested
Reading section.) In children, the recommended dose is 20mg=kg per day (dose
rounded to the nearest 250mg) in two to three divided doses per day. The medication
should be taken 1 hr prior to or 2 hr after meals. An effective dose of penicillamine
will keep the 24-hr urinary copper excretion between 200 and 500 mg per day.
Pyridoxine supplementation (25–50mg daily) is also required.

The most troublesome and concerning side effect of penicillamine therapy is
neurologic deterioration. Brewer has shown that up to 50% of individuals with neu-
rologic symptoms have sudden neurologic deterioration after starting penicillamine
therapy. Of those who develop neurologic deterioration, 50% have permanent
disability that is worse than their pretreatment clinical status.

Tetrathiomolybdate

Tetrathiomolybdate (TM) is a newer, very effective chelating agent that has fewer
side effects than penicillamine and rarely causes neurologic deterioration. Although
a formal toxicity study of TM is currently in progress, investigators have shown
that adverse effects from TM include mild bone marrow suppression that can cause
anemia, leukopenia, and thrombocytopenia and minimal elevations in serum
aminotransferase levels. Both adverse effects improve with a drug holiday or dose
reduction. Only a small number of individuals on TM therapy have experienced
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worsening neurologic status while receiving TM. Thus, the risk of neurologic
deterioration is much lower than the risk seen with penicillamine therapy.

The initial dose in adults is 120mg per day. The dose may then be adjusted to
a maximum of 200mg per day to maintain the 24-hr urinary copper excretion at
250–500 mg per day. There is no recommended dose for TM in children. Tetra-
thiomolybdate is currently being used on an experimental basis in the United States.

Trientine

Trientine can also be used as a chelating agent for hepatic or neuropsychiatric symp-
toms. It chelates copper and promotes excretion by the kidneys. It is better tolerated
than penicillamine, and in general individuals experiencing adverse effects from peni-
cillamine get amelioration of their symptoms after switching to trientine. Possible
side effects from trientine include pancytopenia, sideroblastic anemia (due to copper
deficiency), aplastic anemia, gastritis, and lupus-like reactions. It is only rarely
associated with neurologic deterioration.

In adults the typical initial dosage is 750–1500mg per day in two to three
divided doses. Maintenance dosage is 750–1000mg per day. In children, the dose
is not established, but investigators have recommended 250mg=kg per day (dose
rounded to nearest 250mg) in two to three divided doses per day. Similar to penicil-
lamine, the medication should be taken 1 hr before or 2 hr after meals. An effec-
tive dose of trientine will keep the 24-hr urinary copper excretion between 200 and
500 mg per day.

Zinc

Zinc is used in the maintenance phase of treatment or in individuals who are pre-
symptomatic. It interferes with copper uptake in the intestines by inducing metal-
lothionein synthesis. Metallothionein binds copper in the enterocyte and prohibits
entry into the portal circulation. It has a relatively benign side effect profile, includ-
ing gastric irritation and elevations in lipase and=or amylase without clinical
evidence of pancreatitis. Neurologic deterioration occurs very rarely.
The maintenance dose of elemental zinc is 150mg per day in adults and 50–75mg
per day in children, divided into three daily doses. Desired 24-hr urinary copper
excretion on treatment should be less than 75 mg per day.

Treatment of Presymptomatic Patients

Presymptomatic individuals over the age of three years, with biochemical, histologi-
cal, or DNA evidence of Wilson disease should be started on prophylactic medica-
tion. Penicillamine or zinc can prevent the development and progression of
symptoms. Treatment of children under the age of 3 is controversial.

All individuals on maintenance therapy with penicillamine, trientine, or zinc
should regularly receive a complete blood count analysis with differential, liver
aminotransferase levels, serum copper and ceruloplasmin levels, and urinalysis. If
possible, one can also monitor the serum nonceruloplasmin-bound copper.

Foods that contain a high content of copper should be avoided by all indivi-
duals with Wilson disease or by presymptomatic individuals with biochemical evi-
dence of the disease. Foods high in copper include shellfish, mushrooms, nuts,
chocolate, and liver. Well water should be tested for copper content.
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Symptomatic therapy may also be necessary. If affected individuals have
problems with dysphagia, then a swallowing evaluation should be performed and
appropriate diet modifications should be recommended. Psychiatric problems can
develop even after acute treatment begins. Therefore, psychiatric evaluation and
treatment may be necessary during acute and maintenance therapy.

Prognosis

In general, the prognosis for individuals with Wilson disease is reassuring, unless
they have severe neurologic impairment or severe liver disease. In those with mild-
to-moderate disease, recovery begins approximately 6months after acute therapy
begins. Recovery can continue for up to 2 years. It is likely that any neurologic
disability or liver dysfunction that persists 2 years after the initiation of therapy will
be permanent. Most patients who have mild-to-moderate disease when treatment is
started will have complete or near-complete recovery.
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INTRODUCTION

Metachromatic leukodystrophy (MLD) is a progressive genetic disorder affecting
myelin of the central and peripheral nervous system. MLD results from an alteration
in the gene for the lysosomal enzyme arylsulfatase A or its activator. Arylsulfatase A,
in conjunction with its activator saposin, cleaves sulfatides from sphingoglycolipids.
Defects in the process result in the accumulation of cerebroside sulfatides. This
increase occurs predominantly in the nervous system resulting in dysfunction and
progressive destruction of myelin. This demyelination results in the clinical
syndrome of MLD.

There are three genetically and biochemically distinct disorders that can result
in MLD––deficiency of arylsulfatase A; sulfatide activator deficiency due to a defect
in sphingolipid activator protein (SAP1), required for the action of arylsulfatase A;
or multiple sulfatase deficiency resulting from a defect in the gene sulfatase-modify-
ing factor 1 (SUMF1). All three forms are autosomal recessive conditions. The gene
that encodes arylsulfatase A is located on the terminal tip of chromosome 22. SAP1
is produced by the gene Prosaposin, which encodes several activators. The SUMF1
gene encodes the enzyme which converts a specific cysteine residue to formylglycine
in the endoplasmic reticulum. Failure to carry out this transformation results in
failure to activate a variety of sulfatases, including arylsulfatase A.

The presentation of MLDmay occur in infancy, childhood, or rarely adulthood.
The presentation varies to some extent depending on the age of the individual, but it is
characterized by loss of previously acquired skills, progressive evidence of myelin
destruction, and ultimately a vegetative state and death. The incidence of the condition
is in the range of 1:40,000–100,000 and, as will be discussed below, is a rarer condition
than the pseudodeficiency of arylsulfatase A, which complicates diagnosis.

DIAGNOSIS AND CLINICAL FEATURES

MLD is typically classified by age of presentation, but it is important to realize that
there is great variability and may present at nearly any age. The infantile form of
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MLD is usually noted around 18months of age and is characterized by the slowed
attainment of milestones followed by gradual loss of motor skills. The child who
is just beginning to walk will stop, followed by the loss of the ability to feed himself
and sit unsupported. Vision will become affected. Ataxia may also be present. The
differential of such an individual will naturally be broad and will initially include
both the static process of cerebral palsy as well as the progressive disorders including
neoplasms, infections, inflammation, vascular disease, and other leukodystrophies
(see Table 1 for leukodystrophies). Seizures may occur. A similar progression in
the older child is characteristic of the juvenile form although the rate of progression
may be slower. Peripheral neuropathy may be present and it is not unusual to have
both loss of sensation and areflexia despite the presence of spasiticity. The adult pre-
sentation is characterized initially by psychiatric symptoms. Adult disease tends to be
more slowly progressive and the diagnosis in affected individuals often is delayed.

MLD affects primarily the central and peripheral nervous system, but accumu-
lation in the biliary tract and the kidneys has been reported. There are very rare
reports of MLD producing symptomatic gall bladder disease.

The first clue to the diagnosis is usually neuroimaging with characteristic
abnormalities noted on magnetic resonance imaging (MRI). There is hyperintensity
of the myelin on T2-weighted or FLAIR images. Contrast enhancement is not typi-
cal. Magnetic resonance spectroscopy demonstrates a rise in choline and a decrease
in N-acetyl aspartate (NAA) peaks.

The diagnosis of MLD rests on the demonstration of deficient arylsulfatase A
activity in white cells or fibroblasts. In most affected individuals, levels will be mark-
edly depressed. Caution must be exercised, however, because a significant percentage
of the population carries a polymorphic alteration in the arylsulfatase A gene that
results in a pseudodeficiency of arylsulfatase A. It is imperative that all abnormal
values be confirmed with further testing for a defect in sulfatide metabolism either
by measuring for an elevation in urine sulfatides or a defect in the ability of fibro-
blasts to metabolize sulfatides.

The pseudodeficiency allele interferes with the metabolism of the artificial sub-
strate used in the assay, but does not result in disease. The frequency of the pseudo-
deficiency allele has been reported to be approximately 15% of the population and up
to 2% of the population may be homozygous for this allele resulting in abnormal
arylsulfatase levels on the standard assay.

Table 1 Leukodystrophies

Disorder
Enzyme=
protein defect

Biochemical
abnormality Gene loci Inheritance

Metachromatic
leukodystrophy

Arylsulfatase A Sulfatide
accumulation

22q13 AR

Globoid leukodystrophy
(Krabbe)

Galactocerebrosidase Psychosine 14q25-31 AR

Adrenoleukodystrophy ALD protein Very long chain
fatty acids

Xq28 XLR

Alexander Glial fibrially
acidic protein

Spontaneous
rare––AD

Canavan Aspartoacylase N-acetylaspartate 17p13 AR
Pelizaeus Merzbacher Proteolipid protein Xq22 XLR
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In families with documented arylsulfatase A deficiency, there is a 25% recur-
rence risk. It is very important for family counseling and therapeutic decisions that
the disorder be diagnosed rapidly and accurately and younger siblings appropriately
tested. Prenatal diagnosis is available using amniocytes for arylsulfatase A activity or
DNA analysis.

In activator deficiency, presentation is usually in childhood, but enzymatic
activity of arylsulfatase A will not be absent. Excreted amounts of urine sulfatides
will be elevated. Children with multiple sulfatase deficiency have combined clinical
features of the mucopolysaccharidosis and MLD.

TREATMENT

The observation that fibroblast cultures from patients with Hurler syndrome and
Hunter syndrome could be corrected by cocultures with normal cell lines or lympho-
cyte extracts has led to hematopoietic cell transplantation for lysosomal disorders.
Monocyte-macrophages are derived from bone marrow stem cells and provide the
opportunity to transfer biochemically intact cells to an affected individual. However,
for unclear reasons, not all lysosomal disorders have responded to this therapy.

Interpretation of the results of hematopoietic cell transplantation in MLD has
been confounded by variations in disease, severity at the time of transplant, variation
in regimen, post-transplant complications, and other confounders. At this time, it is
accepted that MLD cannot be treated effectively by transplantation if neuropsycho-
logical or neurological signs are advanced in the late-infantile disease. Specific
criteria for transplantation have not been established in childhood and adult disease
forms. Transplantation with mesenchymal stem cells has been attempted in order to
improve peripheral demyelination.

The best outcomes for hematopoietic cell transplantation have occurred in
transplant centers experienced with performing transplantation in children who have
metabolic storage diseases. This and similar storage disorders require a multidisci-
plinary team with the availability of a wide range of consultants both during the
process and in follow-up.

It is expected that presymptomatic individuals would attain the greatest benefit
from this therapy and it is important to evaluate younger at-risk siblings. This has
prompted some to attempt to develop methods of newborn screening.

In those individuals who are not candidates for transplantation therapy, care
should focus on symptoms including spasticity, feeding difficulties, mobility,
communication, behavioral symptoms, and seizures.

A variety of agents have been used for spasticity and the resultant discomfort.
Benzodiazepines including valium, lorazepam, or clonazepam have been the most
used by our group, but often require elevated dosages with time. Dosages are out-
lined in the chapter on Spasticity. Baclofen, dantrolene, tizanidine, and other agents
may also be used. Intrathecal baclofen pumps have an important role in selected
patients.

Seizures may be treated by appropriate agent according to type. Sedative
agents are sometimes required to assist with sleep. Psychiatric symptoms, especially
in adults, require appropriate management with pharmacologic agents and support
services. With loss of swallowing abilities, individuals may require gastrostomy
placement.

Metachromatic Leukodystrophy 369



PROGNOSIS

MLD is a progressive neurodegenerative disease and affected individuals will die
of their disease. In most instances, the disorder results in a progressive bulbar and
autonomic difficulties and individuals succumb to pulmonary complications.

Patients and their families require continuing care and support after the diag-
nosis is made. The depth of a discussion on the course of the disease will depend on
where in the disease trajectory the patient is and given the nature of the news may
need reiteration in future discussions. Hospice care and discussions on other end
of life issues will need to be made in the course of the illness and adjusted depending
on circumstances.

SUMMARY

MLD is a progressive, genetic demyelinating condition resulting from disruption of
the action of arylsulfatase A with the accumulation of sulfated glycolipids in the ner-
vous system of affected individuals. All the genetic leukodystrophies result in the loss
of previously acquired skills, spasticity, cortical vision loss, and lead to spastic quad-
riparesis with bulbar dysfunction and the diagnosis rests on the accurate biochemical
or genetic diagnosis. Curative therapy has been elusive, but the use of hematopoietic
stem cell transplantation offers in selected individuals the ability to arrest the disease.
Symptomatic care remains a mainstay for individuals and their families who are too
advanced for transplantation.

SUGGESTED READINGS
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Lesch–Nyhan Disease

H.A. Jinnah
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INTRODUCTION

Lesch–Nyhan disease (LND) is an X-linked inherited disorder caused by deficiency
of the purine salvage enzyme, hypoxanthine-guanine phosphoribosyltransferase
(HPRT). Patients with severe enzyme deficiency exhibit a characteristic neurobeha-
vioral syndrome along with evidence for systemic overproduction of uric acid. The
neurobehavioral syndrome includes severely disabling generalized dystonia,
mild-moderate cognitive impairment, impulsive and aggressive behaviors, and
uncontrollable self-injury. The overproduction of uric acid leads to hyperuricemia,
hyperuricosuria, uric acid kidney stones, early gouty arthritis, and rarely subcuta-
neous tophi. Patients with partial enzyme deficiency also overproduce uric acid
but exhibit variable expression of the neurobehavioral syndrome. Some variants
exhibit no detectable neurobehavioral defects or only mild subclinical clumsiness,
while others have severe generalized dystonia and cognitive impairment but no
behavioral manifestations.

DIAGNOSIS AND EVALUATION

A presumptive clinical diagnosis of LND is relatively straightforward when all of the
major clinical features are manifest. Making the diagnosis is more challenging, how-
ever, early in the course of the disease when all of the features may not yet be evident
and in those cases presenting with partial syndromes. Laboratory confirmation is
essential, because of the implications for management and genetic counseling of
family members. Hyperuricemia is characteristic but not sufficient for diagnosis
because it lacks both sensitivity and specificity. Serum uric acid is sometimes elevated
in disorders other than LND, and some LND patients have values that fall in the
normal range. In most cases, definitive diagnosis is made with a combination of
genetic and biochemical tests.

Genetic testing involves identifying a mutation in the HPRT gene by sequence
analysis. Since the mutations are heterogeneous, the entire coding region must be
sequenced. Genetic testing also allows for the screening of asymptomatic female car-
riers to determine their risk for having affected children. A major limitation of
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genetic testing is that it does not provide reliable information on prognosis, informa-
tion that is of particular interest because of the wide spectrum of disease severity.

Biochemical testing involves the measurement of HPRT enzyme activity,
usually in erythrocytes or fibroblasts. Many different assays have been used,
although those based on live cells (e.g., whole erythrocytes in suspension or cultured
fibroblasts) are considered superior to lysate-based assays. In general, there is a good
correlation between disease severity and residual HPRT enzyme activity in the live
cell assays, allowing for some prediction of disease severity. However, the biochem-
ical tests are technically demanding and more difficult to use for carrier detection.

TREATMENT

There are currently no therapies to directly correct or compensate for the deficiency
of HPRT enzyme activity. As a result, the treatment strategy is largely symptomatic.
The main clinical problems will be addressed separately, as the treatment of each is
different (Table 1).

Uric Acid Overproduction

The overproduction of uric acid must be treated in all cases to prevent the occurrence
of kidney stones and gouty arthritis. Proper treatment requires two main ingredients.
The first is allopurinol, a drug that inhibits the production of uric acid by the enzyme
xanthine oxidase. A dosage is selected to maintain serum uric acid values just below
the upper limit of normal. Care must be taken to avoid using too much allopurinol,
since it causes an increase in serum and urinary xanthine and hypoxanthine, which
are also poorly soluble and can contribute to urinary stone formation. The second
requirement in the treatment of uric acid overproduction is generous hydration at
all times to maintain a high urinary flow rate. Some prefer to alkalinize the urine
to promote the solubility of uric acid, but evidence for the efficacy of this approach
is lacking.

Effective treatment brings serum uric acid to normal, reduces urinary excretion
of uric acid, and lowers the risk of renal stone formation and gout. Despite optimal
treatment, some patients continue to develop kidney stones. Because the risk of
stones is reduced but not eliminated, a high index of suspicion must be maintained

Table 1 Therapy in Lesch–Nyhan Disease

Uric acid overproduction
Allopurinol
Hydration

Motor disability
Assistive devices
Benzodiazepines
Baclofen

Aberrant behaviors
Assitive devices
Behavior modification
Pharmacotherapy

372 Jinnah



even among patients who are receiving allopurinol and hydration. In these cases, the
stones may consist of combinations of uric acid, xanthine, hypoxanthine, or even
oxypurinol (a metabolite of allopurinol). Renal ultrasound is the diagnostic modality
of choice, because stones formed from purine compounds are radiolucent unless they
are also calcified. Lithotripsy or surgical extraction is sometimes necessary, and
chemical analysis of the stones may provide some guidance for future management.

Aberrant Behaviors

Aberrant behaviors, especially self-injurious behaviors, present the most challenging
aspect of treatment. These behaviors wax and wane in severity and character and can
be exacerbated by physical or psychological stressors. No single method can reliably
control these problems. The best results are achieved with a combination of beha-
vioral therapy, protective devices, and ancillary medications when required. Beha-
vioral therapy that involves positive and negative reinforcement is generally not
effective in LND. In contrast, favorable results are achieved by limiting stressors
and using extinction methods which involve selectively ignoring unwanted behaviors
along with positive reinforcement of acceptable behaviors. These methods are best
employed by trained behaviorists, although some success can also be obtained
through intensive training of family members.

Behavioral therapy is usually combined with various protective devices to
assure that self-injury will not occur. Biting the fingers or hitting the face can be con-
trolled with either strap-style restraints or elbow splints that prevent the hand mov-
ing to the face. Similar devices may be fashioned for the legs, if needed. Biting of the
lips and tongue is more difficult to manage. Dental or lip guards can be useful if the
problem is intermittent or mild, but extraction of the offending teeth is very often
required for severe and recurrent self-biting.

Some patients respond to medical therapy, although no single agent has proved
consistently effective. Medications that are sometimes useful include benzodiaze-
pines, neuroleptics, 5-hydroxytryptophan, gabapentin, and carbamazepine.
Enthusiasm for the chronic use of these medications must be tempered by their
known side effects such as sedation and other long-term side effects. However,
periodic use may be very helpful during particularly difficult periods.

Motor Disorder

Although many early reports described the motor disorder of LND as a combination
of choreoathetosis and spasticity, more recent studies have shown the predominant
problem to be generalized action dystonia. Some patients also exhibit spasticity, but
this is typically less prominent than dystonia. Medical treatments for the motor
handicap are not satisfactory. Reductions in dystonia and=or spasticity can some-
times be achieved with oral benzodiazepines or baclofen (see elsewhere in this text
for treatment of dystonia).

Despite optimal behavioral and medical treatment, most patients remain
wheelchair-bound and need assistance for basic activities such as feeding and
hygiene. A properly designed wheelchair, with all dangerous parts removed or
covered with padding to prevent self-injury, is an important part of good
supportive care.
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Genetic Counseling

Genetic counseling plays a critical role in clinical management because there are cur-
rently no definitive methods for treatment. The disease is inherited in an X-linked
recessive manner, so females are rarely clinically affected but they may be silent
carriers. Genetic testing should be offered to the mother and any sisters to
determine if they are carriers. Male offspring from a known carrier have a 50% risk
of being clinically affected and a 50% risk of being normal. Female offspring have a
50% risk of being silent carriers and a 50% risk of being normal. Such information
may affect reproductive decisions.

Experimental Treatments

A variety of experimental treatments have been considered. Gene therapy provides a
theoretically attractive modality, but is not yet technically feasible in this condition.
Bone marrow transplantation in an effort to replace cells with HPRT activity has not
proven effective in several case studies. Deep-brain stimulation has been reported to
attenuate both dystonia and self-injury in an isolated case. When considering any
experimental therapy that may be offered, it is essential to ensure desperation does
not unduly drive decision-making.

PROGNOSIS

Provided with good supportive care, patients with LND have lived until their 50s.
Some succumb early to aspiration pneumonia, complications from recurrent nephro-
lithiasis, and a substantial proportion of patients expire suddenly and unexpectedly
in their 20s through 40s. The cause of death in these cases remains unknown.

SUMMARY

Lesch–Nyhan disease is an inherited disorder associated with overproduction of uric
acid and a characteristic neurobehavioral syndrome. The overproduction of uric acid
and its associated consequences can usually be effectively treated with allopurinol
and generous hydration. There are no definitive treatments for the neurobehavioral
problems; but quality of life can be much improved with behavioral therapy, suppor-
tive care, and the judicious use of medications to target specific problems.
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INTRODUCTION

X-linked adrenoleukodystrophy (X-ALD) is a genetically determined disorder that
affects the nervous system, adrenal cortex, and testis. The defective gene, referred
to as ABCD1, maps to Xq28, and codes for a peroxisomal membrane protein
(ALDP) that is a member of the ATP binding cassette (ABC) transporter superfam-
ily. X-ALD is associated with the abnormal accumulation of saturated very long
chain fatty acids (VLCFA), such as hexacosanoic (C26:0) and tetracosanoic
(C24:0) acids, in brain white matter, adrenal tissues, and plasma. The VLCFA excess
is a diagnostic marker and may contribute to pathogenesis, but the pathogenetic
mechanisms are complex and not yet understood. X-ALD affects approximately
1:21,000 males and 1:14,000 females are estimated to be heterozygous for X-ALD.
It affects all ethnic groups with approximately the same frequency.

CLINICAL PRESENTATION

All affected males eventually develop some degree of nervous system involvement
that can be subdivided into two major categories: (1) Cerebral forms (CCER) are
the most common in childhood and progress rapidly. Pathology shows contiguous
expanding lesions with a strong inflammatory component and breakdown of the
blood–brain barrier near the advancing edge. The intense inflammatory reaction
in white matter may be immune mediated. (2) Adrenomyeloneuropathy (AMN)
a noninflammatory distal axonopathy that most severely affects the dorsal columns
in the cervical segments and the corticospinal tract in the lower thoracic and lumbar
segments. Most patients also have some degree of peripheral neuropathy with axonal
changes. It manifests most commonly in young adults and progresses over decades
leading to severe disability by the fifth decade. Some patients, however, remain
relatively mildly involved until the seventh or even eighth decade. The two forms
of X-ALD often coexist within the same family and do not correlate with the nature
of the ABCD1 mutation.

X-ALD has a wide range of phenotypic expression and can easily be mis-
taken for other disorders (Table 1). Early manifestations of CCER often resemble
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attention deficit hyperactivity disorders (ADHD) and from a therapeutic prospec-
tive, it would be highly desirable to diagnose cerebral X-ALD at this early stage.
Clinically, the likelihood that ADHD is due to X-ALD is increased if symptoms
develop de novo after age 3 or 4 years, are accompanied by cognitive, visual, or
hearing deficits or by symptoms that suggest a psychosis. Most patients show bio-
chemical or clinical evidence of primary adrenocortical insufficiency, but up to 30%
of men with AMN have normal plasma levels of adrenal hormones and ACTH.

Table 1 Differential Diagnosis of X-ALD in Males

X-ALD
phenotype Differential

Recommended
procedure

Asymptomatic Plasma VLCFA in all
at-riskrelatives of known
X-ALD patients

Childhood
cerebral

Attention deficit=hyperactivity
disorder, anxiety
disorder, personality
disorder, learning disability,
pervasive developmental
disability, dementia,
Asperger syndrome, autism,
globoid leukodystrophy,
metachromatic
leukodystrophy, Batten
disease, acute
disseminated
encephalomyelitis,
childhood psychosis, drug
use

Consider brain MRI and
plasma VLCFA (see text)

Addison only All types of Addison disease Plasma VLCFA in all
boys with Addison disease

Addison disease
combined
with
neurological
deficits

Glucocorticoid deficiency with
achalasia and deficient tear
production (Allgrove
syndrome), X-linked glyceryl
kinase deficiency, central
pontine myelinolysis,
hypoglycemic
episodes in Addison disease
due to other causes

Plasma VLCFA

Atypical
presentations in
childhood

Brain tumor, cerebellopontine
degeneration, epilepsy, and
coma

Plasma VLCFA

AMN in men and
women

Multiple sclerosis, progressive
spastic paraparesis, chronic
nonprogressive spinal cord
disease, amyotrophic lateral
sclerosis, herniated disc in
thoracic or lumbar region,
cervical spondylosis,
and spinal cord tumor

Plasma VLCFA
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Approximately, 50%of women develop a neurological syndrome that resembles
AMN clinically and pathologically, but is milder and progresses more slowly. Less
than 1% of heterozygotes develop brain pathology or clinical evidence of adrenal
insufficiency.

LABORATORY DIAGNOSIS

The definitive diagnosis of X-ALD requires the demonstration of the characteristic
pattern of increased levels of VLCFA or the demonstration of a pathogenetic muta-
tion in the ABCD1 gene (Table 2). The detection of MRI abnormalities often is the
first clue to the diagnosis of CCER, but can be mimicked by other conditions. Eighty
to 85% of CCER patients show parieto-occipital lesions; 15% have frontal lesions. In
our experience, brain MRI is already abnormal at the time early behavioral manifes-
tations of X-ALD develop.

The plasma VLCFA assay is the most frequently used diagnostic assay. Levels
are increased in 99% of males with X-ALD irrespective of age (already increased on
the day of birth) and in most circumstances can establish the diagnosis in males.
Since plasma C26:0 levels may be elevated in normal persons after a high fat meal,
in patients on the ketogenic diet or in individuals receiving intravenous lipids, the
diagnosis of X-ALD should be confirmed by plasma assay in a second sample
obtained after an overnight fast. Plasma VLCFA levels are increased in patients with
other peroxisomal disorders, such as the Zellweger syndrome, neonatal adrenoleuko-
dystrophy, and infantile Refsum syndrome, but these entities can be differentiated by
their severe disability in early childhood, dysmorphic features, and involvement of
multiple organs. We recommend an assay for VLCFA in all boys with ADHD in
whom there is a family history of adrenal insufficiency or of progressive neurological
diseases, and in all boys with idiopathic adrenocortical insufficiency. Plasma VLCFA
are increased in approximately 80% of women who are heterozygous for
X-ALD, but in 20% results are normal or equivocal. The occurrence of false negative
results has led some women to conclude erroneously that they were not at risk of
having affected children.

Mutation analysis can be performed in CLIA certified laboratories on lympho-
blasts or cultured skin fibroblasts from affected males or obligate heterozygotes.
Once the family mutation has been defined from among more than 500 pathogenic
sites, targeted mutation analysis can be performed in at risk male and female mem-
bers. Since this procedure has a false negative rate of 3% or less, it is the recom-
mended approach, rather than the VLCFA assay, for the identification of women
heterozygous for X-ALD. Affected male fetuses can be identified by demonstrating
increased VLCFA levels in cultured amniocytes or chorion villus cells. Since false
negatives have been reported with this assay, confirmation should be obtained by
mutational analysis with comparisons to the documented family defect.

TREATMENT

Two forms of specific therapy are available: adrenal hormone replacement, which is
mandatory for all X-ALD patients with adrenal insufficiency, and bone marrow
transplantation (BMT), which is indicated only for selected groups of patients.
Preliminary data also suggest that Lorenzo Oil may diminish the risk for latter neu-
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rological involvement in neurologically asymptomatic patients, and this therapy is
being offered as part of an experimental study at the Kennedy Krieger Institute.
Patients with CCER should be evaluated promptly in order to identify those who
are candidates for BMT on the basis of current criteria, described below. The
therapeutic approaches listed in Table 3 are described below. There is urgent need
for additional therapies, several of which are under investigation.

Adrenal Hormone Replacement

More than 85% of boys and adolescents have or will develop primary adrenocortical
insufficiency. Often this is evident clinically, but manifestations may be subtle, such
as weakness and moderate hyponatremia associated with intestinal upsets or fever.

Table 2 Laboratory Diagnosis of X-ALD

Procedure Gender Sensitivity Specificity

Plasma VLCFA Males 99%þ Differentiate from other
peroxisomal disorders.
False positive with ketogenic
diet and occasionally
postprandially.

Females 80% Differentiate from other
peroxisomal disorders.False
positive with ketogenic diet
and occasionally
postprandially.

VLCFA levels in
cultured skin

Males 100% Differentiate from other
peroxisomal disorders.

fibroblasts Females 85% Differentiate from other
peroxisomal disorders.

Mutation analysis Males 99% Differentiate from
polymorphisms

Females 95% Differentiate from
polymorphisms

ALDP
immunocyto-

Males 70% Differentiate from other
peroxisomal disorders.

chemistry Females 70% Differentiate from other
peroxisomal disorders.

Brain MRI Male CCER 100% High, but not 100%
Asymptomatic
boys with
X-ALD

Approximately
30%

Uncertain

AMN males Approximately
30%

Uncertain

Heterozygotes 1% Low
Adrenal insufficiency Males 70% Low

Females 1% Low
LSH, FSH Males Increased in

30%
Low

Testosterone Males Low in 5% Low
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Adrenal function should be monitored at least yearly with measurements of plasma
cortisol and ACTH levels. An increased ACTH level is often the first biochemical
indication of adrenal insufficiency. Adrenal hormone replacement therapy should
be provided for all X-ALD patients with adrenal insufficiency. Glucocorticoid dose
requirements are generally similar to those used for other forms of primary adrenal
insufficiency, such as hydrocortisone 10mg=M2=24 hr in divided doses, or equivalent
doses (20–25% of hydrocortisone dosage) of prednisone or prednisolone. Patients
should augment glucocorticoid coverage during physical or mental stress, be pro-
vided with a parenteral methylprednisolone dose for use if vomiting prevents oral
dosing, and strongly encouraged to wear a Medic-Alert identification declaring their
dependency on adrenal steroid therapy. Not all patients require mineralocorticoid
replacement. When postural hypotension, hyponatremia, or hyperkalemia persist,
in spite of adequate glucocorticoid therapy, fludrocortisone, 0.05–0.1mg per day,
is prescribed.

Bone Marrow Transplantation

Bone marrow transplantation can arrest further progression in boys and adolescents
with X-ALD who have relatively mild inflammatory brain disease; stabilization
maintained for an 8–10 year follow-up in several patients. The mechanism of this
favorable effect is not yet fully understood, but includes the replacement of bone
marrow-derived glia with normal cells and the effect of immunosuppression. In view
of the high risk of the procedure, its indications must be considered with care. Pre-
sent consensus is that BMT should be offered only to boys and adolescents with defi-
nitive, but still relatively mild, inflammatory cerebral involvement and not to those
with advanced cerebral disease. Outcome in 126 X-ALD patients treated with BMT
has been unsatisfactory, with respect to survival and quality of life, in individuals
with a nonverbal IQ score of less than 80, a Loes MRI brain severity score greater
than 9, and in those with multiple neurological deficits. On the basis of these studies,
indications for transplantation have been expanded in the clinically asymptomatic
or mild patient to include individuals with MRI abnormalities that progress over
a 3–6month period, particularly when the lesions enhance. The procedure is not
recommended for patients who do not show clinical or MRI evidence of brain
involvement, or for patients with AMN who do not have inflammatory cerebral dis-
ease. The technical aspects of the preparative regimens and the transplant procedure

Table 3 Current Therapy for X-linked Adrenoleukodystrophy

Phenotype Therapy Comments

Adrenal
insufficiency

Adrenal hormone
replacement

Monitor adrenal function yearly in all males

Asymptomatic,
normal MRI

Lorenzo’s Oila Monitor brain MRI every 6 months
at ages 3–7 years, yearly thereafter

CCER mildb Bone marrow transplant
CCER
advancedb

Supportive care

AMN Supportive Exercise, counseling, prevent complications

a Offered at Kennedy Krieger Institute under experimental protocol (see text).
b See text.
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in X-ALD are being reviewed and revised in international collaborative studies. It is
recommended that BMT be performed solely in centers experienced in transplant
therapy for this disorder.

Additional Therapies Under Study

Several other therapeutic approaches, such as Lorenzo’s Oil, lovastatin, 4-phenylbu-
tyrate, coenzyme Q10, newer immunosuppressive agents, mesenchymal cell trans-
plants, stem cell, and gene replacement, are under consideration, being studied in
tissue culture or in the X-ALD animal model. None have been fully validated in clin-
ical trials. Lorenzo’s Oil, a 4:1 mixture of glyceryl trioleate and glyceryl trierucate,
has the remarkable and so far unique capacity of normalizing plasma VLCFA levels
within 4weeks. Published clinical studies, however, have failed to demonstrate clin-
ical efficacy in patients who were already symptomatic. Nevertheless, recent preli-
minary studies at the Kennedy Krieger Institute suggest that Lorenzo’s Oil may
lower the risk for later brain involvement in neurologically asymptomatic boys with
X-ALD who have a normal brain MRI. Additional experimental studies are
currently in progress.

SUPPORTIVE CARE

The progressive behavioral and neurologic disturbances associated with the child-
hood form of X-ALD provide an extreme challenge for the family. Treatment fol-
lowing confirmation of the diagnosis of X-ALD requires the establishment of a
comprehensive management program and partnership between the family, physician,
visiting nurses, dietitian, school authorities, and counselors. In addition, parental
support groups such as the United Leukodystrophy Foundation (2304 Highland
Drive, Sycamore, IL) have proven to be of great value. Under the provision of Public
Law 94-142, Education for All Handicapped Children, an individual with
leukodystrophy qualifies for special services under the ‘‘other health impaired’’ or
‘‘multihandicapped’’ designation. Depending on the rate of progression of the dis-
ease, special needs might range from relatively low-level resource services within a
regular school program (to correct deficiencies in isolated academic subjects), to
self-contained services (for children with ADHD and multiple academic deficiencies),
to home-and hospital-based teaching programs (for children who are nonmobile).
Management challenges vary with the stage of the illness. The early stages are char-
acterized by subtle changes in affect, behavior, and attention span. Counseling and
communication with school authorities are of prime importance during this period.

Painful muscle spasms often cause severe discomfort and can be treated with
valium or baclofen. Valium is generally started at 1–2mg every 4–6 hr, but since it
has tachyphylaxis, it often needs to be increased rapidly. Some patients have
required as much as 10mg every 3–4 hr by mouth or gastrostomy tube. For baclofen,
a starting dosage of 5mg twice daily may be increased gradually to 25mg four times
daily. While respiratory depression is a concern, in our experience, this is always
preceded by loss of alertness. If a patient who is awake continues to have painful
spasms, it is our policy to increase the dosage of muscle relaxant. Other agents,
such as dantrolene or tizanidine may also be tried, taking care to monitor for the
occurrence of side effects and drug interactions.
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PROGNOSIS

The prognosis of the cerebral forms of X-ALD is serious. In the past, most patients
became totally disabled within 2–5 years, with death at varying intervals thereafter.
Recent data, however, suggest that BMT performed in the early stages of this form
considerably improves prognosis. Although AMN progresses more slowly, it often
causes severe disability by the fourth and fifth decades.

PREVENTION OF X-ALD

It is estimated that only 5% of X-ALD patients have new mutations. Hence,
extended family screening of at-risk relatives of known patients, with currently
available, techniques offers the potential of identifying a substantial portion of all
X-ALD patients. The identification of male patients before they are neuro-
logically involved offers the possibility to provide therapies, such as bone marrow
transplantation, at a time when they have the greatest chance of success. Early diag-
nosis also provides the opportunity to institute adrenal steroid replacement therapy
before there is clinical evidence of adrenal insufficiency. Mutation analysis permits
accurate identification of women heterozygous for X-ALD and provides a crucial
opportunity for genetic counseling. Preimplantation diagnosis provides an additional
new option for women who are known to be heterozygotes.

SUMMARY

X-linked adrenoleukodystrophy is due to a defect in a gene that has been mapped to
X-q28 and codes for a peroxisomal membrane, the function of which has not yet
been defined. Its frequency in males is estimated to be 1:21,000. Primary
adrenocortical deficiency and progressive nervous system disability are the main clin-
ical manifestations. Neurological manifestations vary widely and range from a
rapidly progressive cerebral form that primarily affects boys to a slowly progressive
adult form that involve the spinal cord. Analysis of very long chain fatty acids and
mutation analysis permit accurate diagnosis of presymptomatic patients, prenatal
diagnosis, and carrier identification. Adrenal steroid replacement therapy effectively
corrects the adrenal insufficiency. Bone marrow transplantation stabilizes neurologi-
cal deficits in the childhood cerebral and adolescent forms and offers the promise of
long-term benefit, provided it is performed in the early phase of the disease.
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Mitochondrial Diseases

Adam L. Hartmanand and Anne M. Comi
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INTRODUCTION

Mitochondria serve a number of critical functions in the cell, including generation of
energy, production of oxygen radicals, and regulation of apoptosis. In this chapter, a
brief review of clinically relevant mitochondrial biology is followed by a description
of the diagnosis and therapeutic approach to diseases that affect this critical
organelle.

BACKGROUND

Although a detailed discussion of mitochondrial genetics is beyond the scope of this
review (see Wallace in Suggested Reading section), a few comments are in order. The
mitochondrial genome encodes proteins constituting the electron transport chain
and ribosomal and transfer RNA. The nuclear genome also encodes many genes
critical to mitochondrial function. For example, mitochondrial diseases such as
Friedreich’s ataxia and mitochondrial neurogastrointestinal encephalomyopathy
(MNGIE) are caused by mutations in nuclear genes.

Certain properties of mitochondrial diseases distinguish them from other
classes of disorders. Mutations are not carried in each copy of the mitochondrial
genome. Normal copies can exist within the same mitochondrion with mutated
copies, known as heteroplasmy. The phenotype of a cell is dictated in large part
by the relative numbers of normal and abnormal genes (the ‘‘threshold effect’’).
The process of cell division can contribute to the seemingly nonrandom segregation
of abnormal mitochondria and their respective mutations, so the same mutation can
produce different phenotypes; conversely, similar phenotypes can be produced by
different genotypes, making specific diagnosis and therapy a true challenge.

DIAGNOSIS

The laboratory work-up often includes the measurement of lactate, pyruvate, plasma
amino acids, urine organic acids, and a carnitine analysis. Because of the phenotypic
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heterogeneity of these disorders, normal levels of lactate and pyruvate do not com-
pletely rule out mitochondrial disease as a cause of a patient’s pathology. Analysis of
the urine may demonstrate Fanconi’s syndrome. Imaging may reveal stroke-like
findings or basal ganglia calcifications. Tests can be done to look at the activities
of various mitochondrial enzymes. Elevated lactate peaks may be seen on magnetic
resonance spectroscopy of the brain. A muscle biopsy may demonstrate morpholo-
gical abnormalities such as ‘‘ragged red fibers’’ or biochemical abnormalities based
on various stains. Unfortunately, ragged red fibers (accumulations of morphologi-
cally abnormal mitochondria with dense cristae and inclusions) are not specific for
mitochondrial disease and may occur in normal aging. Specific test panels for mito-
chondrial DNA mutations are available commercially or through various research
laboratories.

Certain clinical findings have been clustered together into syndromes, some of
which have been linked to various mutations. Examples include MELAS (mitochon-
drial encephalomyopathy, lactic acidosis, and stroke-like episodes), MERFF
(myoclonic epilepsy, and ragged red fibers), and others. Diagnosis of these
syndromes is discussed in greater detail in the Suggested Reading section.

THERAPY

General Management

Patients can be treated symptomatically for certain sequelae of their mitochondrial
diseases. As an example, seizure management is fairly standard but some recommend
levocarnitine supplementation for those taking valproic acid or avoidance of val-
proic acid altogether. Other examples include the use of pacemakers, cardiac trans-
plants, and cochlear implants. Endocrinopathies, such as diabetes and
hypoparathyroidism, can be treated as in patients without underlying mitochondrial
disease. Renal complications can be treated with electrolytes.

Stresses such as exposure to temperature extremes should be avoided. Patients
may benefit from a supervised aerobic exercise program undertaken in consultation
with a physical therapist familiar with these disorders. Physical therapists can also
provide input into assistive technology (including appropriate fitting of wheelchairs),
should the need arise. Occupational and physical therapists can assist in assuring
that activities of daily living consume a minimal amount of energy. Speech and lan-
guage pathologists can assist with communication issues. Finally, support groups are
available for patients and their families (see Patient Resources).

Genetic counseling should be made available to patients with mitochondrial
disorders. Because of the nature of these diseases, including heteroplasmy, the
threshold effect, and mitotic segregation, it may be difficult to make accurate predic-
tions for prognosis and reproductive issues. Nonetheless, families need to understand
the importance of these disorders in their own lives.

Diet

Prolonged fasting should be avoided. Frequent, small meals are recommended for
some patients. Complex carbohydrates such as uncooked cornstarch or breads can
be given before bedtime to patients who cannot tolerate an overnight fast, but these
should be made palatable. The ketogenic diet has been reported to have variable
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clinical utility for patients with low pyruvate dehydrogenase (PDH) activity, in the
belief that it bypasses the pyruvate dehydrogenase complex deficiency. However, it
is thought that in most mitochondrial disorders, the ketogenic diet is relatively con-
traindicated. Conversely, a diet high in carbohydrates has been advocated for
patients with long-chain fatty acid oxidation disorders; their best form of fat intake
may be medium chain triglycerides (e.g., medium chain triglycerides, or MCT, oil).
Nutritionists can assist with menu preparation for patients who need dietary
interventions.

Medication and Supplementation

Numerous biochemical approaches have been attempted to augment or substitute
for missing components in the respiratory chain, prevent the accumulation or forma-
tion of toxic metabolites, or ‘‘bypass’’ certain steps in metabolism. Their theoretical
promise has not been fully realized in the clinic. One problem with assessing their
efficacy arises from the varied definitions of these disorders (i.e., some patients have
microscopic evidence of mitochondrial disease but negative genetic studies), and for
most, our incomplete understanding of their molecular pathophysiology. The pau-
city of controlled studies, combined with the uncertain natural history of some dis-
orders, makes outcomes challenging to assess. Some series suggest that there may be
a subclass of therapy-responsive patients in many of these disorders. Table 1 sum-
marizes the dose ranges noted in the literature for these medications. Doses in the
following section have been recommended by the United Mitochondrial Disease
Foundation and are what we use.

Table 1 Range of Doses and Various Regimens Used in the Treatment of Mitochondrial
Disorders

Biotin 5–100mg=day
l-Carnitine Pediatric: 50mg=kg=day po initially, then 50–100mg=kg=day po; max:

1000mg TID; adult: 1 g=day po initially, then max: 1000mg TID; IV
dosing and tablets available

Coenzyme Q10 5–15mg=kg=day; 30–100mg TID; up to 1000mg=day in deficient patients
Creatine 0.08–0.35 g=kg=day or 5 g po BID� 14 days or 2 g po BIDmulti 14 days,

then 2 g po BID� 7 days or 20 g=day div QID� 12 days, then
5 g=day div BID

DCA 25–100mg=kg=day (regimens vary)
Idebenone 90–675mg=day in mitochondrial encephalomyopathy; up to 5 mg=kg=day

po in Friedreich’s ataxia
Nicotinamide 50–100mg=day (adult doses have been reported

between 5–1000mg po daily (larger doses divided QID)
Riboflavin 50–100 mg=day (doses of 10–400mg=day have been reported)
Succinate 2–6 g=day
Thiamine 50–100mg=day (doses of 10–3000 mg=day have been reported)
Vitamin C 100–500mg TID (doses up to 4 g=day have been reported)
Vitamin E 400 IU QD-TID (doses of 200–400 IU=day or 300–500mg po BID have

been reported)
Vitamin K3 5–30mg=day (doses up to 500mg=day in divided doses have been

reported)
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First Line Therapy

Two compounds are frequently recommended for patients with mitochondrial disor-
ders: coenzyme Q10 (CoQ10) and levocarnitine. Because they may play multiple
roles in mitochondrial metabolism, facilitate the use of various fuel sources, and
have limited toxicity, they are frequently included in therapeutic regimens for
patients with a variety of mitochondrial disorders.

We typically dose CoQ10 at 5–15mg=kg=day, up to 1000mg=day. It is sup-
plied in a variety of oral and intravenous forms. Side effects can include dizziness,
fussiness, rashes, and gastrointestinal symptoms. CoQ10 is involved in an array of
different processes involving transfer of electrons and protons and as an antioxidant.
It is a ubiquitous component in various molecules involved in oxidative phosphory-
lation but its exact role is unclear. In case reports, it has been noted to improve mus-
cle strength, ataxia, chorea, ptosis, ophthalmoplegia, and vital capacities. It has been
associated with a decrease in stroke-like episodes, improved speech and auditory
comprehension, and a decrease in delusions. There is conflict in the literature regard-
ing recommendations of CoQ10 in the treatment of mitochondrial diabetes mellitus.
The results of one blinded trial of CoQ10 are difficult to interpret, but suggest that
there is a subpopulation of patients who respond to this therapy. Idebenone, a syn-
thetic analog of CoQ10, has been used with mixed success, as well. Preliminary data
suggest it might be particularly useful for the cardiomyopathy in Friedreich’s ataxia.

We typically start levocarnitine with a dose of 50mg=kg=day in children or
1000mg=day in adults and titrate to a maximum of 100mg=kg=day or 1000mg po
TID. It is supplied as an oral solution (1 g=10mL), injection (1 g=5mL), and as a tablet
(330mg). Side effects can include worsening seizures, strange odors, and gastrointestinal
symptoms. Carnitine plays a role in the transport of fatty acids and in acyltransferases.
Levocarnitine has been given in states of primary deficiency (e.g., cardiomyopathies). Its
efficacy has been variable in the treatment of secondary deficiencies, such as mitochon-
drial disorders. Reasons for this include its poor oral bioavailability and variable
amounts of carnitine in certain formulations. Levocarnitine has been used in the treat-
ment of medium- and short-chain fatty acid oxidation disorders; however, its utility in
long-chain fatty acid oxidation disorders is debated.

Other Nutritional Supplements

If a patient does not have an adequate response to the interventions noted above, we
move to one of a number of agents listed in this section. There is very little informa-
tion available beyond case reports and series to guide the clinician. Some of these
therapies may be particularly useful for certain classes of disorders, as noted below.

Thiamine (50–100mg=day) is a cofactor for pyruvate dehydrogenase and has
been a component of various cocktails used to treat mitochondrial disorders. Its
effect as monotherapy has not been investigated.

Nicotinamide (50–100mg=day) and riboflavin (50–100mg=day) are precursors
of NAD and flavin-containing compounds, respectively. They are critical to the
function of complex I and II of the electron transport chain. Both have been used
for patients with deficiencies in these compounds, including MELAS (mitochondrial
encephalopathy, lactic acidosis, and stroke-like episodes), KSS (Kearns–Sayre syn-
drome), and others. Case reports have documented improvement in symptoms such
as peripheral neuropathy, mental status changes, visual loss, and fatigability. Other
PDH complex cofactors, such as pantothenic acid and lipoic acid, also have been
used in various combination treatments.
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Vitamin K3 (5–30mg=day) and vitamin C (100–500mg TID) have been used in
an attempt to substitute electron acceptors in patients with cytochrome b dysfunc-
tion (i.e., to bypass complex III). Although surrogate markers have shown improve-
ment, significant clinical benefits have been seen in only selected patients. Vitamin E
was used with a similar rationale in one case report that demonstrated significantly
improved physical activity levels (we use 400 units QD-TID).

Creatine (see Table 1 for dosing regimens) is believed to increase the availabil-
ity of creatine phosphate, a storage form of high-energy phosphate bonds. There
may also be a beneficial effect due to inhibition of platelet aggregation, which
may be relevant for those prone to stroke-like events. A few case reports and rando-
mized, blinded, controlled trials have shown symptomatic relief and improved exer-
cise tolerance in patients with various mitochondrial disorders. Renal function
should be monitored.

Biotin [5–10mg=day], a key prosthetic group in mitochondrial and cytosolic
carboxylases, is included in certain mitochondrial cocktails, but it has been men-
tioned only in case reports. Corticosteroids (varying doses) have been administered
to some patients with mitochondrial diseases. Their mechanism of action and
efficacy in this setting are uncertain. Various intermediates in the citric acid
cycle (e.g., citrate and succinate) have been used, again with different degrees of
success, as have other precursor molecules involved in other stages of cytoplasmic
metabolism (e.g., aspartate).

Therapy for Specific Disorders

A patient may have a defined mutation or dysfunction of a particular component of
the mitochondria. This section makes note of circumstances where certain agents
may be helpful.

Pyruvate Dehydrogenase (PDH). Although not available commercially in the
United States, dichloroacetate (DCA; 25–100mg=kg=day) is used for its ability
to maintain PDH in its active state by inhibiting its phosphorylation. This, in turn,
prevents accumulation of lactate. It has been used in patients with PDH complex
deficiencies, electron transport chain complex I deficiencies, cytochrome C oxidase
deficiency, MELAS, KSS, NARP (neuropathy, ataxia, retinitis pigmentosa), Leigh
syndrome, and undefined chronic congenital lactic acidemias. In pediatric case
reports, DCA has been credited with modest decreases in abdominal pain, head-
aches, seizures, stroke-like episodes, improved cognitive function, reduced fatigabil-
ity, and decreased visual and auditory hallucinations. Decreases in serum and CSF
lactate and pyruvate have been noted, as have radiographic improvements. Dichlor-
oacetate administration can cause a peripheral neuropathy as a result of decreased
thiamine levels. Despite thiamine supplementation, nerve conduction velocity mea-
surements suggest that a subclinical neuropathy still occurs.

Other PDH complex cofactors, such as thiamine, nicotinamide, riboflavin,
pantothenic acid, and lipoic acid, also have been used in various combinations as
treatments for patients with known PDH deficiencies. As noted previously, dietary
interventions may be useful.

Complexes I and II. Nicotinamide and riboflavin have been supplemented in
patients with known complex I and II deficiencies. Augmentation of the PDH com-
plex and complex I is believed by some to facilitate energy production in the cell
regardless of the primary molecular defect, so that many ‘‘general’’ mitochondrial
therapeutic regimens include these compounds. These should be used cautiously,
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however, as an improved energy state of the cell may also lead to an increase in unde-
sirable symptoms, such as seizures.

Complex III. Vitamin K3, vitamin C, and vitamin E have been used in
attempts to substitute electron acceptors in patients with cytochrome b dysfunction
(i.e., to bypass complex III).

Complex IV (Cytochrome c Oxidase). A variety of attempts have been made
to treat patients with cytochrome c oxidase deficiencies, including treatment with
carnitine, coenzyme Q10, thiamine, riboflavin, vitamin C, folate, biotin, and intrave-
nous infusions of cytochrome c. Some clinical success has been reported up to 3 years
after diagnosis.

Fatty Acid Oxidation Disorders. Carnitine, CoQ10, and flavoproteins are
components of various molecules involved in fatty acid oxidation, and thus, there
is a theoretical basis for their use. Dietary interventions may be useful.

Gene Therapy

Given the lack of consistent clinical improvement with the various therapies noted,
there is new interest in treating mitochondrial disorders with gene therapy. One
approach has used resistance exercise training (a signal for muscle growth and
repair) to document the selective increase of wild-type mitochondrial DNA in muscle
fibers of a patient. The theoretical basis for this approach is the heteroplasmy of
mitochondrial DNA in various cells: in response to exercise, satellite cells (that serve
as a source of wild-type DNA) fuse with existing muscle fibers and improve their
mitochondrial function in the process. This approach has not resulted in large-scale
clinical benefit yet.

CONCLUSION

Mitochondrial disorders are protean in their clinical manifestations. Their molecular
pathology, mechanisms of disease, and natural history are not well understood, mak-
ing specific therapy and large randomized, blinded trials difficult. Basic treatment of
symptoms and dietary management is the first step in treatment. Support networks
should be recommended for patients and their families. Certain compounds are used
with the goal of augmenting cellular metabolism and protection from damage
by radical oxygen species. The success in certain reports suggests that there may
be a population of patients who respond favorably to administration of these
compounds.
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PATIENT RESOURCES

1. The Children’s Mitochondrial Disease Network: www.emdn-mitonet.co.uk, EMDN,
Mayfield House, 30 Heber Walk, Chester Way, Northwich, CW9 5JB, England, U.K.
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201, Pittsburgh, PA 15239, U.S.A.
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Plumbism: Elevated Lead Levels
in Children
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INTRODUCTION

Plumbism was first described as a pediatric environmental health concern during the
latter part of the 19th century. To this day, children throughout the world continue
to be identified with elevated blood lead levels because of environmental lead
sources. Although any child in a leaded environment is at risk for lead exposure, chil-
dren between 6months and 6 years of age are at greatest risk for lead ingestion due to
developmentally appropriate hand-to-mouth activity. An elevated lead level during
early childhood places a child at potential risk for long-term developmental disabil-
ities such as learning problems, hyperactivity, and attention deficit disorder.

DIAGNOSIS=CLINICAL FEATURES

In the United States, a blood lead level measured in micrograms=deciliter (mcg=dL)
is used to determine diagnosis and direct treatment decisions. The Centers for Dis-
ease Control and Prevention (CDC) have defined 10mcg=dL and above as an ele-
vated lead level in the pediatric age group (Table 1). Since most children with an
elevated lead level are asymptomatic, identification is heavily dependent on routine
screening. Although a venous blood test is preferable, screening can be done with
a capillary blood test if meticulous care is taken to clean the child’s finger with
alcohol.

Per current CDC guidelines, universal blood lead screening should be underta-
ken for all children who reside in an area with: (1) a high prevalence (�12%) of chil-
dren with elevated lead levels, or (2) a high concentration (�27%) of housing built
before 1950. These children should have a blood lead test at 1 and 2 years of age;
children between the ages of 3 and 6 years who have never had a previous blood lead
test should also receive one. In areas that do not meet universal screening criteria, a
targeted screening approach can be taken, and a blood lead test is done only
for children who meet specific local health department criteria. The CDC has
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recommended that these criteria include children in racial=ethnic minority groups,
those who are poor, those who reside in geographic areas where there is known risk
of lead exposure, and those whose lead screening questionnaire raises concern about
possible risk of lead exposure=ingestion. Nonetheless, a child of any racial, ethnic,
socioeconomic, or geographic background may be determined to be at risk for lead
exposure=ingestion, and should be screened accordingly.

Because an elevated lead level is caused by environmental exposure to lead, the
clinical and environmental history is of paramount importance in diagnosis and
management. Routine well-child health surveillance visits should include questions
about potential lead sources in the child’s environment, especially between ages
6months and 6 years. Positive or questionable responses merit a blood lead test, even
if the child would not be at risk for lead exposure=ingestion based on other criteria.
In addition, children who are newly arrived immigrants, international adoptees, and
those with cognitive disabilities may require more stringent application of the CDC
screening guidelines.

In general, almost all children with elevated blood lead levels are asymptomatic
or their parents express concern about nonspecific symptoms that can only poten-
tially be attributed to lead. Symptoms such as irritability, crankiness, behavioral
changes, and high activity level may represent normal behavioral fluctuations of
young children and are too vague to be of diagnostic value. Rarely, a child will
present with more specific concerns such as colicky abdominal pain, developmental
delay or loss of skills, appetite loss, constipation, or intermittent vomiting. Although
these symptoms would not be considered ‘‘normal,’’ they are also too nonspecific
to be diagnostic for an elevated lead level. The inability to easily make a clinical
diagnosis for the vast majority of children means that routine blood lead screening
and the environmental history are the best diagnostic tools available to the
clinician.

Although lead encephalopathy is extremely rare in the United States, it should
remain in the differential diagnosis for an infant or child who presents with unex-
plained seizures, ataxia, or altered mental status. At or above a lead level of
100mcg=dL, the potential for overt central nervous system decompensation
increases rapidly and unpredictably due to an increased risk of breakdown of the
blood–brain barrier. The resultant capillary ‘‘leakiness’’ increases the potential for
cerebral edema, which may be manifested clinically by altered mental status (e.g.,
stupor, coma) and=or seizures. If this clinical progression occurs, the child is at high
risk for permanent neurologic damage and death.

Table 1 CDC Classification of Elevated Lead Levels in Children

Class Blood lead (mcg=dL)

I �9
IIA 10–14
IIB 15–19
III 20–44
IV 45–69
V �70

(Adapted from Centers for Disease Control and Preventive: Preventing lead

poisoning in young children, Atlanta, 1991, CDC.)
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THERAPY

Decisions regarding chelation should be based on a venous lead level rather than a
capillary level, except in the case of (1) a child with a blood lead level �70mcg=dL,
or (2) a child with overt neurologic signs, regardless of lead level. These two situations
are considered medical emergencies, which require treatment without delay. A pre-
chelation venous level should be drawn at the time that treatment is initiated, but
treatment should not be withheld while awaiting the venous result. If necessary,
treatment modifications can be made once the confirmatory blood test result is
available.

Chelation is not currently recommended for children with blood lead levels
between 10 and 44mcg=dL. Hair, fingernail, tooth, bone, and urine lead levels are
not currently used clinically for management, and chelation decisions are not based
on these lead levels. If chelation is being considered, the clinician should ideally con-
sult with a pediatric specialist who is experienced with use of chelating agents,
and=or refer the child to the specialist for management. A pediatric environmental
health specialist and a neonatologist should ideally manage neonates with elevated
lead levels.

For all chelating agents, chelation is done in a documented lead-safe environ-
ment, such as an inpatient hospital unit, to protect the child from ongoing lead inges-
tion. The child should be well hydrated throughout chelation, to maintain steady
renal excretion of lead. Prior to the initiation of any chelating agent, baseline blood-
work is done, including electrolytes, urea nitrogen, creatinine, complete blood count
and differential, and liver function tests. Children who are identified to have iron
deficiency should receive iron replacement therapy (3–6mg=kg=day) concomitantly
with chelation therapy, except when using British Anti-Lewisite (BAL), as described
below. A pediatric enema is given twice before chelation to remove macroscopic lead
particles from the lower gastrointestinal tract. During chelation, bloodwork is done
on a weekly basis to monitor for potential medication side effects, such as depression
of the absolute neutrophil count (ANC), elevation of the liver function tests, and
thrombocytopenia. In most cases, it is not necessary to interrupt chelation if mild
side effects occur, but the frequency of laboratory monitoring may need to be
increased. Any drug-related laboratory abnormalities usually return to normal soon
after chelation is complete, and sometimes even during the course of treatment. The
weekly bloodwork during chelation should also include a venous lead level, which is
done to monitor treatment efficacy. The response to chelation can be fairly dramatic,
with the lead level falling by as much as 50% each week of treatment. Despite this
decrease, chelation therapy should not be stopped until the full treatment course
has been completed. Premature cessation of chelation usually results in rebound of
the blood lead level due to incomplete treatment.

There are several chelating agents available for use in children, with the
choice of agent being largely dependent upon the child’s presenting lead level.
For children with a venous lead level between 45 and 69mcg=dL, the oral chelating
agent, succimer, was approved for use in children by the Food and Drug Admin-
istration (FDA) in 1991. Succimer is frequently referred to as DMSA, which is an
abbreviation of its chemical name, meso-2,3-dimercaptosuccinic acid. A course of
chelation with succimer is 19 days, with the first 5 days dosed at 1050mg=m2=day
in three divided doses per day, and the subsequent 14 days dosed at
700mg=m2=day in two divided doses per day. Succimer is only available as a
100mg capsule, so the child’s total daily dose usually needs to be rounded up
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(or down) slightly so that each dose is divisible by 100. Succimer is best absorbed
on an empty stomach, so it is usually given 1 to 1-1=2 hr before or after a meal. It
has a noxious sulfur smell and taste that can be masked by mixing the capsule
beads in a small amount of ginger ale before administration.

If the child does not respond to succimer, or there is a drug reaction,
intramuscular chelation should be carried out using edetate calcium disodium injec-
tion (Calcium Disodium Versenate or CaNa2EDTA). This agent can also be used for
lead levels between 70 and 90mcg=dL to rapidly bring down a child’s lead level,
followed by a complete 19-day course of oral chelation with succimer. CaNa2EDTA
is given via deep intramuscular (IM) injection for a 5-day course, and is dosed at
1000mg=m2=day in two divided doses per day. A topical anesthetic agent and=or
dilution with procaine can be used to decrease the pain of the injections. Twelve
hours after the 10th injection, a venous lead level and monitoring bloodwork should
be done. If more than one course of chelation is required, the patient should have a
3-day ‘‘rest’’ between treatment courses. During treatment, a daily multivitamin
should be provided to replace zinc and copper that is chelated along with the lead.
Iron deficiency can be safely treated during administration of CaNa2EDTA.
Although this shorter treatment course may seem more desirable, CaNa2EDTA is
less specific for lead, and will also chelate other trace metals. It may also result in
less decrease in the child’s pre-chelation lead level.

A lead level close to or above 100mcg=dL requires admission to a monitored
bed in a hospital that is capable of managing pediatric neurologic emergencies.
Although many children with lead levels in this range will be asymptomatic, the
potential risk of encephalopathy is greatly increased. A child may be stable until just
before s=he decompensates precipitously, with a particular risk of clinical deteriora-
tion during the first 24–72 hr of chelation. If the child tolerates chelation well for the
first 24–48 hr, then s=he can be transferred to a less acute setting for completion of
treatment.

The CDC recommends combination therapy with British Anti-Lewisite (BAL
or dimercaprol) and CaNa2EDTA for children with lead levels �70mcg=dL, but is
usually prescribed most frequently for those with lead levels close to or above
100mcg=dL. BAL is the initial agent used, and is dosed at 75mg=m2 via deep IM
injection. At least 4 hr later, a continuous intravenous (IV) infusion is started of
CaNa2EDTA 1500mg=m2=day. BAL is then continued simultaneously at a dose
of 75mg=m2 IM every 4 hr. If BAL is not given before IV CaNa2EDTA is started,
clinical deterioration can occur, including the development of encephalopathy.
Because of the increased renal excretion of lead, adequate hydration and good urine
output must be maintained, except in the case of a child with cerebral edema. If there
is concern that a child has developed or is developing cerebral edema, then fluid
restriction can be maintained by administering the CaNa2EDTA via IM injection
rather than the IV route. The venous lead level should be monitored every 48–
72 hr, and combination therapy can be discontinued when the level falls below
70mcg=dL. At that point, the child is given a 5-day course of IM CaNa2EDTA
and then a 19-day course of DMSA. In general, there is no need for a rest period
when transitioning from one chelating agent to the next, unless the child is exhibiting
severe medication side effects. Bloodwork should be done every 5–7 days during the
remainder of the chelation course to monitor treatment efficacy and medication side-
effects as described earlier.

There are several precautions to keep in mind when using combination therapy
for chelation. Because it is suspended in peanut oil, BAL can potentially precipitate
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anaphylaxis in children with peanut allergy. Children with glucose-6-phosphate
dehydrogenase deficiency may experience severe hemolysis due to BAL. Iron cannot
be administered simultaneously with BAL because of the risk of a severe toxic reac-
tion, so treatment of iron deficiency must be delayed until several days after BAL is
discontinued. Care should be taken that CaNa2EDTA is used instead of Na2EDTA
(disodium edetate), since the latter can induce hypocalcemia and tetany. In general,
however, no special monitoring of calcium level is required when chelating with
CaNa2EDTA.

When the treatment course has been completed, chelation with succimer
usually results in a decrease in blood lead level to 50–70% of the pre-chelation level.
There is less decrease seen with the other chelating agents. A follow-up venous lead
level is done about 2weeks after chelation is complete, with subsequent monitoring
occurring every 2–6weeks for the first 3–4months after chelation. Thereafter, mon-
itoring frequency is dependent on the child’s age, lead level, and environmental situa-
tion. After chelation therapy is stopped, the blood lead level will rebound due to
tissue redistribution of lead within the child’s body. This rebound usually occurs
within 2–6weeks after chelation is stopped, and the lead level may go above
44mcg=dL if the pre-chelation level was high enough. In general, a child with a
higher pre-chelation lead level will require a greater number of chelation courses.
Chelation may be repeated for multiple treatment courses, with a two-week ‘‘rest’’
period between each course. In no case should the rebound lead level supersede
the pre-chelation lead level; if this occurs, then new ingestion of lead has occurred
due to ongoing or new environmental lead exposure.

Parents of all children with elevated blood lead levels should receive
recommendations about optimizing the child’s nutritional status, regardless of
whether or not chelation is being administered. A diet that is reduced in fat assists
in potentially reducing lead absorption and retention; the diet should be low in
excess fat, such as fried foods, but not devoid of all fat. A daily multivitamin is given
to ensure adequate trace elements. Iron deficiency, if present, should be corrected,
except as described above when BAL is being administered. Since there is greater
potential for efficient lead absorption when a child’s stomach is empty, it is recom-
mended that frequent nutritional snacks be given between meals.

ENVIRONMENTAL INTERVENTION

In addition to pharmacologic treatment, environmental remediation=intervention is
essential in the management of a child with an elevated lead level. When blood lead
screening is being considered or conducted, the clinical history should include ques-
tions about potential environmental sources of lead for the child(ren) in question. In
the case of a child who has already been identified as having an elevated blood
lead level, however, a comprehensive environmental history should be undertaken
(Table 2). A child’s elevated blood lead level usually results from multiple environ-
mental lead sources, so identification of one potential source of lead exposure should
not preclude completion of the environmental history in its entirety. The process of
conducting the environmental history provides the opportunity for parental educa-
tion about potential lead sources, while simultaneously identifying sources that need
to be remediated or removed.

As soon as a child has been identified as having an elevated blood lead level,
the local public health system should be notified so that information about available
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medical and environmental resources can be provided to the child and family. In
many jurisdictions, a formal environmental assessment is provided free of charge.
In some areas, the family will need to pay a private contractor or sanitarian to con-
duct the inspection. In addition to a visual assessment, environmental samples are
usually taken, and may include paint chips, dust, water, and soil. The inspector often

Table 2 Chelating Agents and Recommended Lead Level for Use

Agent Lead level

Succimer (DMSA) 45–69mcg=dL
CaNa2EDTA 70–90mcg=dL (also alternative to succimer if allergic or lack

of treatment response)
BAL and CaNa2EDTA �70mcg=dL (but usually used near or above 100mcg=dL)

Table 3 Potential Environmental Sources of Lead

Lead paint in an old house (pre-1978)
Recent or ongoing renovations in an old house
Secondary address (daycare or relative’s house) containing lead hazards
Vinyl mini-blinds
Food canned outside the United States
Pottery, ceramics, or decorative tile (leaded glaze)
Leaded crystal
Prenatal exposure due to an elevated maternal lead level during pregnancy
Pica or eating dirt
Industry or factory involving lead emissions
Home remedies or medications (azarcon, greta, pay-loo-ah, bint al zahab)
Cosmetics used in some Indian or African cultures (kohl, surma)
Old plumbing or lead solder
Leaded gasoline (if living in this country less than 6 months, or after long visit to another
country)

Ingestion of a leaded foreign body (fishing sinker, lead weight, lead bullet)
Colored newsprint or ink
Toys or clothing decorated with lead paint or dye (often seen in imported toys)
Parental occupational exposure:
� Construction
� Painting
� Auto body repair work
� Car radiator repair
� Lead smelting and brass foundaries
� Brass and copper manufacturing
� Battery and aircraft manufacturing
� Bridge building or repair
� Sandblasting
� Firing ranges
� Valve and pipe fittings
� Plumbing fixtures
� Shipbuilding or ship repair
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uses an x-ray fluorescence (XRF) instrument, which is a hand-held spectrum
analyzer that requires training and expertise for use. It provides on-site, immediate
analysis of painted surfaces and other objects to determine their lead content.

The information gleaned by a formal environmental inspection can be used to
remediate the child’s environment to decrease exposure to potential lead hazards. In
many cases, mobile leaded objects can be easily removed from the dwelling. Parents
can be taught housekeeping methods that can significantly reduce the child’s lead
exposure=ingestion. Interventions such as paint stabilization or minor repairs can
also decrease potential lead hazards. In some cases, the parents may choose to
remove the child to a safer environment. Families often use an interim lead-safe
environment such as the home of a relative or neighbor temporarily. Prior to
relocation of a child or family, the ‘‘new’’ home should be determined to be lead-
safe. Environmental intervention that includes renovation or repainting should only
be undertaken by individuals who have been trained and certified in safe lead abate-
ment practices. When a home is undergoing active abatement, all children, adults,
and pets should vacate the property. Home renovations that are improperly
conducted are a leading cause of elevated lead levels in both children and adults.

Resources that are available to all families of children with elevated lead levels
include the local health department, the state public health system, and local citizen advo-
cacy groups. These organizations usually have the most up-to-date information about
certified lead abatement contractors, abatement loan and grant information, and other
services=programs related to lead remediation. The public health nurse or health out-
reach worker usually makes home visits to do on-site family education about nutrition,
handwashing, wet-cleaning, and other prevention=intervention measures. Case manage-
ment services by a nurse or clinical social worker are often available through the child’s
insurance carrier, managed care organization, or local health department.

PROGNOSIS

In children with elevated lead levels, the potential target organ of greatest concern is
the central nervous system. Because a child’s brain is undergoing rapid change and
development, it is potentially more vulnerable to damage. Research has demon-
strated an association between an elevated childhood lead level and developmental
disabilities such as language delay, hyperactivity, behavior problems, attention def-
icit disorder, and learning disabilities. Some research has suggested an association
between early childhood lead exposure and delinquent or criminal behavior. It
is not possible to predict the potential impact of an elevated lead level on an indivi-
dual child, and there is no direct linear relationship between a specific lead level and
a child’s developmental outcome. As a broad generality, a higher lead level and=or
more chronic exposure is theoretically more potentially harmful. Although chelation
is recommended at a lead level �45mcg=dL, it is used to rapidly decrease the child’s
lead level, and has not been proven to ameliorate developmental outcome. Environ-
mental remediation=intervention to decrease lead hazards is usually the most effec-
tive ‘‘treatment’’ for a child with an elevated lead level. In a lead-safe environment, a
child’s blood lead level will eventually fall as urinary lead excretion supersedes lead
ingestion. Whether or not a child has been chelated, the eventual fall in lead level is
more dependent on a child’s individual physiology than on other factors. There is no
predictable linear relationship between the interruption of lead ingestion and the rate
of fall in lead level.
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SUMMARY

Over a century after the first reported cases in the pediatric literature, children with
elevated lead levels continue to present an environmental health challenge. An
elevated lead level during early childhood places a child at potential risk for
long-term developmental disabilities. Management of children with elevated lead
levels is most effective when there is a team approach among medical, environmen-
tal, and public health personnel. Although there are resources and chelating agents
available to assist children with elevated lead levels, the best intervention is primary
prevention.
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INTRODUCTION

Stroke encompasses several distinct cerebrovascular disorders traditionally defined
by clinical criteria, in which the sudden onset of an acute focal neurological deficit
is a cardinal clinical sign. Stroke includes ischemic infarction from arterial occlusion
or hypoperfusion (arterial ischemic stroke, AIS), venous infarction related to cere-
bral sinovenous thrombosis (SVT), and primary intracranial hemorrhage (ICH).
Events resembling TIAs in children should be evaluated and managed with the same
level of urgency and completeness as for completed stroke.

The design and rationale for diagnostic and treatment guidelines in childhood
stroke rest on the results of epidemiological cohort studies, as there are no prospec-
tive randomized clinical trials for treatment of childhood stroke outside of transfu-
sion for sickle cell anemia. Incidence estimates vary depending on definitions and
inclusion criteria, ranging from 3.3 to 6=100,000=year, with 1=3 of all strokes occur-
ring in neonates. Risk factors for stroke in children are very different than in adults,
where atherosclerosis, hypertension, and diabetes predominate. A recent 22-year
consecutive cohort study of children with AIS found that 46% of cases had a pre-
existing condition known to be associated with stroke (symptomatic), and 54% did
not (cryptogenic). After full investigation for risk factors after the index event, risk
factors can usually be identified in >95% of cases, including cervical or intracranial
arteriopathies in up to 80%, and prothrombotic risk factors in 10–40%, more often in
neonatal stroke and in SVT.

EVALUATION AND TREATMENT: PARALLEL PROCESSES IN STROKE

Stroke syndromes represent one of the few true emergencies in pediatric neurology.
Diagnosis and management should occur in parallel, and are presented as such here.
Evidence-based diagnostic and treatment guidelines are not presently available.
The guidelines provided here represent a consensus based on data from cohort
studies, and the experience and results of trials in adult stroke. In all matters of
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treatment, it is reasonable to assume that the principle of ‘‘time is brain’’ applies
equally to children as it does to adults.

Acute Management—Initial Supportive Care

A stroke management protocol begins with defining inclusion criteria: (1) acute onset
focal neurological deficit of any duration, (2) unexplained altered consciousness, par-
ticularly with headache, (3) seizures in a near-term newborn, and (4) seizures in an
infant recovering from cardiac surgery. Upon identification of a child with suspected
stroke, a series of treatment and diagnostic procedures should be simultaneously
activated. Treatment prior to definitive diagnosis is by necessity supportive, and
can be critical to the evolution of the deficit, as described in Table 1. While initial
supportive care begins, diagnostic studies should be performed promptly, which will
then guide further management decisions.

Acute Management—Initial Diagnostic Studies

Admitting laboratory studies should include comprehensive chemistry and hematolo-
gic profiles, PT, PTT, and INR. Other admission diagnostic studies commonly
obtained in the setting of acute stroke include urinalysis and EKG, and more specific
testing as indicated by patient history and exam findings, for example in case of fever
or in a patient with sickle cell anemia, or in suspected metabolic disease, rheumatolo-
gic disease, or HIV. All patients with arterial or venous thrombotic or thromboem-
bolic syndromes should be evaluated for prothrombotic risk factors. The specific
studies to be obtained may be worked out in consultation with pediatric thrombosis
experts, as these tests and their results are subject to change as research progresses in
this area. An example of a list of studies to evaluate for thrombophilia is shown below
in Table 2. Cardiac evaluation is commonly recommended in children with AIS

Table 1 Acute Supportive Care of Acute Ischemic Stroke in Children

1. Assure airway, oxygenation, and air exchange, providing supplemental oxygen to
maintain SaO2�95%.

2. Monitor cardiopulmonary status continuously, with intermittent frequent checks of
blood pressure, temperature, neurologic status (GCS), and bedside blood glucose levels.

3. Restrict activity to bed rest until the clinical deficit is stable or improving (24–72 hr),
to avoid potential posturally triggered fluctuations in perfusion.

4. Establish IV access and provide maintenance volume with nondextrose-containing
isotonic fluids, aiming for normovolemia, and blood glucoses levels of 60–120 mg=dl.

5. Maintain blood pressure around the 50 percentile for the child’s age- or
height-related norms. Treatment of hypertension in the setting of acute stroke is
controversial. Unless BP is extremely elevated, or suspected to be a cause of acute heart
failure, elevated blood pressure should not be treated with acute blood pressure-lowering
agents.

6. Prevent and treat hyperthermia aggressively, aiming for core temperatures < 37.0�C.
7. Treat seizures with anticonvulsants, taking care to avoid transient blood pressure

depression from rapid dosing.
8. Institute DVT prophylaxis for children and adolescents who are seriously immobilized by

their deficit.
9. Hold oral intake pending 24 hr of hemodynamic and respiratory stability,

and evaluation of adequate swallowing function by a speech therapist.
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stroke, and usually involves minimally a transthoracic echocardiogram. Transeso-
phageal echocardiogram may be considered for patients in whom no other major vas-
cular cause is identified, and in whom the transthoracic echo was normal or equivocal

The key to diagnosis lies in neuroimaging. While MRI is superior to CT in con-
firming and characterizing acute stroke syndromes, there is a significant time delay
involved in obtaining MR imaging in most facilities. An urgent head CT is usually
obtained in all children with a clinical suspicion of a stroke syndrome, and may nar-
row the differential diagnosis quickly to a limited number of possibilities which have
immediate treatment implications. For example, venous thrombosis may be appar-
ent on head CT in severe cases, and if so should prompt immediate therapy with
heparin and IV fluids, and lead to urgent venography. All children with suspected
stroke should go onto have brain MRI as soon as possible, with careful attention
to sedation and monitoring during radiologic procedures so as to prevent secondary
hypoxemia, hypercarbia, or aspiration. A reasonable MRI protocol for acute stroke
will include axial T2, gradient echo, FLAIR, and diffusion weighted sequences as a
minimum. Vascular imaging should be included with the initial MRI. Clinical assess-
ment, and sometimes the admission CT, may provide an indication as to whether
MR angiography or venography should be obtained. Vascular imaging should
include cervical vessels in all patients with a posterior circulation stroke syndrome,
and in any patient with an anterior circulation stroke syndrome who complains of
significant headache or neck ache, or has a history of possible triggering factors
for dissection, such as weight-lifting, chiropractic manipulation, head or neck
trauma, amusement park rides, or prolonged or forceful vomiting. Repeat imaging
will be needed in selected patients who develop new or progressive deficits during
the first week. Standard angiography should be considered in cases with equivocal
or negative findings on MR vascular imaging, or where no other risk factor is iden-
tified. Results of diagnostic studies are critical in guiding both acute management
and secondary prevention.

Acute Management—Specific Stroke Therapy

The only proven effective therapy for children with acute stroke is exchange trans-
fusion for children with sickle cell anemia. Most centers that care for patients

Table 2 Laboratory Evaluation for Prothrombotic Risk Factors

Laboratory test Comments

CBC, PT=PTT Must be sent prior to giving heparin
Protein C-functional activity Not helpful if pt. is on coumadin
Protein C–immunologic if

<6 months
Normal levels in neonates are based on immunologic test

Protein S-functional and free Not helpful if pt. is on coumadin
Antithrombin III Must be sent prior to giving heparin
Factor V Leiden mutation This is not a factor V level
Prothrombin mutation 20210A
Lupus inhibitor screen Includes anticardiolipin Ab, anti-2GPI, dRVVT, and TTI
MTHFR gene mutation Methylenetetrahydrofolate reductase
Plasma homocysteine level Fasting specimen
Lipoprotein(a)
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with sickle cell anemia have in place procedures for transfusion therapy for acute
stroke, which is beyond the scope of this chapter. In all other patients with acute
stroke syndromes confirmed by MRI, treatment at present is essentially based on
consensus and the judicious and selective application of treatments used in adults.
Therapeutic options for children with stroke commonly in use include anticoagula-
tion and antiplatelet agents. Systemic anticoagulation acutely may have a role, pro-
vided the initial infarct is nonhemorrhagic, in selected groups of patients
considered to have a high risk of clot propagation or of recurrent embolization:
sinovenous thrombosis, arterial dissection, cardiogenic embolus, or high-grade
intracranial focal segmental stenosis. Low molecular weight heparin has the advan-
tages of ease of administration and predictable effect on coagulation parameters,
and a good safety record in children treated for a wide variety of thrombotic con-
ditions. Standard unfractionated heparin has the advantage of being able to be
reversed quickly in patients at high risk of hemorrhage or who might need emer-
gency surgery for other problems. Dosage recommendations and monitoring are
best worked out in advance as part of an institutional stroke protocol in consulta-
tion with local thrombosis specialists, with examples of dosage guidelines shown in
Table 3.

By the end of the first week, most diagnostic studies have been complete, and
the patient’s clinical deficits have stabilized. Decisions can then be made concerning
secondary preventive treatments, which may include systemic anticoagulation with
LMWH or coumadin, or antiplatelet agents, or a definitive procedure such as closure
of a patent foramen ovale. The decision to maintain long-term anticoagulation vs.
treat with antiplatelet agents is individualized depending on the risk factors. Patients
with an estimated high risk of stroke recurrence from thromboembolic events should
be considered for long-term anticoagulation (e.g., recurrent cardiogenic stroke from
fixed structural heart defect, or a patient with a severe permanent thrombophilia),
short-term anticoagulation for 3–6 months, (arterial dissection, SVT related to
head=neck infection). Other patients with known risk factors such as intracranial
arteriopathy other than dissection, or with no identifiable risk factors, may be con-
sidered for antiplatelet agents. Aspirin is started at 3–5mg=kg=day. Reyes syndrome
is a traditional concern in children treated with aspirin, but is extremely rare. Most
experts feel that aspirin is a reasonable and safe choice, although vaccination for
influenza and varicella should be considered.

Rehabilitation should be started in the acute hospital unit as soon as the
patient is hemodynamically stable. Discharge planning needs to start early, leading
to a transfer to in-patient rehabilitation or home with outpatient rehabilitation.
Appropriate family and patient psychosocial supportive services will usually be
necessary at all stages of the illness and its treatment. A list of parent-oriented
resources is shown at the end of this chapter.

In rare cases, there may be a role for two additional interventions for
extreme or rare circumstances. Timely decompressive craniectomy may be both
life-saving and function-sparing in children with large middle cerebral artery
stroke syndromes who display rapid deterioration in level of consciousness or pro-
gress to signs and symptoms of impending herniation. The second controversial
intervention is thrombolysis. Current standard of care for adult stroke involves
using IV tPA only for patients 18 years and older meeting strict inclusion criteria,
which are described in detail in the American Heart Association (AHA) website.
The role of thrombolysis for children under age 18 years is much more controver-
sial. The major limiting factor is that IV thrombolysis must be started within 3 hr
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of symptom onset, which is defined as the time the patient was last seen well.
Children with stroke rarely meet this time limit. Evidence as to the safety and effi-
cacy of thrombolysis for children with stroke are extremely limited, and that exist-
ing for thrombolysis for systemic clots suggests a high risk of hemorrhagic
complications. Until more evidence is available, decisions about using thromboly-
sis for children less than 18 years are best handled with extreme caution, and in
consultation with an affiliated adult stroke program experienced in the use of
thrombolysis in adults.

PROGNOSIS

Stroke in childhood is associated with significant morbidity and mortality even in
the current era of high quality and availability of tertiary care. Case fatality rates
in children range from 5 to 18% for AIS, 22 to 36% for hemorrhagic stroke and 8
to 10% for sinovenous thrombosis. Morbidity among survivors is reported in the

Table 3 Treatment Guidelines for Systemic Anticoagulation

Anticoagulant Dose Monitoring Comment

Low molecular
weight heparin

LMWH
(enoxaparin)

For age < 2months:
1.5mg=kg=dose
SQ q 12 hr

Four hours after
second or third
dose obtain an
antifactor Xa level

Therapeutic anti-Xa
level for treatment
dose therapy is
0.5–1.0 units=ml

For age > 2months:
1.0mg=kg=dose
SQ q 12 hrs

Unfractionated
heparin

Loading dose:
75 units=kg IV
over 10min

Initial
maintenance:

For age < 1 yr 28
units=kg=hr

For age > 1 yr 20
units=kg=hr

Check PTT 4hr after
administration of
the heparin loading
dose and 4 hr after
every change in the
infusion rate

Adjust heparin
to maintain
PTT 60–85 sec.

When PTT values
are therapeutic,
check daily CBC
and PTT

Heparin dose titration

PTT
(sec)

Bolus
(units=kg)

Hold
(min)

Rate
change

Repeat
PTT

< 50 50 0 þ10% 4 hr
50–59 0 0 þ10% 4 hr
60–85 0 0 0 Next day
86–95 0 0 �10% 4 hr
96–120 0 30 �10% 4 hr
> 120 0 60 �15% 4 hr
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range of 20–40% with mild and 15–40% with severe impairments 3–7 years after
stroke onset, and epilepsy in 10–15%. There is very limited data concerning pre-
dictors of the poor outcome, with age < 1 year, depressed consciousness at pre-
sentation, and large hemisphere infarcts associated with poorer outcomes.
Estimates for 2–5-year recurrence rates range from 5% to 39% in children with
AIS, with higher recurrence rates seen in children with vasculopathies and with
multiple risk factors, and with up to one-third of recurrences being clinically
‘‘silent’’.

SUMMARY

Stroke is one of the few neurologic emergencies in pediatric medicine, for which there
are no proven therapies outside of transfusion for sickle cell anemia. The incidence is
highest among neonates, and overall is similar to that of childhood brain tumors.
Morbidity is high, and mortality remains signficant. Evaluation and treatment
should proceed in parallel, and with the understanding that ‘‘time is brain’’. This
begins with clinical suspicion of a stroke syndrome in any child with a new focal neu-
rologic deficit or unexplained acute encephalopathy, relies heavily on timely and
comprehensive brain and vascular imaging, and finishes with evaluation in all
patients for underlying cardiac, prothrombotic, and cerebrovascular risk factors.
Treatment is initially supportive, aiming to minimize stroke progression by optimiz-
ing perfusion and preventing hyperthermia. Judicious and selective use of platelet
inhibitors and systemic anticoagulation may limit progression or recurrence. Early
and aggressive rehabilitation are necessary to optimize recovery. There is very little
data concerning safety or efficacy of thrombolysis at present. Long-term follow-up
with clinical and neuroimaging assessment are necessary to fully ascertain recurrence
rates and support recovery.
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RESOURCES

American Heart Association Stroke site: http:==www.strokeassociation.org
Parent Support Resources: http:==www.hemikids.org, http:==www.pediatricstroke

network.com
NIH Stroke Information Page: http:==accessible.ninds.nih.gov=health_and_medical=

disorders=stroke.htm
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INTRODUCTION

Cerebral vascular malformations occurring in the pediatric population that may
require specialized neurosurgical and neurointerventional care include arteriovenous
malformations (AVMs), cerebral aneurysms, cavernous malformations, vein of
Galen aneurysmal malformations (VGAMS), and dural arteriovenous fistulas
(DAVFs). Venous angiomas and capillary telangiectasias are typically incidental
findings that require no specific treatment. These cerebral vascular lesions are varied
in their pathophysiology, treatment options, and prognosis. Although some of these
malformations exist more commonly in adults, the principles of treatment may be
extended to pediatric patients.

ARTERIOVENOUS MALFORMATIONS

Background

Arteriovenous malformations are high-flow vascular malformations comprised of
arteries shunting blood into an abnormal tangle of vessels known as the ‘‘nidus’’ and
draining directly into veins without an intervening capillary bed. These congenital
lesions occurring within the brain parenchyma are likely the result of incomplete differ-
entiation of the embryonic arteriovenous network of vessels into separate arterial and
venous systems between 3 and 12weeks of gestation. Arteriovenous malformations
may occur superficially in the cortex, buried deep in the basal ganglia, or less commonly
in the posterior fossa. The estimated incidence of cerebral AVMs in childhood is 1 per
100,000, with only 12–18% becoming symptomatic during the childhood years.

Clinical Presentation

Not only are AVMs the most common cause of intracranial hemorrhage occurring in
children, but hemorrhage is also the most common initial presentation of these
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lesions (50–80%). Presentation with seizures occurs in 12–25% of cases. A child with
an acute hemorrhage may complain of sudden headache and develop nausea, vomit-
ing, progressive neurological deficits, and seizures. In adults, the annual risk of
hemorrhage is estimated at 2–4%. Children with AVMs are thought to have a higher
cumulative risk of bleeding and rebleeding than adults since their risk period is
longer. In pediatric AVM patients who present with an intracerebral hemorrhage,
the mortality rate is approximately twice that of adults, which is estimated at 10%.

Diagnosis

Children who present acutely will initially undergo computed tomography (CT) or
magnetic resonance imaging (MRI). CT will readily identify the presence of a hemor-
rhage. MRA may be used to detect the presence of an AVM. MRI is invaluable in
delineating the anatomic localization of the AVM with respect to normal surround-
ing structures as well as cortical and ventricular surfaces, providing information that
subsequently directs treatment strategies. The areas of the AVM nidus as well as
abnormal feeding and draining vessels manifest as flow-voids. Cerebral angiography
is necessary to define the vascular anatomy of the AVM, namely the vascular terri-
tories contributing to its arterial supply, the size and architecture of the nidus, and
the number and location of the draining veins.

Treatment

The management of a child presenting with an acute hemorrhage is aimed at man-
agement of elevated intracranial pressure and may require craniotomy for hematoma
evacuation or external ventricular drainage for intraventricular hemorrhage in
selected cases. Following neurological stabilization, definitive treatment with the
objective of complete AVM obliteration is then considered.

The size, location, and venous drainage are crucial in the decision to pursue
either surgical resection or radiosurgery, with or without preoperative embolization.
Endovascular embolization is an adjunctive rather than a stand-alone treatment for
most AVMs with the exception of small AVMs with a limited number of feeders. The
clear advantage of microsurgical removal is that it provides immediate cure and
eliminates the risk of rebleeding. However, small, deep-seated lesions in inoperable
locations may be safely and effectively treated by Gamma Knife radiosurgery. There
is a latency period of approximately 2 years, during which the annual risk of hemor-
rhage remains the same as that of an untreated lesion. Treatment outcomes have
improved in recent decades due to the multidisciplinary team approach to these
lesions that is commonly employed at highly specialized centers.

CEREBRAL ANEURYSMS

Background

Pediatric cerebral aneurysms are extremely rare, with a reported incidence ranging
from 0.5% to 4.6%. Patients less than 18 years old account for less than 2% of all
patients with cerebral aneurysms. They are even less common in the youngest age
groups, with only a small number of patients less than 5 years of age.

Several features of aneurysms found in the pediatric age group distinguish
them from their adult counterparts. A male-to-female preponderance of 1.75:1
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exists. The terminal bifurcation of the internal carotid artery is the location of one
quarter of pediatric aneurysms. One-fifth are ‘‘giant’’ (larger than 2.5 cm) in size
and one-fifth occur in the posterior circulation. In addition, an infectious etiology
is more commonly associated with aneurysms occurring in this young population.

Clinical Presentation

Aneurysms in the pediatric population are most likely to present with subarachnoid
hemorrhage. This can be manifested as headache, irritability, nausea, vomiting,
nuchal rigidity, seizure, lethargy, cranial nerve palsy, weakness, or coma. Giant
aneurysms in particular may present with headaches or cranial nerve palsies from
local mass effect, prompting radiographic evaluation and leading to early detection
prior to rupture and subarachnoid hemorrhage.

Diagnosis

Subarachnoid hemorrhage and the presence of hydrocephalus requiring ventriculost-
omy placement may be easily detected on CT. Although techniques such as magnetic
resonance angiography and CT angiography are continuing to undergo refinement,
the mainstay of diagnosis for cerebral aneurysms in the pediatric population remains
conventional digital subtraction cerebral angiography.

Treatment

The treatment of cerebral aneurysms in the pediatric age group has undergone
dramatic advances in the recent decade with significant improvements in patient
outcomes. Multimodality treatment strategies at specialized neurovascular centers
are widely adopted as a standard approach in the care of these rare patients.
Lesion characteristics such as clinical condition at presentation, size, and location
in the cerebral vasculature determine the suitability of surgical, endovascular, or
combined approaches in the treatment of individual patients. Fortunately, in contra-
distinction to adults, cerebral vasospasm causing delayed cerebral ischemia is not a
characteristic problem associated with subarachnoid hemorrhage in young patients.
Taken together, good outcomes may be expected in greater than 90% of this patient
population.

CAVERNOUS MALFORMATIONS

Background

Cavernous malformations are vascular malformations comprised histologically of
sinusoidal vascular channels lacking the structures of normal blood vessel walls.
The lesion is typically filled with blood and hemosiderin in varying stages of degrada-
tion, leading to their characteristic radiographic appearance on MRI. Approxi-
mately one-fifth of these vascular malformations are found in the pediatric
population. The anatomical distribution of cavernous malformations is directly
related to the volume of tissue in each region, with the vast majority occurring in
the frontal and temporal lobes, with proportionally fewer located in the brainstem,
cerebellum, and spinal cord. Familial cases of cavernous malformations account for
about 20–50% of all cases and are more likely than sporadic cases to have multiple
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lesions. An association with chromosome 7 has been implicated and these familial
cases appear to be inherited in an autosomal-dominant fashion.

Clinical Presentation

Insufficient information exists to allow distinction between the features of presenta-
tion of cavernous malformations in pediatric compared to adult patients. The most
common clinical presentations are headaches, seizures, and hemorrhage. With the
advent of CT and MRI in recent decades, a large number of these lesions are now
incidentally discovered in the course of radiographic evaluation for other clinical
indications. Therefore, the current understanding of the natural history of these
lesions is evolving.

Diagnosis

The preferred diagnostic study for the detection of cavernous malformations is MRI,
and in particular, gradient echo sequences.CT scanning is suboptimal in sensitivity and
specificity for identification of cavernous malformations. These vascular malforma-
tions are angiographically occult, rendering angiography, MRA, or CT angiography
extraneous in the diagnostic evaluation.

Treatment

Although the inherent biological behavior of cavernous malformations is believed to
be relatively more benign than AVMs and cerebral aneurysms, cavernous malforma-
tions that hemorrhage may cause significant neurologic sequelae depending on their
specific location. Therefore, symptomatic lesions in surgically accessible locations
should be considered for removal as a definitive cure. The rate of seizure control with
lesion resection is excellent. However, cavernous malformations in highly eloquent
locations such as the brainstem or spinal cord present a particularly challenging
problem in which the risk of surgical excision must be individually balanced with
nonsurgical management.

VEIN OF GALEN ANEURYSMAL MALFORMATIONS

Background

Vein of Galen aneurysmal malformations (VGAMs) are rare intracranial vascular
anomalies typically found in the pediatric population. The anatomic landmark of
a VGAM is the presence of multiple arteriovenous shunts draining into a dilated
median cerebral venous collector. This median vein corresponds to an embryonic
channel, the median prosencephalic vein, which normally only partially persists at
the adult stage as the vein of Galen. VGAMs represent approximately 30% of the
pediatric vascular malformations.

Clinical Presentation
Neonatal Period

Newborns typically present with severe cardiorespiratory alterations at or shortly
after birth. The volume overload imposed by a high-flow VGAM rapidly induces
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cardiovascular and respiratory distress syndromes. In the past, the mortality rate for
this group was close to 100%. Recent advances made in the acute management of
these neonates, in particular the use of endovascular techniques in a dedicated
neonatal intensive care environment, have significantly improved this dark prognosis.

Infancy

Infants characteristically present with increased head circumference, hydrocephalus,
psychomotor delay, and=or seizures. Noncommunicating hydrocephalus results
from direct compression of the aqueduct or posterior third ventricle by the venous
aneurysm itself. Communicating hydrocephalus is related either to impaired cere-
brospinal fluid reabsorption caused by subarachnoid blood, or to VGAM-induced
intracranial venous hypertension. Among less constant signs and symptoms are a
cranial bruit, dilated scalp veins (in particular in the periorbital region and the
glabella), proptosis, and recurrent epistaxis.

Older Child and Adult

Older children tend to present with headache that may or may not be associated with
subarachnoid hemorrhage. Diagnosis of a VGAM at the adult age is rare. A small
cerebral arteriovenous malformation draining into an enlarged but otherwise normal
vein of Galen has to be considered in the differential diagnosis.

Treatment

The advent of endovascular therapy and the development of neonatal intensive care
units have radically changed the treatment and prognosis of VGAM patients. Surgi-
cal options are reserved for particular situations that include the evacuation of
intracranial hematomas and the placement of ventricular shunts. The optimal man-
agement of patients with a VGAM can be achieved only through the comprehensive,
multidisciplinary approach offered by specialized tertiary care centers.

The endovascular treatment of VGAM includes transarterial and transvenous
percutaneous embolization. In our institution, a transarterial approach through the
umbilical artery or via a femoral puncture is favored whenever possible. Superselec-
tive catheterization and embolization of the arterial feeders with a cyanoacrylate
embolic agent is the technique of choice. The transvenous approach, performed
via a femoral or jugular access followed by retrograde catheterization of the venous
aneurysm, or via direct puncture of the torcula, offers an alternate route that should
be reserved to VGAMs that cannot be accessed transarterially. The endovascular
treatment of a VGAM often requires staged embolization procedures, initially aimed
at controlling cardiac failure. This helps avoid the occurrence of parenchymal bleed-
ings secondary to a ‘‘perfusion breakthrough phenomenon’’ or to massive venous
thrombosis potentially endangering the normal venous drainage. Ideally, when the
hemodynamic conditions allow it, embolization should be deferred until 5–6months
of life.
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Ataxia
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Cincinnati, Ohio, U.S.A.

INTRODUCTION

Ataxia refers to impaired ability to coordinate muscle activity in the execution of
voluntary movement. Clinically, important findings include broad based gait, errors
in range and force of limb movement (dysmetria), errors in rate and regularity of
repetitive and alternating movements (dysdiadochokinesia), and tremor that is
usually most marked at the end of movement. Anatomically, this involves most pro-
minently pathology of the cerebellum and=or its afferent or efferent connections.
A clinician’s efforts primarily involve diagnosis and supportive care, as few useful
specific medical therapies are available. Challenges to proper diagnosis of genetic
causes include: (1) variable phenotypes and ages of onset within individual
genotypes, and (2) overlapping phenotypes among different genotypes.

APPROACH=CLINICAL FEATURES

The Uncoordinated Child

Parents may seek evaluation for a young child with subnormal fine or gross motor
skills, often as the child enters preschool or kindergarten. Typically, such children
have a nonspecific constellation of motor difficulties, which may include tremor,
incoordination, and learning and behavioral difficulties. A follow-up examination
in 6–12months to ensure there is no regression may be all that is required diagnos-
tically. Referral for occupational=physical=speech therapy or special education
evaluation may be important.

The Child with Acute Ataxia

Acute ataxia in a previously well child often presents with gait impairment. A large
number of acute processes (partial list in Table 1) can affect the cerebellum. A careful
thorough history and examination is essential to identify serious causes. Intoxica-
tions may cause ataxia, sometimes in conjunction with an acute confusional state.
Anticonvulsant medications, alcohol, stimulants, and other causes can often be
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identified by history, and urine=serum drug screening. Acute cerebellar ataxia may
occur after a clinical or subclinical infection or vaccination. Gait ataxia occurs in
100%, truncal ataxia in 60–80%, and nystagmus in 10–20% of affected children.
CSF abnormalities, if present, are nonspecific: elevated WBC in 30–50%, elevated
protein in 6–27%. Recovery is complete in approximately 90%, with mean time to
normal gait of 2–3 months. Treatment is not recommended.

Table 1 Differential Diagnosis of Acute Ataxia in Childhood

Category Examples Clinical features

Toxic Acute ingestion: EtOH,
anticonvulsants, antihistamines,
benzodiazepines

Toddlers—accidental ingestion;
adolescents—substance abuse.
Mental status changes common,
urine=serum toxicology screen in
ER may detect unsuspected
ingestions

Inflammatory Acute cerebellar ataxia Symmetric cerebellar findings, gait
impairment, truncal ataxia
(titubation), may include
nystagmus. Mental status normal.
Usually postinfectious

Acute disseminated
encephalomyelitis (ADEM)

Mental status changes and multifocal
neurologic deficits

Miller Fisher variant of
Guillain–Barre syndrome

Oculomotor paresis, bulbar
weakness, hyporeflexia, pain.
Admit, monitor for respiratory=
autonomic failure. Treat pain.
Nerve conduction studies to assess
demyelinating vs. axonal forms.
Treat with IVIG or plasmapheresis
if moderate or severe to shorten
course

Opsoclonus myoclonus Paraneoplastic or postinfectious
Mass lesions Posterior fossa neoplasms Usually more chronic. Headaches,

vomiting, papilledema, cranial
nerve palsies

Vascular Stroke, vertebrobasilar dissection Consider after neck trauma or
if hypercoagulable

Metabolic Many inborn errors of metabolism Can be triggered by intercurrent
illness. Consider if child has
preexisting developmental
impairment, positive family
history, consanguinity; or if
current encephalopathy, vomiting

Migrainous Basilar migraine, benign
paroxysmal vertigo

Initial episode suggests focal
pathology

Functional Abnormal illness behavior,
‘‘psychogenic’’ gait disturbance

Dramatic or variable symptoms
which do not conform to
neuroanatomic distributions

A vast number of acute processes can affect cerebellar function. This partial list contains relatively more

common causes.
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A preceding history of headaches with vomiting, double vision, high fevers, or
mental status changes prior to the onset of ataxia suggests more severe pathology.
Similarly, findings on examination of mental status changes, cranial nerve palsies,
and hypo- or hyper-reflexia raise concerns for serious etiologies including acute
disseminated encephalomyelitis, basilar migraine, Miller Fisher variant of acute
inflammatory demyelinating polyneuropathy, vascular events, hydrocephalus, and
subacute onset neoplasms. Children with the Miller Fisher syndrome are at risk
for respiratory failure or autonomic decompensation and should be admitted and
monitored aggressively.

The Child with Subacute or Chronic Progressive Ataxia

Because a large variety of diseases can produce similar ataxic syndromes, the diag-
nostic evaluation should be thoughtful, to avoid needless testing where possible,
yet thorough. Key questions are similar to those involved in most neurologic assess-
ments: (1) localization of the lesion? Unilateral or predominantly midline cerebellar
signs may indicate focal cerebellar pathology. Depending on the time course, accom-
panying symptoms, and MRI findings, possible causes of focal cerebellar disease
include congenital malformation, neoplasm, demyelination, abscess, or vascular
event. Treatment of focal processes may be surgical and depends on the cause iden-
tified or suspected; (2) what is the time course? Subacute, intermittent, or chronic
progressive patterns narrow the diagnostic considerations; (3) is there a pattern of
inheritance? A large proportion of intermittent and chronic progressive ataxias are
heritable, and many causative genes have been identified. Careful pedigrees
and examination of relatives aid in diagnostic decision making; (4) is there a highly
characteristic phenotype? The presence of certain findings can limit the differential
diagnosis quickly and allow for more focused diagnostic testing. Diagnosis depends
on the presence and pattern of neurologic and nonneurologic symptoms and
confirmatory laboratory testing.

DIAGNOSTIC GENETIC TESTING FOR PROGRESSIVE AND
FAMILIAL ATAXIAS

After synthesis of the patient’s history, family history, and detailed general, ophthal-
mologic, and neurological examinations, the use of updated web-based databases is
recommended. For example, the National Center for Biotechnology Information’s
Online Mendelian Inheritance in Man (OMIM) at http:==www.ncbi.
nlm.nih.gov=Omim= allows searches based on signs and symptoms, and each entry
contains useful text and a clinical synopsis in outline form. The NIH=DOE-funded
GeneTests website at http:==www.geneclinics.org= provides helpful disease descrip-
tions and contact information for laboratories where testing may be obtained.

Dominant ataxias, mostly referred to as Spinocerebellar ataxias (SCAs), can be
subcategorized as: (1) CAG repeat expansion disorders within gene reading frames
(SCA 1, 2, 3, 7, 17); (2) disorders with noncoding repeats (SCA 8, 10, 12); (3) disor-
ders with chromosomal linkage only (SCA 4, 5, 11, 13, 14, 15, 16, 19, 21); and
(4) episodic ataxias (EA) due to channelopathies=ion channel defects (EA1,
EA2=SCA6). Results from genetic testing often broaden our understanding of
the phenotype. Dominant, recessive, and episodic ataxias known to have possible
childhood onset are listed in Table 2.

Ataxia 417



T
a
b
le

2
H
er
it
a
b
le

A
ta
x
ia
s
th
a
t
M
a
y
P
re
se
n
t
w
it
h
C
h
ro
n
ic

P
ro
g
re
ss
iv
e
o
r
In
te
rm

it
te
n
t
A
ta
x
ia

in
C
h
il
d
h
o
o
d

D
is
ea
se

C
la
ss
ic

fe
a
tu
re
s

E
a
rl
ie
st

o
n
se
t

In
h
er
it
a
n
ce

D
ia
g
n
o
st
ic

te
st
s

M
ed
ic
a
l
tr
ea
tm

en
t

F
ri
ed
re
ic
h
’s
a
ta
x
ia

G
a
it
a
ta
x
ia
,
a
x
o
n
a
l

n
eu
ro
p
a
th
y
,
ex
te
n
so
r

p
la
n
ta
r,
ca
rd
io
m
y
o
p
a
th
y
,

d
ia
b
et
es

>
2
y
ea
rs
,

m
ea
n
1
5
y
ea
rs

A
R

>
9
0
G
A
A

ex
p
a
n
si
o
n

in
fr
a
ta
x
in

id
eb
en
o
n
e
o
r
a
n
ti
-

o
x
id
a
n
ts

fo
r

ca
rd
io
m
yo
p
at
h
y

A
ta
x
ia

te
la
n
g
ie
ct
a
si
a

P
ro
g
re
ss
iv
e
a
ta
x
ia
,
o
cu
lo
m
o
to
r

si
g
n
s,
te
la
n
g
ie
ct
a
si
a
s
(l
a
te
r)

re
cu
rr
en
t
si
n
o
p
u
lm

o
n
a
ry

in
fe
ct
io
n
s
(6
0
%
)

A
ta
x
ia

a
t

2
–
4
y
ea
rs

A
R

E
le
v
a
te
d
A
F
P
;
A
T
M

m
u
ta
ti
o
n
sc
re
en
in
g

d
if
fi
cu
lt

IV
IG

fo
r
im

m
u
n
e

d
efi
ci
en
cy

S
C
A
1

A
ta
x
ia
,
d
y
sa
rt
h
ri
a
,
p
y
ra
m
id
a
l

tr
a
ct

si
g
n
s,
b
ra
in

st
em

sy
m
p
to
m
s,
p
er
ip
h
er
a
l
n
eu
ro
p
a
th
y

1
5
y
ea
rs

(m
ea
n

3
5
y
ea
rs
)

A
D

>
4
0
C
A
G

re
p
ea
ts

in
a
ta
x
in
-1

N
o
n
e

S
C
A
2

A
ta
x
ia
,
d
y
sa
rt
h
ri
a
,
tr
em

o
r,

sl
o
w

sa
cc
a
d
es
,
h
y
p
o
re
fl
ex
ia

6
m
o
n
th
s
(m

ea
n

3
0
y
ea
rs
)

A
D

>
3
3
C
A
G

re
p
ea
ts

in
a
ta
x
in
-2

N
o
n
e

S
C
A
3
=
M
JD

ty
p
e
1

A
ta
x
ia
,
d
y
st
o
n
ia
,
sp
a
st
ic
it
y
,

ra
p
id

p
ro
g
re
ss
io
n

1
0
y
ea
rs

A
D

>
7
4
C
A
G

re
p
ea
ts

in
M
JD

1
N
o
n
e

S
C
A
7

A
ta
x
ia
,
m
a
cu
la
r
d
eg
en
er
a
ti
o
n

1
y
ea
r
(m

ea
n

2
9
y
ea
rs
)

A
D

>
3
6
C
A
G

re
p
ea
ts

(
>
>

in
ch
il
d
h
o
o
d

ca
se
s)

in
S
C
A
7
g
en
e

N
o
n
e

E
A
-1

E
p
is
o
d
ic

b
o
u
ts

o
f
a
ta
x
ia

la
st
in
g

m
in
u
te
s,
w
it
h
M
y
o
k
y
m
ia

b
et
w
ee
n
sp
el
ls

2
y
ea
rs

A
D

M
u
ta
ti
o
n
in

K
C
N
A
1

g
en
e

A
ce
ta
zo
la
m
id
e

2
5
0
–
7
5
0
m
g

p
er

d
a
y

E
A
-2

E
p
is
o
d
ic

b
o
u
ts

o
f
a
ta
x
ia

la
st
in
g

h
o
u
rs

to
d
a
y
s
w
it
h
a
b
n
o
rm

a
l

ey
e
m
o
v
em

en
ts

b
et
w
ee
n
sp
el
ls

2
y
ea
rs

A
D

M
u
ta
ti
o
n
in

C
A
C
N
A
1
A

a
ce
ta
zo
la
m
id
e

2
5
0
–
7
5
0
m
g

p
er

d
a
y

A
D
,
a
u
to
so
m
a
l
d
o
m
in
a
n
t;
A
F
P
a
lp
h
a
fe
to

p
ro
te
in
;
A
R

a
u
to
so
m
a
l
re
ce
ss
iv
e;

A
T
M

a
ta
x
ia

te
la
n
g
ie
ct
a
si
a
m
u
ta
ti
o
n
;
C
A
G
=
G
A
A
,
tr
in
u
cl
eo
ti
d
e
se
q
u
en
ce
s;

C
A
C
N
A
=
K
C
N
A

ca
lc
iu
m

a
n
d
p
o
ta
ss
iu
m

ch
a
n
n
el

su
b
u
n
it
g
en
es
;
E
A
,
ep
is
o
d
ic

a
ta
x
ia
;
M
JD

,
M
a
ch
a
d
o
–
Jo
se
p
h
d
is
ea
se
;
S
C
A
,
sp
in
o
ce
re
b
e l
la
r
a
ta
x
ia
s;
IV

IG
;
In
tr
a
v
en
o
u
s
Im

m
u
n
o
g
lo
b
o
li
n
.

418 Gilbert



SELECTED CATEGORIES OF ATAXIA AND THEIR THERAPY

Ataxia Associated with Congenital Malformations

A large number of congenital malformation syndromes may be associated with
ataxia. Unilateral cerebellar malformations are generally acquired due to pre-,
peri-, or postnatal insults.

Multiple syndromes are associated with dysgenesis of the midline cerebellar
structures. Dandy-Walker malformations, characterized by large posterior fossa cys-
tic dilation, upward displacement of the tentorium, midline communication with the
fourth ventricle, and complete or partial agenesis of the vermis, can present with
early hydrocephalus and later cranial nerve palsies, nystagmus, truncal ataxia, sei-
zures, or mental impairments. Dandy-Walker malformations have been associated
with over 100 chromosomal disorders, gene mutations, inborn errors of metabolism,
and teratogens. There is no specific medical therapy for these patients, but neurosur-
gical consultation for shunting or fenestration of the ventricles or posterior fossa
cysts may be needed. Joubert’s syndrome is an autosomal recessive syndrome charac-
terized by agenesis of the vermis, dysplasia and heterotopias of cerebellar nuclei, and
other brainstem anomalies. Clinically, patients have episodic hyperpnea and apnea,
abnormal eye movements, mental retardation, and ataxia. Cerebellar
hypoplasia and pontocerebellar hypoplasia may be part of multiple syndromes that
clinically include ataxia as well as other neurologic or organ system dysfunction.
Examples include several familial autosomal recessive or X-linked syndromes, multi-
ple chromosomal trisomies, Smith–Lemli–Opitz syndrome, bilateral periventricular
nodular heterotopia=mental retardation syndrome, pontocerebellar hypoplasias
types I and II, congenital disorders of glycosylation syndromes types I and II. No
specific medical therapies are available for the ataxia symptoms.

Metabolic Ataxias

A number of metabolic disorders can be associated with acute intermittent ataxia.
Specific examples include Maple Syrup Urine Disease (branched chain aminoaci-
duria), Hartnup Disease, hyperammonemia, biotinidase deficiency, mitochondrial
disorders, and pyruvate dehydrogenase complex deficiency.

Pyruvate dehydrogenase (PDH) deficiency, resulting from mutations in compo-
nents of the PDH enzyme complex, can present with intermittent bouts of ataxia
which last for days. Supportive laboratory findings include elevated serum pyruvate
and alanine, and a CSF lactate levels exceeding that in the serum. Administration of
100–200mg per day of thiamine (B1) and reducing carbohydrate intake may dimin-
ish the duration of symptoms and frequency of episodes. Cost=benefit ratio of the
ketogenic diet for treatment of patients with the intermittent phenotype is unclear.

Examples of chronic progressive ataxia include storage disorders, cerebrotendi-
nous xanthomatosis, Neimann Pick type C, gangliosidoses, adrenoleukodystrophy,
Refsum disease, abetalipoproteinemia, and vitamin E deficiency.

Ataxia with isolated vitamin E deficiency, due to malabsorption or to mutation
of the gene for alpha-tocopherol transfer protein, is associated pathologically with
degeneration of posterior column axons and mild loss of cerebellar Purkinje cells.
Early treatment with large doses, e.g., 300 iu=kg=day of vitamin E, can reverse
symptoms in some cases.

Refsum disease (heredopathia atactica polyneuritiformis) is a rare, autosomal
recessive disorder associated with mutations in the phytanic acid hydrolase (PAHX)
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gene, resulting in elevated plasma phytanic acid and deposition in brain, spinal cord,
and nerves. Onset can occur between ages 10 and 20, with impaired night and
peripheral vision due to retinitis pigmentosa initially, and ataxia, polyneuropathy,
nystagmus, anosmia, and ichthyosis occurring later. Reducing dietary intake of phy-
tanic acid containing foods (meats, dairy products) can be helpful.

Cerebrotendinous xanthomatosis is an autosomal recessive disorder due to
the absence of chenodeoxycholic acid, used in bile acid synthesis. It is characterized
neurologically by progressive ataxia, spasticity, neuropathy, and dementia. Tendon
xanthomas and cataracts, associated with elevated serum cholestanol levels, are pre-
sent. Treatment with chenodeoxycholic acid (750mg=day or 15mg=kg=day orally
divided TID) expands the deficient bile acid pool and reduces elevated plasma cho-
lestanol, partially reversing neurologic symptoms. HMG CoA reductase inhibitors,
e.g., simvastatin 10–40mg daily or pravastatin 10mg daily, are also helpful.

Hereditary Degenerative Ataxias

Ataxia telangiectasia is a rare, autosomal recessive neurodegenerative disorder
associated with mutations in the ATM (ataxia telangiectasia mutated) gene.
Affected individuals have gait and ocular control impairments, immunologic and
endocrine disturbances, neoplasms, and skin manifestations. There is no curative
or preventative treatment for the ataxia and neurologic degeneration. Aggressive
treatment of infections, IVIG for patients with recurring infections, and treatment
for malignancies may be required.

Friedreich ataxia (FA) is the most common autosomal recessive degenerative
ataxia and one of the most prevalent inherited ataxias. Clinical features include pro-
gressive, mixed sensory and cerebellar ataxia, dysarthria, areflexia, pyramidal leg
weakness, sensorineural hearing loss, hypertrophic cardiomyopathy, and diabetes. It
most commonly occurs due to expanded GAA triplet repeats within the first intron
of the frataxin (FRDA) gene, causing impaired exon splicing and reduced expression.
Frataxin may function as an iron storage or transport protein in mitochondria. Due to
the relatively high prevalence of this etiology, FA patients have been included with
various SCA patients in a large number of trials of nonspecific therapy for ataxia, with
similar negative results. However, evidence of mitochondrial functional abnormalities
in FA has led to several open and controlled clinical trials of antioxidants. A 12month,
randomized, blinded, placebo-controlled trial of idebenone, a free radical scavenger,
showed moderate improvement in echocardiographic measures of hypertrophy.
Unfortunately, no improvement was identified in neurologic symptoms.

Spinocerebellar ataxia type 3 (SCA3; Machado–Joseph disease), a CAG repeat
disease, has a highly variable presentation. Clinical subphenotype 1 has an onset
between 10 and 30 years of age, can progress rapidly and involve extrapyramidal,
pyramidal, and cerebellar systems. Clinical studies of trimethoprim-sulfamethoxa-
zole (TMP=SMZ) have been performed, based on data suggesting it could correct
abnormally low CSF biopterin and homovanillic acid levels, thereby increasing levels
of dopamine, norepinephrine, and serotonin. A recent randomized, placebo-
controlled trial failed to confirm benefit suggested by open label studies.

Episodic Ataxias Due to Channelopathies

Episodic ataxia type 1 is characterized by childhood onset, brief attacks of dysar-
thria, and incoordination. Sudden movement, anxiety, excitement, fevers, and other
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factors can be triggers. Between attacks, myokymia—semirhythmic twitching in
hand, tongue, or in skin around the eyes and mouth—is usually present, although
this may be subtle in children. Inheritance is autosomal dominant, penetrance is
believed to be complete, and the responsible gene codes for the potassium channel
KCNA1. Treatment, if desired, is with carbonic anhydrase inhibitors (acetazola-
mide), up to 375mg per day. This is not always effective chronically, and some
patients take small doses intermittently, e.g., prior to playing sports.

Episodic ataxia type 2 is characterized by episodes of ataxia lasting hours to
days, with gaze-evoked nystagmus between episodes. Triggers for the ataxia episodes
include emotional upset, exercise, alcohol, phenytoin, and caffeine. Some patients
ultimately have chronic, slowly progressive ataxia. Inheritance is autosomal domi-
nant, and this disorder is allelic with another episodic disorder, familial hemiplegic
migraine; both involve point mutations in the calcium channel subunit gene CAC-
NA1A. An expanded CAG repeat in an open reading frame of this gene causes
SCA type 6, a degenerative ataxia. Treatment of EA2 with doses of acetazolamide
of 250–750mg per day can be dramatically effective.

Nonspecific Medical Treatments for Ataxia

A number of studies in the past 20 years have been performed in patients with degen-
erative ataxias, prior to knowledge of, or without consideration of, the specific
genetic basis of these diseases. Apparent benefit seen in open label studies often
failed to be confirmed with randomized controlled trials. Trials of cholinergic med-
ications, including l-acetylcarnitine, a cholinomimetic compound, phosphatidylcho-
line, choline, and physostigmine, and of amantadine, lecithin, and vigabatrin have
been essentially negative. Studies of buspirone, a serotonin receptor 1A agonist,
and 5 hydroxy-tryptophan have shown minimal effects. At present, there are no
symptom-suppressing medications that can be recommended for childhood onset
ataxias. The use of these largely benign medications in hopes of limited benefit
depends on the clinician’s pharmacologic activism or nihilism.

Nonmedical Management

Physical and occupational therapy are important for ameliorating complications,
such as contractures, that occur in some progressive neurologic disorders, and in
assisting with mechanisms to enhance mobility and performance of activities of daily
living. Specific diagnoses may be helpful in linking families through the internet to
appropriate support groups and to research studies. Clinicians should be mindful
of the effects of progressive disorders on nonneurologic organ systems, as these
may be more amenable to therapy.

SUMMARY

A large number of congenital, degenerative, and acquired processes affect
cerebellar function, producing ataxia. Diagnosis of chronic progressive cases is com-
plex, but advancing rapidly. There is hope that rational therapeutic advances may
follow.
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INTRODUCTION

Autonomic dysfunction or ‘‘dysautonomia’’ accompanies a variety of metabolic,
toxic, autoimmune, and genetic peripheral neuropathies. In general, those disorders
affect mainly adults; only rarely will children present with acute or chronic dysauto-
nomia. The pediatrician and the pediatric neurologist will often have difficulties in
interpreting published treatment guidelines that are based on anecdotal data.

Dysfunction of the autonomic nervous system in children might be acute, as in
Guillain–Barré syndrome (GBS) or chronic, as in some forms of hereditary auto-
nomic and sensory neuropathies (HSAN). Familial dysautonomia (FD), also known
as HSAN III, is an autosomal recessive disorder affecting exclusively infants and
children of Jewish Ashkenazi origin (MIM 223900). Although rare worldwide, it is
relatively common in certain parts of the United States and Israel, where a consider-
able number of Ashkenazi Jews are living. Thus, patients with FD may serve as a
‘‘human model’’ for the understanding and management of systemic autonomic dys-
function manifested throughout a life span. During the last 30 years, we have taken
care of a relatively large number of infants, children, and adults with FD and this
chapter summarizes the experience others and we have had in treating the acute
and chronic manifestations of autonomic dysfunction. Although the clinical features
of FD are unique to this rare disease, the experience gained from treating those chil-
dren and summarized here may serve as treatment guidelines for other forms of
childhood dysautonomia.

DIAGNOSIS AND EVALUATION

The main target of autonomic dysfunction is the cardiovascular system, manifested
as orthostatic hypotension and intolerance, bouts of hypertension, and poor periph-
eral circulation. Disordered pulse regulation in the form of arrhythmias may be life
threatening. Gastrointestinal tract motility impairment can manifest as cyclic vomit-
ing with recurrent aspirations, diarrhea and or constipation, and impaired sphincter
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control. As autonomic dysfunction is frequently associated with axonal small fiber
neuropathy, patients may suffer from pain, discomfort, allodynia, and painless muti-
lation. The evaluation of autonomic dysfunction can be difficult, especially in a
young child in whom it is almost impossible to perform the battery of tests recom-
mended for adults with autonomic failure.

As the treatment outlined in this chapter is based on experience gained with
FD patients, a short note regarding the diagnosis seems appropriate. Familial dysau-
tonomia should be considered in a Jewish Ashkenazi child who has a combination of
characteristic somatic abnormalities associated with marked autonomic dysfunction.
Children typically have absence of tongue fungiform papillae, short stature, peculiar
facies, decreased to absent pain sensation, markedly diminished or completely absent
deep tendon reflexes, absent corneal reflexes, lack of tearing, and progressive
scoliosis. The diagnosis can be confirmed by genetic testing for IKBKAP (IkB kinase
complex-associated protein) mutations.

TREATMENT

The main targets for treatment are labile blood pressure, the so-called ‘‘dysauto-
nomic crisis,’’ recurrent aspiration, disordered sleep, hypersalivation, lack of tearing,
and oral self-mutilation.

Labile Blood Pressure

The most common clinical manifestation of impaired blood pressure control in FD is
postural hypotension without compensatory tachycardia. This differs from chronic
orthostatic intolerance associated with postural tachycardia known as post-
ural tachycardia syndrome (POTS), a leading cause of postural intolerance in
adults, which has been increasingly recognized in children. Less common is episodic
hypertension.

The clinical spectrum caused by postural hypotension includes spells of dizzi-
ness, headaches, attacks of sudden pallor and nausea, and occasional loss of con-
sciousness. Occasionally, these episodes are instinctively ameliorated by squatting.
Sometimes, a prolonged bout of cough or laughter leads to sudden loss of conscious-
ness, which may be misdiagnosed as epilepsy. Fainting occurs mainly during early
morning hours, on hot and humid days, when the bladder is distended, while strain-
ing before a bowel movement, and following an emotional upset. Episodic hyperten-
sion is frequently induced by excitement, emotional upset, and not infrequently,
visceral pain.

Treatment should be initiated only when postural hypotension becomes symp-
tomatic. One should always start with physical measures. Hypovolemia is frequent in
FD due to excessive sweating and inadequate feeding, mainly secondary to anorexia.
Hydration (monitored by blood urea nitrogen), promotion of venous return by leg
exercise, and a diet rich in sodium may be sufficient. Other measures known to be
helpful in children with orthostatic intolerance are not very helpful in FD. Tilt train-
ing was not beneficial in our experience. Inducing lower body negative pressure and
wearing elastic stockings is not recommended for children with FD. Tight dressings
may be painful, unpleasant, or ticklish; they may also induce skin sores due to the
decreased pain sensation, poor skin circulation, and excessive sweating. When
indicated, oral fludrocortisone acetate 0.1mg should be given in the morning. The
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putative mechanism of action is water retention at the expense of some urinary
potassium loss. The drug may also aid in sensitizing alpha-receptors and block per-
ipheral vasodilatation. Addition of the alpha-blocker midodrine 0.05–0.1mg=kg in
the morning and in repeated doses every 4 hr (not within 4 hr of bedtime) may be
required.

As hypertension is usually episodic, long-term antihypertensive drug therapy is
not recommended. For refractory hypertension accompanied by headache, nausea,
and agitation, diazepam and clonidine may be tried before the administration of
ACE inhibitors or beta agonists. One should be aware of the possibility of paradox-
ical responses to those drugs as a consequence of denervation supersensitivity
causing an exaggerated peripheral response to endogenous and exogenous
catecholamines.

Similar cardiovascular problems may accompany the acute phase of GBS.
Autonomic neuropathy affects most patients with GBS. Mild manifestations such
as tachycardia and postural hypertension are quite common, but life-threatening
arrhythmias leading to sinus arrest may occur. Rarely, paroxysms of severe auto-
nomic dysfunction may cause sudden death. In patients with GBS, limb blood flow
fails to increase in response to rise in blood pressure (indicating the presence of ele-
vated vascular resistance due to excessive sympathetic activity); thus, hypertension
should be treated cautiously. Vasodilatating agents should be avoided because of
their potential to induce reflex tachycardia. The potential risk for an excessive
response to antihypertensives and vasopressors calls for the use of agents with a
short half-life, preferably by the intravenous route, with careful monitoring and
titration of dose-to-response. Esmolol, a short acting beta-blocker, has been success-
fully used in GBS. Although the safety of this drug in children has not been estab-
lished, its use in pediatric hypertensive emergencies has been beneficial. Initially,
600 mg=kg is infused for 2min and followed by an infusion of 200 mm=kg=min.
The dose is increased by 50–100 mg=kg=min every 5–10min until a reduction greater
than 10% in mean blood pressure is reached. The mean dose required to reach beta
blockade in children aged 2–16 years was 550 mg=kg=min (range 3300–1000).

Recurrent Aspiration

Upper gastrointestinal tract motor dysfunction is the main cause for this serious
complication. Bouts of protracted vomiting, gastroesophageal reflux due to irregular
esophageal peristalsis, and impaired oropharyngeal motor coordination can all cause
recurrent aspiration, frequently resulting in recurrent aspiration pneumonia. Avoid-
ing liquid foods with thickening of feeds, increasing and regulating peristalsis by
antacids and H2-antagonists, and sleeping in a semisupine posture may be tried
but are often insufficient. Progressive scoliosis with restriction of lung volume is
another burden on the pulmonary system.

Children with FD have an outstanding ability to withstand prolonged breath
holding. These children repeatedly challenge normal peers with diving competitions
(which they always win), but may die underwater of CO2 narcosis because their
brainstems are unable to respond adequately to hypoxia and hypopnea due to
decreased sensitivity of the chemoreceptors.

A relatively large number of patients with FD have had fundoplication with
gastrostomies. Fifty-five patients aged 5weeks to 40 years received this treatment
and were available for follow-up a year later. Cyclic vomiting initially reported by
42 patients was experienced in 20 on follow-up. Twenty of the 52 patients still had
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recurrent pneumonias. The nutritional status improved in 27 patients. However,
there were 30 patients with recurrent aspiration pneumonia, recurrent GI reflux,
and exacerbation of previously documented lung disease in those who were fol-
lowed-up beyond the first postoperative year.

More recently, laparoscopic fundoplication was found to be safer while retain-
ing the beneficial effect observed with the previous technique. Unfortunately, precise
guidelines, indications, and timing of this operation are still not established. The
institution of this mode of oral feeding bypass at a very young age, which is aimed
at preventing the development of chronic lung disease may cause a permanent loss of
swallowing reflexes.

The ‘‘Dysautonomic’’ Crisis

Dysautonomic crisis consists of an acute onset of recurrent retching and vomiting
every 15–20min, which typically lasts up to 72 hr and is frequently associated with
aspiration, hypertension, profuse sweating, and widespread skin blotching. The child
is irritable, frightened, dehydrated, and in a state of profound agitation leading to
total exhaustion. The precise mechanism responsible for the crisis is yet unknown.
It was postulated that a sudden rise of plasma dopamine and to a lesser extent, nor-
epinephrine, might be responsible. During the crisis, most patients need hospitaliza-
tion in an intensive care setting.

Intramuscular injection of chlorpromazine 25mg is the classical treatment. In
addition to its antiemetic action, it also lowers the high blood pressure and acts as a
tranquilizer. Intravenous diazepam, together with chlorpromazine, is sometimes
required. Recently, intranasal midazolam at a dose of 0.2mg=kg to a maximum of
10mg per dose every 6 hr was found safe and beneficial.

Disordered Sleep

Disordered sleep is reported quite frequently. This takes the form of sleep apnea with
difficulty in getting up in the morning, excessive daytime sleepiness and prolonged
sleep latency. Treatment with imipramine 25mg and modafinil 100mg at bedtime
can be beneficial. Tricyclic antidepressants may improve sleep by increasing the
shortened REM latency present in FD, while modafinil may be beneficial due to
its ability to increase the low blood norepinephrine in those patients.

Hypersalivation

Hypersalivation and drooling have been attributed for many years to swallowing dif-
ficulties and impaired oral-motor coordination. We have recently shown that there is
an increased production of saliva in FD, probably secondary to denervation super-
sensitivity of the major salivary glands that contribute to drooling. Interestingly,
excessive production of saliva may be one of the mechanisms that protects children
with FD from dental caries. The constant drooling is unpleasant and can be cosme-
tically disturbing.

Until recently, atropine and trihexyphenidyl were commonly used despite lack
of proven efficacy. Children with severe cerebral palsy have received ultrasound-
guided injections of small amounts of botulinum toxin A (50–65 units) into parotid
and submandibular glands led to a considerable reduction of salivary flow rate and
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subjective improvement. The procedure seems to be safe and with no adverse clinical
effects or structural changes at the injection sites.

Alacrima

Alacrima, or lack of tearing, may be seen in FD or the rare autoimmune autonomic
neuropathy associated with sicca complex. The simplest method to avoid dry eyes is
to keep the cornea moist with artificial tears. We used tarsorrhaphy for many years;
however, disuse atrophy of the levator palpebrae superior muscle after a long period
of forced immobilization can occur. This procedure can be used temporarily, espe-
cially during periods of acute corneal ulcerations and infection. Thermal lacrimal
punctum occlusion, which increases eye moisture, is another option. In somewhat
older patients, goggles with rubber edges fitted to the face contour were helpful.
Along with these measures, there is a need for frequent slit lamp examinations to
prevent the development of corneal ulcerations and subsequent scarring.

Oral Self-Mutilation

Patients with FD and congenital insensitivity to pain with anhidrosis (CIPA) suffer
from the consequences of severe self-mutilation (SM), which is prominent in the oral
cavity but affects also other body parts. The reason why SM occurs in FD and CIPA
but not in other forms of HSAN is unknown. However, it might be the result of loss
of small myelinated fibers in the peripheral nerves, which is common to both condi-
tions. Another explanation might be the fact that patients with FD have skin dys-
esthesias rather than anesthesia. When the hair is gently combed, they often
perceive severe pain and when the skin is vigorously pinched, they report being extre-
mely ticklish. The same aberrant perception is also manifested in their tasting ability.
While they have a high threshold for sweet tastes, they show hypersensitivity to sour
tastes. It is possible that the self-injurious behavior in FD is due to skin dysesthesia
(i.e., gaining pleasure from the injury instead of perceiving pain).

We have applied some protective measures in a number of young children who
were in the habit of tongue-sucking and -thrusting against the sharp edges of the
erupting primary teeth (in the form of grinding the irritating sharp edges of the
offending teeth). Covering the sharp edges with small protective appliances may
be dangerous, as those tend to become loose and may be aspirated. A more radical
approach is tooth extraction, which might be needed to avoid chronic tongue and
cheek injury, resulting in a traumatic eosinophilic ulcer known as Riga-Fede’s dis-
ease. Self-mutilation of fingers, nails, and skin of limbs is of concern as this can lead
to traumatic amputations and sometimes, severe local infection and in extreme cases,
osteomyelitis. Bandaging or casting the target of injury and administration of
various tranquilizers was not helpful in our experience.

PROGNOSIS

As ‘‘dysautnomia’’ occurs in a variety of conditions, it is difficult to establish precise
prognostic criteria, especially for children. Published data are available on adults and
even those are based on small numbers of patients. Autonomic failure in GBS is an
important cause of death. In one series of 16 children with GBS treated in an inten-
sive care unit, two died of arrhythmia. In chronic autonomic dysfunction such as
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FD, life expectancy is relatively shortened by the disease. In a recently published
survey on 551 patients, 4 died of cardiac reasons, 72 of ‘‘sudden death,’’ and 5 of
‘‘vasovagal’’ causes.

With better understanding of the disease and earlier intervention, life expec-
tancy as well as life quality has significantly improved. The mortality during infancy
is quite significant; however, 40% of those who survive are over 20 years of age.
Milder forms may have a somewhat shortened life expectancy. Our oldest patient
was 63 when first diagnosed by us although he was mildly symptomatic most of
his life. He died 2 years later during a cold winter night probably from CO2 narcosis
due to heating with insufficient ventilation.

SUMMARY

Childhood dysautonomia is fortunately quite rare. It is difficult to diagnose, often
resistant even to vigorous treatments and carries a significant risk of mortality.
Long-term observations on specific disease entities such as the HSAN will result
in better treatment modes and improved quality of life.
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INTRODUCTION

Syncope or fainting refers to a sudden and transient loss of consciousness resulting
from temporarily inadequate cerebral blood flow. A population-based study found
an incidence of 126=100,000 during childhood and adolescence with a peak in the
15- to 19-year old group for both sexes. Up to 15% of children may experience
one syncopal episode before the age of 18. The prognosis is dependent on the etiol-
ogy of syncope. In most cases, there is full recovery without sequelae and recurrence
is rare.

PATHOPHYSIOLOGY

The most common cause of syncope in children is vasovagal, also referred to as neu-
rally mediated, or neuro-cardiogenic syncope. Studies suggest that a sudden exces-
sive venous pooling, occurring during upright posturing, results in an abrupt
decrease in venous return to the heart. The ‘‘empty heart’’ contracts forcefully to
compensate the volume loss. This in turn activates the ventricular mechanoreceptors
and vagal efferent pathways with resultant enhanced parasympathetic activity and
reduced sympathethic tone. Consequently, bradycardia and vasodilatation ensue
which leads to syncope, the so-called Bezold–Jarisch reflex.

A less common etiology, associated with the heart itself, is classified under the
heading of structural or functional abnormalities. Some of the structural abnorm-
alities that can lead to syncope include aortic stenosis, hypertrophic cardiomyopa-
thy, atrial myxoma, etc. Ventricular tachycardia=fibrillation secondary to long-QT
syndrome, Brugada syndrome, hypertrophic cardiomyopathy, right ventricular dys-
plasia, accessory pathways with concurrent atrial fibrillation, and bradyarrhythmia
associated with congenital heart block and Kearns–Sayre syndrome have been
associated with syncope. Brugada syndrome is a relatively new described condition
linked to mutations in SCN5A. Patients with this syndrome have normal
cardiac structures but display ST-segment elevations and right bundle branch block
pattern in leads V1–V3 and are prone to recurrent syncope and sudden cardiac
death.
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DIAGNOSTIC EVALUATION

The initial effort should be directed towards establishing a diagnosis of syncope with
exclusion of other clinical diagnosis that may resemble it (Fig. 1). A thorough perso-
nal and family history, physical examination, and a 12-lead ECG are usually the
most fruitful for establishing the diagnosis. A dramatic reaction to an emotionally
disturbing event such as the sight of blood, sudden stressful or painful experience,
surgical instrumentation, or trauma suggests vasovagal syncope.

Fainting while standing in a hot, crowded public gathering is also frequently
reported, especially if the patient has not eaten or slept well the night before. Premo-
nitory signs and symptoms of syncope often include dizziness, lightheadedness,
nausea, blurred vision, pallor, and clammy extremities. Recovery of consciousness
is complete and rapid although the patient may feel fatigued for a prolonged time
afterwards.

Physical examination at time of referral in otherwise healthy children is gener-
ally unrevealing, and a baseline 12-lead ECG or 24-hour Holter recording system is
usually normal. Further diagnostic tests are not necessary although a tilt table test
can be helpful in recurrent syncope.

A child with history of syncope during exertion or while supine or immobile
requires detailed investigation. Similarly, a patient with syncope and a heart murmur
should be evaluated thoroughly and an echocardiographic study is warranted to
look for structural abnormalities. Prolonged monitoring using an implantable loop

Figure 1 Algorithm for the diagnosis and management of syncope.
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recorder can be helpful. A patient should be referred to a pediatric cardiologist when
there is evidence of a primary cardiac structural or functional disorder.

Patients who demonstrate prolonged convulsion, significant postictal phase, or
urinary incontinence should undergo an electroencephalogram (EEG) and possibly a
prolonged video EEG monitoring to rule out epilepsy. Sometimes, syncope and sei-
zure may coexist in patients with temporal lobe epilepsy, because of a secondary
sinus arrest or, less often, atrioventricular block, triggered by the seizure. A history
of hyperventilation in children with anxiety, panic disorders, or hysteria suggests
psychogenic syncope due to hypocapnia. Medication history can be revealing in
patients with orthostatic hypotension.

THERAPEUTIC APPROACH

The therapeutic approach to a child with vasovagal syncope must be individualized.
The first step is to educate the child and the family as to the nature of the condition
and to caution the patient to avoid known predisposing factors. These may include
extreme heat, dehydration, abrupt postural changes after prolonged kneeling or
squatting, and abrupt immobilization after prolonged exercise. Furthermore, the
patient should be advised to lie down when premonitory symptoms become appar-
ent. This conservative approach of reassurance, avoidance of known triggers, and
assuming a supine position during prodromal symptoms, will reduce or eliminate
the problem in the majority of patients. Increase of fluid and salt intake with resul-
tant increase in intravascular volume may be required in some patients. Supportive
long leg stockings can be helpful.

A pharmacological treatment approach, usually empiric, is often necessary for
those patients who experience frequent recurrent vasovagal syncope despite follow-
ing conservative therapies. Several agents are used for treatment of recurrent syn-
cope. Patients who have associated medical problems such as hypertension will
need an individualized approach to the selection and use of these medications.
Similarly, patients whose syncopal episodes are due to abnormal cardiac structure
or an arrhythmia will require diagnosis-specific therapy.

First-Line Medication Therapy

Fludrocortisone is used to expand volume and diminish the central hypovolemia that
can initiate the syncope cascade. When the history suggests hypovolemia is contri-
buting to syncope, fludrocortisone may be chosen in addition to increasing fluid
and salt intake. Although fludrocortisone is well tolerated and inexpensive, its effi-
cacy has not been established in a prospective controlled trial. The dose for fludro-
cortisone acetate is 0.05–0.2mg qd. The side effects of fludrocortisone include
hypokalemia, hyperglycemia, hypertension, acne, rash, headaches, gastric discom-
fort or even ulcer, cataracts, muscle weakness, and growth suppression.

Beta blockers (e.g., propranolol and atenolol) are used as a first-line agent in
treating syncope as well. The proposed mechanism of action includes a decreased sti-
mulation of mechanoreceptors in the afferent limb of the pathway through blunting
the excitatory effect of released catecholamines and via the inherent negative ino-
tropy of the drug. A difference in efficacy among the different beta blockers used
has not been found. However, its efficacy, as with fludrocortisone, has also not
yet been established. Sometimes a combination of a beta blocker and fludrocortisone
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can be effective. The dose for atenolol in children is 1.0mg=kg qd. Side effects of
atenolol include bradycardia, fatigue, lethargy, and headache. The dose for propra-
nolol is 0.6–1.5mg=kg which can be divided as b.i.d. The side effects of propranolol
are insomnia, lethargy, vivid dreams, depression, bradycardia, hypotension,
worsening of A–V conduction block.

Second-Line Agents

Vasoconstrictors such as midodrine, an alpha-1 agonist, can be considered when flu-
drocortisone, a beta blocker, or their combination fail. This agent increases venous
vasomotor tone, thereby reducing venous pooling and causing arterial vasoconstric-
tion. This acts to diminish the vasodilatation induced by the efferent response. The
efficacy of midodrine is also not well established.

Selective serotonin reuptake inhibitors (SSRI) have also recently been used in
treating vasovagal syncope. Serotonin is reported to play a role in the development
of hypotension and bradycardia during vasovagal syncope. Paroxetine was found to
be helpful in patients with refractory vasovagal syncope in a single placebo-
controlled study. The use of paroxetine in the pediatric population has recently been
discouraged, however, secondary to increased risk of suicide. Studies have demon-
strated that sertraline is effective in children with vasovagal syncope. The dosage
of either paroxetine or sertraline for syncope in pediatric population has not been
well established.

SUGGESTED READINGS

1. Benditt DG, Fahy GJ, Lurie KG, Sakagushi S, Fabian W, Samniah N. Pharmacotherapy
of neurally mediated syncope. Circulation 1999; 100:1242–1248.

2. Calkins H. Pharmacologic approaches to therapy for vasovagal syncope. Am J Cardiol
1999; 84:20Q–25Q.

3. Di Gerolamo E, Di Iorio C, Sabatini O, Leonzio L, Barbone C, Barsotti A. Effects of par-
oxetine hydrochloride, a selective serotonin reuptake inhibitor, on refractory vasovagal
syncope: a randomized, double-blind, placebo-conrolled study. J Am Coll Cardiol 1999;
33:1227–1230.

4. Driscoll DJ, Jacobsen SJ, Porter CJ, Wollan PC. Syncope in children and adolescents.
J Am Coll Cardiol 1997; 29:1039–1045.

5. Task Force on Syncope, European Society of Cardiology. Guidelines on management
(diagnosis and treatment) of syncope. Eur Heart J 2001; 22:1256–1306.

6. Hainsworth R, Syncope and fainting: classification and pathophysiological basis. In:
Mathias C, Bannister R, eds. Autonomic Failure: A Textbook of Clinical Disorders of
the Autonomic Nervous System. 4th ed. 1999:428–436.

7. Lewis DA, Dhala A. Syncope in the pediatric patient. The cardiologist’s perspective.
Pediatric Clin North Am 1999; 49:205–219.

432 Ming and Zaim



62
Acute Disseminated Encephalomyelitis

Anita L. Belman
Department of Neurology, School of Medicine, State University of New York (SUNY) at
Stony Brook, Stony Brook, New York, U.S.A.

INTRODUCTION

Acute disseminated encephalomyelitis (ADEM) is an acute inflammatory demyelinat-
ing disorder of the CNS characterized by new onset focal or multifocal neurological
signs and symptoms coupled with neuroimaging evidence of multifocal demyelinating
lesions. ADEM (also referred to as post- or para-infectious encephalomyelitis)
frequently follows a recognized prodromal infectious illness (most often viral) or
antecedent event such as vaccination or immunization, administration of serum, or
as an adverse reaction to drugs. ADEM typically follows a monophasic course.

In the past, ADEM was most often associated with exanthemata infectious ill-
nesses and certain vaccines. Morbidity and mortality rates were high (up to 20–30%
after measles), and for those who recovered, neurological sequelae was common. The
virtual eradication of natural smallpox disease, successful immunization programs
for prevention of measles, mumps and rubella, and development of vaccines devoid
of neural elements have lead to a marked decrease in the frequency in ADEM from
these causes. Currently nonspecific (less easily identifiable) viral illnesses, most
often during the winter months, appear to be the most common antecedent, with
a predominance of those viruses causing upper respiratory infections.

DIAGNOSIS AND EVALUATION

The diagnosis of ADEM is based on clinical presentation, signs, and symptoms of
CNS dysfunction, coupled with typical MRI findings (other possible causes
excluded). The differential diagnosis includes Lyme disease, vasculitis, multiple
infarctions (possibly embolic), encephalitis, neurocysticercosis, and multiple sclerosis.

Clinical Features

Onset is acute, even at times explosive, or subacute. Neurological signs and symp-
toms (aphasia, seizures, bilateral optic neuritis, visual field defects, motor and
sensory deficits, ataxia, dysmetria, and movement disorders) occur as isolated
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features or in various combinations. Systemic symptoms (fever, malaise, myalgias,
headache, decreased appetite, nausea, and vomiting) usually occur prior to the onset
of neurological problems, beginning 4–42 days following the antecedent event. Beha-
vioral and mental status changes (irritability, emotional lability and even frank psy-
chosis; lethargy, depressed level of consciousness, ranging from lethargy to coma)
are common. Meningismus with or without signs of an acute meningoencephalitis
may occur, as may focal or generalized seizures. The differential diagnosis is broad
including infections, leukodystrophies, neoplasms, sarcoidosis, and vasculitis. MRI
findings need to be correlated with the clinical picture.

Laboratory Findings

Cerebrospinal fluid (CSF) findings are variable. CSF may or may not show a mild to
moderate lymphocytic pleocytosis, elevation in protein content, detectable levels of
myelin basic protein, intrathecal production of oligoclonal bands or immunoglobu-
lin G. CSF studies are most valuable for excluding other illnesses (especially direct
viral or bacterial infection) rather than establishing the diagnosis of ADEM.

MRI is the neuroimaging study of choice. Hyperintense lesions imaged on
T2-weighted=proton density=FLAIR are often diffuse and highly variable in size
and number (Fig. 1). These include few to multiple predominantly white matter
(WM) lesions throughout the brain (subcortical WM, grey–white junction, periven-
tricular regions, corpus callosum, basal ganglia, thalamus, midbrain, brain stem,
cerebellar WM, cerebellar peduncles) and spinal cord (segmental or contiguous).
Lesions are often bilateral and asymmetric ranging from small punctate (<1 cm)
to moderate size (4–5 cm) lesions, with or without a ‘‘cotton ball’’ appearance, to
large and confluent, or ‘‘tumor-like’’ lesions. Enhancement with gadolinium is vari-
able. MRI abnormalities may lag behind clinical signs and symptoms.

Clinical features and MRI findings can also be discordant. For example, some
children present with relatively mild focal deficits yet have extensive bihemispheric
MRI abnormalities. Conversely, other children with widespread multifocal clinical

Figure 1 MRI of a case of ADEM.
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signs and symptoms may have only a few small lesions imaged on MRI. MRI
abnormalities can clear completely, show partial resolution, or persist for months.

Clinical Course

ADEM is considered a monophasic illness. Evolution of signs and symptoms usually
appear over time with maximal deficits often reached within one to two weeks.
Resolution may occur rapidly (with or without treatment), or may take weeks to
months and may not be complete.

Although ADEM is classically considered a monophasic illness, most clinicians
acknowledge the course may be biphasic, and thought by some to represent a pro-
tracted single episode rather than a new event. ‘‘Relapses’’ or recurrence within
the first several months of the initial illness, or relapse as steroids are tapered,
may also represent part of the same acute monophasic immune process, in some
cases. Some authors report RDEM (recurrent) after events recur several times. When
this condition becomes multiple sclerosis is unclear.

THERAPY

Supportive care, symptomatic treatment (including physical and occupational ther-
apy), and therapy targeted to the immune-mediated processes are the mainstays of
treatment. There have been no controlled treatment trials for ADEM and most refer-
ences in the literature are collections of case series. As such, the best therapy has
not been determined and there is no established treatment protocol. A suggested
algorithm is presented in Fig. 2.

Corticosteroids (methylprednisolone or dexamethasone) are commonly used
based on (1) their anti-inflammatory and immunosuppressive properties, and (2)
anecdotal reports (case reports and case series). Many children recover sponta-
neously showing signs of rapid improvement by the time other etiologies (e.g., direct
viral or bacterial infections) have been ruled out. In these cases, some clinicians do
not elect to treat with steroids.

Review of the literature shows the most common treatment regimens are a
3–5 day course of intravenous (IV) methylprednisolone (10–30mg=kg=day for chil-
dren under 30 kg; 1 g=day for children > 30 kg) or dexamthasone (0.5–1mg=kg=day).
Regimens of orally administered steroids [dexamethasone (0.5–1mg=kg=day),
prednisolone (2mg=kg=day)] for 5–10 days have also been used.

Some clinicians advocate a slow 2–6week orally administered prednisolone
taper (especially for children who presented with changes of mental status, impair-
ment of consciousness, brain stem or spinal cord involvement, and those with
MRI findings of large lesions with mass effect). Regimens include PO prenisolone
1–2mg=kg=day for 10–14 days followed by a 4week taper.

Recently four case series with larger numbers of children (three retrospective,
one prospective study) have been published suggesting high dose IV methylpredniso-
lone (20–30mg=kg=day) followed by a slow prednisolone taper over 4–6weeks,
shortens the course of the illness, may prevent recurrence and is associated with a
better outcome.

For patients who fail to respond to methylprednisolone (persisting, severe neu-
rologic deficits) or who have a fulminant course, or who progressively deteriorate
during methylprednisolone therapy, administration of intravenous IVIG
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(400mg=kg=day for 5 days) is reported to be an effective mode of therapy. Plasma
exchange is also reported to be beneficial in some fulminant cases that have failed
methylprednisolone therapy.

PROGNOSIS

Childhood ADEM has a favorable outcome. Review of the most recent published
case series shows a survival rate of 100% with complete functional recovery noted
in 57–89% of children at follow-up. The biphasic course carries a similarly good
prognosis. For those children with incomplete recovery, neurological sequelae can
include behavioral, cognitive, visual, or motor deficits.

SUMMARY

ADEM is an acute inflammatory demyelinating disorder of the CNS characterized
by the new onset of focal or multifocal neurological signs and symptoms coupled

Figure 2 Suggested treatment and evaluation algorithm for ADEM.
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with neuroimaging evidence of multifocal demyelinating lesions. ADEM frequently
follows a recognized prodromal infectious illness or event. Maximal deficits are
usually reached within one to two weeks. Treatment consists of supportive and
symptomatic care and therapy targeted to the immune-mediated process. No con-
trolled clinical trials have been conducted to define the most effective therapy. It is
suggested that high dose IV methylprednisolone shortens the course of the illness
and is associated with a better outcome. Resolution of signs and symptoms typically
occurs rapidly, but in some cases may take weeks to months to resolve and may not
be complete.
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INTRODUCTION

Although Charcot is accredited with some of the earliest descriptions of multiple
sclerosis (MS) in 1868, Jean Cruveilhier was the first to publish an account of the
disease in 1842. Since then, most of the medical literature concerning MS focuses
on the diagnosis and management of the disease in adults. To date, there are no com-
pelling data suggesting a fundamental difference between the disease in children
compared to adults. One difference that has been observed between the two popula-
tions is a higher female:male ratio among patients in adolescents and adults com-
pared to more even ratios in preadolescent children. While some groups suggest
that children with MS have a less progressive disorder than adults, others describe
a more severe condition in children with very early age of onset.

EPIDEMIOLOGY

Multiple sclerosis is defined as a demyelinating disease of the central nervous system
white matter, which over time affects multiple noncontiguous areas of the neuraxis.
The typical age of onset is the third or fourth decade. It is not surprising, however,
that a disease that is presumed to involve autoimmune pathophysiology would pre-
sent in childhood. In children, cases have been reported as young as 10months of
age. Pediatric cases are estimated to comprise 1.8–5% of all cases. While young chil-
dren, particularly under age 6 years, have a roughly equal female :male ratio, in
patients presenting over the age of 12 years, the female :male ratio is as high as 3:1.

ETIOLOGY

The etiology of MS is likely multifactorial. An attractive hypothesis is that in geneti-
cally susceptible individuals, a viral trigger produces a T-cell-mediated inflammatory
response via molecular mimicry. A number of viruses, including EBV, measles,
human herpes virus 6, or human papilloma virus, have been suggested as inciting
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the process that targets myelin antigens such as myelin specific–myelin oligodendro-
cyte glycoprotein, myelin basic protein, or proteolipid protein. Once the activated
T-cells penetrate the blood–brain barrier, it is thought that they are responsible
for the recruitment of macrophages and activation of microglia that, in turn, destroy
the myelin sheath, oligodendrocytes, and axons. Although there is good evidence that
the T helper 1 cells (Th1) are the major effectors of the autoimmune response, there is
evidence to support a role for Th2 and B cells contribute to the disease process.

CLINICAL PRESENTATION

Over time, there are multiple clinical attacks, or episodes of demyelination, but each
individual episode is likely to present discretely. Thus, any monophasic demyelinat-
ing event may be part of a larger picture of MS. Presentations include optic neuri-
tis—typically unilateral painful loss of vision, transverse myelitis or another spinal
cord syndrome, or any focal neurological presentation associated with demyelina-
tion. In children with MS, brainstem symptoms are seen frequently at the onset of
disease. Other common presenting symptoms are sensory or motor dysfunction,
ataxia, and bladder dysfunction. Seizures occur in 10–22% of children with MS, with
higher frequencies associated with younger ages of onset. A history of L’Hermitte’s
phenomenon, an electrical sensation down the arms following neck flexion, presum-
ably perturbing a cervical spinal cord lesion, can sometimes be elicited. Uthoff’s
phenomenon refers to a history of symptoms worsening or even brought on by heat.

Each episode may last from days to weeks. Attacks may occur without
apparent provocation, or may be precipitated by acute infection or metabolic
derangement. About two-thirds of children with MS have full recovery to
baseline neurological status between each attack, thus fitting the description of
relapsing-remitting MS. The time between attacks may range from less than 1 year,
in more than half of the patients of some series of children, to several years.

Other presenting patterns of MS include primary progressive, secondary pro-
gressive, and progressive relapsing MS. The progression refers to the evolution of
baseline neurological dysfunction over time. In general, half of the adults with
relapsing-remitting MS become progressive within 10 years of presentation.

The differential diagnosis includes recurrent ADEM; symptoms from prior
ADEM exacerbated in the setting of physiologic stress; autoimmune disease such
as systemic lupus erythematosus, Sjögren’s syndrome, antiphospholipid antibody
syndrome, neurosarcoidosis, Behçet’s disease, and primary CNS vasculitis; CNS
infection, including syphilis, HIV, and Lyme disease; myelopathy from B12
deficiency; Alexander’s disease; and CADASIL. Table 1 provides a list of recom-
mended laboratory tests to be considered in the initial evaluation of a patient with
suspected MS.

A careful history and physical examination in a patient with multiple episodes
of neurological symptoms over time should raise suspicion for MS. The possibility of
MS may not be so apparent, however, when a patient presents with his or her first
episode. There are no unique diagnostic criteria for MS in children, so the adult cri-
teria have been adopted in practice.

The currently accepted criteria stratify patients into four groups, reflecting the
level of certainty of the diagnosis: clinically definite MS, laboratory supported defi-
nite MS, clinically probable MS, and laboratory supported probable MS. Table 2
summarizes the key criteria required to satisfy each diagnostic category. Clinical
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attacks must last at least 24 hr, and the time between separate attacks must be at least
1month. Clinical evidence refers to evidence of a lesion on neurological examination,
preferably performed by a neurologist. Paraclinical data are considered to be exten-
sions of the neurological examination and include abnormal MRI with gadolinium
of the brain and spine, abnormal visual evoked responses (e.g., prolonged P100
latency), abnormal brainstem auditory evoked responses (e.g., increased I–III to
I–IV interval), and demonstration of urological dysfunction. Laboratory support
includes cerebrospinal fluid evidence of oligoclonal bands or elevated IgG index.

Table 2 Poser Criteria for the Diagnosis of Multiple Sclerosis

Clinically definite multiple sclerosis
Two clinical attacks AND clinical evidence of two lesions
OR

Clinical evidence of one lesion and paraclinical evidence of a second lesion

Laboratory supported definite multiple sclerosis
Two clinical attacks AND clinical or paraclinical evidence of one lesion
AND CSF oligoclonal bands or elevated IgG index

Clinically probable multiple sclerosis
Two clinical attacks AND clinical evidence of one lesion
OR

One clinical attack AND clinical evidence of two lesions
OR

One clinical attack AND clinical evidence of one lesion
AND paraclinical evidence of a second lesion

Laboratory supported probable multiple sclerosis
Two clinical attacks AND CSF oligoclonal bands or elevated IgG index

Note that clinical attacks refer to episodes lasting at least 24 hr and separated by a minimum of 1month.

Clinical evidence refers to abnormality on neurological examination. Paraclinical evidence refers to

abnormalities on extensions of the neurological examination, including MRI, VER, BAER, and evidence

of urological dysfunction.

Table 1 Diagnostic Evaluation for the Child with Suspected Multiple Sclerosis: Laboratory
Studies

Antinuclear antibodies (ANA)
Anti-neutrophil cytoplasmic antibody (ANCA)
Anti-ssA, anti-ssB
Angiotensin converting enzyme (ACE)
Anti-scl70
Anticardiolipin Ab
Sedimentation rate (ESR)
C-reactive protein (CRP)
With history of oral and genital ulcers, skin pathergy test for Behçet’s
Rapid plasma reagent (RPR)
Human immunodeficiency virus (HIV)
Lyme IgM and IgG
B12 level
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MRI with gadolinium has been shown to be a useful tool in establishing the
diagnosis of MS in children and in monitoring disease progression. When the diag-
nosis is not certain at the onset of symptoms, MRI can aid in predicting whether a
patient with an isolated demyelinating syndrome, such as optic neuritis or myelitis,
will progress to clinically definite MS. A detailed model of MRI criteria presented by
Barkhof et al. suggests that lesions that are juxtacortical, infratentorial, periventricu-
lar, and enhancing with gadolinium are the most predictive of disease progression.

MANAGEMENT

Once the diagnosis of MS is made with reasonable certainty, patients and their
families should be counseled about the variety of symptoms that may represent clin-
ical episodes or exacerbations. Clinicians should stress the importance of seeking
medical attention when these symptoms arise, particularly when there is loss of
vision or substantial weakness.

The two major aspects of the management of relapsing-remitting MS are the
acute management of an attack and prevention of disease progression, or disease
modification. While there is no cure for the disease itself, appropriate management
of acute exacerbations may limit morbidity and may, in fact, play a role in long-term
disease modification. In progressive forms of the disease, chronic symptoms such as
spasticity, fatigue, and urinary incontinence may require pharmacological manage-
ment. Patients with progressive disease will also likely benefit from long-term physi-
cal and occupational therapy, and eventually may require assistance with activities of
daily living. Since these latter issues tend to arise in the later stages of the disease,
they will not be the focus of this discussion of management of children with MS.
A summary of treatment strategies is presented in Table 3, and a more detailed
discussion of these treatments follows below.

Management of Acute Exacerbations

Acute neurological symptoms in a child with MS may represent the evolution and
presentation of new inflammatory white matter lesions or exacerbations of previous

Table 3 Summary of Treatments for Multiple Sclerosis

Acute treatment for exacerbations
Methylprednisolone
For younger children: 30 mg=kg=dose (maximum 1g) IV daily for three to five days
For older children: 1 g IV daily for three to five days
Consider short oral taper, depending on evolution of symptoms

Chronic immunomodulatory regimens
Avonex, 30 mm intramuscularly each week
Betaseron, 8 million IU subcutaneously every alternate day
Copaxone, 20mg subcutaneously every day

Treatment of chronic symptoms
Spasticity: baclofen, tizanidine
Neuropathic pain: carbamazepine, amitryptiline, gabapentin
Fatigue: amantadine
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lesions. As with any neurological condition, any perturbation of the child’s systemic
milieu—such as fever, infection, dehydration, electrolyte imbalance, or other meta-
bolic disturbance—can precipitate an exacerbation. This must be considered if a
patient is presenting with the reappearance of prior symptoms or even with new
complaints, since a previously asymptomatic lesion may produce symptoms for
the first time in the setting of systemic illness. Thus, an age-appropriate infectious
evaluation, including urinalysis and possibly chest radiography, should be per-
formed. This is of utmost importance, since steroids may exacerbate an untreated
infection rather than alleviate symptoms.

The use of intravenous steroids should be considered when symptoms of an
acute MS exacerbation are severe and progressive. A typical steroid regimen for
an acute MS exacerbation in an adolescent or adult is methylprednisolone 1 g intra-
venously each day for three to five days. In young children, the highest appropriate
weight-based dose, typically 30mg=kg=dose (maximum 1 g), should be administered
intravenously each day for three to five days. The decision of whether or not an oral
taper is required must be decided on an individual patient basis.

Chronic Therapy

Though acute exacerbations cause neurological deficit and can be distressing to
patients, in a patient with relapsing-remitting MS, the natural history of an acute
exacerbation is to gradually wane with return to neurological baseline. Nevertheless,
the natural history of the disorder is to progress. Thus, pharmacological research has
focused on developing agents that can prevent or delay the evolution from relapsing-
remitting MS to a more progressive form of the disease. Several immunomodulatory
and immunosuppressive strategies have been employed in adults with MS.

To date, the interferon beta medications have shown the most promise in redu-
cing the rate of exacerbations by nearly one-third. Interferon beta 1a (Avonex,
Rebif) has also been shown to delay the development of neurological disability in
patients with clinically definite MS, to delay the progression to clinically definite
multiple in monosymptomatic patients with MRI findings highly suspicious for
MS, and to decrease the number of gadolinium-enhancing lesions on MRI. The stan-
dard adult dose in the United States for Avonex is 30 mm intramuscularly each week.
Side effects include flu-like symptoms for one to two days after each injection. These
symptoms typically last only a few months from initiation of the medication.
Patients and families must also monitor for injection site complications.

Interferon beta 1b (Betaseron) also reduces relapse frequency and disease
activity on the basis of MRI, but it has not yet been shown to affect a decrease in
progression of neurological disability. The standard dose is Betaseron 250 mm
subcutaneously every alternate day. In addition to the side effects encountered with
Avonex, Betaseron has been associated with the onset or worsening of depression,
anemia, and leukopenia. Some patients may reach a major limitation of both forms
of interferon beta if neutralizing antibodies develop, usually after two to three years
of treatment.

Glatiramer acetate (Copaxone) is a synthetic copolymer that has been shown
in adults to decrease relapse rates by nearly one-third in patients with relapsing-
remitting MS. The rate is comparable to that seen with the interferons. There is
evidence that glatiramer acetate decreases the chance of progressing to worsening
disability, but in a major two-year study performed to show efficacy, there was no
improvement in the status of patients’ MRIs when they were on this agent. The
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typical dose is Copaxone 20mg subcutaneously each day. Injection site reactions
are common but mild, and other potential side effects include shortness of
breath, chest tightness, and anxiety. The development of antibodies to Copaxone
does not interfere with the efficacy of the medication.

While the aforementioned agents now comprise the standard armamentarium
for neurologists treating adults with relapsing-remitting MS, very little investigation
into the use of these agents in children has been undertaken, and there is a paucity of
studies in the literature to guide a purely evidence-based approach. Almost all
recommendations for treatment are therefore based on extrapolations from the
data in adults. In a study of 16 patients under 16 years of age with MS, Mikaeloff
demonstrated the safety of interferon beta treatment. Fifteen of the patients received
interferon beta 1a, 12 Avonex at adult doses, one Avonex at half-adult dose, and
one Rebif; the other two patients received Interferon beta 1b (Betaseron). Efficacy
was not established in this small trial.

Overall, we believe that Avonex has the most potential benefits and fewest ser-
ious side effects, and is our first choice for immunomodulatory therapy in children
with MS. If problems are encountered with tolerability or neutralizing antibodies,
a good second choice is Copaxone, since it also offers the possibility of delaying
the development of disability.

Other Treatment Strategies

Other medications that have been studied in adults include intravenous immunoglo-
bulin (IVIg) and azathioprine for relapsing-remitting disease and methotrexate,
cyclophosphamide, cyclosporine, and novantrone for progressive MS. Monthly IVIg
has produced a small decrease in disability in adults, but there has been no evalua-
tion of this modality in children with MS. Azathioprine has been well studied in
adults and shown to be effective in decreasing the rate of exacerbations, but it has
not been shown to alter progression to disability. If the interferons and glatiramer
acetate are not tolerated, azathioprine may be considered in the treatment of chil-
dren with MS, but should be reserved for only the most severely affected cases, since
there are no data to date to support its use and the potential side effect profile
includes an increased risk of non-Hodgkin’s lymphoma. The other agents, such
as mitoxantrone, have not been studied in children and have side effect profiles
sufficiently worrisome that at this time their use cannot be recommended.
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INTRODUCTION

Acute transverse myelitis (ATM) is a focal inflammatory disorder of the spinal cord
resulting in motor, sensory, and autonomic dysfunction. It is a rare disorder with an
estimated 1400 new cases diagnosed in the United States per year (between 1 and 8
per million per year). This leads to a total prevalence of approximately 34,000 people
chronic sequlae of ATM; approximately 20% of these individuals had the acute ill-
ness before the age of 18 years. Idiopathic ATM must be distinguished from acute
myelopathy secondary to a definable cause and from compressive myelopathies to
insure appropriate management. Between 6% and 43% of patients with ATM will
be diagnosed with multiple sclerosis (most with the benefit of longitudinal follow
up), 8–16.5% may have an associated systemic mixed connective tissue disorder,
and up to 5% may have features suggesting that the acute myelopathy is caused
by direct infection of the spinal cord (i.e., mycoplasma or herpes virus family). Up
to 14% of patients who present with an acute noncompressive myelopathy appear
to have had a vascular cause (i.e., infarct or vascular malformation) (JHTMC case
series). Ten to 45% patients with an acute myelopathy who have no clearly estab-
lished etiology are classified as having idiopathic ATM.

DIAGNOSIS AND CLINICAL FEATURES

Acute transverse myelitis is usually a monophasic and monofocal disorder. Most
often, it presents with sudden onset of rapidly progressive weakness of the lower
extremities, loss of sensation, loss of sphincter control, and pain with no signs of
spinal cord compression or other systemic neurologic disease.

The weakness of ATM develops generally as a progressive flaccid paraparesis
that occasionally progresses to involve the arms as well. Pyramidal signs generally
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appear by the second week of the illness. More than 80% patients reach their clinical
nadir within 10 days of the onset of symptoms. Although the temporal course may
vary, neurologic function usually deteriorates progressively during the acute phase
between 4 and 21 days.

A sensory level can be documented in most cases and is usually reported as
located between T5 and T10; in about 20% of cases, there is a cervical sensory level
and in 10% the level is in the lumbar region. In the case series followed at our institu-
tion, cervical myelopathy with a cervical sensory level is more frequent than a thor-
acic level. Pain may occur in the back, extremities, or abdomen. Neck stiffness has
been reported to occur in about a third of the cases. Adults with ATM often note
parethesias at the outset of the disorder; this is an unusual complaint in children.

A preceding illness within 3 weeks of the onset of ATM, including nonspecific
symptoms such as fever, nausea, and muscle pain, has been reported in about 40% of
children. Although a history of an immunization preceding the onset of ATM has
been reported to be common, the relationship of ATM to immunization is unclear
because of limited unbiased data. Thirty percent of all cases of pediatric ATM
referred to Johns Hopkins Transverse Myelitis Center reported retrospectively an
immunization within one month of the onset of symptoms.

DIAGNOSTIC EVALUATION

The first priority in the diagnostic approach of acute myelopathy is to rule out a
compressive lesion. In cases with a consistent history and physical examination, a
gadolinium-enhanced MRI of the spinal cord should be obtained as soon as possible.
If there is no structural lesion such as epidural blood or a spinal mass, then the pre-
sence or absence of spinal cord inflammation should be documented by evaluation of
the cerebrospinal fluid. The absence of pleocytosis would lead to consideration of
noninflammatory causes of myelopathy such as arteriovenous malformations, epi-
dural lipomatosis, fibrocartilaginous embolism or possibly early inflammatory mye-
lopathy (i.e., a false negative CSF). In the presence of an inflammatory process
(defined by gadolinium enhancement and CSF WBC pleocytosis), one should deter-
mine whether there is an infectious cause. Viral polymerase chain reaction assays
should be performed to determine whether there is the presence of viral gene expres-
sion within the CNS (herpes simplex 1 and 2, varicella zoster, cytomegalovirus,
Epstein–Barr virus, and enterovirus). Detection of lyme infection of the CNS typi-
cally is based on antibody detection methods (ELISA with confirmatory western
blot) and the CSF=serum index is often helpful in determining whether there is true
neuroborreliosis. Evidence of M. pneumoniae infection may be determined by sero-
conversion, which is defined by a four-fold increase in titer or a single titer of �1:128.

The next priority is to define the extent of demyelination within the CNS, since
several disorders (i.e., multiple sclerosis or acute disseminated encephalomyelitis)
may present with ATM in the setting of multifocal disease. A gadolinium-enhanced
brain MRI and visual evoked potential should be ordered to look for these entities.
The absence of multifocal areas of demyelination would suggest the diagnosis of
idiopathic ATM and lead to appropriate treatment measures.

Acute transfer myelitis is often misdiagnosed as acute inflammatory demyeli-
nating polyradiculoneuropathy (AIDP) because both conditions may present with
rapidly progressive sensory and motor loss involving principally the lower extremi-
ties. A pure paraplegia or paraparesis with a corresponding distribution of sensory
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loss may favor ATM, while AIDP may present with a gradient of motor and sensory
loss involving the lower extremities greater than the upper extremities. When weak-
ness and sensory loss involve both the upper and lower extremities equally with a
distinct spinal cord level, ATM is highly likely. Enhanced deep tendon reflexes gen-
erally support the diagnosis of ATM, however, patients with fulminant cases of
ATM with inflammation in the central spinal cord gray matter may present with
hypotonia with decreased or absent deep tendon reflexes, while some cases of AIDP
may have retained tendon reflexes early in the course. Urinary urgency or retention is
a common early finding in ATM and is less common in AIDP. Dysesthetic pain,
involvement of the upper extremity and cranial nerve 7, and absent deep tendon
reflexes involving the upper extremities are more common features of AIDP. An
MRI of the spinal cord may show an area of inflammation in ATM but not in AIDP.
Although cerebral spinal fluid findings in ATM are not consistent and an elevated
cell count may be absent, there is usually a moderate lymphocytic pleocytosis and
elevated protein level. This is in contrast to the albumino-cytologic dissociation of
the CSF most often seen in AIDP.

THERAPY (FIG. 1)

Intravenous steroid therapy for three days followed by an oral taper is often insti-
tuted. A study of five children with severe ATM who received Solumedrol
(1 g=1.73m squared per day) for 3 or 5 consecutive days followed by oral prednisone
for 14 days reported beneficial effects compared to 10 historic controls. In the steroid
treated group, the median time to walking was 23 days vs. 97 days, full recovery
occurred in 80% vs. 10%, and full motor recovery at 1 year was present in 100%
vs. 20%. No serious adverse effects from the steroid treatments occurred. However,
this was a small group and the study was not controlled or prospective.

Dunne compared a steroid treated group of 14 children with ATM with a group
that did not receive steroids. He concluded that there was no evidence that steroids
improved outcomes, but does not present any specific details to support his beliefs.
In 1998, Knebusch was unable to determine whether a pulse of intravenous steroids
led to improved outcome.

Plasma exchange (PE) can be initiated if a patient who has moderate to severe
ATM (i.e., inability to walk, markedly impaired autonomic function and at least
some sensory loss in the lower extremities) with little clinical improvement within
5–7 days of intravenous steroids. Although its efficacy is unproven in children,
and the potential for vascular and hemodynamic complications with PE increases
with small body size, PE has been shown to be effective in adults with ATM and
other inflammatory disorders of the CNS. Predictors of good response to PE include
early treatment (less than 20 days from symptom onset), male sex, and a clinically
incomplete lesion (i.e., some motor function in the lower extremities, intact, or brisk
reflexes).

Chronic immunomodulatory therapy should be considered for the small sub-
group of children affected by recurrent disease. These patients are usually adoles-
cents and typically have a multifocal demyelinating process. The differential
diagnosis includes multiple sclerosis, CNS neuroborreliosis, neuromyelitis optica,
or a systemic inflammatory disorder (e.g., neurosarcoidosis, Sjogren’s syndrome,
systemic or lupus erythematosus) and an appropriate workup should be conducted.
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Adolescents diagnosed with MS may be treated with interferon-b or Copaxone.
If a systemic inflammatory disease is diagnosed, treatment specific for the particular
disorder should be started. Unfortunately, the effectiveness of these treatment regi-
mens has not been studied in children, and consultation with the appropriate subspe-
cialist is recommended. Since many of these treatments (i.e., azathioprine,
methotrexate, cyclophosphamide) have a risk of long-term toxicity including myelo-
dysplastic disorders or leukemias, they should be reserved for the most aggressive
inflammatory disorders.

Many children with ATM will require rehabilitative care to prevent secondary
complications of immobility and to improve their functional skills. It is important to
begin occupational and physical therapies early during the course of recovery to pre-
vent the inactivity-related problems of skin breakdown and soft-tissue contracture
with associated loss of joint range of motion. This should include daily weight bear-
ing as soon as possible after the loss of the ability to ambulate. During the early

Figure 1 Evaluation and treatment of patients with acute transverse myelitis.
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recovery period, family education is essential to develop a strategic plan for dealing
with the challenges to independence following return to the community. Assessment
and fitting for splints designed to passively maintain an optimal position for
limbs that cannot be actively moved is an important part of the management at this
stage.

The long-term management of ATM requires attention to a number of issues.
These are the residual effects of any spinal cord injury including ATM. Table 1
describes therapeutic options that may be considered for treating these complica-
tions. In addition to chronic medical problems, there are the ongoing issues of
ordering the appropriate equipment, re-entry into the school and community,
and coping with the psychological effects of this condition by the patients and their
families.

Spasticity is often a very difficult problem. The key goal is to maintain flexibi-
litywith both passive and, where possible, active stretching exercises accompanied by
bracing where necessary to retard the development of contractures where joints are
inclined to a single position by flaccid or spastic weakness. Splints are commonly
used at the ankles, wrists, and elbows. A strengthening program for the weaker of
the spastic muscle, acting on a joint and aerobic conditioning regimens, can also
be recommended. These interventions are supported by adjunctive measures that
include antispasticity drugs (e.g., valium, baclofen, dantrolene), therapeutic botuli-
num toxin injections, and serial casting. The therapeutic goal is to improve the func-
tion of the patient in performing specific activities of daily living (i.e., feeding,
dressing, bathing, hygiene, mobility) through improving the available joint range
of motion, teaching effective compensatory strategies, and relieving pain.

Another major area of concern is effective management of bowel and bladder
function. A high fiber diet, adequate and timely fluid intake, medications to regulate
bowel evacuations, and a clean intermittent urinary catheterization are the basic
components to success. Regular evaluations by medical specialists for urodynamic
studies and adjustment of the bowel program are recommended to prevent poten-
tially serious complications.

PROGNOSIS

Longitudinal case series of ATM reveal that approximately 1=3 of patients recover
with little to no sequelae, 1=3 are left with moderate degree of permanent disability,
and 1=3 have severe disabilities. From a series of nine children with ATM, Knebusch
found that 44% evolved to a good outcome defined by an essentially normal gait,
mild urinary symptoms, minimal sensory and upper motor neuron signs, or a com-
bination of these features. A fair outcome with mild spasticity but independent
ambulation, urgency, constipation, and some sensory signs developed in 33%, and
a poor outcome with severe gait disturbance or complete inability to walk, absence
of sphincter control, and substantial sensory deficit was the long-term outcome of
23%.

Symptoms associated with poor outcome include back pain as an initial com-
plaint, rapid progression to maximal symptoms within hours of onset, spinal shock,
and sensory disturbance up to the cervical level. The presence of 14–3-3 protein, a
marker of neuronal injury, in the CSF during the acute phase may also predict a
poor outcome.
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SUMMARY

Acute transverse myelitis is a rare disorder of children and adults. It presents with
rapidly progressive weakness of the legs accompanied by sensory loss and sphincter
control. The first priority is to rule out a compressive lesion of the spinal cord and a
gadolinium-enhanced MRI of the spinal cord should be obtained as soon as possible
after presentation. The role of steroids is unclear in the treatment of this condition,
however can be used. Rehabilitation interventions are an essential component to
managing the chronic aspects of this disorder.
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65
Optic Neuritis

Linda M. Famiglio
Geisinger Health System, Danville, Pennsylvania, U.S.A.

INTRODUCTION

The diagnosis and treatment of optic neuritis require a team approach. Although the
child usually presents to the pediatrician or family doctor, consultation is rapidly
sought with the neurologist or ophthalmologist for diagnostic help. Parental,
patient, and primary care physician anxiety over the acute presentation of significant
eye pain and the loss of vision often leads to urgent consultation in the emergency
room or office setting. Ophthalmologists provide an analysis of visual function
and fundoscopic detail. Neurologists usually direct the care by providing an overall
context that guides treatment and prognosis. Prognosis is the key issue in optic neur-
itis, not as much for visual recovery as for the development of symptoms and signs
that support the diagnosis of multiple sclerosis (MS). After vision recovers, anxiety
may continue to build over the possibility of later development of MS.

DIAGNOSIS=CLINICAL FEATURES

Unilateral or bilateral ocular pain with evolution of visual loss over hours to days is
typical and diagnostic of childhood onset optic neuritis (Table 1). Parents first seek
advice from the pediatrician or family physician for the pain that may be described
as a headache in up to one-third of children. Older children can describe localized
orbital or retro orbital pain. The pain arises from inflammation of the optic nerve
sheath itself. Orbital pressure and eye movements increase the pain by causing
traction on the sheath at the extraocular muscle insertion points.

Visual dysfunction is bilateral in about 60% of children, slightly higher than
reported in adults. Patients may present with bilateral involvement, develop involve-
ment of the second eye within weeks or may have a recurrence months later in the
previously unaffected eye. Young children may not complain of visual loss but
may describe room darkening or blurring. Older, more verbal children can describe
loss of central vision and decreased visual acuity. With direct questioning and obser-
vation of the child while attempting to read or name pictures, the accompanying
visual loss is almost always apparent. Loss of color vision and contrast sensitivity
can be reported as things looking dark, drab, or blurry.
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Disc edema is present acutely in most children with optic neuritis, but can be
absent also. Ophthalmologic consultation is necessary for confirming the visual func-
tion and documenting disc edema, hemorrhage, macular exudates, and any cells in
the vitreous. As the clinical symptoms resolve, the disc becomes pale especially along
the temporal aspect due to loss of axons. Rarely epiretinal membrane formation can
complicate recovery from optic neuritis and lead to further visual loss. Ophthalmol-
ogists also may contribute retinal photographs, documentation of visual fields, and
measurement of visual acuity. Hand-held color plates may document loss of color
vision. The remainder of the neurologic examination is usually normal.

Although optic neuritis is described most often as primary idiopathic inflam-
mation of the optic nerve, the same picture can be seen in disseminated or systemic
conditions. The extended history and review of systems may uncover chronic sys-
temic illnesses, prior demyelinating events, transient neurologic symptoms, or acute
exposure to infectious diseases. Many children have a history of a viral illness during
the 2 weeks prior to the episode. Optic neuritis can occur in combination with other
demyelinating lesions especially transverse myelitis. In this condition, Devic’s dis-
ease, flaccid weakness with decreased or absent reflexes, decreased sensation, and
bowel and bladder dysfunction are found on examination (Table 2).

Other diagnosis must be considered in the proper setting. For example, in the
context of blood pressure instability as seen in trauma, renal disease or dialysis, chil-
dren can develop anterior ischemic optic neuropathy. Also, papilledema and visual
field loss can be due to increased intracranial pressure; the pattern of headache
and disc swelling with central sparing of vision distinguishes the presentation of ele-
vated intracranial pressure from that of optic neuritis (Table 3).

Magnetic resonance imaging (MRI) may be normal or demonstrate white
matter high-intensity lesions suggestive of subclinical plaques of MS. Rarely, optic

Table 2 Conditions Reported in Association with Optic Neuritis

Acute disseminated encephalomyelitis Viral encephalitis
Devic’s disease=optic neuritis with transverse myelitis Measles
Bone marrow transplant Mumps
Postvaccination Varicella
Postinfection EBV
Allergic reaction to bee sting HSV
Paranasal sinus inflammation Parvo
Multiple sclerosis Lyme’s

Table 1 Clinical Features of Optic Neuritis

Decreased visual acuity
Central visual field defect
Color desaturation
Decreased contrast sensitivity
Afferent pupillary defect
Orbital or retroorbital pain
Headache
Disc edema
Disc pallor
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nerves may be enlarged. Spinal tap is not essential, but cerebrospinal fluid (CSF)
may show pleocytosis and a mild protein elevation. Investigations to elucidate
associated conditions should be considered in context.

TREATMENT

Visual recovery usually takes place spontaneously within a few weeks. The Optic
Neuritis Study Group found no difference in long-term visual outcome between
adults assigned to intravenous methylprednisolone, oral prednisone, or placebo trea-
ted groups at 1 year and 10 year follow up. However, the intravenous methylpredni-
solone treatment group experienced more rapid resolution of visual field, contrast
sensitivity, and color vision defects. Thus, many physicians treat optic neuritis with
intravenous methylprednisolone for more rapid relief of visual symptoms, especially
when bilateral visual loss is present.

Methylprednisolone sodium acetate (Solumedrol) can be administered
intravenously in a high dose, anti-inflammatory regimen of 10–30mg per kilogram
per day for 3 days followed by oral prednisone 1mg per kilogram per day tapered
over 11 – 21 days. Prophylaxis against steroid-induced ulcers with an H2 blocker
such as ranitidine is recommended.

Oral acetaminophen, ibuprofen, or aspirin may improve the child’s acute pain.
Extended analgesics are rarely necessary, as the pain associated with optic neuritis
usually resolves within days. School adaptations for visual loss are sometimes
warranted.

Table 3 Distinguishing Features of Optic Neuritis, Elevated ICP, and Anterior Ischemic
Optic Neuropathy

Optic neuritis Elevated ICP
Anterior ischemic optic
neuropathy

Pain Orbital or retro
orbital

Headache None

Visual field loss Central vision loss Occasional
obscuration
or no loss

Altitudinal Loss with
sparing of central
vision

Unilateral=bilateral Can be unilateral Bilateral Bilateral
Pupil response Afferent pupillary

defect
Normal early Absent

PREP Delayed P100 Variable Decreased amplitudes
MRI abnormality Normal or white

matter lesions
Hydrocephalus or
mass occupying
lesion
predominates

Rarely abnormal

Treatment Steroids ICP measures Maintain volume and
BP; decrease
intraocular pressure;
correct anemia

Prognosis for visual
recovery

Good Variable Poor
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PROGNOSIS

In children, vision recovery is complete in about one-third, improved but abnormal
in an additional one-half and minimally improved in the remaining 15% of patients.
A trend towards better visual outcome is noted in children with normal MRI and
also in children younger than six years old. No difference in visual outcome has been
identified between unilateral and bilateral cases.

The effect of treatment on risk of recurrence and of development of MS is extra-
polated from pediatric case series and reports of adult patients in the Optic Neuritis
Study Group. Early results of the Optic Neuritis Study Group suggested increased risk
of recurrence in adults treated with oral prednisone when compared to intravenous
methylprednisolone and placebo. The largest published series of children by Lucchinetti
with optic neuritis identified 79 children by record review over 38 years. Although this
analysis did not focus on treatment effect, univariate analysis found no statistical
association between steroid treatment and further development of MS.

The Optic Neuritis Study Group has identified groups of adults at high and low
risk of developing MS. At 10 year follow up, 56% of adults with one or more white
matter lesions on baseline MRI developed MS compared to 22% of those with a nor-
mal baseline MRI scan. Thus, a baseline MRI is recommended in order to contribute
to the discussion of prognosis. Adults with optic neuritis who are at high risk for
developing MS may receive a theoretical benefit from beginning immunomodulatory
therapy early, before the second clinical attack.

Children have a lower risk of developing MS than adults and, especially in the
context of preceding viral illness, may have a different underlying disease process.
In childhood chart review series of optic neuritis, the estimated probability of
developing MS within 10 years is 0.13 (95% CI 0.05 – 0.20). The percent cumulative
probability for developing MS was highest in children with recurrent or sequential
episodes. Those patients with a preceding infection appeared to be at decreased risk
of developing MS. Elevated CSF protein was weakly associated with developing MS.

Based on the current studies, children cannot be recommended to receive early
immunomodulatory treatment even if they have white matter lesions on baseline
MRI. However, continued follow up with a neurologist for early recognition of
demyelinating events, reassessment of risk and initiation of early treatment if MS
develops is recommended.

SUMMARY

Optic neuritis can occur spontaneously or following infection. The prognosis for visual
recovery is good. Intravenous methylprednisolone can shorten the time for visual recov-
ery.The risk of developingMS following optic neuritis appears to be lower than in adults.
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Rett Syndrome

Genila M. Bibat and SakkuBai Naidu
Neurogenetics Unit, Kennedy Krieger Institute, Johns Hopkins Medical Institutions,
Baltimore, Maryland, U.S.A.

INTRODUCTION

Rett syndrome (RS) is one of the many mental retardation syndromes for which the
genetic basis was recently identified. It is a neurodevelopmental disorder predomi-
nantly affecting females, associated with devastating loss of function between
infancy and the fifth year of life. Thereafter, its course is relatively static, distinguish-
ing it from most neurodegenerative disorders of childhood. Rett syndrome is
pan-ethnic, affecting patients worldwide. The prevalence of the RS phenotype
among females is estimated at 1:10,000–1:22,000, with 99.5% of all cases occurring
in a sporadic manner. There are reports of males with molecular defects in the
MeCP2 gene that present with a widely variable phenotype.

Identified as a distinct entity initially by Andreas Rett in the 1960s, the disorder
was mapped to chromosome Xq28 in 1998 and identified a year later, as being sec-
ondary to mutations in the methyl CpG binding protein-2 (MeCP2) gene located
in this region. MeCP2 is a transcription repressor that silences an as yet unknown
number of genes. Seventy to eighty percent of patients with the RS phenotype
demonstrate mutations in MeCP2.

DIAGNOSIS AND EVALUATION

RS is characterized by a period of apparent normal development followed by
arrest of developmental skills. The symptomatology and pattern of evolution in clas-
sic RS patients have been remarkably consistent. RS patients are reported to have
normal prenatal and perinatal history; however, close inspection reveals hypotonia,
tremulousness, and reduced social interaction in early infancy. Characteristic fea-
tures of RS include deceleration in velocity of head growth between 3 months and
4 years of age resulting in microcephaly, stereotyped hand movements, psychomotor
retardation, impaired language development, gait dysfunction, and loss of purpose-
ful hand use. A distinctive phase in the disease between 1 and 5 years of age may
resemble autism and also manifests the above-mentioned pathognomonic clinical
features of RS. The majority of patients have EEG abnormalities (central sharp
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waves), but only half have recognizable clinical seizures. Magnetic resonance ima-
ging is within normal limits. Respiratory irregularities in RS occur only during wake-
fulness and include periodic apnea and intermittent hyperventilation. Sleep is
fragmented and problematic in infancy and early childhood. Autonomic nervous
system dysfunction can cause peripheral vasomotor instability and disturbances in
the gastrointestinal system resulting in oropharyngeal dysphagia, severe constipa-
tion, gastroesophageal reflux, and failure to thrive.

Since the identification of a genetic marker, diagnosis of classical and atypical
RS has become possible much earlier than when the stereotyped behaviors become
evident in the second year of life. Mutations in the MeCP2 gene cause partial or
complete loss of function of the MeCP2 protein leading to a failure of repression
of a variety of genes. The resulting alterations in expression of genes responsible
for early postnatal development of the nervous system coincide with the reduction
in velocity of brain growth noted in infancy. Neuropathological studies point to ana-
tomical abnormalities such as simplified inferior olivary nucleus in the brain stem.
These changes must occur during the late second or third trimester when MeCP2
is normally expressed in this region. However, postnatal brain development, when
MeCP2 is expressed in cortical neurons, is markedly affected with poor neuronal
maturation, dendritic arborization, and synapse formation. Reported alterations
in dopaminergic, cholinergic, and glutaminergic neurotransmitters play a vital role
in activity-dependent synaptic plasticity and morphogenesis of the developing
nervous system.

With the increase in clinical recognition and recent advances in the understand-
ing of the neurobiology and molecular genetics of RS, a wide clinical spectrum has
been recognized. A subgroup of mutation positive patients with very mild sympto-
matology, normal head growth, or preserved speech have been identified, while
another group presents with severe and early onset of motor disability, scoliosis,
and seizures. The site of mutation in MeCP2, X-inactivation status, and possibly
as yet unidentified factors can modify the severity of the disease.

TREATMENT

Presently, specific therapies are not available for RS. However, the realization that
the disorder advances slowly or not at all in later stages highlights the importance
of early intervention with symptomatic and palliative care.

Seizures

Epileptic seizures of myoclonic, partial or generalized variety, respond to most
standard anticonvulsants, such as carbamazepine, valproic acid, lamotrigine, and
benzodiazepine. The ketogenic diet and vagal nerve stimulation have been reported
as effective in some RS patients. Seizures are often overdiagnosed because of
breath-holding, cyanotic spells, inattention, and eye rolling movements, which are
presumed to be ictal events. Appropriate use of antiepileptic drugs may be guided
by such EEG correlations. Topiramate, an anticonvulsant that antagonizes the
a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA) subtype of gluta-
mate receptor, has been shown to exert some influence in regulating respiratory
irregularities, and is a good adjunct for the management of seizures in RS.
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Gastrointestinal Dysfunction and Failure to Thrive

Pervasive growth failure is a chronic issue in the majority of RS children despite
a caloric intake of up to 125% of the recommended daily allowance for age in
some cases. Dietary supplementation may still be required under the guidance of
a nutritionist; in some gastrostomy feeding becomes a necessity to optimize for
growth failure due to oropharyngeal dysfunction. Swallow studies as well as endo-
scopy and esophagogastric motility studies aid in the identification of feeding
impairment and rectify nutritional status and prevent pneumonia due to aspiration.
The RS individuals with mild chewing and swallowing problems may benefit initi-
ally from a variety of palliative interventions such as optimal posture and seating,
manipulation of food texture, use of adaptive utensils, and altering the pace of
feeding. Gastroesophageal reflux (GER), manifesting as irritability, poor feeding,
and regurgitation, is best managed by thickening feeds and antacids (e.g., raniti-
dine). Prokinetic agents (e.g., metoclopramide) to increase lower esophageal
sphincter tone and enhance gastric emptying are used in severe and persistent cases
of GER.

A serious day-to-day care issue is functional constipation that results from the
generalized autonomic dysfunction. High fiber diet, stool softeners, and lactulose can
ameliorate it. It is not unusual to have RS patients requiring daily Miralax therapy.
Occasionally, the constipation can be severe enough to necessitate the use of Fleets
enemas for initial relief of stool compaction. Rarely, intestinal perforation may result
from severe, chronic constipation. Increased fluid intake to 1.5 times maintenance is
suggested to prevent aggravation of constipation and compensate for excessive
drooling and hyperventilation.

Gallstones reported in some RS patients might be the cause of unexplained
irritability, and needs evaluation if all other etiologies for irritability are excluded.

Behavior

Severe sleep disturbance, mainly fragmented sleep pattern, benefits from melatonin
(1–3mg) or chloral hydrate use (50mg=kg, with maximum of 500mg in children
and 1 g in adults) at bedtime. Adequate seizure control may also improve sleep
disturbance as seizure activity maximizes during non-REM sleep in RS patients.
Daytime behavior problems such as irritability, screaming spells, and self-abuse
occur more intensely during the autistic phase of the disease. These behaviors
may be due to pain, discomfort from gastrointestinal dysfunction such as severe
constipation or reflux, and increased muscle tone and contractures in later years.
It is thus, important to exclude medical causes before considering pharmacother-
apy for behavior modification. Medications to improve behavioral abnormalities
such as screaming or self-injury include carbamazepine, valproic acid, or low-dose
risperidone. Music has a particularly calming effect and has been used effectively
by parents.

Bone Density

Individuals with RS are at risk for developing osteoporosis. DEXAscan is a valuable
study to determine bone density. Pamidronate has been used for therapeutic
intervention; however, its efficacy is uncertain.
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Scoliosis

Scoliosis occurs in RS individuals, especially those with truncal hypotonia, and its
frequency rises dramatically to about 60–80% with increasing age. Spine films are
obtained as needed to monitor the progression of scoliosis as it may be mild (with
a 25� curvature), slowly progressive, and amenable to body brace. In contrast,
scoliosis may progress rapidly and when the curvature exceeds 40� can cause respira-
tory compromise warranting spinal fusion and rod placement. Rett syndrome
patients tolerate general anesthesia and postoperative complications of surgical
procedures well, such as scoliosis repair, indicating their ability to handle physiologic
stress.

Habilitation

Intensive habilitation and close developmental surveillance are warranted to prevent
progressive disability and functional impairment. Active physical and occupational
therapy are advocated to prevent contractures. Individuals with weak ankles and
excessive valgus may benefit from ankle=foot orthoses (AFOs) to help improve gait.
Ambulation needs to be encouraged. Weight bearing and upright positioning by the
use of prone standers or standing frames should be encouraged in those who are not
walking independently. Increased muscle tone may interfere with therapy sessions
and ambulation, and in nonambulatory patients may affect transfers, seating, and
hygiene. Botulinum toxin injections may be necessary to treat complex abnormal-
ities. Baclofen should be given with caution as it may lower seizure threshold. Ortho-
pedic surgical intervention may be necessary to treat complex abnormalities resulting
from rigidity and contractures.

Communication skills can be improved through the use of sign language and
picture cards. Those with preserved hand use can benefit extensively with augmenta-
tive communication devices. These modes of intervention can be remarkably
effective in improving the quality of life of the patients and their family.

Previous Drug Trials

Drug trials in RS included dietary supplementation with l-carnitine, and naltrexone,
an opiate antagonist. These were placebo-controlled double-blind studies with impro-
vement in motor and behavioral skills as outcome variables. Both showed no
evidence of improvement in the clinical features of RS, although social interaction
and general well being were said to be better with carnitine therapy.

PROGNOSIS

Life expectancy varies widely. Some RS patients, frequently children under the age
of 15 years, die unexpectedly in sleep with no identifiable cause. A direct relationship
of such deaths to seizure or medications has not been established. The possibility of
cardiac dysfunction with prolonged QT interval has been suggested as a cause of
sudden death. The identification of a 77-year-old female with preserved speech that
tested positive for the mutation indicates a potential normal life span. In a few
others, death resulted from respiratory infections in the second and third decades
of life. The survival rate by age 35 years is reduced to 70%, compared to 98% in
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the general U.S. female population, and 27% for profoundly mentally retarded indi-
viduals.

Social interaction and hand use show considerable improvement in the later
phases of the disease. Older children acquire minimal skills such as playing with
interactive toys with reduction in stereotyped hand movements. Many adult RS
women have been identified in whom seizures and respiratory irregularities have
improved or abated; however, rigidity, dystonia, scoliosis, contractures, and muscle
wasting gradually increase. Prominent vasomotor instability with wasting of the
distal portions of the extremities and curled toes are noted despite lack of evidence
for a myopathy or peripheral neuropathy.

SUMMARY

Rett syndrome is a neurological disorder with severe mental retardation seen among
all ethnic groups. It primarily affects females and a small number of males particu-
larly among familial cases. Rett syndrome causes early developmental stagnation,
and later striking cognitive and motor delays, followed by partial recovery and cog-
nitive stability. Mutations in the MeCP2 gene causing RS are identified in a majority
of the patients. In 99.5% of cases, the disease arises from sporadic de novo muta-
tions. Mutational analysis identifies a subgroup of patients both males and females
with milder symptomatology. Currently, specific therapies are unavailable for RS. In
view of the nonprogressive nature of this disease in later stages, symptomatic care
and intensive habilitation are extremely important and needs to be maintained.

SUGGESTED READINGS

1. Amir RE, Van den Veyver IB, Wan M, et al. Rett syndrome is caused by mutations in
X-linked MeCP2, encoding methyl CpG-binding protein 2. Nat Genet 1999; 23:185–188.

2. Hoffbuhr K, Devaney J, LaFleur B, Sirianni M, Scacheri S, Giron J, Schuette J, Innis J,
Marino M, Philippart M, Narayanan V, Umansky R, Hoffman E, Naidu S. MeCP2
mutations in children with and without the phenotype of Rett syndrome. Neurology
2001; 56:1486–1495.

3. Naidu S. Rett syndrome: a disorder affecting early brain growth. Ann Neurol 1997; 42:
3–10.

4. Percy A. Clinical trials and treatment prospects. Mental Retard Dev Disabilities 2002;
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Treatment of Obsessive-Compulsive
Disorder

Marco A. Grados
The Johns Hopkins Hospital, Department of Psychiatry, Division of Child
and Adolescent Psychiatry, Baltimore, Maryland, U.S.A.

INTRODUCTION

Obsessive-compulsive disorder (OCD) is characterized by disabling obsessions
and=or compulsions. Originally thought to be a rare condition, epidemiologic studies
have shown that OCD is the fourth most common psychiatric disorder, more com-
mon than schizophrenia or bipolar disorder. Onset of symptoms at an early age is
common, with up to 80% of adults with OCD reporting symptoms before age 18.
A childhood prepubertal variant of OCD can be observed, most often in males, asso-
ciated with ‘‘sensory’’ compulsions and tics. After puberty, rates of OCD in males
and females are similar.

DIAGNOSIS AND EVALUATION

Obsessions are intrusive thoughts, images or urges that are senseless, unpleasant,
frightening, or distressing. Clinically, it is critical to differentiate obsessions from
ruminations, general worrying, restrictive ego-syntonic interests, and organically
based perseverative thoughts. Ruminations on themes of low-self-worth and hope-
lessness are common in depression; generalized worrying about daily life activities
occurs in generalized anxiety disorder; overly restrictive interests are present in per-
vasive developmental disorders (autism and Asperger disorder); and organically
based perseverative thoughts can appear in children with cerebral palsy or other
brain insults.

Compulsions are rigid, repetitive behaviors that a child is compelled to com-
plete, often in response to an obsession. Compulsions include hand washing or bath-
ing, hoarding, perfectionist tendencies, ordering and checking, and mental rituals
such as counting and praying. Children with a tic history can have sensory-based
compulsions such as touching rituals, evening up compulsions, difficulty with certain
types of clothing, sensitivity to loud sounds, strong food preferences based on texture
and sometimes a need to smell objects.

463



The measure of the severity of the obsessions and compulsions can differentiate
clinical OCD from OC behaviors. The time spent, the degree of interference with
daily activities, and the extent of distress caused by obsessions or compulsions are
the main parameters. The OCD is diagnosed when obsessions and=or compulsions
occupy more than 1 hr of the day and cause at least moderate interference or distress
(Table 1). The Children’s Yale-Brown Obsessive-Compulsive Scale (CY-BOCS) is a
valuable tool for quantifying symptoms and following treatment effects; the
CY-BOCS measures the severity of OCD symptoms using time, interference,
distress, resistance, and control for both obsessions and compulsions. The OCD
shows frequent comorbidity with depression, anxiety disorders (separation anxiety,
generalized anxiety disorder), impulse control disorders, (trichotillomania, skin pick-
ing), body dysmorphic disorder, and eating disorders.

There are no laboratory studies that confirm the diagnosis of OCD, but when
considering the use of psychotropic medications a baseline electrocardiogram, hema-
tological profile, and hepatic and renal function tests may be indicated. Pediatric

Table 1 DSM-IV Criteria for Diagnosis of Obsessive-Compulsive Disorder

A. The person exhibits either obsessions or compulsions

Obsessions are indicated by the following:
� The person has recurrent and persistent thoughts, impulses, or images that
are experienced, at some time during the disturbance, as intrusive and
inappropriate and that cause marked anxiety or distress

� The thoughts, impulses, or images are not simply excessive worries about real-
life problems

� The person attempts to ignore or suppress such thoughts, impulses, or images or
to neutralize them with some other thought or action

� The person recognizes that the obsessional thoughts, impulses, or images are a product
of his or her own mind (not imposed from without as in thought insertion)

Compulsions are indicated by the following:
� The person has repetitive behaviors (e.g., hand washing, ordering, checking) or mental
acts (e.g., praying, counting, repeating words silently) that the person feels driven to
perform in response to an obsession or according to rules that must be applied rigidly

� The behaviors or mental acts are aimed at preventing some dreaded event or
situation; however, these behaviors or mental acts either are not connected in
a realistic way with what they are designed to neutralize or prevent or are clearly
excessive

B. At some point during the course of the disorder, the person has recognized that
the obsessions or compulsions are excessive or unreasonable. (note: this does not
apply to children)

C. The obsessions or compulsions cause marked distress, are time consuming (take
more than 1 hr a day), or significantly interfere with the person’s normal
routine, occupational=academic functioning, or usual social activities or relationships

D. If another axis I disorder is present, the content of the obsessions or compulsions is
not restricted to it (e.g., preoccupation with drugs in the presence of a
substance abuse disorder)

E. The disturbance is not due to the direct physiologic effects of a substance (e.g.,
drug abuse, a medication) or a general medical condition

(Diagnostic and Statistical Manual-IV. Washington DC: American Psychiatric Association Press, 1994.)
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autoimmune neuropsychiatric disorder associated with streptococcal infection
(PANDAS) should be considered in a child with prepubertal OCD and the acute
fulminant onset=exacerbation of symptoms in association with a streptococcal
infection. Other laboratory tests should be considered, if there is reason to suspect
a developmental diathesis.

TREATMENT

The treatment of OCD includes three separate lines of intervention: (a) illness
education; (b) cognitive-behavioral and other psychological therapies; and (c)
psychopharmacological strategies.

Illness Education. Guiding the family to understand the nature of the illness, to
structure the environment for the child, to enhance therapeutic interventions, and to
provide information on course and prognosis are essential interventions in treating
OCD. Since OCD tends to develop gradually and parents often have subclinical
symptoms, treatment is often delayed. It is therefore often necessary to correct pat-
terns of family accommodation which have been implemented to cope with the
child’s repetitive behaviors. Similarly, it must be recognized that aggressive beha-
viors or emotional outbursts may result from the inability to complete rituals in
the home.

Cognitive-Behavioral Therapy (CBT). In recent years, CBT with an exposure-
response prevention paradigm has been used successfully in children with OCD. A
hierarchy of avoidance and ritualistic behaviors is formulated, and the child is
guided to self-regulate anxiety and overcome fears while engaging in behaviors that
counter the OCD symptoms. A map of behaviors is created with ‘‘territory’’ being
conquered from OCD by the child. As the child overcomes his=her first OCD symp-
toms, renewed self-confidence and decreased anxiety ensue, and major symptoms can
be then confronted in a planned fashion. Prognostic factors for the success of CBT in
children with OCD include greater insight, older age, fewer comorbid conditions,
and the absence of strong oppositional traits. Psychodynamic and family therapy
approaches may provide further support to address internal conflicts and develop-
mental issues in the child and highly emotional family environments.

Pharmacological Interventions. Pharmacological trials have shown that drugs
that increase serotonin in the synaptic clefts of cortico-subcortical-thalamic-cortical
pathways, such as serotonin re-uptake inhibitors, improve OCD symptoms. In con-
trast, those that only affect norepinephrine do not improve OCD symptoms. Dopa-
mine antagonists, including newer atypical neuroleptics, are useful in augmenting
pharmacologic response when trials of serotonin augmenting agent have not been
sufficient.

SSRIs. The original drug used to treat OCD was a non-selective reuptake inhi-
bitor of serotonin, clomipramine (CMI; Anafranil). Given its nonselective proper-
ties, and concomitant side effects, it is currently a second-line agent, but is at least
as effective as the newer SSRIs. CMI has FDA approval for use in children with
OCD. There are several SSRIs currently available for use in OCD; these include
fluoxetine (Prozac), fluvoxamine (Luvox), paroxetine (Paxil), sertraline (Zoloft),
and citalopram (Celexa) (Table 2). Fluoxetine, fluvoxamine, and sertraline have
undergone double-blind clinical trials in children and have FDA approval for use
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in children with OCD. Multiple clinical trials, both open label and double blind,
have generally confirmed the utility of the other SSRIs to treat OCD in children.
Few head-to-head comparisons among SSRIs in the treatment of OCD are avail-
able; one such study in adults showed that sertraline may produce a slightly faster
and better response compared to fluoxetine. Recently, reports have surfaced of par-
oxetine causing suicidal ideation in pediatric depression, and this drug is not cur-
rently advised for new use in children. There is less clinical experience with
citalopram in OCD compared to other agents. The main side effects of SSRIs in
children, as in adults, include nausea, tiredness, nervousness, dizziness, and diffi-
culty concentrating. Younger children may be more prone to behavioral activation
and slow titration, as tolerated, is recommended. Activation and easy bruising for
fluoxetine, tiredness for fluvoxamine, and tremor for sertraline may be more speci-
fic side effects to each drug.

Drug interactions with SSRIs are important to monitor. Fluoxetine uses the
P-450 cytochrome system for its metabolism, with preference for the 2D6 variant;
it has a long half-life and an active metabolite, nor-fluoxetine. Up to 5–10% of Cau-
casians and 1–2% of Asians may have slow metabolism of 2D6. Other drugs that use
the 2D6 system are tricyclics, haloperidol, risperidone, amphetamines, venlafaxine,
trazodone, codeine, and dextrometorphan. Fluvoxamine uses the 1A2 P-450 enzyme
for its metabolism. Grapefruit juice, brussel sprouts, broccoli, and cabbage inhibit
the 1A2 system and drugs that use this system include clomipramine, imipramine,
clozapine, haloperidol, naprosen, acetaminophen, theophylline, and warfarin. Ser-
traline has a milder effect on the 2D6 system, but its effect on the 3A4 system
requires monitoring with use of tricyclics, nefazodone, alprazolam, carbamazepine,
erythromycin, lidocaine, and others.

Neuroleptic Augmentation. If a trial of two consecutive SSRIs does not produce
significant clinical benefit, and symptoms continue to impair daily functioning, a
neuroleptic (e.g., haloperidol), augmentation strategy may be indicated. Originally
found to be helpful in tic-related subtypes of OCD, newer atypical neuroleptics
(e.g., risperidone) have been found useful in neuroleptic augmentation both for
tic- and non-tic-related OCD (Table 2).

Clomipramine Augmentation. Published case reports in adolescents show that
CMI may be useful as a single agent or as an adjunct to the SSRI in select cases with
poor response to traditional regiments. Care must be taken to monitor levels of CMI
given metabolism interaction with most SSRIs.

Other Drugs Used in Augmentation. Drugs that have been found to be equal to
placebo in OCD when used for augmentation include lithium (Lithobid) and buspir-
one (Buspar). Case reports point to possible usefulness of clonazepam (Klonopin).

Combination Treatment. A combination of CBT and psychopharmacology
approaches is indicated in moderate–severe OCD. An assessment of family resources,
coping mechanisms in the child, psychiatric comorbidity, and susceptibility risk fac-
tors should guide the decision to use combined modalities of treatment.

PROGNOSIS

There are few long-term outcome studies in childhood OCD. A waxing and waning
course with metamorphosis of symptoms over time is not uncommon. In small
clinic-based studies, up to one-third of children initially treated are symptom free
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on follow-up years later. Results appear to be similar for medication- and
psychotherapy-treated patients.

SUMMARY

Obsessive-compulsive disorder is a condition with frequent onset in childhood.
Neurobiological research shows that OCD is a brain-based condition with neurop-
sychiatric correlates. Interventions include illness education of the family, cognitive-
behavioral therapy, and use of pharmacologic strategies. Prognosis can be favorable
with early, directed intervention.
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INTRODUCTION

Consultation for the possible diagnosis of a learning disability (LD) is far less
common than one for attention deficit hyperactivity disorder (ADHD) and=or devel-
opmental motor coordination disorder (DMCD). Nevertheless, because of a sub-
stantial overlap (about a third either way) between LD and ADHD, and because
superficially diagnosed ADHD may actually be secondary to LD, the clinician must
know how to evaluate for LD in all ‘‘school problem’’ referrals. Unfortunately, the
‘‘official’’ manner in which educational and legal systems define LD differs from
state to state depending on variations in statistical comparisons of aptitude and
achievement scores. In general, however, the term implies a significant deficit in
learning relative to expectations based on intellectual ability, not explained by envir-
onment or psychological symptoms. While mention is sometimes made of ‘‘underly-
ing psychological processes,’’ even after aptitude-achievement discrepancies are
judged statistically significant, these descriptors of the student are remote from con-
cepts in cognitive neuroscience=neuropsychology. Additionally, the roles of subcate-
gories of DMCD in various aspects of child development (e.g., handwriting, neatness
of appearance, ability to participate in sports or music or art) should be of special
concern to the pediatric neurologist, whose training equips him or her to appreciate
the motor status of the student in ways that other specialities do not.

DIAGNOSIS

Establishment of the diagnosis of DMCD and=or ADHD does not rule out comor-
bid LD. Absence of motor inadequacies=anomalies and=or unconvincing history of
any type of ADHD, however, should heighten and sharpen the suspicion that LD
are more likely the central issue(s). Most LD are language based, running the gamut
from the subtle phonological ‘‘tin ear’’ of the ‘‘pure dyslexic’’ to the more common,
moderately linguistically impaired ‘‘expressive word-finding’’ type. Rarely, one will
also identify a receptively impaired student who has managed to elude diagnosis.
Any suspicion (whether from history or during visit) concerning possible
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articulation, word pronunciation (even malapropisms), word-finding hesitations, cir-
cumlocutions, or incomprehension of instructions=directions should lead to a refer-
ral for speech=language evaluation, preferably outside of the school system. Parental
concerns about underachievement in reading, mathematics, or written composition,
even if already dismissed by school personnel as insignificant, should trigger referral
to an evaluator or evaluation team experienced in finding the evidence of specific
neurocognitive weaknesses.

Subtypes

With the exception of basic reading disability and the manual aspects of handwrit-
ing, diagnosis of LD is predominantly psychoeducational. The diagnosis of mathe-
matics disability is made superficially on the basis of achievement unexpectedly
discrepant from aptitude and=or other school achievement. Reading disability, to
which many (but not all) equate the term developmental dyslexia, is currently diag-
nosed primarily on the basis of tests of phonological (speech sound) processing and
secondarily by rapid naming tests (Table 1). Conventionally, intelligence=aptitude
must be within normal limits, but the trend is away from discrepancy formulae
and towards documentation of the underlying phonolinguistic deficit(s). Visual pro-
cessing remains a research issue, but which has been dislodged from any central posi-
tion is diagnosis; certainly, letter and word reversals are currently considered trivial
epiphenomena. Criteria for the diagnosis of reading comprehension disability or
written expression disability remain unclear. Spelling, while entering into written
expression, currently functions as a side-issue or an output-side manifestation of
the phonological processing deficit underlying reading disability; for decades, the
term dyslexia has implied both reading and spelling impairment. Although, not
strictly defined as LD, spoken developmental language disorder (DLD) should be
considered whenever the diagnosis of dyslexia is at issue. Either the medical practi-
tioner needs to screen for aural comprehension (of sentences with syntax not just
single words) or be sure to refer for psychoeducational testing by a neuropsychologist.

ACCOMMODATIONS AND THERAPY

General

Guiding choices among therapeutic interventions and recommending accommoda-
tions that substantially alter the academic atmosphere are the major contributions
to intervention of the medical clinician. For example, when selecting an evidence-
based reading–remediation program, it is crucial to be guided by the individual
child’s ‘‘assets’’ in graphomotor (handwriting) and=or speech–articulatory skills.

Table 1 Some Tests to Identify Children at Risk for Dyslexia (Reading Disability)a

1. Comprehensive Test of Phonological Processing (C-TOPP) (For five years of age through
adult)

2. Lindamood Auditory Conceptualization (LAC) (For kindergarten through sixth grade)
3. Test of Phonological Awareness (TOPA) (For kindergarten through second grade)
4. The Phonological Awareness Test (PAT)a (For five, six, and seven years of age)

a Available from LinguiSystems; others (1, 2, 3) available from PRO-ED, Inc.
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Simply put, advice is needed in order to avoid the frustration engendered by attempt-
ing to compensate for phonological weakness by putting emphasis on another weak-
ness! Accommodations, especially those providing extended time (and reduced load,
its logical reciprocal) and technological detours around handwriting ‘‘pain and
suffering,’’ are all important because they provide opportunities to make academic
progress, experience success, and keep alive both hope and courage for the bright
LD student.

Motor Issues

With pressure for earlier handwriting (even as young as age three years) and with
much of the recently increased homework load consisting of written exercises, it
has become important for medical practitioners to become diagnosticians not only
of motor anomalies but often of the neurodevelopmental motor status of young chil-
dren. Physicians need to know (and to inform educators) that pencil grasp is the
observable result of the neurodevelopmental ‘‘readiness’’ of the child, no matter
how often corrected or given physically modified writing implements.

Slow-for-age, qualitatively dysrhythmic or mis-sequenced fingers-to-thumb
performance is robustly correlated with poor handwriting; so also are the subtle
postural instabilities seen on examination as choreiform movements, elicited on sus-
tained posture tasks and seen in the wavering line quality of simple from copies
(Table 2). These ‘‘minor’’ neurodevelopmental signs justify graphomotor accommo-
dations; often the use of word processing but avoiding a requirement for ‘‘proper
keyboarding’’ or finger sequencing.

Dyslexia

Specific educational interventions addressing phonological processing and the
sound-symbol (phoneme–grapheme) code, such as ‘‘sounding out’’ programs, have
resulted in dramatic gains in basic reading skills in children with dyslexia. All such
successful interventions are systematic, explicit, and build upon phoneme awareness
to establish phoneme–grapheme correspondences. Programs differ in terms of what
sensorimotor linkages are used to reinforce the grapheme–phoneme connection
(Table 3). Much less is established about the effects of other cognitive processes,
which tutors of the dyslexic population bring to bear on reading comprehension,
e.g., fluency, oral vocabulary and syntax, verbal working memory, and visual

Table 2 Neuromotor Signs of Diagnostic and Prognostic Utility in an LD Examination

� Overflow excess for age indicates inhibitory insufficiency, confirmatory of ADHD
neurobiology

� Choreiform movements (unsteady hand) directly impair handwriting as an academic skill
and as reading–remedial ‘‘multisensory’’ component

� Dysrhythmic=disorganized=mis-sequenced foot, hand, and finger patterned movement
coordinations indicate likelihood of ADHD neurobiology (slowa feet discriminate
ADHD best)

� Slowa=mis-sequenced fingers-successively-to-thumb performance highly predicts and
correlates with impaired handwriting

a ‘‘Slow’’ requires PANESS timed motor administration with stopwatch and reference to PANESS

age-specific norms.
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imagery. Treating ‘‘dyslexia’’ alone when it occurs within a broader=deeper language
disorder is a major diagnostic failure and results in poor outcomes.

PROGNOSIS

Published literature on outcomes is limited in scope, both of sampling populations
and the endpoints of quality-of-life outcome. There is no definite knowledge about
mental health morbidity or mortality, although one respected research center has
reported unexpectedly gloomy data on depression (and suicide) in a well-educated
and high-income-earning adult follow-up group. It is probable that until diagnosis
becomes more biologically grounded, we will have difficulty interpreting prognostic
associations with what we now call ‘‘comorbidities.’’ Factors frequently associated
with positive outcomes appear to be the predictable interdependent ones including
robust aptitude or measured intelligence and socioeconomic advantage. These
overarching ‘‘covariates’’ are also highly correlated with the availability of optimal
interventions, currently rarely available within the majority of public schools,
despite the about-to-be reauthorized (but still unfunded) federal mandate for
appropriate special education.

SUMMARY

Over the past two decades, research relevant to understanding learning disabilities,
particularly reading disability or ‘‘dyslexia,’’ has made much progress aided by
improved cognitive neuroscience and neuroimaging. Translation into intervention
is in its infancy, except for the basic steps involved in reading, and even that
restricted (early educational) range has only recently been informed by evidence.
Even greater than the gap between brain research and knowledge about intervention
is the gap between what is known and what is implemented in schools. A frustration
for clinicians advocating for patients with LDs is that the most important interven-
tions must be implemented outside the sphere of influence of medicine, in the zone
where health and education overlap. Pressures to over-emphasize the diagnosis of
ADHD (even when it is legitimate comorbidity of LD) and to exaggerate the benefits
of stimulant medication (even when this is a legitimate part of a multifaceted inter-
vention program) converge upon the medical clinician not only from schools but also
from desperate parents. Clinicians and educators must join together in the use of bio-
medical research methods to establish the nature of LD as well as provide evidence
for effective interventions.

Table 3 Principles of Intervention for Children With Dyslexia (Reading Disability)

� Start intense help early and keep help at some level of maintenance=monitoring
� Intensity means frequent sessions (e.g., four per week), tiny groups or individual (even
better), and at least 1.5 school years in duration

� Quality control the instructors’ credentials and the evidence-based nature of the reading
program, e.g., Orton-Gillingham exemplified by Wilson Reading System, Lindamood
Phoneme Sequencing Program, among others
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Behavioral Interventions

Dana D. Cummings
Kennedy Krieger Institute, Baltimore, Maryland, U.S.A.

INTRODUCTION

Behavioral interventions can be broadly divided into two categories: the manage-
ment of disruptive behaviors and pain management. Approaches should be planned
and implemented in consultation with a psychologist experienced in behavioral treat-
ment. Parent=patient education, longitudinal follow up, and a consistent approach
are keys to the success of these techniques. Behavioral treatments can be used in
isolation or as a means to maximize the effectiveness of pharmacotherapy. Interven-
tions based on the principles of applied behavioral analysis, including operant
conditioning, can be effective in ameliorating oppositional and disruptive behaviors,
aggression, inattention, academic difficulties, impulsivity, deficiencies in communica-
tion skills, self-injurious behavior, and sleep problems. Relaxation training in
conjunction with biofeedback techniques can be successful in treating chronic pain
syndromes such as migraine.

Benefits of a behavior intervention program are far more likely to occur when a
therapeutic alliance exists among physician, behavioral psychologist, educational
specialists, school teachers, and family. Families face multiple challenges and to per-
sist with a behavioral intervention program requires frequent encouragement and a
consistent approach. Caregivers must also have realistic expectations for the child’s
behavioral progress. The behavioral psychologist has a critical role and should pro-
vide the treatment program, frequent follow up, and feedback regarding progress.
The physician should support interventions of the behavioral psychologist by repeat-
edly emphasizing the importance of behavior interventions. For example, in children
with attention-deficit hyperactivity disorder (ADHD), parents are often eager to
start pharmacotherapy, but less willing to pursue concurrent behavior interventions
and regular follow up with a psychologist. In some situations, it may be necessary for
the physician to ‘‘contract’’ with the family and not provide pharmacotherapy unless
behavior interventions are also pursued. Occasionally, a family’s lack of enthusiasm
for a behavioral intervention program may result from financial concerns due to the
failure of health insurance companies to reimburse services provided by behavioral
psychologists. The specific goals of the behavioral intervention program and its finite
duration should be emphasized to both the family and health insurance providers.
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In this author’s opinion the Multimodal Treatment Study of Children with
ADHD (MTA) serves as a model for effective behavior interventions. The MTA
behavior modification program began with parent training and a child-focused
intensive summer program that included group-based interventions, social skills
training, and reinforcement of appropriate classroom behavior. The school year
program included biweekly teacher consultation focused on classroom behavior
management and regular contact with a behavioral therapist aide who reinforced
skills learned in the summer program. This approach provided additional benefits
compared to medication treatment alone for oppositional=aggressive behaviors,
internalizing symptoms, teacher-rated social skills, parent–child relations, and read-
ing achievement. Improvements in parental attitudes and disciplinary practices were
major components of the success attributed to this behavior modification treatment
protocol.

In situations where the services of a behavioral psychologist are not available
to the family, it may be necessary for the physician to provide a plan as well as to
make suggestions for how the family can conduct behavioral interventions. Because
education of the family cannot be overemphasized, a list of parent resources are
provided and basic concepts of a behavior modification programs are reviewed.

BEHAVIOR MODIFICATION

Basic Principles

Behavior modification includes interventions that increase the frequency of desirable
behaviors and=or decrease the frequency of undesirable behaviors. Selection of an
appropriate behavior modification protocol requires identification of desirable and
undesirable behaviors and the identification of the situations in which behaviors
occur (antecedents). The selection of an appropriate behavioral modification proto-
col, often referred to as applied behavior analysis, necessitates data collection
through direct observation of behavior, self-report and caregiver questionnaires,
and structured interviews and checklists. It is also strongly recommended that a
child’s functional ability be evaluated prior to initiating behavioral intervention in
order to ensure appropriate programming. The behavioral intervention program
should be periodically assessed to determine its effectiveness.

Positive reinforcement occurs when the behavior is encouraged to repeat itself.
Positive reinforcers are the specific factors that encourage the individual to increase
the frequency of the desired behavior. Positive reinforcers may include personal
praise, activities involving joint participation (playing games or reading together),
or the receipt of tangible rewards such as toys and food. Since positive reinforcers
can only be defined based on the child’s behavior, caregiver’s knowledge of the
child’s preferences can be valuable in their selection. The effectiveness of each posi-
tive reinforcer depends on a consistent delivery. The shorter the time span between
the targeted behavior and the delivery of the reinforcer, the more effective the posi-
tive reinforcement. Positive reinforcers should also be varied to enhance their novelty
and effectiveness, e.g., trading points for different reinforcers. As caregivers become
more skilled in positive reinforcement techniques, it should be possible to recognize
situations in which they unintentionally provide positive reinforcement for maladap-
tive behaviors such as ‘‘whining.’’

Negative reinforcement is a process in which a desired behavior leads to avoid-
ance, removal, or cessation of an adversive stimulus or negative reinforcer. Hence, in
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order to decrease the frequency or stop the presentation of the negative reinforcer,
the child increases the targeted behavior. Punishment is a process in which either
an imposed penalty or withdrawal of a positive reinforcer results in the decreased
frequency of a behavior. Punishment can be used to immediately suppress an inap-
propriate behavior, but it should only be used in conjunction with other methods
including positive and negative reinforcement. While punishment helps the child
learn what inappropriate behavior is, positive and negative reinforcement emphasize
appropriate behavior. In general, without a caring, affectionate, and supportive rela-
tionship, punishment interventions may actually provide positive reinforcement of
inappropriate behavior. The physician=therapist must carefully monitor the care-
givers’ punishment procedures to assure they do not constitute child abuse. Extinc-
tion is defined as the consistent withholding of positive reinforcement during
inappropriate behaviors or the planned ignoring of inappropriate behaviors such
as ‘‘whining.’’ As many parents can attest, extinction typically results in an initial
increase in the inappropriate behavior. Nevertheless, parents and other caregivers
should be encouraged to persevere through this initial escalation of inappropriate
behavior and subsequent ‘‘testing.’’

Interventions in Language and Communication Disorders

Behavior modification can also be applied to enhance communication skills in chil-
dren with mental retardation, autistic spectrum, and developmental language disor-
ders. Skinner’s analysis of language in Verbal Behavior (1957) serves as a framework
for behavioral interventions in language and communication skills. In children with
neurologic disorders accompanied by deficits in language and communication,
improvement in communication skills often results in improvement of neurobeha-
vioral problems including aggression, self-injury, and other disruptive behaviors.
Therefore, whenever possible, a behavioral intervention program in this group of
children should combine positive reinforcement, to enhance language skills, with
interventions to improve neurobehavioral disorders. For example, in children with
severe mental retardation accompanied by communication deficits and severe
destructive behavior, a combination of positive reinforcement of communicative
responses and extinction and=or punishment for inappropriate behavior is often
more effective than individual behavioral interventions.

RELAXATION TRAINING AND BIOFEEDBACK

Stress can often exacerbate neurologic disorders including headache, chronic pain,
and sleep disturbances. There are few studies in pediatric populations to guide phy-
sicians, but recent work supports the application of relaxation training in children
with disorders including tension and migraine headache. Relaxation training techni-
ques are varied and include autogenic training, meditation, progressive muscle
relaxation, and paced or deep breathing. In autogenic training, the subject imagines
a peaceful setting while focusing on a comforting body sensation such as coolness in
the forehead or warmth in the limbs. In progressive muscle relaxation, the individual
systematically tenses and relaxes muscle groups, while focusing on contrasting sensa-
tions accompanying muscle tension and relaxation. To aid training, younger children
are instructed to use mental imagery along with muscle tension and relaxation.
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Although younger children with average cognitive ability may be able to com-
ply with directives, the utility of these types of interventions may not generalize
beyond the training environment. Because relaxation training is a treatment techni-
que based on the assumption of at least average cognitive ability, young and=or cog-
nitively impaired individuals may have extreme difficulty learning the technique,
understanding why they are doing it, and carry it out beyond the training environ-
ment. Furthermore, cognitive techniques are very dependent on the ability of the
individual to think about their difficulties and process ways to ameliorate them.

Relaxation training is often used in conjunction with biofeedback to either
enhance relaxation training or to alter autonomic nervous system function. Biofeed-
back involves the use of monitoring equipment to show internal physiological events
in the form of visual or auditory signals. These displayed signals, in turn, enable
modification of otherwise involuntary or unfelt events. Examples of monitoring
equipment include thermometry, electromyography, anorectal manometry, and
heart rate or blood pressure monitors. Biofeedback has been used to treat pediatric
neurologic disorders ranging from fecal incontinence accompanying myelomeningo-
cele to migraine headaches. For migraine headaches, the child completes four to six
one hour training sessions over a six week period, each consisting of progressive
muscle relaxation, deep breathing techniques, age-appropriate stress management
skills, and thermal biofeedback training. It is important that the child understand
the rationale for intervening in the headaches because nonspecific treatment benefits
maybe affected by patient-rated ‘‘credibility’’ of the treatment. During training, the
child is encouraged to practice biofeedback-assisted relaxation at least 15min daily
at home as well as at the time of headache onset. Thermal biofeedback consists of
warming the hands to increase skin temperature, measured by a biofeedback thermo-
meter reading to a designated point. Biofeedback-assisted hand warming has been
correlated with an increase in hemispheric cerebral blood flow and improvement
in headache symptoms. However, since improvements in headache severity and fre-
quency have also occurred with ‘‘hand-cooling’’ biofeedback, the therapeutic benefit
of thermal biofeedback-assisted relaxation training maybe nonspecific. Improvement
has also been speculated to be related to development of a sense of control or
empowerment accompanying success in regulating hand temperature.

Relaxation training and biofeedback techniques are best implemented in colla-
boration with a psychologist experienced in these techniques. Initial training sessions
include learning relaxation techniques and the use of biofeedback instrumentation.
Ongoing educational aids, such as instructional audio recordings and periodic
retraining are beneficial.

ADDITIONAL READINGS

1. Hughes JN. Cognitive Behavior Therapy with Children in Schools. New York: Pergamon
Press, 1988.

2. Kazdin AE. Behavior Modification in Applied Settings. 5th ed. Pacific Grove,
CA: Brooks=Cole Publishing Company, 1994.

3. Kerr MM, Nelson CM. Strategies for Managing Behavior Problems in the Classroom.
3d ed. Upper Saddle River, NJ: Merrill, 1998.

4. Mercugliano M, Power TJ, Blum NJ. The Clinician’s Practical Guide to Attention-
Deficit=Hyperactivity Disorder. PH Brookes Publishing, 1999.

5. Parrish JM. Child behavior. In: Levine MD, Carey WB, Crocker AC, eds.Developmental-
Behavioral Pediatrics. 3d ed. Saunders, 1999:767–780.

478 Cummings



6. Scharff L, Marcus DA, Masek BJ. A controlled study of minimal-contact thermal
biofeedback treatment in children with migraine. J Pediatr Psychol 2002; 27(2):109–119.

7. Schwartz M. Biofeedback. 2d ed. A Practitioner’s Guide. Guilford Press, 1998.
8. The MTA Cooperative Group. A 14-month randomized clinical trial of treatment strate-

gies for attention-deficit=hyperactivity disorder. Arch Gen Psychiatry 1999; 56:1073–1086.

FAMILY RESOURCES

1. Barkley R. Taking Charge of ADHD, Revised Edition: The Complete, Authoritative
Guide for Parents. Guilford Press, 2000.

2. Ozonoff S, Dawson G, McPartland. A Parent’s Guide to Asperger Syndrome and
High-Functioning Autism. Guilford Press, 2002.

Behavioral Interventions 479





:

70
Interpretation of Neuropsychological
Testing

E. Mark Mahone
Department of Neuropsychology, Kennedy Krieger Institute, Baltimore,
Maryland, U.S.A.

INTRODUCTION

The primary aim of this chapter is to provide an understanding of the indications,
components, and expectations of neuropsychological testing. The neuropsychologi-
cal examination provides the clinician with an additional method for diagnosing neu-
rodevelopmental, neurodegenerative, and acquired disorders of brain function. It
should be considered a valuable addition to the overall neurodiagnostic assessment
that includes other techniques such as the neurological examination and appropriate
laboratory tests. The goal of the neuropsychological examination is to assess the clin-
ical relationship between the central nervous system and a behavioral dysfunction.
The Social Security Administration defines neuropsychological testing as the admin-
istration of standardized tests that are reliable and valid with respect to assessing
impairment in brain functioning. Procedurally, neuropsychological services are
designated as medicine, diagnostic by the federal Health Care and Financing Admin-
istration (HCFA), and are subsumed under Central Nervous System Assessments in
the CPT 2002 Code Book, with corresponding ICD diagnoses. The American Acad-
emy of Neurology has rated neuropsychological assessment as Established with Class
II evidence, and a Type A recommendation. In contrast to a clinical psychological
evaluation, the neuropsychological assessment is not a primary mental health=
psychiatric service and does not use corresponding DSM IV diagnostic codes.

Neuropsychological examinations are performed by qualified specialists who
have undergone intensive training in the clinical neurosciences, including inter-rela-
tionship among behavioral functions and neuroanatomy, neurology, and neurophy-
siology. Pediatric neuropsychologists have additional training and experience in the
application of developmental and neuropsychological principles to children with
neurological disorders. They typically work closely with consulting pediatric physi-
cians and surgeons in the assessment of a child’s neurological development and cere-
bral status. Neuropsychological examinations are clinically indicated and medically
necessary for children with known congenital or acquired neurological disorders and
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for those suspected of these conditions. Referral should be made for children who
display signs or symptoms of cognitive and=or neurobehavioral dysfunction that
involve attention or memory deficits, language disorders, learning disabilities, neuro-
motor impairment, developmental disabilities, pervasive developmental disorders,
impairment of organization and planning, and perceptual abnormalities.

OVERVIEW OF PEDIATRIC NEUROPSYCHOLOGICAL ASSESSMENT

The goal of the neuropsychological assessment is to understand a child’s current func-
tioning, predict future needs, and provide appropriate recommendations. The exam-
ination of the child involves the dynamic integration of information from a thorough
history, observation in multiple settings, and the use of standardized psychometric
tests. The child’s performance on formal tests and standardized observations of beha-
vior is then compared to available normative data for age and sex. Often, the actual
tests used in neuropsychological examinations are identical to those used by clinical
or school psychologists, including measures of intellectual functioning, academic
achievement, language competence, attention, memory, or perceptual=motor skills
(Table 1). There is little about the tests themselves that make an examination ‘‘neu-
ropsychological.’’ Rather, it is the way tests are interpreted, including the process
by which children obtain their scores, which is different in a neuropsychological
examination. The pediatric neuropsychologist seeks to gain a fuller understanding
of how and why a child is having cognitive and behavioral problems, and, using his-
tory, observations and testing, makes inferences about brain development.

The neuropsychological examination in many ways parallels that of a physical
examination, and involves a review of neurobehavioral systems or domains, Pedia-
tric neuropsychologists typically assess the following domains in a comprehensive
assessment: (1) intelligence; (2) adaptive=self-help skills; (3) academic achievement;
(4) emotional status and personality; (5) language and language-related processes
(especially those skills crucial for the development of reading and writing); (6) atten-
tion and executive functions; (7) memory and learning; (8) visuospatial, visuopercep-
tual, and visuoconstructional skills; (9) sensory and perceptual skills; and (10)
neuromotor skills and praxis. In addition to performance-based assessment, neurop-
sychologists also use structured interviews as well as caregiver and teacher rating
scales to augment the office assessment, and add to the ecological validity of the con-
clusions that can be drawn. The age and functional level of the child and the avail-
ability of standardized instruments often determine how extensively these domains
can be assessed. Some domains (particularly the sensory perceptual examination)
are difficult and often unreliable in children under age 9, and are often omitted in
this age group. Application of neuropsychological principles to children requires
more than ‘‘downsizing’’ adult models, theories and tests to children. While the
majority of our early knowledge about brain–behavior relationships was based on
observations of adults with acquired lesions, direct application of these models to
children is inappropriate because they have developing brains. Early neurological
insults can change the course of learning and the availability of systems to learn
new skills.

The essential question in the adult neuropsychological assessment is location of
the lesion, and secondarily, the type of lesion or disorder. In children, there is often
no focal lesion, but rather a disruption of overall brain development, typically affect-
ing multiple neurobehavioral systems. Thus, the critical concepts for understanding
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neurobehavioral processes in children are: what processes are disrupted (e.g., cell
migration, myelination), when were these processes were disrupted, when is the child
assessed, and lastly, where is the lesion. The impact of atypical brain development in
children is affected by timing, chronicity, prior development, and development not
yet completed at time of insult. In children, development is not a linear process.
Rather there are critical periods that involve rapid development of skills and simul-
taneously great periods of vulnerability.

CHALLENGES FOR THE CONCEPTUALIZATION AND DESCRIPTION
OF VARIOUS CONDITIONS

The term delay signifies slower than expected development in one or more domains
of behavior. While it does not imply cause, it carries the assumption (often incor-
rectly to parents) that the child will eventually catch up. Thus, use of the term
‘‘developmental delay’’ interchangeably with mental retardation in young children
can be problematic and misleading. The term deficit refers to an absence of, or a sig-
nificantly impaired performance, and should only be applied to children when refer-
enced in comparison to clearly defined expectations for age. It usually implies that
the child will remain significantly impaired in relation to peers in the identified area;
in some cases, however, improvement in skill can be observed, especially in indivi-
duals in which the assessment was completed shortly postinsult (e.g., infection,
trauma). Deviant behavior does not typically occur in the repertoire of normal chil-
dren (e.g., self-injury, stereotypies), and is considered abnormal across settings and
times. While some deviant behavior may improve (e.g., post-trauma), in other cases
improvement is not expected. Parents and physicians often have concerns with
regression or decline in functioning. In these instances, a neuropsychologist can pro-
vide objective information to differentiate a decline in relative standing to peers vs. a
true loss of skill; done by comparing a child’s raw score performance on one or more
standardized tests to his=her score raw performance on the same tests at a later point
in time. Failure to keep pace in skill acquisition in relation to peers is commonly
observed in children with neurological disorders and is generally associated with
increased environmental demands.

STEPS IN THE ASSESSMENT PROCESS

Step 1: Review of History. The medical history is essential to determine whether
the lesion is static or unstable. Conditions such as cerebral palsy or Fragile X syn-
drome imply static neurological conditions, such that the underlying biologic pro-
blem causing the cognitive deficit is presumed to be stable, even if the functional
outcome (based on interaction with the demands of the child’s life) changes. Disor-
ders considered to be potentially unstable (e.g., epilepsy, hydrocephalus) require clo-
ser or more frequent follow up and neuropsychological management. Conditions
such as congenital HIV or neurodegenerative disorders can show true decline and
loss of skill over time, while others such as traumatic brain injury are expected to
show initial improvement in functioning. Multiple psychological assessments (espe-
cially IQ testing) can raise concerns about practice effects. Similarly, the presence of
sensory and=or motor impairments can negatively impact test administration and
results.
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Step 2: Development of a Flexible Assessment Plan. Observation of how tasks
are completed is essential in order to uncover the source of the problem and to
consider implications for brain development and treatment. Early insults often lead
to alternative neural pathways that can assume the affected function. The formula-
tion of alternative pathways affects not only the target function, but also those for
which the compensating structures were originally intended. The neuropsychologist
can provide observations both on the adequacy of the product and how the child
goes about accomplishing the task. Depending on the purpose and type of assess-
ment, the consulting neuropsychologist can devise a flexible assessment battery that
efficiently reviews each relevant neurobehavioral domain (Table 2).

Step 3: Interpretation. The neuropsychologist interprets findings in a way that
has maximal impact for the treatment team, keeping in mind the specific referral
question, and the framework of long-term behavioral support. Patterns of observa-
tions and test scores in children are interpreted with regard to what is known about

Table 2 Types of Pediatric Neuropsychological Assessment

Type Format When used Purpose

Baseline Broad-based,
comprehensive

Early in life, infancy=
preschool; immediately
after identification of
neurological condition

Establish general
approach and
context for
intervention;
document initial
functioning for
planned future
follow up

Planned
follow up

Broad-based,
comprehensive

Annually in preschool
years; every 1–2 years
during elementary school;
prior to known academic
or life stress points

Document
changing needs
associated with
early neurological
disorder; proactively
assess needs prior to
known times of
increased academic
and life skill demand

Screening Brief, but
covering major
neurobehavi-
oral domains;
15–20min

With at risk populations;
in schools with all
students; inmedical clinic
appointments

Briefly and efficiently
document need for
more comprehensive
cognitive assessment;
provide brief, frequent
documentation of
progress following
comprehensive
assessments

Problem
focused

Focused on
neurobehavi-
oral domain of
interest

Pre- and postmedical
surgical or behavioral
intervention

Document response to
intervention;
document
askills=deficits present
prior to intervention
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the individual’s brain development to date and the presence of potentially interfering
behaviors (e.g., motor overflow, stimulus bound behavior) that impact test perfor-
mance. Observed test scores should be considered only estimates of constructs
(e.g., memory), and a variety of factors can reduce their accuracy. Attention pro-
blems can be observed secondary to a neurological disease or in the context of fati-
gue related to motor dysfunction. Atypical behaviors (e.g., stereotypies, self-injury,
or compulsive behaviors observed in autism) can also interfere with the child’s pro-
duction of responses, and can lower test scores (relative to presumed ability). If the
child’s condition is considered static, statements can be provided about the child’s
trajectory relative to peers and discussion of prognosis. If the child’s condition is
unstable, statements can be made about cognitive stability and the need for addi-
tional intervention. Longitudinal data are often required.

Step 4: Recommendations. After providing recommendations for the child’s
current situation, the neuropsychologist should be able to make recommendations
on what is expected over the next several years using his=her understanding of the
child’s current brain functioning. Additionally, information on long-term prognosis
can be provided based on knowledge of upcoming environmental challenges. Specific
recommendations for the home environment can include those regarding the need
for supervision and independence. Recommendations for school made at the start
of elementary classes often need to be amended around fourth grade (to take into
account the increased reading and writing demands of the daily school schedule),
and again around sixth grade as the emphasis on organization and self-study skills
increases. Results of neuropsychological testing can be used to determine the inten-
sity of special education services (especially the need for extended school year), and
to define the need for pharmacotherapy, family respite, and appropriate leisure activ-
ities. Often, children with neurological disorders and associated cognitive problems
are eligible for special education services under the ‘‘Other Health Impaired’’
category.

SUMMARY

Children with neurological disorders have dynamic cognitive and behavioral profiles,
calling for flexible management. Frequently, these children have longstanding dis-
abilities, requiring interdisciplinary and multidisciplinary approaches for assessment
and intervention. While many of these children have considerable impairments, a
thorough neuropsychological assessment can be helpful in pinpointing strengths
and weaknesses and planning appropriate interventions. While many individuals
have static ‘‘lesions,’’ the impact of the CNS impairment can change throughout
the child’s life. A developmental framework to neuropsychological assessment is
essential, and the pediatric neuropsychologist should be considered an important
part of the child’s interdisciplinary treatment team.
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Autism Spectrum Disorders

Andrew W. Zimmerman
Kennedy Krieger Institute, Baltimore, Maryland, U.S.A.

INTRODUCTION

Autism spectrum disorders (ASDs) are common heterogeneous neurobehavioral
syndromes that result from abnormal neural development and present before 3 years
of age. Known etiologies are detectable in up to 10% of patients, although the causes
in most children are still unknown. Children typically present with the triad of
delayed or disordered language development, abnormal social relatedness, and repe-
titive odd behaviors. Autistic symptoms and cognitive deficits vary widely among
patients in their age of onset, severity, and clinical course. Regression in previously
acquired language and social skills occurs in approximately 30%, usually between 18
and 24 months. ‘‘Classic’’ or Kanner-type autism is grouped with other ASDs (or
pervasive developmental disorders, PDDs, in DSM-IV), including Asperger
syndrome and PDD=NOS (not otherwise specified). Childhood disintegrative
disorder and Rett syndrome are related disorders that also have autistic symptoms.

Idiopathic autism is genetic; concordance for the broad autism spectrum in
monozygotic twins is 90% and in dizygotic twins is 10%. The recurrence risk for a
family with one child with autism is up to 9%. The disorders typically affect boys
more than girls (4:1) and occur in all cultural and racial groups. The estimated
incidence of ASDs is 1:250–1:500, and their prevalence appears to be increasing.
However, this may result in part from broader definition and improved recognition
of symptoms in recent years.

Neuropathological findings in autism postmortem brain tissue include altered
neuronal populations in the limbic system, decreased Purkinje cells, altered cortical
minicolumns, increased white matter and neuroglial activation. Most of the findings
are consistent with abnormal developmental programs of prenatal onset. These
altered programs could result in observations of altered neuropeptides at birth,
accelerated brain growth during infancy and increased platelet serotonin. In addition
to genetic influences, epigenetic and environmental factors may affect selectively vul-
nerable networks through multiple mechanisms. Several neurobiological processes
have been implicated in the pathogenesis of autism, including abnormal neurotrans-
mitters, experience-dependent synaptic plasticity, glutamate excitotoxicity, and
neuroimmune mechanisms.
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DIAGNOSIS AND EVALUATION (FIG. 1)

Initial detection and screening for ASDs take place through primary care practi-
tioners, referral from infant and early childhood development programs, and thera-
pists. Early detection is important because early intensive intervention improves
outcomes for most children. An effective screening tool for autism is the Modified
Checklist for Autism in Toddlers (M-CHAT). Clinical indictors for a more struc-
tured evaluation include: failure to point at objects with the intent to get another’s
attention (normally present at 12 months of age); impaired receptive and expressive
language [e.g., failure to use single words by 18 months; 2-word phrases by 2 years;
answer ‘‘what,’’ ‘‘where,’’ and ‘‘who’’ questions by 3 years; and the use of sustained
high-pitched sounds (‘‘eeeee’’) or echolalia]. An exception is Asperger syndrome, in
which semantics are usually spared. Early signs of abnormal social relatedness may
include difficulty engaging in ‘‘peek-a-boo’’ games, making and maintaining eye con-
tact, and showing reciprocal emotion. The child may be affectionate on his or her
own terms, or relate to older children and adults rather than peers. Children and
adults with ASDs lack ‘‘theory of mind’’: they are unable to perceive the thoughts
and feeling states of others. Repetitive and stereotyped behaviors may include an
insistence on ‘‘sameness’’ without apparent meaning, such as waving the hands
in the lateral visual fields, flapping the hands and ordering objects. Certain autistic
behaviors, such as covering the ears, scratching the skin and repeating visual
patterns, may result from abnormal neurophysiological processing of sensory
inputs.

Figure 1 Evaluation and treatment of autism (see text for abbreviations).
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A preliminary impression of ASD in preschool children, based on observation
and screening tests (e.g., M-CHAT or Childhood Autism Rating Scale, CARS),
should be followed by a coordinated team evaluation (physician, speech and lan-
guage pathologist and psychologist). The diagnosis is confirmed and further defined
using the Autism Diagnostic Observation Schedule (ADOS) or Autism Diagnostic
Interview-Revised (ADI-R), both of which are well standardized and are adminis-
tered by specially trained testers. Evaluations should also include assessments of cog-
nitive functions and adaptive skills. All children should have audiological, speech
and language (SLT) and occupational therapy (OT) evaluations. It is important to
rule out hearing loss using age-appropriate audiometric techniques or auditory
evoked responses (BAER) if necessary. Structured behavioral therapies (e.g., applied
behavioral analysis or ABA) should be considered for young children, with assisted
programming based on psychological and educational testing in school aged chil-
dren. Additional help with play or social skills groups may be needed.

The differential diagnosis of ASD includes over 100 known conditions (see par-
tial list in Table 1). Many of these include ‘‘double syndromes,’’ in which the pheno-
type of autism is associated with another disorder of known cause, such as tuberous
sclerosis, Down’s, and fragile X syndromes. It is important to note that ‘‘autism’’ by
itself, in most cases, will not have an identifiable cause. Identification of a specific
etiology can have important implications for prognosis and treatment, e.g., seizures
and mitochondrial dysfunction.

The medical and neurological evaluations of ASD should include histories of the
pre- and perinatal periods, early development, infections, gastrointestinal and immune
functions, and seizures. The family history may reveal conditions concurrent with
autism (Table 1) or elements of ASDs (such as difficulties with social or pragmatic
language skills). The physical examination, often a challenge to perform, should be
comprehensive as well as include direct observation of the child’s communication
and play behaviors, evaluation of receptive, expressive and social aspects of language,
measurements of growth, notation of dysmorphic features and Wood’s lamp exam.

LABORATORY TESTING

The extent of required laboratory testing in children with autism is uncertain, ran-
ging from no studies to a comprehensive evaluation. In the author’s opinion basic

Table 1 Conditions That May Be Concurrent with Autism Spectrum Disorders

1. Congenital hearing loss
2. Developmental language disorder
3. Genetic disorders: Down, Rett, fragile X, Williams syndromes
4. Phakomatoses: tuberous sclerosis, neurofibromatosis
5. Metabolic disorders: glutaric aciduria, phenylketonuria, mitochondrial disorders
6. Congenital infections: rubella, toxoplasmosis, cytomegalovirus
7. Seizures; generalized tonic clonic; Landau–Kleffner variant
8. Autoimmune disorders
9. Macrocephaly: familial megalencephaly, hydrocephalus
10. Movement disorders: Tourette syndrome, Sydenham chorea
11. Obsessive compulsive disorder
12. Bipolar disorder
13. ADHD
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laboratory studies for children with ASDs should include complete blood count,
serum chemistries (including AST=ALT and CK), red blood cell lead and thyroid
function. Marginal or low hemoglobin levels occur frequently, especially in children
with restricted food preferences. Genetic testing should include a karyotype, subte-
lomere screening by fluorescence in situ hybridization (FISH), and fragile X by
DNA (in girls as well as boys).

If there has been regression of language and=or other skills, further testing of
mitochondrial function is indicated, including fasting lactic acid, plasma amino and
urinary organic acids. The ratio of alanine:lysine should normally be less than 3:1.
An overnight or extended EEG study including deep natural sleep is also suggested
to evaluate for seizure activity (atypical Landau–Kleffner syndrome). Other tests
may be indicated for specific syndromes, such as 7-dehydrocholesterol for
Smith–Lemli–Opitz syndrome, FISH for velocardiofacial syndrome and Angelman
syndrome, transferrin electrophoresis for congenital disorders of glycosylation,
24 hr urinary uric acid for ‘‘purine autism,’’ and serum ammonia levels. Cranial
CT, SPECT, and MRI scans are generally not performed routinely, and should be
reserved for those with special indications based on the history and neurological
examination. Other imaging methods, such as PET, functional MRI and MR spec-
troscopy, are strictly research tools.

TREATMENT (FIG. 1)

Established therapies for autism should include individualized special school pro-
grams, speech and language and behavioral therapies in a setting that is coordinated,
structured and predictable, as well as containing visual supports and high degrees
of reinforcement. Beginning therapies early takes advantage of potential synaptic
plasticity. Although most children improve, an individual child’s trajectory for
improvement varies over time. Outcomes for independent functioning correlate
with attainment of functional language and adaptive skills by school age. Periodic,
regular assessments should include cognitive, social skills and educational testing,
in additional to SLT, OT, and occasionally physical therapy (PT).

Drug therapies for ASDs are symptomatic and chosen to improve short-term
functions and behaviors, e.g., improved attention or reduced aggression to enable
the child to remain in the classroom. There is no evidence to suggest that pharma-
cotherapy affects long-term outcomes. In individual cases, therapy targeted to the
treatment of concurrent medical disorders, such as mitochondrial dysfunction,
allergy, or hypothyroidism, can be beneficial. Children with gastrointestinal (GI)
symptoms (recurrent loose stools or constipation in 50%) may benefit from GI eva-
luation and elimination diets (e.g., gluten and casein free). Sleep is disordered in 60%
of ASD patients (more in young children), and abnormal REM arousals can be
observed in sleep studies. Treatment with melatonin (up to 3mg=day) or clonidine
at bedtime (0.025–0.1mg) may help to initiate—but not maintain—sleep, whereas
trazodone (25–75mg) may benefit both.

Anticonvulsants: EEGs following language regression or seizures may reinforce a
decision to treat with anticonvulsant medications, such as divalproex or
carbamazepine. Although guidelines for the evaluation, treatment, and prognosis
of children with abnormal EEGs (but without clinical seizures) have not been deter-
mined, experience suggests that approximately one-half of these patients will
improve in their behavior and language when treated with anticonvulsants. Such
improvements, however, likely result from the effect of these medications as mood
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stabilizers and suggest that epileptiform activity on EEGs reflects, rather than
causes, underlying CNS dysfunction.

Drugs for Attention: Although symptoms of attention deficit hyperactivity
disorder (ADHD)occur frequently, childrenwithASDs are less likely than typical chil-
dren with ADHD to respond favorably to stimulant medications. Children with ASDs
overfocus and have selective attention. Brief medication trials with stimulants (such as
methylphenidate) are indicated, but may lead to irritability and increased hyperactiv-
ity. Clonidine, guanfacine, imipramine, or atomoxetine are often good alternatives.

Selective Serotonin Reuptake Inhibitors (SSRIs): The SSRIs improve function in
the majority of children with ASDs. Multiple clinical and experimental studies over
30 years have shown that altered serotonin (increased in platelets; decreased trans-
port in CNS) is a critical component of ASDs in many patients and suggest that
treatment may improve outcome. Unfortunately, currently available clinical assays
of circulating serotonin are not useful to guide treatment. The SSRIs decrease anxi-
ety and repetitive behaviors, and improve attention and mood. Experience shows
that most children with ASDs have increased sensitivity to SSRIs and respond to
small doses: a small minority of children show decreased sensitivity and require high
doses. The author prefers to begin therapy with very small doses of citalopram (using
liquid preparations of 0.5–1mg daily, usually in the morning) and to increase weekly
by a similar amount, being cautious to avoid overstimulation as the dose increases.
This may occur when the dose exceeds the individual’s ‘‘therapeutic window,’’
usually in doses from 1 to 5mg in young children. Individual responses vary among
different SSRIs, so repeated trials of different medications may be needed, each over
2–3 months. Full therapeutic benefits may not become apparent for 6–8 weeks, and
may be superseded by side effects if the dose is increased too rapidly. Treatment
should continue for 6–12 months, then be tapered slowly over 6–8 weeks. Most
young children maintain their gains after the SSRI is discontinued, although loss
of function may dictate restoration of drug therapy.

Atypical Antipsychotics: Atypical antipsychotic medications are helpful for aggres-
sion and adverse behaviors in ASDs. Despite their demonstrated efficacy in short-
term trials, risperidone and related drugs deserve cautious follow up for side effects,
including extrapyramidal movements, weight gain, and hyperprolactinemia. Olanza-
pine and other atypical antipsychotics may induce diabetic changes that require glu-
cose monitoring.

SUMMARY

Methods and medications for the evaluation and treatment of ASDs are improving
rapidly, along with increased emphasis on basic science and clinical research.
Although optimal treatments await discoveries of the ultimate pathophysiologies
involved, thoughtful physicians, psychologists, and therapists can all contribute to
improving the lives of children with ASDs and their families.
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ADHD

Stewart Mostofsky
Kennedy Krieger Institute, Baltimore, Maryland, U.S.A.

INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is the most common developmental
disorder of childhood. It affects approximately 3–9% of schoolchildren and is one of
the more common reasons for pediatric neurology referral. Among the clinical spe-
cialists involved in the assessment and treatment of ADHD, the pediatric neurologist
is best trained to approach the evaluation based on his=her knowledge of the neuro-
logical basis of the disorder. The focus of this chapter will be to provide a review of
ADHD in which the diagnosis and treatment will be discussed in light of the current
understanding of the neuropathophysiology of ADHD.

CLINICAL FEATURES

ADHD is characterized by symptoms of hyperactivity, impulsivity, and a decreased
ability to maintain on-task behavior, particularly during nonpreferred tasks. Cur-
rently, the DSM IV includes three subtypes: ‘‘predominantly inattentive,’’ ‘‘predomi-
nantly hyperactive=impulsive,’’ and a combined type. By definition, signs must be
observed prior to age seven years. The forms can change over the lifespan; an indi-
vidual can have the hyperactive=impulsive type as a preschooler, the full syndrome
until middle school, and the inattentive type thereafter. Studies have found a higher
incidence of ADHD in males than females, with a ratio of approximately 3:1. Gen-
der-biased diagnostic criteria may, however, account for the size, if not the direction,
of the ratio, since girls more commonly present with the inattentive symptoms, which
are less likely to be identified as a problem in school, home, and social settings.

While ADHD was originally conceived of as a developmental disorder occur-
ring in childhood, it has become increasingly apparent that symptoms often persist
into adulthood. Thirty to seventy-five percent of individuals diagnosed with
ADHD in childhood continue to have symptoms into adult life. Furthermore, it
is not uncommon for patients to present during adulthood, despite a lifelong his-
tory of symptoms. ADHD is often associated with comorbid conditions such as
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oppositional defiant disorder, conduct disorder, anxiety disorders, mood disorders,
dyslexia, and other language-based learning disabilities.

PATHOBIOLOGY

The etiology of ADHD appears to be heterogeneous. Various adverse environmental
factors including infection, toxins such as lead and prenatal exposure to cigarettes or
alcohol have been associated with symptoms of ADHD. Genetic factors have also
been identified. Several genetic disorders have ADHD as part of the phenotype
and twin studies report a heredibility of approximately 0.75 for ADHD. Linkage
studies have implicated two dopaminergic system genes; the dopamine transporter
locus (DAT1) and the seven-repeat allele in the locus for the D4 dopamine receptor
gene (DRD4�7).

Current nomenclature stresses abnormalities of ‘‘attention’’ as being central to
ADHD. Neurologic models of attention emphasize posterior parietal ‘‘sensory’’
attentional systems important for stimulus detection, vigilance, disengagement and
shifting, and frontal-subcortical ‘‘motor’’ intentional systems important for initiating
and sustaining a response to a stimulus and inhibiting inappropriate responses. Most
researchers suggest that ADHD is fundamentally the result of a dysfunction within
frontal-subcortical intentional networks. In this model, the core symptoms of
ADHD are thought to be secondary to the abnormal selection of motor response
to stimuli (i.e., difficulty in preparing the response to, rather than attending to,
stimuli). The result is unresponsiveness to stimuli that should lead to action and
defective inhibition of responses to those that should not, with the latter contributing
to impulsive and hyperactive behavior. Neuropsychological findings of impairment
on response inhibition tasks, both skeletomotor and oculomotor, lend support to
this hypothesis.

Findings from functional imaging, lesion, and electrophysiology studies impli-
cate frontal-subcortical circuits in response inhibition. At its most basic level, premo-
tor circuits, including those originating in the supplementary motor area, are likely
critical for selection of motor responses, including inhibition, with prefrontal circuits
important for processing of cognitive and socioemotional information necessary to
guide response selection. Abnormalities within frontal regions and interconnected
subcortical regions—the basal ganglia and cerebellum—are consistent findings in
anatomic magnetic resonance imaging (MRI) studies of ADHD, and decreased
volume has been observed within both premotor and prefrontal regions, suggesting
that the clinical picture of ADHD encompasses dysfunctions that are attributable to
anomalous development of both premotor and prefrontal circuits. Findings from
neurologic and neuropsychologic studies also implicate abnormalities within both
premotor and prefrontal systems. Subtle motor abnormalities (e.g., slow speed
and excessive overflow movements) suggest dysfunction of motor=premotor circuits;
evidence of impaired prefrontal function includes difficulties with working memory
and planning, organizing, and generating strategies for future actions, often collec-
tively referred to as ‘‘executive functions.’’

Evidence from linkage analysis, metabolic imaging studies, and medication
effects strongly suggests that catecholamine dysregulation within frontal-subcortical
systems contributes to the pathophysiology of ADHD. PET studies have shown
increased dopamine transporter (DAT) density in adults with ADHD, but results
showing changes in [18F] F-DOPA studies have been inconsistent. The high response
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rate of ADHD symptoms to stimulant medications, which blocks catecholamine
reuptake and facilitates release of dopamine and norepinephrine, further supports
this hypothesis.

DIAGNOSIS AND EVALUATION

ADHD is diagnosed by the individual having a history that typically reveals pro-
blems with maintaining on-task behavior and impulsivity, associated inhibitory
insufficiencies, and difficulties with executive functions (planning, organizing, strate-
gizing). Multiple techniques should be used to obtain an accurate diagnosis and to
assess for the presence of comorbid diagnoses including clinical interviews and rating
scales=questionnaires. Diagnosis requires that difficulties be present in at least two
settings, so it is important that historical information be obtained from multiple
sources that should, at the very least, include parents and teachers. Available school
records and teacher observations should be reviewed, since they are an important
source of information. In children with the hyperactive=impulsive or combined
forms of the disorder, signs are typically recognizable at an early age and often
include behavioral as well as academic difficulties. In the inattentive form, signs
may not be evident until the child enters school and begins engaging in nonpreferred
activities that require a much greater ability to inhibit off-task behavior. With
persistent, focused questioning, however, the clinician can often find a history of
off-task behavior during the preschool years.

Past medical history should focus on developmental history, including history
of neurologic signs and conditions that can be associated with difficulty staying on-
task, such as seizures and tics. Birth history should be reviewed; low birth weight
has been found to be a risk factor for ADHD, although most children with ADHD
do not have a history of perinatal complications. Family history is often positive
for impulsivity and off-task behavior. Nevertheless, because the formal diagnosis
of ADHD has existed only since 1980, a history of diagnosed ADHD in family
members born before 1970 is somewhat uncommon. Inattentiveness and off-task
behavior can be presenting signs of neurodegenerative disorders (adrenal leuko-
dystrophy, neuronal ceroid-lipofuscinosis) or be seen in other medical conditions
including neurocutaneous disorders (neurofibromatosis type 1), endocrine
disorders (hypo- or hyperthyroidism) and toxic exposures (lead toxicity). Comor-
bid disorders (oppositional defiant disorder, conduct disorder, anxiety disorders,
mood disorders, and language-based learning disabilities) must also be considered
as part of the differential diagnoses, since each can result in inattentiveness or
cause a lack of task completion.

Particularly relevant signs on neurological examination are abnormalities on
motor examination including the presence of subtle motor signs and increased over-
flow movements. The latter includes feet-to-hand overflow observed during stressed
gait maneuvers such as heel and toe walking and mirror and proximal overflow
movements observed during rapid sequential movements of the hands and feet
(e.g., toe tapping, hand pronation=supination, finger sequencing). Children with
ADHD also show excessive motor impersistence, motor slowing, and impaired
performance on tasks of motor response inhibition. Abnormal findings on
neuropsychological evaluation include changes on computerized continuous perfor-
mance tests, tests of ‘‘cognitive’’ inhibition (e.g., Stroop interference test), and
measures of more complex aspects of executive function including organization=
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planning and working memory are important for assessing subtle but long-lasting
aspects of the disorder.

THERAPEUTIC INTERVENTIONS

The approach to the treatment of children presenting with ADHD is multimodal,
involving the use of behavior modification techniques to improve on-task per-
formance maintenance, the use of academic accommodations to help create an
academic environment in which the child is better able to learn, and the use of
medications.

Behavior modification utilizes techniques of operant conditioning, stressing
positive reinforcement to alter behavior. It is optimal to have a behavioral psychol-
ogist involved who would work not only with the child, but also with the parents,
teachers, and other supervisory adults. Consistency is extremely important, and
the psychologist can help in establishing a coordinated program in which caregivers
provide defined responses to both positive and negative behavior. For children with
ADHD, it is important that consequences be immediate and consistent and that
praise and reward for good behavior and performance be emphasized. These
approaches are particularly critical when ADHD is comorbid with oppositional defi-
ant disorder and=or conduct disorder.

Academic accommodations are important for providing a child with ADHD a
school setting in which maximum learning can take place. Teachers should attempt
to provide as much structure and routine as possible. Classrooms should be small in
size and the child should be given preferential seating towards the front of the class.
Frequent changes of teachers during the day should be avoided. Given the known
difficulties with motor speed and response preparation, untimed tests are an essential
accommodation as is limiting the length of homework assignments. Attempts should
also be made at helping to provide organization by using a combination of techni-
ques including keeping an extra set of textbooks at home and using a daily assign-
ment notebook (or school website) that allows the teacher to communicate
directly with parents regarding homework assignments.

The use of medications is the most well known and most controversial aspect
of treatment in ADHD (Table 1). Stimulant medications, including methylphenidate
(Ritalin, Concerta, Metadate) and amphetamine preparations (Dexadrine and
Adderall), are highly effective with response rates estimated at 70%. The stimulants
are thought to affect dopaminergic or noradrenergic systems within frontal-
subcortical circuits, enhancing inhibitory control systems and potentiating delays
between stimuli and responses, reducing impulsive and off-task behavior. Contro-
versy emerges from the fact that although a multimodal approach to ADHD is
recommended, it is the highly publicized stimulant therapy that is frequently the first
and sole treatment. Further, since typically-developing children administered stimu-
lant medications may show improved performance on continuous performance
tasks, there are concerns that stimulants are being prescribed to make perfectly
acceptable students into even better ones (‘‘cosmetic’’ use). Side effects may include
insomnia, appetite suppression, and possibly transient tics (see chapter on Tourette
syndrome). If stimulants are not effective or cause unmanageable side effects, several
alternative medications can be considered, although none are nearly as efficacious
as the stimulants. Tricyclic antidepressants, which are nonselective monoamine
reuptake inhibitors, can be helpful, particularly in individuals with comorbid anxi-
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Table 1 Medications Used for the Treatment of ADHD

Medication

Dose

(mg=kg=day)a
Daily

schedule Common side effects

Stimulants

Amphetamine 0.3–1.5 Common to all stimulants:

Short acting

(Dexedrine tablets)

Two or

three

times

Insomnia

Appetite suppression

Intermediate acting

(Adderall, Dexedrine

spansules)

Once or

twice

Tic exacerbation

Depression, anxiety

Long acting

(Adderall-XR)

Once Preparation-specific:

Reboundphenomena (more

common with short-acting

preparations)

Hepatitis (pemoline only)

Methylphenidate 0.5–2.0

Short acting (Ritalin,

metadate)

Two to

four times

Long acting

(Concerta, Ritalin

SR,Ritalin LA,

Metadate CD,

Metadate ER)

Once

Pemoline (Cylert) 1.0–3.0 Once

Selective Norepinephrine

Reuptake Inhibitors

Atomoxetine

(Strattera)

0.5–1.4 Once or

twice

Abdominal pain

nausea=vomiting

constipation

dry mouth

appetite suppression

fatigue

Antidepressants

Tricyclic Antipressants 2.0–5.0 for Once or Dry mouth

(TCAs)b (e.g., imipramine twice Constipation

imipramine,

nortryptiline)

1.0–3.0 for

nortryptiline

Weight change

EKG changes

Bupropion 1.0–6.0 Irritability, insomnia

Short acting

(Wellbutrin)

Three times Lower seizure threshold

Long acting

(Wellbutrin SR)

Once Contraindicated in bulimia

Antihypertensives

Clonidine

(Catapress)

3–10 Two to

four times

Sedation (less with guanfacine)

Dry mouth Depression

Guanfacine

(Tenex)

30–100 Two Hypotension (including

orthostatic) and associated

symptoms of lightheadedness,

dizziness

a Recommended doses by weight (mg=kg=day) serve only as a guide. Optimal dose varies across patients

and several medications have maximum doses recommended by the manufacturer. For all medications,

slow titration is recommended to achieve a dose that provides maximal benefit with minimal side effects.
b Monitoring of blood levels can be useful in guiding TCA dosing.
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ety; however, these have fallen somewhat out of favor due to the known, but uncom-
mon, side effect of cardiac toxicity. More recently, atomoxetine, a specific norepi-
nephrine reuptake inhibitor, has been found to be effective. Antihypertensive
medications (alpha-2 antagonists), clonidine and guanfacine, may help in reducing
impulsive and hyperactive behavior, but can be sedating. Bupropion has also
recently been reported to be effective in decreasing symptoms=signs of impulsivity
and off-task behavior, particularly in individuals with comorbid depression. Therapy
for comorbid conditions including anxiety, depression, and conduct disorder are dis-
cussed in separate chapters.

SUMMARY

ADHD is a highly prevalent developmental disorder that is one of the more common
reasons for pediatric neurology referral. Evidence from neuroimaging and neuropsy-
chological studies suggests that the excessive impulsivity, hyperactivity, and offtask
behaviors that characterize ADHD are secondary to impaired response inhibition
associated with anomalous development within frontal-subcortical circuits. Compre-
hensive history is necessary for diagnosis as well as to assess for comorbid and differ-
ential diagnoses, many of which are one and the same. While not diagnostic,
neurologic and neuropsychologic examinations are important for assessing often
observed motor and cognitive signs reflecting dysfunction within motor, premotor,
and prefrontal circuits. Treatment is multimodal and targeted at addressing the pri-
mary behavioral symptoms of ADHD as well as motor and executive deficits that
can affect school performance.

SUGGESTED READINGS

1. Barkley RA. Behavioral inhibition, sustained attention, and executive functions:
constructing a unifying theory of ADHD. Psychol Bull 1997; 121:65.

2. Denckla MB. ADHD: topic update. Brain Dev 2003; 25:383–389.
3. Durston S. A review of the biological bases of ADHD: what have we learned from

imaging studies? Mental Retardation Dev Disabilities Res Rev 2003; 9:184–195
4. Jensen PS, Hinshaw SP, Swanson JM, Greenhill LL, Conners CK, Eugene AL et al. Find-

ings from the NIMH Multimodal Treatment Study of ADHD (MTA): implications and
applications for primary care providers. J Dev Behav Pediatr 2001; 22:60–73.

5. Rowland AS, Lesesne CA, Abramowitz AJ. The Epidemiology of attention-deficit=
hyperactivity disorder (ADHD): a public health view. Mental Retardation Dev
Disabilities Res Rev 2002; 8:162–170.

6. Solanto MV. Dopamine dysfunction in AD=HD: integrating clinical and basic
neuroscience research. Behav Brain Res 2002; 130:65–71.

7. Wilens TE, Biederman J, Spencer TJ. Attention deficit=hyperactivity disorder across the
lifespan. Ann Rev Med 2002; 53:113–131.

8. Mostutsky SH, Newsehaffer CJ, Derekla MB. Oveflow movements predict impaired
response inhibition in children with ADHD. Perceptual and Motor skills 2003; 97:
1315–1331.

500 Mostofsky



73
Anxiety Disorders in Children

Julie Newman Kingery and John T. Walkup
Division of Child and Adolescent Psychiatry, Johns Hopkins University School
of Medicine, Baltimore, Maryland, U.S.A.

INTRODUCTION

It is common for children to experience fears and worries. There is cause for concern,
however, when anxiety leads to excessive distress, avoidance behavior, or the need
for constant reassurance. Early detection and intervention are crucial, as anxiety
can be very responsive to both psychological and pharmacological treatment.
Anxiety disorders in children have a prevalence rate of 5–18% and can present with
physical complaints suggesting underlying medical or neurological disorders.
Anxiety disorders can also complicate the presentation of neurological problems
and if unrecognized, can negatively impact treatment outcome.

ETIOLOGY

Both genetic and environmental factors are implicated in the etiology of anxiety
disorders. An increased concordance for anxiety in monozygotic as compared to
dizygotic twins suggests a direct genetic contribution. Additionally, genetic effects
on temperament and cognitive style may put children at risk for an anxiety disorder.
Environmental factors, such as stressful life events and the family environment (e.g.,
overprotective parenting style), have also been implicated. Neuroanatomically, the
amygdala appears to be the central location for the fear and anxiety circuitry. Based
on the beneficial effects of antidepressants and benzodiazepines, various
neurotransmitters, including serotonin, norepinephrine and gamma-amino butyric
acid, have been suggested to have a role in the pathophysiology of anxiety disorders.

DIAGNOSIS AND CLINICAL FEATURES

Children with anxiety disorders experience distress associated with anxiety, fear, or
worry, avoid situations that provoke anxiety, seek reassurance in their interactions
with adults. There are currently nine different anxiety disorders that are diagnosed
in childhood: separation anxiety disorder (SAD); specific phobia (SP); social phobia
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(SoP); agoraphobia; obsessive-compulsive disorder (OCD); generalized anxiety
disorder (GAD); panic disorder; post-traumatic stress disorder (PTSD); and acute
stress disorder. Since differentiating each of these disorders is essential for diagnosis
and treatment, the various types will be discussed in more detail.

Specific Phobia

Simple and short-lived fears are developmentally normal in children. Children and
adolescents who have a marked, persistent (>6 months) and impairing fear of a par-
ticular object or situation (e.g., flying, heights, darkness, loud noises including
thunder, insects, dogs and other small animals, blood or injections) are diagnosed
with SP. Specific phobias can lead to avoidance behavior out of proportion to the
potential for encountering the feared situation (e.g., not going outside in the winter
because of a fear of bees) and can lead children to excessive reassurance seeking from
their parents. Upwards of 70% of children with a specific phobia will have another
anxiety disorder. The average age of onset of SP is between 7 and 8 years, with
a peak between the ages of 10 and 13. If untreated, some SPs will persist into
adulthood.

Separation Anxiety Disorder

Children with SAD experience a pattern of inter-related symptoms—distress when
separation from home or attachment figures is anticipated or occurs, avoidance of
situations that may result in separation from a major attachment figure, and reassur-
ance seeking by maintaining physical or psychological proximity. Children with SAD
experience an overwhelming fear of losing or becoming separated from major attach-
ment figures through catastrophic means (e.g., fears of being kidnapped from bed or
that a parent will die in an accident). These concerns are particularly intense when
leaving home for school, going to a friend’s house, attending after school activities,
and going to summer camp or sleepovers. This intense fear of separation may lead
children to avoid out of home activities altogether. Desperate means to seek reassur-
ance are often pursued (e.g., begging not to be separated, arguing, temper tantrums,
sleeping in the caretaker’s bedroom, following the parent around the house). Chil-
dren with SAD often voice a variety of physical complaints (e.g., stomachaches,
headaches, nausea, fear of vomiting) when separation from a caregiver occurs or
is anticipated. These children may be inattentive and restless in the classroom,
frequently being misdiagnosed with the inattentive subtype of attention deficit
hyperactivity disorder (ADHD). The peak age of onset is between 7 and 9 years.
Girls are more likely than boys to experience SAD.

Social Phobia

Children with SoP are excessively shy and fearful of embarrassment in one or more
social or performance situations. Children with SoP either avoid or endure social
situations with extreme distress, including speaking or reading aloud in class, asking
or answering questions, and joining group activities. At home and when comforta-
ble, children with SoP are capable of normal interpersonal interactions, but may
avoid answering the door or the phone, having peers visit, or ordering their own
food when out with the family at a restaurant. Children and adolescents with SoP
may voice complaints about attending school or they may completely refuse to
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attend school related to fear that they will be do something to embarrass themselves
(e.g., fears of being teased by peers or called on by a teacher in class, concerns about
appearance). Physical complaints (e.g., headaches, stomachaches) are common when
facing embarrassing situations. Similar to SP, children and adolescents with SoP
often express their anxiety through crying, tantrums, freezing, or shirking away from
social situations. The average age of onset is between 11 and 12 years.

Generalized Anxiety Disorder

Children with GAD experience excessive distress about a number of events and
activities, including academic challenges, extracurricular activities, and peer relation-
ships. This worry or apprehension usually occurs despite the fact that there is no rea-
sonable cause for concern. For example, they are earning good grades, but worry
about failure at school. These children also have unrealistic and extreme worries
about future events (e.g., an upcoming vacation, the start of school, changes in
family routines) and adult-like concerns about issues such as family finances or
the birth of a new baby. They frequently request, but are not relieved by reassurance.
In contrast to children with SP who have fears of specific stimuli or situations, the
fears of children and adolescents with GAD are both more general and global.
The frequency of worries held by children with GAD ranges from several times
per week to nearly constant worrying. Although it is developmentally normal for
children to occasionally worry about low-frequency events, children with GAD do
not seem to recognize that these events are unlikely to actually occur. The GAD
symptoms are more common in older children (ages 12–19) than in younger children
(ages 5–11).

Panic Disorder

Panic attacks are characterized by an abrupt onset of intense anxiety that peaks and
then subsides over approximately 15–20minutes. Symptoms during an attack
include shortness of breath (dyspnea), chest tightness, fears of dying or losing con-
trol, shaking, palpitations, and dizziness. Children describe their symptoms in more
concrete terms (e.g., a fear of suddenly becoming sick, vomiting, or chest pain).
Panic attacks may be spontaneous or situationally cued (e.g., seeing a dog triggers
a panic attack). Spontaneous panic attacks are rare in childhood and more common
in late adolescence. Situationally cued attacks are more common in children than
spontaneous attacks. Panic disorder is characterized by the occurrence of at least
one spontaneous panic attack followed by a minimum of 1 month of a persistent fear
of experiencing future attacks or significant avoidance behavior. Although panic
attacks are physically uncomfortable, they are usually not disabling in and of them-
selves. Persistent fear of having a subsequent panic attack may actually be more dis-
abling than the attack itself. Following a panic attack, an individual may falsely
assume that an environmental factor caused the attack leading to avoidance of cer-
tain settings (e.g., malls, movie theaters). Although this disorder can be diagnosed
in children, the typical onset occurs in late adolescence.

Post-traumatic Stress Disorder

Acute stress disorder (ASD) occurs when a child or adolescent is directly exposed to
a significant traumatic event (e.g., physical injury, natural disaster, witness of a car
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accident), and for a limited time subsequent to the event has problems with
re-experiencing the event and increased autonomic arousal as described below. Chil-
dren with PTSD continue to be symptomatic longer than expected (>than 1month).
They re-experience the traumatic event in at least one of the following ways: intrusive
thoughts, nightmares, and distress or physiological reactivity when exposed to cues
related to the event. Stimuli associated with the trauma are avoided, and persistent
symptoms of arousal occur (e.g., difficulty falling asleep, tension, exaggerated startle
response). Generally, the more extensive the exposure to the traumatic event, the
more PTSD symptoms a child is likely to experience.

Other Anxiety Disorders

Other anxiety disorders seen in childhood include agoraphobia (the fear of being in
situations from which escape may be difficult or embarrassing, or in which help is
not readily available in the event of a panic attack), and OCD.

Common Clinical Features

Children are more likely than adults to express their anxiety in the form of physical
complaints. The somatic complaints that are common across all of the anxiety dis-
orders fall into the following categories: head related (e.g., headaches, feeling dizzy
or lightheaded), chest and cardiac functioning (e.g., accelerated heart rate, difficulty
breathing, feeling of choking, chest pain or discomfort), abdomen (e.g., fear of
choking=gagging, nausea, stomachaches, vomiting, frequent urge to urinate or defe-
cate), sleep (e.g., difficulty falling asleep, restless sleep, nightmares), appetite (e.g.,
decreased appetite, picky eating or refusal to eat in front of others because of fear
of embarrassment), other body complaints (e.g., feeling easily fatigued, muscle ten-
sion, sweating, trembling or shaking, dry mouth, exaggerated startle response),
and mood or mental state (irritability, difficulty concentrating, feeling restless or
on edge, fear of losing control or getting sick=passing out, fear of dying). It is essen-
tial for neurologists to inquire about behavioral manifestations of anxiety in children
and adolescents (e.g., clinging to parent, refusal to attend school, refusal to sleep
alone or away from home, crying or having a tantrum when exposed to feared situa-
tion or stimulus, general avoidance of certain feared objects or situations). Addition-
ally, the physician should discuss with the youngster and his=her parents the extent
to which the above symptoms are interfering with the child or adolescent’s function-
ing (e.g., social, academic) or the normal family routine (e.g., attending social events,
parents leaving the home while children stay with a babysitter).

TREATMENT FOR ANXIETY DISORDERS

Psychotherapy

Cognitive-behavioral therapy (CBT) has received empirical support for the treat-
ment of anxiety disorders in children and adolescents. CBT is based on the assump-
tion that anxiety symptoms develop through behavioral and learning processes. To
reduce the symptoms of anxiety, children and adolescents are taught to recognize the
physiological responses of anxiety, implement specific relaxation skills, identify
maladaptive thought patterns and use more adaptive self-talk, and gradually face
anxiety-provoking situations by applying the skills learned in treatment.
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Involving parents in treatment is extremely important (e.g., to provide a weekly
update for the therapist and to assist the child with practicing new skills learned
in treatment).

Medication

The Food and Drug Administration (FDA) has approved the use of several different
psychotropic medications for treatment of anxiety disorders in adults (e.g., antide-
pressant and anxiolytic groups). Many of these medications have been used clinically
in children and adolescents, but only a few have FDA indications, including the
selective serotonin reuptake inhibitors (SSRIs)—fluvoxamine (�age 8 years for
OCD), sertraline (�age 6 for OCD); and the tricyclic antidepressants (TCAs)—
clomipraime (�age 10 for OCD). The SSRIs are currently the treatment of choice
for anxiety in children and adolescents based on superior efficacy and low side effect
profile. See Table 1 for a listing of medications that may be useful in treating anxiety.

Treatment duration necessary for remission of symptoms is likely greater than
one year. Some children are able to come off of medication and not require long-
term treatment.

Combination of Medication and Therapy

Research has not yet answered the question of which approach is the most effective
for the treatment of anxiety in children and adolescents. A multisite study sponsored

Table 1 Medications That May Be Useful for Anxiety Disorders in Children and
Adolescents

Generic name
Trade
name

FDA indication
for< 18 years

Starting dosea

(mg=day)

Smallest
effective
doseb

(mg=day)

Highest safe
dosec

(mg=day)

Sertraline Zoloft
�

OCD to age 6 25 25–50 150–200
Fluoxetine Prozac

�

OCD to age 7;
depression to age 7

5–10 10–20 20–40

Fluvoxamine Luvox
�

OCD to age 8 25 25–50 150–200

Paroxetine Paxil
�

None 10 10–30 40–60
Citalopram Celexa

�
None 10 10–30 40–60

Venlafaxine Effexor
�

and
Effexor XR

�
None 25–37.5 50–100 150–225

Nefazadone Serzone
�

None 50 100–200 300–600
Escitalopram Lexapro

�

None 5–10 10 20
Mirtazapine Remeron

�

None 15 30 30–45

a Starting dose refers to a reasonable dose for initiating treatment. Smaller or larger doses are possible.
b Smallest effective dose is the smallest dose that might be beneficial. Some will require higher doses, but it

is unlikely that lower doses will be effective.
c Highest safe dose is the highest dose that is commonly tolerated. Higher doses may not be more effective

and may be likely to be associated with more side effects.

This chart is not intended to be used as a guide for treatment of anxious youth. Effective treatment

requires a comprehensive evaluation and a treatment plan tailored to a patient’s individual needs.
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by the National Institutes of Mental Health is currently examining the efficacy of
CBT, medication, and the combination of these two treatments in comparison to pill
placebo over a 12-week treatment trial. Long-term benefits of the active treatment
conditions are also being assessed. Results of this clinical trial will help to answer
the question of which treatment is the most effective for stopping the progress of
anxiety in children and adolescents.

SUMMARY

Anxiety disorders are arguably the most common psychiatric disorder in childhood.
Although the anxiety disorders have many different symptom patterns, all anxiety
disorders include an anxious target symptom (e.g., separation, humiliation, etc.),
avoidance behavior and reassurance seeking that can be significantly distressing
and impairing. Despite the prevalence of these disorders, they are often not diag-
nosed and more often not treated effectively. Treatment can be extremely helpful
in reducing symptoms and improving function. If left untreated, anxiety disorders
can complicate the presentation of neurological disorders and have a negative impact
on treatment outcome.
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Mood Disorders in Children

Helen E. Courvoisie
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INTRODUCTION

Major depression disorder (MDD), a common psychiatric disorder, is characterized
by a depressed mood, anhedonia, hopelessness, sleep and weight problems, suicidal
thoughts and actions, a depressed appearance, and somatic complaints. Depression
is both an inability to regulate emotion and a persistence of negative affect. The
MDD is traditionally considered to be an episodic disorder, but in youth it often
manifests as a disease with protracted periods of illness and with a chronic pattern.

Depression, a treatable illness, occurs in 1–5% of children and 15% of adoles-
cents. Children with depression are vulnerable to the development of other psychia-
tric disorders including bipolar disorder, anxiety, behavioral problems, and substance
abuse. Youth with major depression are at increased risk for suicide, early pregnancy,
poor academic performance, and impaired psychosocial functioning. There is
evidence that this social impairment can continue beyond the episode of depression.
Depression has been shown to complicate the treatment and outcome of neurologic
illnesses.

ETIOLOGY

Genetic and Psychosocial Factors

Twin studies have shown that there is a markedly higher rate of mood disorders
found in the general population, with a significantly higher monozygotic than dizy-
gotic psychiatric concordance. A family history of mood disorders in parents is asso-
ciated with a high incidence of mood disorder in their children. Children of parents
with MDD exhibit a lifetime risk of developing a mood disorder ranging from 15%
to 45%. A high incidence of depression in family members predicts earlier onset of
MDD and recurrence in prepubertal-onset MDD.

There are numerous factors associated with the onset, duration, and recurrence
of MDD. These factors include demographic factors such as age and gender; familial
determinates such as parental psychopathology; history of early onset mood disor-
ders; psychopathologic factors, such as pre-existing diagnoses and subsyndromal
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depressive symptoms; and psychosocial causes, such as stressful life events. Prelimin-
ary evidence suggests that MDD may be increasing in the pediatric population in a
cohort fashion with psychosocial factors associated with this increase. There is a
small body of literature that indicates that juvenile affective disorders are associated
with neurodevelopmental delays.

DIAGNOSTIC AND CLINICAL FEATURES

Depression

Childhood depression is thought to be continuous with adult depression, exhibiting
the same symptom profile. Children exhibit their symptoms at their developmental
stage (e.g., lack of interest in studies or play vs. decreased ability to work in adults).
Children have shown higher rates of hallucinations than any other age group. The
development of delusions is more commonly seen in adolescents. Physical
complaints such as headaches and abdominal pain are a part of symptom presenta-
tion in 100% of depressed preschool children.

The onset of depression is often gradual, with changes in personality such as
depressed mood, irritability, and anhedonia, being noted months to years later. Fre-
quent episodes are seen in children associated with increasing severity that lead to
fewer recoveries, longer episodes, and an increased rate of recurrence. Chronic wax-
ing and waning of depressive symptoms are common and, when remission of MDD
occurs, relapse rates are relatively high (40–50%). Rates of remission are low in
untreated samples (35%). When depressive episodes last at least 2 years, children
and adolescents have significantly higher rates of suicidal ideation, attempts, and
lethality than those with depressions of shorter duration.

Rates of comorbidity of MDD in children and adolescents are similar to rates
in adults. The most common comorbid diagnoses are separation anxiety disorder
in children and generalized anxiety disorder in adolescents. Dysthymic disorder
coexists with MDD in approximately 30% of youngsters.

There is a pronounced gender effect with a prevalence of depression being
roughly equal in boys and girls in early adolescence, but by age 14, the incidence
of MDD in girls rapidly begins to exceed that for boys. Many, if not most, depressed
adolescents suffer from more than one disorder, more commonly externalizing in
boys and internalizing in girls.

The MDD can present with psychotic features, with auditory hallucinations
more prominent in children and delusions being more common in adolescents. Of
those youth who suffer psychotic features, one-third of child patients will go on to
develop bipolar disorder.

Dysthymia

Dysthymia is defined as chronic low-level depression that does not meet all the cri-
teria for MDD. While the severity of dysthymia is not as great as with MDD, dys-
thymic disorder is characterized by a persistent and long-term depressed or irritable
mood with a mean episode duration of 3–4 years and a worse outcome than major
depression. These long-lasting depressive symptoms seem to be responsible for long-
term disabling consequences of social skill learning and psychosocial functioning.
There is a higher risk of relapse or development of major depression. Double depres-
sion (DD) refers to dysthymia plus a MDD episode. The first episode of major
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depression occurs 2–3 years after the onset of dysthymic disorder. Anxiety disorders
arecommonly comorbid with DD.

The goals of treatment for dysthymic disorder are resolution of the depressive
symptoms in order to reduce the risk of developing recurrent mood disorders, and
psychotherapy and psychoeducation to prevent the progression of the serious
sequelae.

Depression in Bipolar Disorder

A smaller number of children who present with depression, perhaps 1 in 200, go on
to develop bipolar affective disorder (BPAD), especially bipolar II (i.e., no manic or
mixed episodes) and cyclothymia (i.e., swings of mood to a lesser degree than bipolar
disorder). This switch to mania is often preceded by several episodes of depression.
The rate of bipolar outcome is threefold higher in childhood-onset depression than
in later onset and the presence of psychotic symptoms during a depressive episode
predicts bipolar outcome in 60% of child patients. Patients who switch polarity
usually do so approximately 4 years after onset of depression. The switch is most
likely to occur after two to four episodes of MDD. Children often exhibit a mixed
state of depression and mania (i.e., coexistence of depression with mania) or rapid
cycling of mood states (i.e., rapid switching from depression to mania). Children
appear to cycle faster than adolescents and adults, with some cycling several times
a day.

There is comorbidity present with BPD, with attention deficit-hyperactivity
disorder (ADHD) seen in 89% of affected individuals. Other comorbidities include
anxiety, oppositional defiant disorder, conduct disorder, and substance abuse.

There is increasing evidence that treatment with antidepressants and stimulants
may increase cycling or contribute to mixed states. Those children and adolescents
with BPD who have received prior antidepressants or stimulants were shown to have
an earlier diagnosis (10.7� 3.1 years) than those who were never exposed to these
medications (12.7� 4.3 years). Treatment with antidepressants for the depressed
component of the bipolar picture should be judicious with stabilization using mood
stabilizers before treatment with antidepressants.

Depression and Neurological Diseases

Depression is one of the most frequent psychiatric disorders found to be comorbid in
patients with neurologic diseases such as epilepsy, stroke, head trauma, and other
disorders. It is under-recognized and under-treated in neurology patients.

Depression is more common and more severe in patients with epilepsy than in
patients with other chronic medical or neurologic illnesses. The causes of depression
in epileptic patients include clinical factors, such as seizure type and frequency and
epilepsy duration, and psychosocial factors such as quality of life and life stressors.
There is some evidence that depression precedes the onset of epilepsy up to 6 times
more often than depression in normal controls. The phenomenology, clinical course,
or response to treatment do not appear to be different in youth with epilepsy
compared with depression in youths without epilepsy.

Genetic factors account for at least 50% of the variance in the transmission of
mood disorders in children with neurologic disorders. Family history of depression is
reported in about 50% of patients with epilepsy and depression. Twenty percent of
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children and adolescents with depression and epilepsy develop mania or hypomania
within 5 years after the onset of depression.

TREATMENT

Psychotherapy

The empirical literature on treating pediatric major depression is more supportive for
problem-specific psychotherapies than for medication management. Several
controlled trials have now shown that individual or group-administered cognitive-
behavioral psychotherapy (CBT) is an effective treatment for depressed children
and adolescents. A recent meta-analysis of 6 controlled CBT studies in depressed
adolescents yielded a reasonably robust overall post-treatment effect size.

The CBT is a time-limited, goal directed therapeutic technique, based on social
learning. It uses a blend of other psychotherapeutic techniques, many of which are
based on classical operant conditioning models. Social learning theory is based on
the assumption that a person’s environment, personal dispositional characteristics,
and situational behavior reciprocally determine each other and that behavior is an
evolving dynamic phenomenon. The negative cognitive triad characterizes depressive
behavior: self-criticism, negative view of experiences=other people, and a pessimistic
view of the future. The therapeutic experience is focused on problem solving, self-
monitoring, pleasant activity scheduling, self-instructional approaches, and rational
analysis techniques.

Other forms of psychotherapy, including interpersonal therapy and social skills
training, are also beneficial in the treatment of depression. Interpersonal psychother-
apy (ITP) is based on the theory that interpersonal conflicts or changes maintain
depression. Treatment is short term and focused on one or more problem areas in
the current functioning of interpersonal relationships. Studies comparing CBT to
the more traditional therapies showed a better initial response to treatment than
those given more traditional therapies; however, 6 months after treatment, all groups
showed about equal improvement in relief of symptoms.

Psychopharmacology

The literature on psychopharmacological interventions in pediatric MDD is sparse.
There are now three published controlled trials in which selective serotonin-reuptake
inhibitors (SSRI) proved more effective than pill placebo in depressed children and
adolescents. The SSRIs studied were fluoxetine, citalopram, and sertraline. A recent
multisite placebo-controlled study also showed benefit for paroxetine (SSRI), but
not for the active comparator (imipramine). Fluvoxamine, which has antianxiety
qualities as well as antidepressant effects, has been shown in a double-blind study
to be well tolerated by children. Because a substantial proportion of the fluoxetine
sample relapsed during the first year of follow up of the off-medication extension
of this study, this may indicate that longer-term drug treatment is essential.

Despite a dearth of data, the SSRIs are widely used as first-line treatments for
depressed youth because these medications are well tolerated with few side effects.
Fluoxetine and citalopram should be started at 10mg and raised to 20mg; if after
4 weeks there is only a partial response, the dosage can be raised up to 40 or
60mg. Sertraline dosages range from 50 to 100mg, with raising the dose to
150–200mg if there is a partial response. Treatment should last at least 9 months,
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with tapering of dosage recommended to ascertain if there has been remission of the
depressive episode. If the patient becomes symptomatic during the taper, then
increasing the dosage to its former level is indicated.

Common side effects include behavioral activation such as restlessness, anxiety
and agitation, as well as nausea, drowsiness, and constipation. Sexual side effects can
occur in youth that may lead to noncompliance in teenagers. Antidepressants can
cause a switch to a manic episode in those youth predisposed to BPD.

Recently, paroxetine has been reported to increase suicidal ideation in children
and adolescents who are treated with these medications. Until this issue is clarified,
this medication should not be initiated in children and adolescents. Those patients
who are being treated with these medications and have not reported increased suici-
dal ideation may be continued on this treatment.

Other antidepressants reported in open label studies to be of some benefits in
youth include venlafaxine, bupropion, nefazadone, and mirtazapine. Venlafaxine
should be dosed to 75–150mg: if there is partial response, the dosage can be raised
to 225mg. Venlafaxine can cause hypertension so blood pressure should be moni-
tored; otherwise, the side effect profile is similar to the SSRIs.

There is some evidence that bupropion does not introduce switching to mania
as often as other antidepressants. However, bupropion has a rate of association of
0.4–0.8% with seizures when taken at high total daily doses. Therefore, alternatives
should be considered in patients with epilepsy. Dosing is usually 75–300mg bid.

Mirtazapine, dosed at 15–39mg, has sedative properties that are useful in
patients with insomnia; however, weight gain can be problematic. Nefazodone
received a black box warning about the occurrence of hepatic failure in adults,
and is not currently recommended for use in the pediatric population.

The antiepileptic drugs (AEDs) or mood stabilizers such as valproate and
carbamazepine are reported to elevate mood. Treatment of children with bipolar dis-
order using AEDs may be efficacious in relieving depressive symptoms. Also, these
drugs may be useful in depressed patients with epilepsy. Interactions between anti-
depressants and AEDs include hepatic enzyme induction, resulting in toxic levels
of the anticonvulsants. When antidepressant therapy is initiated while patient is
on an AED, anticonvulsant levels should be monitored.

More than a dozen negative random-controlled trials using various tricyclic
antidepressants (TCAs) have now been conducted, essentially ruling out this group
as effective for treating MDD as the TCAs were found to be no better than placebo.

Light Therapy

Seasonal affective disorder (SAD) is a recurrent affective disorder with mood
changes and vegetative symptoms regularly occurring during the winter months
and that disappear completely during the spring and summer. One open label study
with a seven-year follow up and 2 double-blind studies of children with SAD demon-
strate significant improvement from baseline in affected patients with light therapy.
Both bright light therapy as well as dawn simulation contributed to improvement.

Electroconvulsive Therapy

Recently, there has been a resurgence of interest in the use of electroconvulsive ther-
apy (ECT) in children and adolescents with two recent reviews of the child literature
as to the use, safety and efficacy of ECT. There are also a number of case reports that
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have documented robust treatment response and efficacy. This therapy has been used
in those adolescents and children who are treatment resistant. Follow up of adoles-
cents treated with ECT indicate that the response can have long-lasting benefits, and
that the adolescents who responded to ECT and their parents felt positive about the
experience.

SUMMARY

Approximately 1% of children and adolescents in the United States receive outpati-
ent treatment for depression each year. This rate of treatment falls substantially
short of the epidemiological estimates of the prevalence of major depression in child-
hood. There are no data from controlled studies to help treating physicians develop
an optimal treatment algorithm in order to decide rationally between starting
treatment with an antidepressant or with psychotherapy in an individual. However,
it is important to treat adequately and for a sufficient period of time in order to
ameliorate the psychosocial and developmental sequelae of these illnesses.
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INTRODUCTION

Conduct disorder (CD) differs from mood, anxiety, and psychotic disorders because
the diagnosis is defined solely by the behavior of an individual as directed at others,
their property, or the presence of other rule violations (see Table 1 for list of symp-
toms). The youth does not need to endorse any physiologic or mental distress to
meet criteria for CD, although these youth often have poor self-esteem, are often irri-
table, and have rates of suicidal ideation, suicide attempts, and completed suicides
that are higher than the general population. Conduct disorder differs from person-
ality disorders, in that for most individuals, the pattern of defiant behaviors remits
prior to adulthood, although for a subgroup of these youth, CD is a precursor to
antisocial personality disorder and=or substance-related disorders. A second diagno-
sis that is defined by behavior, oppositional defiant disorder (ODD), occasionally
develops into CD. Conduct disorder is distinguished from ODD because the
behaviors in CD are more confrontational and destructive, and because CD has a
poorer prognosis.

The severity of CD ranges from a mild form, in which the negative behaviors
consist mainly of rule violations such as staying out at night without permission, a
moderate form, with behaviors such as stealing without confrontation, to a severe
form, which includes criminal behavior such as using a weapon or forced sexual acts.
Individuals with the child-onset form (symptoms beginning before age 10), when
compared to youth with an adolescent-onset (absence of meeting any criteria prior
to age 10), have a higher high risk for developing chronic aggression and antisocial
personality disorder in adulthood. The diagnosis is occasionally made as young
as age 5–7 years of age or between the ages of 16 and 18 years of age, but is most
frequently diagnosed in late childhood or early adolescence.

A diagnosis of CD is not made if the disorder can be fully explained by the
presence of another axis one disorder, such as bipolar disorder, or if the behaviors
can be fully explained as an expected response to a social situation (stealing food
for survival). When the axis I diagnosis follows a lapsing and remitting course or
when psychosocial stressors are intermittent, the clinician can determine whether
or not the deviant behaviors occur only in the context of other co-morbid disorders
or only in the context of a particular stressor. However, when a youth has chronic
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psychiatric symptoms that are refractory to treatment and=or is chronically exposed
to psychosocial stressors that cannot be removed, it may be impossible to know
whether a diagnosis of CD is appropriate. The downside of diagnosing CD in these
youth includes the negative stigma associated with a diagnosis of CD and the poor
prognosis of CD, which in combination can lead mental health providers, educators,
parents, and workers in other involved agencies to blame all negative behaviors on
the CD, and to not provide adequate interventions for other contributing factors.
However, missing a diagnosis of CD may lead the clinician away from treatments
that specifically target CD.

Risk factors for the development of CD include a family history of CD, diag-
nosis of attention-deficit hyperactivity disorder (ADHD), low social economic status
(SES), reading disorders, harsh and inconsistent parenting style, and history of being
a victim of abuse or neglect. The pathway between risk factors and the disorder is
unknown.

Children and adolescents with CD create a significant burden on society by
having frequent contact with the juvenile justice system, creating disruptions in the
school system, and burdening their families. Individuals with CD are more likely
than peers to engage in risky behaviors such as fast driving, drug use, and parenting
children during adolescence. Educational and occupational achievement is fre-
quently lower than expected. While effective treatment programs are labor intensive
and expensive, it has been estimated that the successful treatment of one individual
with conduct disorder may save society close to $2 million.

CO-MORBIDITIES AND DIFFERENTIAL DIAGNOSIS

A thorough evaluation should be performed to determine the presence of criteria
for conduct disorder, co-morbid disorders, or outside factors that reinforce the
deviant activities. Several disorders may mimic or occur in association with CD
including ADHD, bipolar disorder, depression, anxiety, and developmental
disorders.

Table 1 Symptoms of Conduct Disorder

Harassment or threatening towards others
Instigating physical fights
Use of a weapon against others
Physically malicious towards others
Physically cruel to animals
Stealing by confrontation
Forced sexual activity
Deliberate fire setting with the intent of causing serious damage
Vandalism
Breaking into buildings or cars
Lying to obtain stuff or avoid obligations
Stealing without confrontation
Staying out all night without permission prior to age 13
Running away from home overnight at least two times
Frequent truancy from school

(Modified from DSM-IV-TR.)
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ADHD: ADHD is the most common disorder found in youth with disruptive
behavior including those with CD. Severe ADHD symptoms can lead to frequent
truancy, defiant behaviors, rule braking, and physical aggression.

Bipolar Disorder: Individuals with this diagnosis typically have obvious changes in
mood with grandiose delusions, marked decrease in need for sleep, and impaired
judgment. A challenging population includes youths who present with chronic irrit-
ability, sleep disturbance, and frequent mood swings, but who do not meet strict cri-
teria for bipolar disorder. Common symptoms in this group include episodes of
inappropriately acting silly, severe psychomotor agitation, and sudden mood change
to severe anger with minimal provocation.

Depressive Disorders: The combination of irritability with psychomotor agitation,
changes in school performance, and withdrawal from previously pleasurable activ-
ities, should lead to the consideration of a depressive disorder (see chapter on depres-
sion). Parents may not suspect depression, especially when the primary affect is
anger, not sadness, and because youths with depressive disorders may briefly cheer
up when engaging in pleasurable activities.

Anxiety Disorders: Children with undetected anxiety disorders are often seen as
oppositional and disruptive (see chapter on anxiety). Some may be oppositional in
order to avoid anxiety-producing situations. Post-traumatic stress disorder (PTSD)
may be co-morbid with CD, since youth exposed to chronic violence may develop
aggressive behavior.

Learning Disorders, Mental Retardation, Speech and Language Disorders: Children
with speech and language problems are more likely to develop behavior problems, in
part because they become frustrated when trying to communicate. Similarly, children
with severe learning disorders, especially those with poor executive function, may
also become aggressive during school secondary to frustration.

PREVENTION

Children at high risk for developing CD, including those with low SES or those who
live in areas with high rates of crime, may benefit from preventative interventions.
Successful interventions combine community participation, parent training, and class-
room interventions that include teaching skills in self-control, emotional awareness,
peer relations, and problem solving.

TREATMENT

Treatment begins by using interventions that stop dangerous and disruptive beha-
viors. Behavioral interventions include parent training, providing high structure both
at school and in the community, and, when appropriate, working with the juvenile
justice system to enforce compliance with the treatment plan. If required, brief
inpatient hospitalizations or partial hospitalization can be used to control acute
aggressive behavior. If a particular youth cannot be maintained in the community,
then residential treatment, therapeutic group home, or placement in a juvenile justice
facility must be considered.

Additional treatments should be directed to address co-morbid psychiatric pro-
blems and substance abuse disorders. Individuals with psychiatric disorders should
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be treated as if there were no CD (see Table 2 and specific chapters) and those with
significant substance abuse should be referred to appropriate treatment programs.
Care providers should be aware that behavioral interventions might not work well
until the other psychiatric disorders have been adequately treated and that treatment
of co-morbid disorders alone does not always lead to improvements in behavior.
Although individual psychotherapy has not proven effective in the treatment of
CD, possible beneficial strategies include helping the youth develop empathy, teach-
ing emotion regulation skills, and teaching problem solving skills. Any indication of
a possible learning disorder should lead to a referral for further evaluation, since a
proper educational environment that addresses learning difficulties may lead to
decreases in frustration and decreases in disruptive behavior at school.

MULTIMODAL APPROACHES

Successful treatment approaches for CD are known as multimodal approaches
because they provide support and treatment for the family and structure for the
youth. The treatment team may include a targeted case manager to assist the family
with negotiating the educational and juvenile justice system as well as to help in find-
ing better housing and applying for additional social services. Psychotherapeutic
techniques combine parent training, support for regulating the affect in the family,
and may involve improving peer relationships. Project Back on Track is an example
of an intensive four-week multimodal program for youth offenders. The program
consists of parent training, education, group therapy, and empathy building exer-
cises. The youth participate in 32 hr of activities during the four-week program, while
the parents have a total of 15 hr of contact with the program. Participation in the
program saved society an estimated $1800 per patient during the first year following
the program.

PSYCHOPHARMACOLOGIC APPROACHES

There is limited data on the psychopharmacologic treatment of children with
conduct disorder outside data for the treatment of co-morbid disorders. Because

Table 2 Treatment of Co-morbid Psychiatric Disorders

Disorder Effective treatments

ADHD Stimulants (methylphenidate, dextro-amphetamine,
amphetamine), atomoxitine, school interventions

Bipolar disorder Lithium, divalproate, carbamazepine, neuroleptics
Depressive disorders SSRIs, cognitive behavioral therapy, venlafaxine, mirtazepine,

buproprion
Anxiety disorders SSRIs, cognitive behavioral therapy, (benzodiazepines should

be used only rarely in this population because of the risks of
dependency, concurrent substance use, and the possibility that
the youth might sell the medication)

Substance use
disorders

Frequent urine drug screens, identification of triggers to use,
relapse prevention strategies
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of the limited data for the psychopharmacologic treatment of CD, we recommend
a conservative approach for adding medications that do not treat an obvious co-
morbid disorder. Target symptoms should be clearly identified, and baseline rates
should be collected from multiple sources, including teachers and parents.
Medications that do not demonstrate a clear benefit should not be continued.

Because there is a high rate of co-morbid ADHD associated with CD, and
because of the proven efficacy and safety of the stimulants, a stimulant trial should
be considered. Even in the absence of obvious inattention and hyperactivity, stimu-
lants may be effective at reducing impulsivity in youth with CD. When a youth is at
risk for abusing or selling stimulants, clinicians should consider long-acting stimu-
lants and administering the medication at school where compliance can be closely
monitored.

Several open-label clinical trials have demonstrated decreases in aggression
with SSRIs, including paroxetine at 20mg=day and fluoxetine at 20mg=day. One
open-labeled study has suggested that bupropion at 300mg= day may be effective
in treating youth with co-morbid CD, substance use disorders, and ADHD. Mood
stabilizers are sometimes indicated to treat aggression in youth with chronic aggres-
sion and disruptive behavior, especially when these symptoms occur in the context
of chronic irritability or frequent mood swings. Although lithium at a dose of
300–1200mg=day or a blood level of 0.8–1.2mmol=L has the most data supporting
its effectiveness at decreasing aggression in youth, there have been two controlled
studies that have demonstrated the effectiveness of divalproate at a dose of
750–1500mg=day in decreasing aggression in youth with CD. Because of the poten-
tial for serious side effects of lithium and divalproate, including weight gain and
associated negative outcomes, clinicians should continually monitor the effective-
ness of these medications. The neuroleptics, both conventional and atypicals, have
demonstrated benefits in a few studies. Most recently, a small (20 patients) dou-
ble-blind, placebo-controlled study demonstrated the efficacy of risperidone (weight
<50 kg, 0.25–1.5mg=day; >50 kg, 0.5–3mg=day) in the treatment of youth with
CD. Unfortunately, to date, data only support short-term benefits. Because of the
potential serious side effects of neuroleptics, e.g., weight gain, insulin resistance,
and movement disorders, clinicians should continually monitor the effectiveness of
the medication. The alpha-2-noradrenergic agonist clonidine, at a dose of up to
0.1–0.2mg=day, has some efficacy, particularly when added to a stimulant in youth
with co-morbid ADHD. Clinicians should monitor for sedation and hemodynamic
side effects when using these medications. Although open trials demonstrated some
benefit to the use of carbamazepine, a more recent controlled trial failed to confirm a
significant difference when compared to placebo. To date, there are no published
studies showing that topiramate is beneficial in the treatment of aggressive youth.
Propranolol has decreased aggression in children with mental retardation and brain
injury, however, there are no studies demonstrating efficacy in youth with CD.

CONCLUSION

While there is no single treatment proven universally effective for CD, the high cost
of untreated CD, both to the youth and to society, warrants thoughtful but intensive
treatment. A good treatment plan can only be formulated after a thorough assess-
ment including determining the frequency and circumstances of target behaviors,
co-morbid disorders, and other contributing factors such as educational needs,
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housing needs, and parental psychiatric disorders. The treatment plan should include
appropriate interventions such as behavior management techniques, psychopharma-
cologic treatment, and targeted case management.
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First it gave me wings to fly, then it took away the sky.
—Anonymous

INTRODUCTION

Along with other risk taking behaviors that increase in the preadolescent and ado-
lescent years, substance abuse remains a significant source of concern for parents,
health-care providers, and other professionals working with children. Significant
morbidity and mortality remain associated with illicit drug use, including automobile
accidents (30% of teen fatalities are associated with elevated blood alcohol levels, i.e.,
BAL), drownings, and other accidents. Coma or death due to intoxication and over-
dosage by use of one or more agents may occur at lower dosages of the ingested
drug(s) or alcohol for teens compared to adults. Adolescents often consume larger
quantities of alcohol and other substances quickly, seeking a rapid state of intoxica-
tion or euphoria. Such patterns of use (binging or chugging) may lead to death or
irreversible brain damage.

The clinical potential for adverse outcomes in adolescence has been correlated
with the patterns of use (Table 1), age, maturity, and other psychosocial factors.
The nature of the specific substance utilized also determines the relative risk to
the child’s health. In children, individual (school and behavior problems, mental
health issues) and family risk factors (i.e., degree of parental involvement, famiiy
history of substance abuse) have also been noted to impact the potential for a
youngster to move from experimenting to dependency or addiction in their pattern
of drug use. Additional concerns related to the early use of illicit substances in pre-
adolescence or early adolescence stem from findings of a clinically increased risk of
latter addictions as adults. Studies specific to the regular use of alcohol before the
age of 15 show a fourfold increase in risk of later alcohol dependence than in indi-
viduals who do not begin use of alcohol until age 21. This information as well as
specific material regarding trends in use are followed by the National Institute on
Drug Abuse (NIDA), and are well presented in Nelson’s Textbook of Pediatrics,
17th Edition (1).
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DIAGNOSIS AND EVALUATION

In the outpatient setting, a good history is the mainstay in the evaluation, along with
identification of clinical signs and symptoms of drug use or abuse. Physical changes
that may be noted include weight loss or gain, disheveled appearance, pallor, circles
under the eyes, slurred or rapid speech, bloodshot eyes, or dilated pupils. Chronic
coughing and a dry or runny nose may also be noted. Neurobehavioral changes
are common, and may best be detected by parents and professionals who have estab-
lished relationships with the child.

The most common patterns of adolescent drug use are outlined in Table 1.
These include:

� Stage I Experimentation (initial use)
� Stage II Regular use
� Stage III Daily use
� Stage IV Dependency=addiction=burnout

The most common compounds of experimentation, heavy use, and abuse
are tobacco (smokeless tobacco—SLT, cigarettes), alcohol, marijuana, inhalants,
hallucinogens (LSD, mushrooms, PCP), ‘‘club drugs’’ (MDMA ¼ [3,4-methy-
lenedioxymethamphetamine]¼X-Ecstasy; GHB¼ (gamma hydroxy butyrate)¼
Liquid Ecstasy=G=GHBuddy=Easy lay=date rape drug), cocaine (used with
heroin¼ ‘‘speedball’’) and amphetamines (methamphetamine ¼ ‘‘speed’’ or ‘‘ice’’).
The astute clinician who can effectively identify concerns regarding the signs and=or
symptoms of adolescent substance use and abuse, including changes in behavior,

Table 1 Stages of Adolescent Substance Abuse

Stage
Learned behavior
(compulsive coping) Drugs of choice

Frequency
of use Clinical changes

I. Experimentation
‘‘Learning the
euphoria’’

Tobacco, alcohol
inhalants,
marijuana

Occasional=
weekend

None obvious

II. Regular use
‘‘Deliberately seeks
euphoria,or effect
of other drugs’’

Alcohol, marijuana
inhalants,uppers
and downers

Every
weekend

Change in personality,
lying, oppositional,
angry. Loss of
interest in usual
activities=friends

III. Daily use ‘‘obsessed
with achieving
the high’’

Alcohol, marijuana
inhalants,uppers=
downers LSD,
cocaine, heroin

Daily Lying, stealing, loss
of friends, job,
school achievement.

Depression, suicidal
thoughts

IV. Dependency=addiction
burnout

Increased
levels of alcohol and
other drugs to ‘‘feel
normal’’

Same as Stage III Constant Weight loss, cough
poor health,
memory loss,
blackouts, risk-taking
behavior, suicide

(Adapted with permission from A Family’s Guide for the Prevention of Alcohol, Tobacco and Other Drug

Use. Lowe Family Foundation, Inc., 2001.)
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academic performance, family stressors, change in peer group, changes in physical
appearance and clinical signs may assist the family by identifying and confronting
the problem, and by guiding them toward effective treatment options. Such caring
guidance can be life saving for the child. Several brief questionnaires and screening
tools have been developed to aid clinicians in this process; however, these are often
limited in value due to frequent ‘‘refusal to report’’ on household surveys. School-
based surveys also have significant limitations. It is recommended that referral for
substance abuse treatment be made as soon as regular usage (Stage II) is identified.

TREATMENT

Prevention

Many educational programs have been developed to provide guidance to elementary,
preadolescent, and adolescent patients. These are commonly presented in the schools.
The most effective programs are those such as Families and Communities Together
(FACT) developed by the Lowe Family Foundation. Such programs educate both
students and parents, and enable a healthy dialogue within the family unit. According
to the Partnership for a Drug Free America, parents who talk to their teens regularly
about issues related to substance abuse experience a 42% decrease in the likelihood
that teenagers will become involved in substance abuse. Teens who are nonusers have
been noted to have strong parental relationships andguidance, and are able to discuss
these issues with parents without fear. Such teens also have parents who are involved
in their daily lives, activities, and monitor their activites closely.

Overdose and Withdrawal

In the Pediatric Emergency Room, Hospital, or ICU setting, consideration of drug
intoxication must be raised in any patient exhibiting changes in mental status,
including delirium, speech changes, delusions, paranoia, coma, confusion, and
CNS stimulation or depression. Many times, the clinician may be confronted with
signs of overdosage from one agent coexisting with signs of withdrawal from
another. Seizures may be associated with opiate, alcohol, cocaine, and other drug
use. Therefore, drug screening should be performed in all patients without prior
histories of epilepsy.

The alcohol overdose syndrome is particularly important for parents, educators,
police, and care providers within the health-care system to detect and correctly
address. In any teenager who appears disoriented, lethargic, or comatose, a BAL
or breathalizer test correlates well with clinical outcome. The BAL levels of
200mg=dL are associated with risk of death from respiratory depression and levels
of 500mg=dL can be fatal. Respiratory support and monitoring are essential, and
dialysis should be considered for patients with BAL greater than 400mg=dL. The
possibility of concurrent head trauma or other drug ingestions should also be con-
sidered. At the time of initial clinical assessment, it is also important to realize that
the BAL may continue to rise, if large amounts of alcohol have been consumed but
not yet absorbed into the vascular system. Therefore, it is always prudent advice to a
parent, caregiver, or friend, to bring an intoxicated patient to the Emergency Room
for assessment, and not to advise them to ‘‘let the teen to sleep it off.’’ Many ado-
lescent and young adult (college age) deaths occur each year, after individuals
who have binged or chugged alcohol develop respiratory depression, coma, and
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Figure 1 Algorithm for acute intoxication=overdose.
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death during sleep. Likewise, treatment with cold showers, coffee, fruit juice, and
exercise do not accelerate the rate of metabolism of alcohol by the liver or effect
the clinical outcome (Fig. 1).

CHRONIC TREATMENT OF ESTABLISHED DEPENDENCE=ADDICTION

Teens who develop usage patterns of chronic daily use (Stage III) and dependency
and addiction (Stage IV) require acknowledgement of the problem and confronta-
tion in a loving supportive manner but with initiation of new guidelines for limita-
tion of behavior, and increased monitoring of the child’s activities. A network of
teachers, parents, physicians, and counselors must then be established to allow the
child to enter into the recovery phase of his=her illness. Treatment options should
be supervised by an individual specialized in the treatment of substance abuse and
addictions, and may require a period of detoxification followed by further inpatient
or intensive outpatient rehabilitative therapy which may last for a period of 3–6
weeks. Following the intensive phase of treatment, maintenance of sobriety is best
achieved by participation in an outpatient therapeutic community and involvement
in programs such as alcoholics annonymous (AA) or narcotics annonymous (NA).
Treatment of addictions does not involve an effort to ‘‘cure’’ the individual, but
rather to provide a relapse prevention program aimed at eliminating the compulsion
to use illicit substances to deal with life and life’s problems, and to help teens develop
more effective coping strategies. In Barbara Cole’s book, Gifts of Sobriety, the pro-
cess of recovery is described as that of finding our real self, something that the dis-
ease of addiction covers up. Our children need to be encouraged to believe that their
true self is the precious gift which can be received when the promises of recovery
come true. Through the love and caring of the therapeutic recovery community
dreams can be restored, and a special vision of hope can be renewed within the world
of the affected child and their family.
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INTRODUCTION

Neuroleptic malignant syndrome (NMS) and malignant hyperthermia (MH) have
both been recognized since the 1960s and are usually diagnosed by psychiatrists or
anesthesiologists. Furthermore, MH was diagnosed in an acute clinical setting of
succinylcholine induction associated with halogenated anesthetics for surgical proce-
dures, whereas NMS was apparent over several hours or days (subacute) and
included neuropsychiatric manifestations in patients on neuroleptics. Serotonin syn-
drome (SS) was also recognized in the 1960s but has come into prominence with the
increased use of selective serotonin reuptake inhibitors (SSRIs) as antidepressants.
However, overlap features were readily recognized and included autonomic nervous
system (ANS) instability, variable temperature elevations, and muscular rigidity
with increased serum creatine kinase (CK) levels. Recently, with increased under-
standing of the role of calcium homeostasis in neuronal and muscle excitability, such
as excitation–contraction coupling (muscle) and neurotransmitter release (neuronal),
investigators have questioned a common pathophysiology for these disorders due
to defects in calcium metabolism and homeostasis.

Appending ‘‘malignant’’ to these disorders emphasizes their severity and poten-
tially fatal consequences without prompt recognition and urgent management.
Furthermore, physicians evaluating children and adolescents are now likely to
encounter such cases in their hospitals (MH) or outpatient clinics (NMS and SS)
given the frequency of surgical and anesthetic procedures in children and the increas-
ing use of neuroleptics and other psychotropic agents in children and adolescents.

NEUROLEPTIC MALIGNANT SYNDROME (NMS)

Neuroleptic malignant syndrome was recognized in the French literature in the 1960s
following the introduction of neuroleptic medications in the 1950s. NMS has been
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mostly associated with high potency neuroleptics such as haloperidol
and thiothixene. However, ‘‘atypical’’ neuroleptics such as risperidone and olanza-
pine have been associated with NMS, in addition to various other medications
that rapidly alter functions of dopaminergic neurons, such as levodopa withdrawal,
tetrabenazine administration, and abrupt withdrawal of baclofen.

DIAGNOSIS AND EVALUATION

Clinical awareness and early recognition of neuroleptic malignant syndrome are
critical to management and are more likely to occur and be recognized following
initial administration of neuroleptics, however, delayed clinical onset may occur
while changing or increasing neuroleptics in clinical practice. Clinical features of
NMS include hyperthermia, sympathetic nervous system over activity (hypertension,
tachycardia), increased muscle tone with elevated serum CK levels, and altered
consciousness or mental status (Table 1).

The differential diagnosis of NMS may be difficult since early behavioral man-
ifestations may be mistaken for exacerbations of the underlying neuropsychiatric dis-
order, and increasing doses of neuroleptics may be recommended. Furthermore,
there are a number of important medical conditions that need to be recognized,
many having prominent neuropsychiatric presentations (Table 2). Screening for
various psychotropic drugs and porphyrins in urine, and thyroid function and CK
levels in blood, can be valuable adjuncts to a careful history and examination.

MANAGEMENT

Management of NMS centers around early recognition and careful withdrawal of
the presumed offending agent. This may not be readily achieved depending on the

Table 1 Clinical Features of Neuroleptic Malignant Syndrome

Cardinal features Associated features
� Hyperthermia � Akinesia � Fluctuating BP
� Rigidity � Tremor � Tachycardia
� Autonomic instability � Dystonia � Diaphoresis
� Altered consciousness � Dysphagia � Incontinence

� Sialorrhea � Pallor
� Flushing

Table 2 Differential Diagnosis of Neuroleptic Malignant Syndrome

� Malignant hyperthermia � Thyrotoxicosis
� Heatstroke � Acute porphyria
� Serotonin syndrome � Tetanus
� Lethal catatonia � Tetany
� Encephalitis � Akinetic mutism
� Drug intoxication—MDMA, cocaine � Locked-in-syndrome
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neuropsychiatric diagnosis and specific drug(s) administered. Drug toxicity screening
(blood and urine) may be necessary in clinical settings of uncertain drug access in
children. Meticulous supportive care in an intensive-care unit will be necessary in
order to correct fluid and electrolyte imbalances in a febrile patient with an impaired
level of consciousness and requiring respirator support and artificial cooling (blanket
or mattress). Autonomic instability (cardiac arrhythmias and blood pressure fluctua-
tions) requires careful and continuous monitoring of vital signs. Baseline biochem-
ical studies should include serum electrolytes (particularly potassium levels) and
indicators of rhabdomyolysis (serum CK, blood, and urine myoglobin levels) with
frequent monitoring of renal and hepatic functions. Adequate hydration and acid–
base therapy may be valuable in preventing myoglobin-induced renal failure.

There are no specific pharmacological agents that have been rigorously evalu-
ated clinically, however, intravenous dantrolene sodium 3–5mg=kg=day divided
t.i.d. or q.i.d., has been recommended as specific therapy to maintain calcium home-
ostasis in muscle cytoplasm. Dopaminergic agents are recommended as a counter
to dopamine receptor blocking or dopamine depleting actions of the offending
psychotropic agent. Bromocriptine 2.5–5mg q.i.d. or amantadine 200–400mg daily
or levodopa=carbidopa via nasogastric tube has been recommended as dopamine
agonists. Benzodiazepines, by indirectly increasing dopaminergic activity by affect-
ing gamma-aminobutyric acid (GABA) action, may be administered for increased
muscle rigidity, agitation, or even catatonia. There are reports of improvement with
electroconvulsive treatment (ECT). Initiation and withdrawal of specific pharmaco-
logical agents require careful clinical judgment and consultation with intensive-care
and psychiatric colleagues.

SEROTONIN SYNDROME (SS)

SS has been increasingly recognized with the widespread use (including children) of
SSRIs for depression and a variety of neuropsychiatric conditions of childhood.
Enhanced central serotoninergic neurotransmission (toxic effect) has been implicated
and there is clinical overlap with other malignant syndromes (NMS and MH).
Furthermore, subtle forms of this syndrome may be increasingly recognized as child
psychiatrists and child neurologists use multiple psychoactive medications with over-
lapping actions (serotoninergic) in behavioral management of children (Tourette
syndrome, autism, and obsessive-compulsive states). With the widespread use of
serotonin agonists (e.g., sumatriptan, rizatriptan, and dihydroergotamine) in the
symptomatic treatment of childhood onset migraine, often combined with a tricyclic
agent for migraine prophylaxis, pediatric neurologists can anticipate an increased
incidence of the serotonin syndrome.

DIAGNOSIS AND CLINICAL FEATURES

SS occurs in the context of administration of serotonin elevating drugs (often multi-
ple serotoninergic agents), particularly the various SSRIs, but also including tricyclic
antidepressants (TCAs) and monoamine oxidase inhibitors (MAOIs) that can also
elevate nervous system levels of serotonin. Clinical features can be similar to
NMS, including altered mental status and behavioral changes, autonomic nervous
system dysfunction (diaphoresis, diarrhea, and temperature instability) with muscle
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rigidity and hyper-reflexia, myoclonus, ataxia, and tremors. Rhabdomyolysis and
associated metabolic changes are less frequent.

MANAGEMENT

The management of patients with (malignant) SS is very similar to that for NMS,
omitting the use of dopamine agonists and also agents for rigidity (dantrolene
sodium), unless rigidity is clinically apparent, despite adequate use of benzodiaze-
pines (for agitation and rigidity). The subsequent use of psychotropic agents for
the underlying neuropsychiatric disorder will need to be carefully weighed against
potential recurrence of the syndrome.

MALIGNANT HYPERTHERMIA (MH)

Malignant hyperthermia (MH) associated with general anesthesia was also described
in the 1960s and was recognized as a lethal form of hypermetabolism occurring dur-
ing or shortly after an anesthetic procedure in which a halogenated anesthetic agent
(such as halothane or enflurane or sevoflurane) was administered and often preceded
by induction with succinylcholine (masseter spasm). Variable occurrences with simi-
lar anesthetic agents for previous or subsequent surgical procedures were recognized,
together with a familial tendency (dominant, rarely recessive). Clinical studies sug-
gested a population frequency of 1:8500 with an increased incidence in childhood
and patients with neuromuscular disorders, including central core myopathic disor-
ders (CCD) but also muscular dystrophies and myotonic disorders. The incidence of
MH crises during general anesthesia varies from 1:15,000 in children to 1:50,000 in
adults. There were early attempts at patient identification by phenotypic features
(King, Denborough syndrome) and screening for elevated serum CK levels prior
to surgery. Advances in understanding and recognizing this pharmaco-toxic entity
have included studies of: porcine stress syndrome linked to chromosome 6; MH
linked to human chromosome 19q 11.2–13.2; ryanodine receptor (RYRI) mapped
to porcine chromosome 6 and human chromosome 19; heterozygous mutations in
RYRI gene in some cases of MH and MH=CCD; and interaction of calcium in
muscle excitation–contraction coupling with RYR1 receptor (sarcoplasmic reticu-
lum, SR) and dihydropyridine receptor: DHPR component of voltage gated L-type
calcium channels (sarcoplasmic-T-tubules).

DIAGNOSIS AND EVALUATION

Over the past two decades, the clinical and metabolic features of MH have been well
recognized and described by anesthesiologists. Since phenotypic features are rarely
evident and there is rarely a prior or family history of MH, sustained jaw rigidity
(masseter spasm with succinylcholine) apparent during intubation may be the initial
manifestation of this potentially severe disorder. Only somewhat later does the tem-
perature rise in the patient and anesthetic soda-lime canister and give warning to
the anesthesiologist of an impending hypermetabolic crisis. Progression to the late
clinical stages is fortunately uncommon in modern anesthetic practice (Table 3).
Diagnostic considerations during these critical minutes may include other disorders
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(Table 4) associated with a hypermetabolic state, such as acute dysautonomia
(hyperadrenergic state), febrile (infectious) conditions, and acute rhabdomyolysis
(muscle trauma or ischemia).

From a practical viewpoint, in patients with a classical MH response to typical
anesthetic agents, further confirmatory (in vitro contracture test) studies are prob-
ably not indicated. With increasing understanding of the role of calcium in excita-
tion–contraction coupling in muscle and contraction sensitivity of isolated human
muscle fibers to various concentrations of pharmacological agents, there has devel-
oped an in vitro contracture test (IVCT) for human and research studies of MH uti-
lizing halothane, caffeine, ryanodine, and 4-chloro-m-cresol. Clinical situations in
which IVCT is of value may include identification of other family members requiring
future surgery (despite previously uneventful surgeries), evaluation of family mem-
bers with proven or suspected central core disease (and possibly other myopathies),
and evaluation of patients with mild MH reactions (e.g., masseter spasm) during
previous anesthesias. Unfortunately at this stage, genetic studies of specific muta-
tions in known (RYRI) and putative (DHPR receptor, sodium channel) genes are
not practical given the size of the gene (RYR1 has 5000 amino acids encoded by
106 exons) and apparent genetic heterogeneity.

Table 4 Differential Diagnosis of Malignant Hyperthermia

� Inadequate anesthesia or analgesia
� Inappropriate breathing circuit, fresh gas flow or ventilation
� Infection or sepsis
� Tourniquet ischemia
� Anaphylaxis
� Pheochromocytoma
� Thyroid storm
� Cerebral ischemia
� Other muscle disease

Table 3 Clinical Features of Malignant Hyperthermia

Onset Clinical signs

Early Sustained jaw rigidity after succinylcholine
Tachypnea
Rapid exhaustion of soda-lime
Hot soda-lime canister
Elevated, irregular pulse rate

Middle Patient hot to touch, elevated temperature
Cyanosis with dark blood in wound
Elevated, irregular pulse rate

Late Generalized muscle rigidity
Prolonged bleeding
Dark urine with oliguria
Elevated, irregular pulse rate
Death
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MANAGEMENT

The short-term outcome and evaluation of patients with clinical features of MH will
depend on the clinical stage (early, middle, late) at recognition and the current stage
of the surgical procedure, as to whether management should be initiated (intrave-
nous dantrolene sodium), changing the anesthetic drug to a nonhalogenated agent,
and completion or deferral of surgery. There is now excellent clinical and in vitro
evidence of a disturbance in calcium metabolism in muscle cell cytoplasm leading
to increased muscle contractions in patients with MH. Dantrolene sodium is now
the drug of choice in managing patients with MH syndrome at all clinical stages.
Dantrolene sodium inhibits RYR1 function by limiting channel activation by calmo-
dulin and calcium. RYR1 (plant alkaloid ryanodine binds to receptor) is a SR
protein with calcium2þ activated calcium2þ ATP-ase pump properties maintaining
appropriate gradients of stored (SR) and cytoplasmic calcium for muscle contrac-
tion. Intracellular calcium-induced hypermetabolism in muscle (and liver) can be
alleviated (or prevented) by intravenous dantrolene sodium 2.5mg=kg (dissolved
in sterile water) and repeated as necessary, such that more than 10mg=kg may be
required to control an acute MH event. Intravenously administered dantrolene
sodium is usually effective in 5–10min. MH patients require intensive-care mon-
itoring, including serum electrolytes (calcium, sodium, potassium, bicarbonate,
and glucose levels), CK levels, acid–base studies (ABGs), electrocardiographic mon-
itoring for arrhythmias, and coagulation studies (disseminated intravascular coagu-
lopathy). Dantrolene sodium administered early in the course of an MH episode may
prevent the need for further life-saving treatments. However, cardiac arrhythmias
from hypocalcemia, hypercapnia, and hyperkalemia will require specific manage-
ment, including cardiac consultation and intravenous lidocaine with correction of
metabolic disturbances. Active cooling to 38�C may be necessary. Since recrudes-
cence of MH reaction may occur, maintenance dantrolene sodium (1mg=kg every
6 hr) is recommended for 24 hr with intensive-care monitoring for at least 36 hr.
Careful observation for muscle injury with elevated CK and myoglobin levels during
this period will be necessary to prevent subsequent renal injury from muscle necrosis.

CONCLUSION

Iatrogenic pharmaco-toxicity is well known to practicing physicians, including phy-
sicians evaluating children with various neurological and neuromuscular disorders.
Including the term ‘‘malignant’’ in a clinical entity emphasizes the seriousness of
the condition and potential lethality. Such is the case with the three disorders con-
sidered, neuroleptic malignant syndrome, serotonin syndrome, and malignant
hyperthermia disorder. All three disorders are relatively rare and most likely will
be recognized in a hospital, operating room, or intensive-care setting. However,
the two conditions related to the use of psychotropic agents may initially present
to a physician or pediatrician in the outpatient clinic. Although withdrawal of the
offending (toxic) agent is imperative, managing the toxic effects on various organs
(brain, muscle, heart, liver, kidney) becomes critical and modern management has
been effective in significantly reducing the morbidity of these pharmo-toxic states.
Since all three conditions have significant clinical overlap, all three may need to be
considered in the differential diagnosis in particular patients, e.g., comatose patient
in which unknown drugs administered (dopamine receptor antagonists, serotonin
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agonists) and delayed (possibility unrecognized) MH reactions in the postoperative
intensive-care setting. The common etiologic role of disturbed calcium homeostasis
in these conditions may explain the overlapping clinical manifestations and the
common role of dantrolene sodium on decreasing cytoplasmic calcium levels.
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INTRODUCTION

Sleep disorders in infants, children, and adolescents are commonplace but frequently
are overlooked. Approximately 25% of children have some type of sleep disturbance,
but unlike adults, often go unrecognized. Problems may come to medical attention
only under the guise of some resulting symptom, or if the child’s sleep pattern creates
a problem for the parents. Recognition of this issue should lead physicians to speci-
fically question pediatric patients and their parents about sleep patterns.

DIAGNOSIS

A quick screening history can be obtained by using the mnemonic BuMPSSS: Bed-
time Problems (behavioral, circadian), Movements (periodic limb movements, rock-
ing), Parasomnias (sleep talking, walking, terrors, enuresis), Snoring=Sleepiness=and
Secondary to other factors. A suspicious finding can then prompt a more detailed
sleep history. Often if a child sleeps better in a specific location, the problem is more
likely behavioral than pathologic. Inquiring about associated problems such as aller-
gies, asthma, gastroesophageal reflux, overweight, hypertension, medications, and
family=environmental difficulties can frequently be helpful. Relevant family history
factors include restless legs syndrome, narcolepsy, idiopathic hypersomnia, and
attention deficit hyperactivity disorder (ADHD). Further historical details can be
obtained through use of patient questionnaires such as the Children’s Sleep Habits
Questionnaire and completing a 2-week sleep diary.

Physical examination should include a search for tonsillar hypertrophy,
narrowed nasal passages, abnormal vital signs, cardiac, pulmonary, neuromuscular,
and musculoskeletal abnormalities.

Polysomnogram (PSG) is warranted if there is unexplained daytime sleepiness
or suspected sleep apnea and should be considered for paroxysmal arousals. A multi-
ple sleep latency test (MSLT) and CSF hypocretin 1 level may be warranted if
narcolepsy is suspected. EEG, EKG, x-rays of chest=head=neck, hematocrit, chemis-
tries, thyroid function tests, sedimentation rate, urinalysis, and urine toxicology
screen should be considered selectively.
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NORMAL SLEEP DEVELOPMENT

Before determining if there is a sleep disorder, it is important to understand the nor-
mal sleep patterns and durations for age. Newborns demonstrate three sleep stages;
active (precursor to REM), quiet, and indeterminate, each with EEG and clinical
characteristics. Newborns usually enter sleep through REM and sleep 16–20 hr per
day in 2–4 hr cycles. A diurnal cycle (circadian entrainment) occurs by about 2–4
months of age so that infants begin to ‘‘sleep through the night’’ (70–80% by 9
months) with a morning and an afternoon nap. Sleep stages 1–4 and REM can
usually be differentiated by 4–6 months of age.

Around one year of age, most children give up the second nap, and the diurnal
phase of wakefulness lengthens such that total sleep time (TST) is 12–14 hr per day.
REM percentage decreases from about 50% in the newborn to about 30% at one
year. Bedtime routines and transitional objects are important. Over the next several
years, 90-min REM=NREM cycles develop, and TST decreases to 11–12 hr per day.
By age 5, many children give up regular naps. In ages 6–12 years, TST gradually
shortens from about 11 to about 9 hr per day, and napping is rare. Sleep efficiency
is high and slow wave sleep (SWS) is plentiful.

Although adolescents typically need about 9 hr of sleep per night, most only get
about 7. Sleep onset is often delayed by circadian and voluntary factors, and sleep
offset is often advanced by early school start times. Many teens run a sleep ‘‘debt’’
during the school week and try to ‘‘catch up’’ on weekends. Slow wave sleep percen-
tage, sleep efficiency, and latency to REM onset all decrease.

SPECIFIC DISORDERS AND TREATMENT

The International Classification of Sleep Disorders-Revised (ICSD-R) consists of
dyssomnias (disorders of initiating and maintaining sleep and disorders of excessive
daytime sleepiness), parasomnias (disorders of arousal and stage transition), second-
ary disorders (due to mental, neurological, or other conditions), and proposed sleep
disorders. Since the aforementioned list was not intended to serve as a differential
diagnostic listing, I personally find the following classification to be more useful in
the clinical pediatric setting: (A) disorders of sleep timing, arousals, and state; (B)
disorders of breathing; (C) disorders of movement; and (D) disorders secondary to
other factors. Many sleep disturbances tend to occur most commonly at particular
stages of the sleep cycle (Fig. 1).

Disorders of Sleep Timing, Arousals, and State

1. Limit-setting disorder. Since the invention of electric lighting (and asso-
ciated gadgetry), delaying bedtime has been a temptation for children
and adults alike. Consistent behavioral management is the treatment.

2. Delayed sleep phase syndrome. In this condition, a child’s circadian rhythm
leads to delayed, but regular sleep onset and offset, a pattern common in
adolescence. Treatments include delaying bedtime progressively to reset
the internal clock, bright light therapy, and melatonin (1–3mg q hs).

3. NREM disorders. Arousals that occur commonly in NREM sleep include
somnambulism, sleep terrors, and confusional arousals. Treatment con-
sists of education=reassurance, scheduled awakenings, protection from
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injury, and relaxation techniques at bedtime. Clonazepam in small doses may
be helpful if symptoms are frequent or dangerous (0.01–0.03mg=kg q hs).

4. REM disorders. Arousals associated with REM sleep include nightmares
and rarely, sleep paralysis or REM sleep motor disorder.

5. Nonstate specific. Somniloquy (sleep talking) and enuresis can occur in any
sleep stage. Somniloquy usually does not require treatment. Enuresis is
especially common (approximately 25%) among children with ADHD.
This problem can be addressed through preventive measures (voiding
at bedtime, no caffeine, etc.), moisture alarm, and medications such as
imipramine (10–50mg q hs), DDAVP (desmopressin; 0.2–0.6mg po or
20–40mcg IN q hs for children over 6 years of age), and oxybutynin
(5mg q hs for children over 5 years of age).

6. Narcolepsy. Narcolepsy can be thought of as a disorder in which sleep and
wakefulness are not neatly distinguished and instead intrude on each other.
Recent studies have shown an association with low CSF hypocretin 1
levels, probably indicating a deficit in wake-promoting circuits. Symptoms
include excessive daytime somnolence, cataplexy, sleep paralysis, and hyp-
nagogic hallucinations. Although symptom onset is often in late childhood
or adolescence, manifestations may be only partial and unfortunately, the
diagnosis of narcolepsy is commonly delayed for years. PSG and MSLT
show rapid sleep onset and shortened latency to REM onset. Treatment
involves scheduled naps, education, good sleep habits, stimulants (methyl-
phenidate or amphetamine preparations) or modafinil (100–400mg q am)
to improve diurnal alertness, selective serotonin reuptake inhibitors (e.g.,
sertraline 25–200mg=d), tricyclic antidepressants (e.g., amitryptline
25–100mg q hs), trazodone (25–100mg q hs), zolpidem (5–10mg q hs),
or zaleplon (5–20mg q hs) to improve sleep pattern.

Figure 1 Relationship of parasomnias=arousals to sleep stage.
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Disorders of Breathing

1. Primary snoring. Five to ten percent of children snore nightly, and many of
these have primary snoring (PS). This is a benign condition that consists of
snoring without associated apnea, hypopnea, sleep disturbance, or daytime
symptoms. History and physical examination have not proved accurate in
distinguishing PS and obstructive sleep apnea=hypopnea (OSA=OH), so
PSG may be warranted. Treatment for PS is usually not needed, but it
may be a risk factor for later OSA. About one-third of children with
ADHD have PS, and about one-third of snoring children have ADHD.

2. Obstructive sleep apnea=hypopnea. One to three percent of children have
clinically significant OSA. Upper airway and chest wall muscle tone,
respiratory rate, tidal volume, and responses to changes in pCO2 and
pO2 all decrease in sleep. Symptoms include snoring, restlessness, mouth
breathing, secondary enuresis, and daytime somnolence (often manifested
as ADHD-like symptoms rather than sleepiness). As mentioned above,
PSG is warranted if OSA is suspected. Polysomnogram normative values
for children are not firmly established, but an Apnea Index of greater than
1 per hour is typically abnormal. Normally end-tidal CO2 should not be
above 50mmHg for more that 10% of TST. Hypopneas are more common
than apneas in children, and children are less likely to arouse due to a
respiratory event. Children with OSA often benefit from tonsillectomy
or adenoidectomy although some patients experience symptom recurrence
after this procedure. Other measures include continuous positive airway
pressure (CPAP), nasal steroids, elevation of head of bed and other posi-
tional strategies, oral appliances, and other surgical procedures.

3. Central apnea. Central apneas are common and usually benign in infants
and children. If symptomatic or severe, neuroimaging with attention to
posterior fossa and brainstem and treatment with continuous positive
airway pressure (CPAP) or may be considered.

Disorders of Movement

1. Periodic limb movement disorder (PLMD)=restless leg syndrome (RLS).
The PLMs in sleep are jerky repetitive movements that last 1–5 sec, involve
lower more than upper extremities, and recur at 20–40 sec intervals. The
PLMD is diagnosed when there is sleep disruption due to PLMs that occur
at least 5 times per hour for adults and perhaps 3–4 times per hour for chil-
dren. The RLS consists of uncomfortable leg sensations, magnified at rest
and in the evening and relieved by movement. The PLMD can occur with-
out RLS, but most patients with RLS also have PLMD. Recent studies
have shown that PLMD occurs in children, especially among children with
ADHD (26%). Treatment options especially in patients with RLS include
dopaminergic agents (e.g., pramipexole 0.125–1.5mg q hs, ropinirole
0.25–5mg q hs), gabapentin (300–900mg q hs), clonazepam (0.25–2mg q
hs), and if ferritin is below 50mcg, ferrous sulfate supplementation
(325mg FeSO4 or 65mg elemental iron plus 250–500mg vitamin C to
improve absorption).

2. Rhythmic movement disorder. Body rocking or head banging occurs in
some children, primarily during sleep–wake transitions. There is a familial
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component, and the pattern usually disappears by about age 4 without
treatment.

Disorders Secondary to Other Factors

Seizures can occur in any sleep stage but may be most common in NREM stage 2.
Migraines tend to be REM associated. Depression is associated with decreased SWS,
latency to REM onset, and sleep efficiency. Patients with allergies, asthma, GERD,
and other systemic illnesses may experience worsening of symptoms at night and suf-
fer consequent sleep disturbance. Hunger, cold, noise, fear, stress, smoke, and strife
can all obviously impair sleep onset, quality, and maintenance. Many medications
can affect sleep including stimulants, bronchodilators, caffeine, tricyclic antidepres-
sants, benzodiazepines, anticonvulsants, and antihistamines.

Alleviating these myriad causes of sleeplessness, sleep disruption, and sleepi-
ness in children is very rewarding and can have a hugely beneficial impact on public
health and well being.

SUGGESTED READINGS

1. American Academy of Pediatrics. Clinical practice guideline: diagnosis and management
of childhood obstructive sleep apnea syndrome. Pediatrics 2002; 109:704–712.
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Medicine, 2000.
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0721647618; WB Saunders, 1995.

4. National Sleep Foundation, www.sleepfoundation.org.
5. Owens JA, Spirito A, McGuinn M. The Children’s Sleep Habits Questionnaire (CSHQ):
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INTRODUCTION

Sturge–Weber syndrome (SWS) is the third most common neurocutaneous disorder
but unlike neurofibromatosis or tuberous sclerosis, it is sporadic. Although clinical
and imaging features are heterogeneous, there is typically the presence of a facial
port-wine stain, in the ophthalmic distribution of the trigeminal nerve, glaucoma
and vascular eye abnormalities, and a parieto-occipital leptomeningeal angioma ipsi-
lateral to the cutaneous and ocular anomalies. Somatic mutation has been proposed
as a possible etiology, however the putative gene(s) is unknown.

Children and teenagers with SWS often develop neurologic problems including
seizures, migraines, stroke-like episodes, learning difficulties or mental retardation,
visual field cuts, and hemiparesis. Children with SWS are also at increased risk for
hemiatrophy, visual impairment, ADHD, behavioral and emotional difficulties.
Neuro-developmental outcomes in this disorder are highly variable, however. Early
diagnosis is required to ensure the appropriate screening and management of asso-
ciated complications as they arise. Multiple specialists, including a neurologist,
ophthalmologist, dermatologist, medical rehabilitation specialist, occupational and
physical therapists, speech and language pathologist, psychiatrist and behavioral psy-
chologist, are therefore often involved in the care of individuals with SWS (Fig. 1).

PRESENTATIONS

The diagnosis of SWS can frequently be suspected when an infant is noted to have a
facial port-wine stain. The diagnosis of SWS means that the cutaneous port-wine
stain is associated with either brain or eye involvement. The risk of an associated
underlying leptomeningeal angioma and=or glaucoma is about 8% with a port-wine
stain anywhere on the face. Thus, the overwhelming majority of children with a
facial port-wine stain do not have SWS. This risk increases to about 25% when
the skin angioma is in the V1 ophthalmic distribution on the face. A careful

539



examination of the upper eyelid may reveal cutaneous involvement of just a few
millimeters in some cases. The risk of intracranial involvement increases to 33% with
bilateral facial port-wine stains. In approximately 85% of children with SWS, the
involvement is unilateral with the brain and eye involvement on the same side as
the port-wine stain. However, a unilateral port-wine stain can be paired with bilat-
eral leptomeningeal angioma involvement or vice versa.

The most frequent presentation for the neurologic manifestations in SWS is
focal and complex partial seizures in an infant with a facial port-wine stain. Onset
of seizures is usually in the first two years of life but occasionally can start later in
childhood. Other presentations for SWS include a visual field cut presenting as an
infant that neglects a hemi-visual space, or the early onset of handedness in a child
with a facial port-wine stain. In each case, a through assessment of involvement is
needed so that the family can be appropriately counseled and treatment initiated.

Figure 1 Evaluating an infant with facial cutaneous capillovascular malformation
(port-wine stain).
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DIAGNOSIS AND EVALUATION

Any child with a facial port-wine stain in the V1 distribution, we recommend should
have a head CT to image the calcification and an MRI of the brain with and without
contrast to detect the angioma (Fig. 1). The typical CT findings are cortical calcifica-
tions often in a gyral pattern and atrophy, although these findings may not be pre-
sent in neonates or infants. The brain MRI demonstrates increased T2 signal in the
white matter and focal meningeal enhancement. When possible, we will also ask for
postcontrast FLAIR imaging, as this appears to have greater sensitivity for visualiz-
ing the angioma. Imaging with technetium-99m hexamethylpropyleneamine oxime
single photon emission CT (SPECT) or perfusion MR imaging is useful for assessing
the extent and localization of the perfusion defects, and metabolic imaging with
FDG-PET or MR spectroscopy may also be helpful in characterizing the extent of
brain disease in SWS. Timing of the initial imaging is controversial because if the
imaging is done at birth or in the first few months of life it may not be possible to
visualize the angioma. If MRI is negative in infancy, one may need to repeat it by
the first birthday or with the onset of neurologic symptoms.

Close neurologic and developmental follow-up is essential for children with
SWS to diagnose and treat developmental delays, seizures, headaches, hemiparesis,
learning difficulties, and behavioral issues as they arise. Most children with SWS will
require occupational and physical therapy for their hemiparesis and visual field cut.
Developmental and neuropsychological assessments can be very helpful for addres-
sing attentional issues and learning difficulties. Attention-deficit disorder occurs in
about 20% of children with SWS, and mental retardation in about 50% of children.

Screening for glaucoma should be done at birth, under anesthesia if necessary,
and then at least every 3–4months in the first year, every six month in the second
year and yearly thereafter. Ophthalmologic evaluations can determine the extent
of abnormal vessel involvement with the eye. Children with port-wine stains invol-
ving both the upper and the lower eyelids are at the greatest risk for glaucoma. Glau-
coma in the young child can present with eye enlargement (bupthalmos) or with
corneal clouding, and vision loss at any time and these signs and symptoms need
immediate evaluation.

Infants with a port-wine stain are also referred for dermatologic assessment. In
infancy, the port-wine stain is often pink in color and flat. The port-wine stain gen-
erally grows commesurate with growth and often darkens or may become raised with
time. It is recommended that port-wine stains be treated in infancy, before hypertro-
phy and blebbing develop and make treatment more difficult. Presenting the diagno-
sis of SWS to parents is complex and requires the coordinated input of multiple
specialists to address the different organ systems involved in this disorder. It is essen-
tial that time is spent answering care-giver questions so that seizures, stroke-like
episodes, and other complications are recognized and appropriately managed
to minimize brain injury.

THERAPY

In all children with SWS and intracranial involvement, we advise the empiric use of a
daily multivitamin. Infants and young children with SWS should be screened for iron
deficiency anemia, which is relatively common in young children and if present could
exacerbate ischemic brain injury and should be treated.
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Seizures

Most infants with SWS will develop complex partial seizures in the first 3 years of
life, the majority in the first year. It is essential that parents receive counseling
regarding what seizures look like and how to obtain help rapidly for a first seizure.
Seizures are managed acutely with benzodiazepines, phosphenytoin and, if necessary
phenobarbital. A prolonged hemiparesis, lasting days, weeks, or months is common
after a seizure episode, and a permanent hemiparesis frequently develops over time.
Although controversial, there is evidence that seizures, particularly if they are
frequent or prolonged, may result in increased brain injury resulting from the
impairments in blood flow. Therefore, we think that chronic anticonvulsants should
be initiated after the first seizure, whether febrile or afebrile, in a child with SWS
and brain involvement.

Generally first choice anticonvulsants are carbamazepine, or phenobarbital
transitioning to carbamazepine, depending on the age of the child, as most seizures
in SWS are complex partial. Oxcarbazepine may also be used. Our second-line
choices include topiramate or valproic acid. Rectal or oral diazepam are given to
the family for use with seizures lasting longer than 5min or clusters of seizures. Sei-
zures in SWS, as in other settings, commonly occur during illness. We advise parents
to treat fevers and maintain good hydration during illness, even if intravenous fluids
are needed. We advise continuing the anticonvulsant for a few years, until the fifth
birthday if possible, as older children appear to be less susceptible to permanent
neurologic decline that may be exacerbated by seizures in the younger children.

If seizures are not controlled with anticonvulsants, are occurring frequently so
as to interfere with development or deterioration in neurologic status is occurring,
then children should be considered for surgical resections. Surgery may include focal
resections or hemispherectomies. Most candidates for surgery have significant devel-
opmental delay and hemiparesis. Timing of surgery should be carefully weighed for
risks and benefits; however, in the appropriate situation, surgery can result in cessa-
tion of seizures and resumption in development. There is no evidence that surgical
resection of the affected cortex is the proper course of action in the absence of
intractable epilepsy.

Stroke-like Episodes

Stroke-like episodes can occur in SWS and present as episodes of transient visual
field cuts or weakness that can occur independent of seizures or may precede, or fol-
low seizures. It is not entirely clear what these episodes represent; however, throm-
bosis, hypoxia-seizure, complicated migraine, and=or seizure activity may all have
some role in these episodes. Minor head trauma can trigger these events as well.
In contrast to status epilepticus, an EEG performed during a stroke-like episode
characteristically shows focal cortical slowing.

We recommend prophylactic use of aspirin when stroke-like episodes have
occurred. Experience with its use in the prevention of pediatric stroke, and anecdotal
evidence in SWS, suggests that low-dose aspirin at 3–5mg=kg=day is safe and effec-
tive; however, no randomized, placebo controlled trial has been done. Children on
aspirin therapy should receive varicella immunization and the yearly influenza vac-
cine because of the association between these illnesses, aspirin use and Reye syn-
drome in children; however, the international experience with low-dose aspirin use
for stroke prophylaxis in children suggests that this therapy is safe. Preventing severe
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illness with these vaccinations is probably a good idea anyway because episodes of
deterioration in SWS often occur in the setting of illness. Occupational and physical
therapy is prescribed when weakness is persistent in order to maximize function and
prevent contractures.

Headaches

Headaches and migraines are also common in SWS. Acutely, we have used antimi-
graine medications such as ibuprofen and sumatriptan with good results; however,
the safety of triptans has not been studied in SWS. In older children and adults, it
seems that seizures can provoke headaches and headaches can precede the onset
of seizures or stroke-like episodes. When frequent, valproic acid may provide
prophylaxis for both seizures and recurrent headaches. Alternatively, a
combination of an anticonvulsant, such as carbamazepine, and a calcium-channel
blocker or beta-blocker may be required.

Cognitive and Psychological Issues

Learning disabilities and mental retardation frequently develop in SWS and need to
be evaluated and addressed educationally. Attention-deficit disorder is common in
SWS and should be addressed with a combination of behavioral and pharmacologic
approaches. When behavioral approaches are insufficient, then treatment with either
a stimulant or atomoxetine should be initiated and response closely monitored.
Depression and anxiety are also common in SWS. Older children and adolescents
can demonstrate a decline in function or new behavioral issues, and psychological
factors should be evaluated when this occurs. Treatment with a selective serotonin
reuptake inhibitor or tricyclic antidepressant may be helpful. However, the safety
and efficacy of these approaches have not been studied specifically in SWS.

Treatment of Ophthalmologic and Dermatologic Complications

Treatment of the port-wine stain requires a series of laser treatments. Pulsed-dye
laser can improve the appearance of the vascular malformation in about 10 treat-
ments; however, the port-wine stain can recur to some extent as deeper vessels dilate.
Some facilities give sedation for these treatments, others utilize only local anesthesia.
Without treatment, the port-wines often develop blebbing and hypertrophy of
underlying soft-tissue and bone which can lead to significant psychological and func-
tional issues depending on the location and extent of involvement. It is unknown if
infancy is the best time for treatment of SWS, given the other systems involved, how-
ever, the current practice in SWS is to treat the port-wine stain early. Laser treat-
ments are painful, however, and can occasionally result in scarring, and older
children should therefore be included in discussions for timing for treatment.

Glaucoma may occur at any age although two peaks exist in infancy and in
early adulthood. The goal of treatment is to reduce intraocular pressure in order
to protect vision. Medical and surgical approaches are used and concentrate on
either reducing the production of aqueous fluid or promoting its drainage. Medica-
tions include beta-agonist eye drops, adrenergic eye drops, and carbonic anhydrase
inhibitors. Trabeculectomy and goniotomy are common surgical options.
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INTRODUCTION

Neurofibromatosis types 1 and 2 are separate phakomatoses that have been linked
and frequently discussed together for historical reasons. A clear distinction between
the two diseases was not made until 1981.

Neurofibromatosis type 1 (NF-1), or von Recklinghausen disease, is a common
autosomal dominant disorder with an incidence of 1 in 3000–4000. The gene for NF-1
is located on chromosome 17 (17q11.2) and encodes for neurofibromin. Half of NF-1
cases are sporadic in origin. Mosaicism can occur. Penetrance is essentially 100% but
there is significant unpredictable phenotypic variability. Common clinical features of
neurofibromatosis are listed in Table 1.

Neurofibromatosis type 2, also known as ‘‘central NF,’’ is also an autosomal
dominant disorder but is much less common, with an incidence of about 1 in
30,000–40,000 and a symptomatic prevalence of 1 in 210,000. There is wide pheno-
typic variability. The NF-2 gene is located on chromosome 22 (22q12.2) and encodes
for merlin. Like NF-1, about half of NF-2 mutations arise de novo. The clinical hall-
mark of the disease is bilateral vestibular schwannomas (VS), which occur in about
95% of adults with NF-2. Children with NF-2 more commonly present with tumors
other than VS. The average age of onset of symptoms is between 18 and 22 years.
CALS are not more common in patients with NF-2 than in the general population
and are not part of the diagnostic criteria (Table 1).

The diagnoses of NF-1 and NF-2 are based on clinical features. NIH clinical
diagnostic criteria have been developed and are widely used in the diagnosis of
NF-1 and 2 (Tables 2 and 3). The NIH criteria for NF-2 may be too restrictive,
and alternative criteria with higher sensitivity have been proposed (Table 4). Genetic
testing for NF-1 is available but is of limited utility, complicated by the size of the
gene and the large number of mutations. The most commonly available test, a
premature truncation test, is only about 65–70% sensitive. Testing should be reserved
only for clinically equivocal cases. Prenatal testing is limited. The sensitivity of
molecular genetic testing for NF-2 is also only about 65%, but linkage analysis
in families with more than one affected individuals may be useful for screening
unaffected relatives.
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NEUROFIBROMATOSIS 1: CLINICAL FEATURES AND TREATMENT

Cutaneous Manifestations

Café-au-lait spots are flat, hyperpigmented macules that usually appear during first
year of life but can be present at birth. They typically increase in number and size
with age but often fade later in life. About 25% of the normal population have
1–3 CALS, while more than 95% of patients with NF-1 have CALS. Half of child-
ren with more than 6 CALS and no other features of NF-1 will later go on to
meet criteria for NF-1. Freckling usually is not present at birth and develops during
childhood. It most commonly occurs in axillary and=or inguinal areas but can
occur in other intertriginous areas.

Neurofibromas are benign tumors of the nerve sheath, composed of a mix of
Schwann cells, fibroblasts, and mast cells. There are four types: cutaneous, subcuta-
neous, nodular plexiform, and diffuse plexiform. Cutaneous neurofibromas are soft
fleshy tumors arising from the peripheral nerve sheath, usually appearing in late
childhood or young adulthood. They can become cosmetically significant and can
cause itching or pain but do not become malignant. Subcutaneous neurofibromas
are firm, tender nodules along the course of peripheral nerves that usually appear

Table 1 Comparison of NF-1 and NF-2

NF-1 NF-2

Incidence 1 in 3000–4000 1 in 30,000–40,000
Typical age of onset Infancy and early childhood Adolescence and young

adulthood
First manifestations CALs, frocking In children: Cataracts and skin

schwannomas
In adolescents=young adults:

Hearing loss, imbalance
Typical tumor types Neurofibromas, astrocytomas Schwannomas, meningiomas
OPGS? Yes No
Vestibular
schwannoma?

No Yes

Non-tumorous
manifestations?

Many Few

Increased risk of non-
CNS cancer?

Yes No

Chromosomal
location

Chromosome 17 (17q11.2) Chromosome 22 (22q12.2)

Table 2 NIH Diagnostic Criteria for NF-1

NF-1 is present in a person who has two or more of the following signs:
Six or more café-au-lait macules > 5mm in greatest diameter in prepubertal individuals or

> 15mm in greatest diameter after puberty.
Two or more neurofibromas of any type or one or more plexiform neurofibromas.
Freckling in the axial or inguinal region.
A tumor of the optic pathway.
Two or more Lisch nodules.
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during adolescence or young adulthood. Nodular plexiform neurofibromas cluster
along the proximal nerve roots and major nerves and can cause vertebral erosion,
cord compression, and scoliosis. Diffuse plexiform neurofibromas involve multiple
nerve fascicles and are often highly vascular. They are usually not apparent in
infancy though the skin overlying it may be hyperpigmented and=or thickened. They
tend to enlarge with age, and can become severely disfiguring.

To date, no effective medical treatment is available for prevention or reduction
of cutaneous neurofibromas. Timing and extent of surgical treatment remains
variable and controversial. Generally, surgery is reserved for patients with significant
discomfort from dermal neurofibromas, or with cosmetically significant lesions. CO2

laser therapy can also be effective, particularly if a large number of neurofibromas
are being treated at one time. Recurrence is typical.

Plexiform neurofibromas are challenging to treat. Because they are often large,
irregular in shape, highly vascular, and frequently involve numerous nerves, they are
almost impossible to resect completely. Their unpredictable growth patterns also
make appropriate treatment choices more difficult. Surgical therapy is generally

Table 3 NIH Diagnostic Criteria for NF-2

NF-2 is present in a person who has either of the following:
1. Bilateral eight nerve masses seen with appropriate imaging techniques (e.g. MRI or CT)
2. A first degree relative with NF-2 and either unilateral eighth nerve mass or two of the
following:
glioma
meningioma
schwannoma
neurofibroma
juvenile posterior subcapsular lenticular opacity

(From Neurofibromatosis Conference statement, National Institutes of Health Consensus Development

Conference, Arch Neurol, 1988)

Table 4 Proposed Revised Clinical Criteria for NF-2

Definite NF-2 Presumptive or probable NF-2

Bilateral vestibular schwannomas (VS) Unilateral VS < 30 years plus at least one
of the following: meningioma, glioma,
schwannoma, juvenile posterior
subcapsular lenticular opacities

or or
First degree relative with NF-2 Multiple meningiomas (�2) plus unilateral

VS < 30 years or one of the following:
glioma, schwannoma, juvenile posterior
subcapsular lenticular opacities

plus 1. Unilateral VS < 30 years, or
2. Any two of the following:

meningioma, glioma,
schwannoma, juvenile
posterior subscapsular
lenticular opacities

(From Gutmann et al. The diagnostic evaluation and multidisciplinary management of neurofibromatosis

1 and neurofibromatosis 2. JAMA 1997; 278:51–570.)
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reserved until the lesion is causing functional limitation or discomfort or is cosmeti-
cally significant. More aggressive intervention has been proposed for orbital plexi-
form neurofibromas but systematic study of outcomes is lacking. Spinal plexiform
neurofibromas may also be surgically excised but gross-total resection is often not
possible. Regrowth can occur and clinical improvement may be seen in as few
as 1–5 patients. Clinical trials for medical therapy of plexiform neurofibromas
are underway. Two agents under study include Pirfenidone, an antifibrotic agent
that blocks the action of several growth factors, and R115777, a farnesyl transferase
inhibitor that interferes with ras functioning.

Lisch nodules are raised, usually pigmented, hamartomas on the iris that are
best seen on slit lamp examination. They rarely cause clinically significant symptoms.

Skeletal Manifestations

Osseous lesions present in NF-1 include pseudarthrosis, sphenoid dysplasia, verteb-
ral dysplasias, short stature, and scoliosis. Pseudarthrosis occurs in up to 5% of NF-1
patients. Conversely, 80% of patients with pseudarthrosis have NF-1. Pseudarthrosis
results from thinning of long bone cortex, followed by pathologic fracture and
impaired healing. Half of cases occur before age 2. Dysplasia of the sphenoid bone
can be a disfiguring complication. It can occur with or without an associated plexi-
form neurofibroma. Short stature is common, with about 13% of patients being 2
standard deviations below the mean for height. Scoliosis can occur as a result of
either deformation of the vertebral bodies by nodular plexiform neurofibromas in
the vertebral foramina or from vertebral dysplasia. Scoliosis can occur in up to
25% of patients and there is a female preponderance. Cervical or upper thoracic
kyphosis is most common. Children with NF-1 and scoliosis should be referred to
an orthopedist with experience in treating NF patients. In managing scoliosis, it is
important to first differentiate dystrophic from nondystrophic, or more idiopathic
disease. Dystrophic scoliosis can be accompanied by vertebral scalloping, spindled

Table 5 Follow up of childrenwithNF-1 andOptic PathwayGliomas

Time interval following
diagnosis of OPG MRI

Ophthalmologic
examination

Diagnosis X X
3 Months X X
6 Months X
9 Months X X
12 Months X
15 Months X
18 Months X
24 Months X X
36 Months X X
Yearly, thereafter a X

aThe data are insufficient to make a clear recommendation regarding the

intervals for MRI after the first two years after diagnosis. However, assuming

there has been no evidence of progression, the intervals between MRI can be

gradually lengthened.

(From Listernick et al. Optic pathway gliomas in children with neurofibroma-

tosis 1: Consensus statement from the NF-1 Optic Pathway Glioma Task

Force, Ann Neurol. 1997 Feb; 41(2):143-9.)

548 Yohay



ribs, paravertebral soft-tissue masses, foraminal enlargement, a short curve with
severe apical rotation, or subluxation or dislocation of a vertebral body. Dystrophic
curves are more likely to progress rapidly and, therefore, need early and aggressive
surgical management. Nondystrophic scoliosis is managed similarly to idiopathic
scoliosis, with observation, bracing, and eventually surgical fusion if indicated.

Neurologic Manifestations

Macrocephaly occurs in 25–50% of children with NF-1. It is uncommonly due to
hydrocephalus with aqueductal stenosis. It is usually due to increased brain size,
the pathogenesis of which is unclear.

Cognitive deficits are fairly common but tend to be relatively mild. The
incidence of mental retardation (FSIQ < 70) is only slightly higher than that of
the general population at about 4–8%. However, IQ tends to be 5–10 points lower
in comparison to the general population or unaffected siblings, and learning disabil-
ities are quite common, with a prevalence ranging from 30% to 65%. ADHD is also
probably more common in the NF-1 population.

Seizures are not a prominent feature of NF-1, but the lifetime risk is approxi-
mately twice that of the general population, with a prevalence of approximately 4%.
They can begin at any age and can be focal or generalized. Choice of antiepileptic
treatment should be based on individual factors in including age, seizure type, and
etiology.

Unidentified bright objects (UBOs) are a characteristic radiologic feature of
NF-1. They appear as focal areas of T2 bright signal on MRI that do not enhance
and cause no mass effect. They most commonly occur in the basal ganglia, cerebel-
lum, brainstem, and subcortical white matter. UBOs may represent areas of
increased fluid within myelin in areas of dysplastic glial proliferation and are not
thought to be malignant or premalignant. They are not associated with focal neuro-
logic deficits. It has been suggested that the presence of UBOs may correlate with the
occurrence of cognitive deficits, though results of studies to date have been mixed.

Malignancy

The reported lifetime risk of malignancy in people with NF-1 ranges from 2% to 10%
with an odds ratio of approximately 2–3 times the risk of the general population.
The lifetime risk of developing benign or malignant CNS tumors is about 45%.
CNS tumors encountered in NF-1 include optic gliomas, astrocytomas, brainstem
gliomas, and brain or spinal cord ependymomas. Malignancies outside the CNS
include malignant peripheral nerve sheath tumors (MPNSTs), chronic myelogenous
leukemia, and pheochromocytoma.

Optic pathway gliomas (OPGs) are the most common CNS tumor in NF-1,
occurring in up to 15% of children with the disorder. They are typically histologically
low grade and can appear anywhere along the optic pathways. In patients with
OPGs, the risk of developing other CNS tumors is increased. Only about 1=3 of optic
gliomas are symptomatic, typically presenting with vision loss, proptosis or both.
They can also present with accelerated puberty if the tumor originates near the
chiasm. Optical pathway gliomas that are destined to become symptomatic or pro-
gress typically do so during the first decade of life, so yearly ophthalmologic evalua-
tion for their development should continue until at least 12 years of age.
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Most children with NF-1 and OPG can be followed expectantly without
intervention, as most of these tumors never progress after diagnosis. Serial MRI
and ophthalmologic examinations at predefined intervals (Fig. 5) should be
performed in patients with stable disease. The determination of when and how to
treat OPGs is complex, controversial, and highly individualized. Surgical resection
is usually reserved for patients with anterior optic pathway disease that does not
involve the chiasm with no useful residual vision in the affected eye, and in whom
there is radiologic or clinical evidence of progression or significant proptosis. If there
is useful vision or if the tumor involves the chiasm or posterior visual pathway, radia-
tion therapy (RT) is usually employed. In young children, chemotherapy may be used
because of concerns about neurocognitive and endocrinologic side effects of RT.

Malignant peripheral nerve sheath tumors, also called neurofibrosarcomas,
result from the malignant transformation of plexiform neurofibromas. These tumors
are aggressive and often fatal. The lifetime risk for patients with NF-1 is reported
between 5% and 13%. They usually present with pain and rapid growth of a pre-
existing nodule within a plexiform neurofibroma. MPNSTs most commonly arise
during adulthood but can rarely develop during childhood.

A sudden change in the pattern of growth of plexiform neurofibromas or
new onset of pain can be a warning sign of malignant transformation and should
be evaluated rapidly. MRI may show areas of necrosis. Biopsy should be considered.
Surgical resection is the mainstay of therapy, but adjuvant chemotherapy or radia-
tion may be used, particularly for subtotal resections. Despite therapy, MPNSTs
frequently recur and=or metastasize with 5 year survivals around 21% and median
survivals of a little over 1 year. A phase II clinical trial examining Gleevec in
the treatment of sarcomas in children is currently underway.

General Considerations

Because of the complex and multidisciplinary nature of the disorder, patients with
NF-1 are often best served by being followed at an NF center with coordinated multi-
disciplinary care, including genetics, neurology, neurosurgery, ophthalmology, ortho-
pedics, dermatology, plastic surgery, neuropsychology, and oncology. Patients with
NF-1 should undergo biannual physical examinations at least until age 5 and then
yearly thereafter. In index cases, other undiagnosed first degree relatives should be
examined carefully for stigmata of the disorder. Because of the risk of pheochromo-
cytoma and renal arterial abnormalities, blood pressure should be checked at least
twice yearly. Special attention should be paid to early detection of scoliosis,
evidence of limb bowing or pseudarthrosis, presence of or change in the cutaneous
manifestations, and signs of precocious or delayed puberty. Head circumference
should be checked regularly for signs of rapid growth, particularly in the first three
years of life. Behavior and development should be followed carefully for signs of learn-
ing disability and ADHD. Patients with NF-1 should also undergo yearly neurologic
and ophthalmologic evaluation. Screening examinations such as MRI, EEG, and
radiographs are not necessary unless specifically indicated by history or examination.

Other manifestations and associations include GI bleeding from gastrointest-
inal neurofibromas, hemihypertrophy, buphthalmos, congenital glaucoma, vascular
abnormalities (including Moymoya and stroke), and neuronal migration defects.

Data on morbidity and mortality in NF-1 are scant. Approximately 1=3 of
patients have a serious complication of NF-1. Overall lifespan may be somewhat
reduced.
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Perhaps the most important role of a clinician working with patients with NF-1
is to provide accurate and up-to-date information on the disorder. Appropriate
anticipatory guidance regarding the natural history of the disease, therapeutic
options (including available experimental trials), and genetic counseling should be
offered to every patient and family.

Neurofibromatosis 2: Clinical Manifestations and Treatment

NF-2 is usually not diagnosed until late adolescence or early adulthood when
symptoms referable to the progression of vestibular schwannomas present. Younger
children are more likely to present with other CNS tumors, posterior capsular
cataracts, or peripheral nerve schwannomas. Unlike NF-1, the pathologic features
of NF-2 primarily involve the development of tumors and their complications.

At the time of diagnosis, patients should undergo a thorough evaluation
including an ophthalmologic examination, neurologic examination, and audiologic
testing. A gadolinium-enhanced MRI of the brain with thin cuts through the internal
auditory canals should be performed. Spinal MRI may also be considered. Genetic
counseling should be provided.

Any new neurologic signs or symptoms need to be evaluated promptly in
patients with NF-2. At a minimum, patients should undergo yearly brain MRI
and audiologic evaluation in addition to clinical evaluation. Serial spine MRI need
only be performed in patients with large or symptomatic spinal tumors.

Schwannomas are the most prevalent tumor type in NF-2, with vestibular
schwannomas occurring in about 98% of affected individuals. Schwannomas can
also occur along other cranial nerves (particularly the trigeminal nerve), spinal roots,
and peripheral nerves.

Though vestibular schwannomas usually arise from the vestibular portion of
the VIIIth cranial nerve, they generally present with auditory symptoms. They are
usually slow growing and cause slow deterioration in hearing. Eventually, balance
and other cranial nerve functions may become impaired. Brainstem compression
and obstructive hydrocephalus can occur. The decision to treat is highly individua-
lized and depends in part on the degree of hearing loss, the size of the tumor, the
presence and degree of contralateral symptoms, and the presence of signs or symp-
toms of other cranial nerve or brainstem dysfunction. Treatment is usually surgical,
though RT and radiosurgery are also used. Depending on the type and extent of sur-
gery, hearing loss may be worse postoperatively and may be accompanied by facial
or other cranial nerve palsies and headache. Small tumors (<1.5mm) can often be
removed with preservation of hearing. Surgery for larger tumors carries a higher risk
of deafness and other cranial nerve dysfunction. For patients who are surgically
deafened, one option may include the placement of an auditory brainstem implant
(ABI), which is essentially a cochlear implant with a modified proximal electrode.
Because of the high risk of eventual deafness, patients and their families should be
counseled prior to the onset of complete hearing loss about techniques to facilitate
communication such as lip reading and sign language.

Schwannomas arising from other cranial nerves are generally surgically
removed if treatment is necessary.

Spinal schwannomas occur in up to 80% of patients with NF-2, though most
are small and asymptomatic. They are slow-growing, arise from the dorsal root
and are radiologically indistinguishable from spinal neurofibromas. Surgical resec-
tion or debulking is performed in patients with severe or progressive symptoms.

Neurofibromatosis 551



Peripheral schwannomas can arise on any peripheral nerve and can cause pain or
weakness.

Meningiomas occur in about half of patients with NF-2. Treatment is surgical
unless the tumor is inaccessible, in which case, radiation therapy may be considered.

Glial tumors, including ependymomas and astrocytomas, are also more preva-
lent in patients with NF-2, with estimates of incidence ranging from 6% to 33%.
About 80% of gliomas in NF-2 are intramedullary spinal tumors or cauda equina
tumors, and 10% arise in the medulla, with ependymomas accounting for most glial
tumors in NF-2 and essentially all the spinal tumors. Again, treatment is generally
primarily surgical, performed when they become clinically significant.

The prognosis and clinical course in NF-2 are variable and few longitudinal
studies have been performed. Lifespan is decreased with a mean actuarial survival
of 62 years. Age at diagnosis is the strongest predictor of morbidity and mortality,
with earlier onset associated with decreased survival.

SUMMARY

NF-1 and NF-2 are two very different autosomal dominant disorders, with signifi-
cant potential for central and peripheral nervous system pathology. Familiarity with
the disorder, patient education, multidisciplinary access, and vigilance in monitoring
patients are essential components of care for these patients who present numerous
therapeutic challenges.
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Tuberous Sclerosis Complex

Raymond S. Kandt
Johnson Neurological Clinic, High Point, North Carolina, U.S.A.

INTRODUCTION

Tuberous sclerosis complex (TSC) is an autosomal dominant disorder caused by a
mutation of either the chromosome 9 TSC1 gene or the chromosome 16 TSC2 gene.
With a prevalence of about one per 6000, TSC is one of the more common of the
neurocutaneous diseases. By comparison, the most common neurocutaneous disor-
der, neurofibromatosis type 1, has a prevalence of about one per 4000. An inherited
or sporadic mutation of either TSC1 or TSC2 results in loss of function or aberrant
function of the respective gene product: hamartin (chromosome 9 TSC1) or tuberin
(chromosome 16 TSC2). These two genes are thought to act in part as tumor sup-
pressor genes, but also function in various aspects of the regulation of cell growth,
migration, and development. In the 1=3 of TSC patients whose families demonstrate
autosomal dominant inheritance, the mutation occurs roughly equally in either
TSC1 or TSC2. By contrast, TSC2 is more often mutated in the two-thirds of
patients who have TSC due to a spontaneous mutation. TSC typically causes pro-
blems that affect one or more of four organs: brain, skin, kidneys, and lungs.

DIAGNOSIS AND EVALUATION

The four major impacts of TSC are skin lesions in 95% or more of the patients,
seizures in 85% (the most common presenting feature), mental retardation in
about 50%, and kidney disease in 60%.

Diagnosis of TSC is dependent upon recognition of the relatively unique
hamartomas and hamartias that are characteristic of TSC. These are divided into
major and minor diagnostic features (Table 1). A patient is considered to have defi-
nite TSC when two major features are present (or one major and two minor fea-
tures). Additional categories include probable TSC, characterized by one major
plus one minor feature, and possible TSC, with one major or two or more minor
features.

In the majority of TSC patients, the diagnosis is suspected because of infan-
tile spasms or later onset of seizures, particularly if accompanied by mental retar-
dation. Once TSC is suspected, the diagnosis is confirmed by discovering other
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manifestations of TSC. The various procedures that allow correct diagnosis and
monitoring of TSC are given in Table 2. Attention should also be given to the
family history, as this may disclose previously undiagnosed individuals. When typi-
cal manifestations are present, the diagnosis is easy. By contrast, because TSC can
affect most organ systems (but usually not the spinal cord) and because variability
of clinical manifestations among different patients can be striking, diagnosis may
be difficult.

Skin Lesions

Among the skin manifestations, 0.5–2 cm or larger hypopigmented macules (also
known as ashleaf spots or hypomelanotic macules) are the most common, and are
usually present at birth, located on the trunk, extremities, or face. Ultraviolet
Wood’s light is sometimes necessary to see the macules. The other three common
skin manifestations typically occur during the second decade (sometimes earlier)
and include facial angiofibromas, shagreen patches, and ungual fibromas. The fore-
head plaque is often present within the first year.

Table 1 Diagnostic and Nondiagnostic Features and Their Prevalence in TSC

Diagnostic features Prevalence
Eleven major features
Facial angiofibromas=forehead plaque 60–75%
Ungual fibroma, nontraumatic 15–50%
Three or more hypopigmented macules >90%
Shagreen patch 20%
Multiple nodular retinal hamartomas 50–75%
Cortical tuber=subcortical migration tract >90%
Subependymal nodule >80%
Subependymal giant cell astrocytoma 5%
Cardiac rhabdomyomas 60þ% children, <20% adults
Pulmonary lymphangioleiomyomatosis 2–5% women (newer studies

as high as 40%)
Renal angiomyolipomas Almost 75% by 10 years

Nine minor features
Multiple dental pits 50–100% permanent teeth
Hamartomatous rectal polyps (histologic)
Bone cysts (radiographic diagnosis is sufficient)
Cerebral white matter radial
migration lines (without tuber)

Gingival fibromas
Nonrenal hamartoma Up to 45% hepatic hamartomas
Retinal achromic patch
‘‘Confetti’’ skin lesions <10%
Multiple renal cysts 20% (2% severe cystic disease)

Nondiagnostic features Prevalence
Seizures 85%
Mental retardation 50%
Autism 50%
Renal cell carcinoma Up to 2%
Aortic or other aneurysms Rare
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Seizures

Although they are the most common neurologic symptom of TSC, seizures are not
specific for diagnosis because the seizures of TSC are not unique to TSC nor specific
to TSC. Seizures, however, represent one of the major challenges in the medical man-
agement. The early onset of infantile spasms in TSC is typically associated withmental
retardation. Later onset of seizures is usually manifested with complex partial seizures
or a mixed seizure disorder, with or without mental retardation. Although mentally
retarded TSC patients always have seizures, a significant minority of TSC patients
who have seizures, usually with onset after age 2 years, have normal intelligence.

Mental Retardation

This is the second most common neurologic symptom of TSC, occurring in about
45–50% of patients, and usually associated with infantile spasms. Two-thirds of
the retarded are profoundly mentally retarded. When mild, the retardation may
not be obvious or diagnosed until school age. Autism is relatively common in
TSC, and usually occurs in the mentally retarded patient.

Neuroimaging

There are several possible findings: (1) cortical tubers (>90%); (2) subependymal
nodules or SENs (>80%) which appear as periventricular nodular lesions; (3) radial
lines extending from the lateral ventricles (migration lines); (4) subependymal giant
cell astrocytomas (SEGAs); and (5) dysmorphic ventricles. By CT scan, calcified

Table 2 Procedures for Diagnosis and Monitoring of TSC

Phase Procedures

Suspicion History and examination

Diagnosis Confirmation utilizing diagnostic criteria

Completion of baseline
evaluations (all can be
repeated as necessary)

Skin examination
Cranial MRI=CT
Renal ultrasound
Ophthalmic examination
EKG
Neurodevelopmental testing

Optional studies for variable
manifestations
Seizures EEG
Cardiac Echocardiogram
Family planning DNA sequencing of TSC1 and TSC2 genes
Enlarging AML Renal CT
Pulmonary Chest CT

Follow up Neurodevelopmental testing at school entrance
Renal ultrasound every 1–3 years
Cranial MRI=CT every 1–3 years through adolescence
Chest CT scan in adult females
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SENs are prominent, but the low attenuation of cerebral cortical tubers is difficult to
visualize. With MRI, the tubers are easily seen at the gray–white junction of the cer-
ebral and cerebellar cortices as nonenhancing, irregularly bordered areas of high T2
and FLAIR signal. Less commonly, tubers contain calcium or enhance. For diagno-
sis of TSC, the presence of both tubers and SENs is highly characteristic, particularly
if they are joined by migration lines.

Subependymal Giant Cell Astrocytomas

The transformation of SENs in the region of the foramen of Monro into SEGAs is
characterized by both enlargement and enhancement (on both CT and MRI). When
a SEGA enlarges, it may block CSF circulation and cause elevated intracranial pres-
sure. SEGAs occur in the minority of TSC patients (5%), usually in the second dec-
ade but rarely as early as in utero, and rarely enlarge after age 20 years. They are
never invasive, but may rarely hemorrhage or worsen seizures.

Renal Disease

Kidney lesions, usually bilateral, occur in about 60% of patients, but are usually not
a clinical problem until adulthood. One exception is the children who have a contig-
uous gene syndrome that affects two adjacent chromosome 16 genes, TSC2 and
APKD1 (adult polycystic kidney disease, type 1). These patients may have severe
polycystic kidney disease dating from infancy. In other children with TSC, asympto-
matic renal lesions, either cysts or angiomyolipomas, can be helpful for diagnosis.
Renal ultrasound is the initial screening test, but CT may be necessary to differenti-
ate rapidly enlarging angiomyolipomas, which contain fat, from renal cell carcino-
mas, which do not.

Other Manifestations

Cardiac rhabdomyomas are usually asymptomatic, but may cause cardiac failure,
usually by outflow obstruction. They rarely cause arrhythmias due to involvement
of cardiac conduction pathways, e.g., Wolf–Parkinson–White syndrome, and are
sometimes detected by EKG when asymptomatic. Cardiac rhabdomyomas generally
regress spontaneously during infancy or early childhood. Echocardiogram is helpful
for diagnosis of TSC in young children (and even prenatally), but is otherwise unne-
cessary in asymptomatic or in older persons. Retinal hamartomas, which sometimes
look like mulberries, do not affect vision except on the rare occasions that they involve
the area of the macula. Pulmonary dysfunction due to lymphangioleiomyomatosis
(LAM) occurs either as a rare sporadic disease or in association with TSC. In TSC,
LAM affects almost 5% of women older than 20 years. Rarely, LAM in TSC occurs
during childhood or in males. Bony changes of TSC are almost always asymptomatic
and can include cysts, periosteal new bone, and areas of sclerosis. Hepatic hamarto-
mas (more common in females) are harmless. Cardiogenic cerebral embolization,
perhaps from thrombus associated with a rhabdomyoma, is a rare complication.

Genetic Testing

DNA testing is available for the two genes that cause TSC, but the false negative rate
is as high as 20%. Most patients who have TSC will fulfill the clinical diagnostic
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criteria, making DNA testing unnecessary. When the diagnosis is questionable,
particularly when prenatal genetic counseling is planned, the DNA test is useful.
Prenatal diagnosis is available, but it is most reliable when a causative mutation
has been confirmed in a parent.

TREATMENT

Treatments for TSC focus on six aspects: seizure control, education, cosmetic treat-
ments, amelioration of renal disease, CSF shunting or surgical resection of giant cell
astrocytomas, and therapy of LAM.

Seizures

Seizures are treated in the same manner as they would be treated in the patient with-
out TSC. ACTH is most commonly used to treat infantile spasms of TSC. Some TSC
experts recommend vigabatrin for treatment of infantile spasms in TSC, but others
point out the potential hazards including deterioration of visual fields (also difficult
to monitor in retarded individuals) and the animal data demonstrating white matter
vacuolation. Due to these factors, vigabatrin is unlikely to be approved by the FDA
for use in the United States. In addition to standard antiepileptic medications,
options for control of seizures include rectal diazepam at home for severe seizures
lasting more than 3min, serial seizures, or status epilepticus. Resection of epilepto-
genic tubers is limited to selected patients. The ketogenic diet, corpus callosotomy
and vagus nerve stimulation have been helpful for many TSC patients.

Education

Early psychological assessment of intellectual function is recommended so that early
intervention, resource assistance through the school system, or attendance in a self-
contained classroom can be instituted. While education is important for the cognitive
disorders of TSC, medications can improve some of the behaviors related to these
problems. Useful medications include dextroamphetamine and other psychostimu-
lants for hyperactivity and inattention, fluoxetine for autistic symptoms, clonidine
for hyperarousal, and risperidone for aggression.

Cosmetic Treatments

Focused dye laser therapy is effective for treatment of facial angiofibromas that are
disfiguring or bleed excessively with minor trauma. Ungual fibromas can be removed
surgically if they become symptomatic due to cosmetic concerns, due to excessive
accidental trauma or due to discomfort (e.g., poorly fitting shoes).

Renal Lesions

Renal surgery, including tumor enucleation, renal arterial embolization, or partial
nephrectomy, is utilized for symptomatic or for large renal angiomyolipomas (e.g.,
>3.5–4 cm) to help prevent hemorrhage. Treatment with rapamycin to decrease
the size of AMLs has entered clinical trials. Rarely, large renal cysts require decom-
pression. Nephrectomy is rarely indicated, particularly since the other kidney may
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later develop dysfunction. Dialysis or renal transplantation are options in the event
of renal failure. The risks of immunosuppression in TSC patients are not increased,
and there is no recurrence of TSC lesions in a transplanted kidney. Renal cell carci-
noma is treated in the standard manner.

Cerebral Subependymal Giant Cell Astrocytomas

These tumors are low grade. Thus, surgical removal for symptomatic lesions or
enlarging lesions is usually successful. Chemotherapy and radiation therapy are
not indicated. CSF shunting is performed for hydrocephalus. Because SEGAs rarely
enlarge past the age of 20 years, static lesions and those without hydrocephalus are
often not treated.

Pulmonary Lymphangioleiomyomatosis (LAM)

Lung transplant or hormonal therapies have been used.

PROGNOSIS

Many patients with TSC are affected by skin lesions only, and often are undiag-
nosed. TSC skin lesions have no risk for malignant transformation. Prognosis is vari-
able, and is dependent mostly on the presence of one or more neurologic
complications or the occurrence of renal or pulmonary complications. Although
early seizures are associated with mental retardation, a considerable minority of
TSC patients with onset of seizures after age 2 years have normal intelligence. Early
onset of infantile spasms in association with mental retardation is associated with a
poor prognosis for academic or occupational success. In the past, seizures were asso-
ciated with mortality, but with the many medical options now available for seizure
control, seizures less commonly lead to death. Bronchopneumonia, however, may
still be fatal in severely retarded patients with intractable seizures including status
epilepticus. Renal lesions are the leading cause of TSC-associated mortality in
TSC adults. Placing it in perspective, however, only about 5% of TSC patients
develop severe kidney disease. LAM is the second leading TSC-associated cause of
death in patients older than 40 years. Less common causes of TSC-associated death
include SEGAs, outflow obstruction from rhabdomyomas in infants, and aortic or
other aneurysms.
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PATIENT RESOURCE

1. Tuberous Sclerosis Alliance, 801 Roeder Rd, Silver Spring MD 20910, U.S.A., Tel.:
þ1-800–225–6872; http:==www.tsalliance.org
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Hypomelanosis of Ito

Lori L. Olson and Bernard L. Maria
Medical University of South Carolina, Charleston, South Carolina, U.S.A.

INTRODUCTION

The diagnosis of hypomelanosis of Ito (HI) is appropriate in individuals with hypo-
pigmented skin lesions on the trunk and limbs following the lines of Blaschko. HI
was originally named incontinentia pigmenti achromians in 1952 by Ito because
the nonrandom streaks, whorls, and patches seen in HI are often described as the
‘‘negative pattern’’ of the hyperpigmented skin lesions in the disorder incontinentia
pigmenti. Ito first described the disorder as a cutaneous syndrome, but it now seems
clear that 33–94% of individuals have associated neurological, ophthalmological,
and other complications. Mental retardation and seizures are characteristically asso-
ciated with CNS involvement in HI but there is extreme variability in the severity of
disease. Recent evidence convincingly suggests that HI is not a discrete disorder as
originally believed but instead a nonspecific pigmentary disorder caused by chromo-
somal mosaicism. HI almost always occurs sporadically, and it seems to be caused by
a de novo mutation in early embryogenesis. Although HI is often considered the
fourth most common neurocutaneous syndrome, its incidence is very rare, with only
1 in every 600–1000 new patients in a pediatric neurology service.

DIAGNOSIS

The majority of individuals are first diagnosed within the first year of life due to the
hypopigmentation of their skin. As in tuberous sclerosis, early diagnosis is enhanced
by using a Wood’s lamp when evaluating children with new onset seizures; the bilat-
eral or unilateral hypopigmented whorls, streaks, and patches are usually found on
the trunk and limbs. These lesions follow the lines of Blashcko, swirling around the
trunk and down the arms or legs.

CLINICAL FEATURES

All affected individuals have the hypopigmented skin lesions. A significant number of
affected individuals also show CNS involvement, most frequently mental retardation,
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and seizures. In a study of 76 cases in 1998, Pascual-Castroviejo et al. reported 57%
of patients had an IQ below 70 with 40% having an IQ below 50. In addition, 49%
suffered from seizures, with generalized tonic–clonic seizures being the most com-
mon. Partial, infantile spasms, and myoclonic seizures were also observed. Other
significant neurological complications included hypotonia, macrocephaly, microce-
phaly, speech delay, autistic behaviors, and expressive language disabilities. Skin
manifestations include café-au-lait spots, cutis marmorata, angiomatous nevi, nevus
of Ota, Mongolian blue spots, hypohidrosis of hypopigmented areas, and morphea.
Hair, tooth, and nail abnormalities can also be seen.

Ophthalmologic abnormalities include strabismus, nystagmus, congenital cat-
aracts, and a variety of other nonspecific findings. A number of dental and cranio-
facial abnormalities can be seen. Some patients have limb asymmetries, scoliosis,
pectus anomalies, and foot deformities. Cardiac, kidney, liver, and genital abnorm-
alities, as well as benign and malignant tumors, have also been reported to a lesser
extent. However, with such a small number of reported cases and high variability in
clinical expression, it is difficult to definitely state the true prevalence of associated
problems. There are no reported studies of the natural history of disease in HI.

EVALUATION

Thorough dermatological, neurological, and ophthalmological examinations are
extremely important given the heterogeneity and potential severity of HI. Chromo-
somal analysis of blood, skin fibroblasts, or epidermal keratinocytes or melanocytes
is warranted to detect mosaicism or other chromosomal anomalies. For suspected
complications, patients may need to be referred to specialists such as an orthopedist,
nephrologist, cardiologist, endocrinologist, and dentist. Radiographic examination
may be needed to study musculoskeletal abnormalities. Electrocardiograms (EKGs)
are required for patients suspected of cardiac abnormalities. It has also been sug-
gested to screen all patients using renal functional and structural tests.

Magnetic resonance imaging (MRIs) and electroencephalograms (EEGs) are
justified to characterize structural and neurophysiologic abnormalities upon clinical
manifestations. White matter abnormalities are commonly found in MRIs of HI
patients. In a 1996 study by Ruggieri et al., MRI findings included increased signal
abnormalities in the parietal periventricular and subcortical white matter of both
hemispheres in T2-weighted images. These white matter anomalies are similar to
those found in other neurocutaneous syndromes. Electroencephalograms (EEGs)
can show focal discharges and slowing, but there has been no consistent finding in
HI patients.

GENETICS OF HI

In earlier literature and case reviews, many modes of inheritance were proposed but
none have been proven. Recent publications have supported the idea that HI is a
phenotype of chromosomal mosaicism. In almost all reported cases, HI occurs spor-
adically. Using karyotype analysis of blood, skin fibroblasts, epidermal keratino-
cytes, or melanocytes, many patients have been found to have chromosomal
mosaicism. Yet, there is no consistent pattern, as mosaicism has been found in both
autosomal and sex chromosomes. Sporadic X:autosome translocations involving
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Xp11 have also been found in some girls suffering from HI symptoms. Some authors
believe this translocation causes a functional disomy. While some individuals’ karyo-
types have appeared normal, it is thought there could be mosaicism at the molecular
level or minor abnormalities that have gone undetected. Until the genetics of HI are
further delineated, physicians should offer families genetic counseling. In addition,
when parents of an affected child are considering additional pregnancies, a chromo-
somal analysis of the affected child and=or the parents is warranted to confirm that
the risk of another affected child is extremely low.

DIFFERENTIAL DIAGNOSIS

Hypomelanosis of Ito can be difficult to diagnose but careful examination can differ-
entiate HI from similar disorders. The fourth stage of incontinentia pigmenti (IP)
can often be confused with HI because of the presence of linear hypopigmented skin
lesions. However, hypopigmentation in HI is not preceded by inflammatory, bullous
skin lesions as in IP. A more common neurocutaneous disorder, tuberous sclerosis, is
characterized by multiple hypomelanotic, ash leaf-shaped lesions. Nevus depigmato-
sus is a cutaneous disorder with localized, nonlinear congenital lesions without any
of the associated extracutaneous symptoms seen in HI. Vitiligo is a pigment disorder
caused by the absence of melanocytes, producing decreased pigmentation in patches
of skin. The lesions do not follow the lines of Blaschko and may appear well after
birth. The extracutaneous symptoms associated with HI are not commonly seen.

TREATMENT

Treatment for HI is symptomatic. The skin lesions require no special treatment, and
individuals do not have to take extra precautions with sun exposure. For individuals
without additional neurologic manifestations, an annual follow-up appointment is
recommended. The hypopigmented lesions tend to darken with time.

Children with HI and neurologic complications will benefit from special educa-
tion services. Dentists can frequently treat abnormalities of the teeth. Surgery,
corrective glasses, vision therapy, and medication may help some of the ophthalmo-
logic conditions seen in HI.

Patients suffering from seizures may benefit from antiepileptic drugs. Valpro-
ate, carbamazepine, and phenytoin are first-line therapies in the treatment of gener-
alized tonic–clonic seizures. First choice drugs for partial seizures include
carbamazepine, phenytoin, primidone, phenobartital, and valproate. Treatment of
infantile spasms is discussed elsewhere in this book. Almost 30% of patients with
HI have refractory epilepsy.

PROGNOSIS

There is extreme variation in the clinical features expressed in patients with HI.
There are no published series on natural history of disease so it is difficult to precisely
state the prognosis. As many as 70% of affected individuals in reported series have
isolated cutaneous abnormalities. However, because of ascertainment bias in clinical
series, the true prevalence of brain disease is unknown. A minority suffers from
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mental retardation and seizures and may depend on another person for self-care.
Parents should be reassured that this is rare and that most severe complications
are detected early in life.

SUMMARY

HI is a rare neurocutaneous disorder most likely caused by chromosomal mosaicism.
HI patients may suffer from numerous clinical manifestations but the expression of
the disease is highly variable. There is no systemic treatment for the disorder, except
for symptomatic management. Hopefully, further investigation into the genetics of
HI will lead to a more tailored approach to treatment.
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Am J Med Gen 1999; 85:346–350.

2. Pascual-Castroviejo I, Roche C, Martinez-Bermejo A, Arcas J, Lopez-Martin V, Tendero
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PATIENT RESOURCES

1. H.I.T.S. (UK) (Hypomelanosis of Ito Family Support Network). C=O Terri Grant,
Saskatchewan, 99 Great Cambridge Rd, London, Intl N17 7LN, United Kingdom.
Tel.: þ44-7940-114943; fax: þ(44)-208-352-1824; E-mail: tgrant@hitsuk.freeserve.co.uk;
Internet: http:==www.e-fervour.com=hits.

2. Epilepsy Foundation. 4351 Garden City Drive, Landover, MD 20785, U.S.A. Tel.:
þ1 301-459-3700; fax: þ1 301-577-2684, Tel.: þ1 800-332-1000, TDD: þ1 800-332-
2070, E-mail: postmaster@efa.org, Internet: http:==www.epilepsyfoundation.org.
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Abnormalities of sodium balance, 12
diabetes insipidus-like disorder, 12

Absence seizures, 56, 69
Acute exacerbations, 442
Acute inflammatory demyelinating

neuropathy, 167
Acute intermittent ataxia, 419
Acute motor axonal neuropathy, 167
Acute motor axonal sensory neuropathy,

168
Acute myelogenous leukemia, 261
Acute neurological symptoms, 442
Acyclovir resistance, 295
Adductor tenotomy, 20
hip dislocation, 20

Adrenal insufficiency, 383
Adrenocortical insufficiency, 380
Adrenocorticotropic hormone, 112
Adrenomyeloneuropathy, 377
Adult triptan trials, 234
Aerosolized narcotics, 196
Alacrima, 427
Alcohol overdose syndrome, 521
Allopurinol, 372
Amniocytes, 369
Amygdala, 501
Analgesics, 243
opioids, 243

Angelman syndrome, 351
Anorexia, 424
Anti-AChR antibodies, 203
Antibody testing, 324
Anticonvulsant drugs, 103
Anticonvulsants, 118, 252, 542
gabapentin, 252
lidocaine, 252
oral mexilitine, 252

Antidepressant, 505

Antiepileptic drugs, 511
carbamazepine, 511
valproate, 511

Antiepileptic medications, 101
myoclonic seizures, 101

Anxiety disorders, 501
Anxiety, 543
Anxiolytic, 505
Apnea, 341
Arrhythmia, 427, 423, 556
Arterial ischemic stroke, 401
Arteriovenous malformations, 409
Arylsulfatase A, 367
Aseptic meningitis, 287
Ashleaf spots, 554
Asperger syndrome, 490
Ataxia telangiectasia, 420
Attention deficit hyperactivity disorder, 495
Attention-deficit disorder, 541
Atypical absences, 69
neurological impairment, 69

Atypical neuroleptics, 131
Audiological evalution, 86
Autism spectrum disorders, 489
neurobehavioral syndrome, 489

Autism, 555
Autistic spectrum disorder, 86
Autoimmune myasthenia gravis, 202
ephedrine, 202
thymectomy, 202

Autonomic dysfunction, 423
Average risk, 272
Avonex, 443

Basal ganglia injury, 133
chorea, 133

Behavior problems, 80
aggressiveness, 80
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[Behavior problems]
autistic spectrum disorders, 80
hyperactivity, 80

Behavioral interventions, 475
management of disruptive behaviors, 475
pain management, 475

Behavioral therapy, 373
Benign familial neonatal seizures, 62
Benign neonatal sleep myoclonus, 157
Benzodiazepines, 369
Beta-blockers, 227
propranolol, 227

Betaseron, 443
Bezold–Jarisch reflex, 429
Bilevel positive airway pressure, 189
Biochemical testing, 372
Biopsy, 312
Bipolar disorder, 508
Bone marrow transplantation, 383
Botulinum toxin A, 426
Bracing, 39
discomfort, 39

Bradycardia, 352
Brain death, 341
Brain injury, 346
Brainstem gliomas, 275
infiltrating lesion, 275

Bronchopneumonia, 558
Bulbar paresis, 179
Bulbar weakness, 170
dysphagia or aspiration, 170

Bupthalmos, 541

Carbidopa=levodopa, 140
Cardiac conduction abnormalities, 131
Cardiac rhabdomyomas, 556
Cardiovascular system, 423
Cerebellar ataxia, 261
Cerebral aneurysms, 410
Cerebral angiography, 410
Cerebral edema, 396
Cerebral palsy, 15
Cerebral sinovenous thrombosis, 401
Cerebral toxoplasmosis, 311
Cerebrovascular disorders, 401
Cervical myelopathy, 446
Cervical spine injury, 336
Chagas’ disease, 280
Chelation, 395
chelating agent, 395
chelation decisions, 395
chelation therapy, 395

Chemoprophylaxis, 325

Chiari malformations, 45
Child abuse, 332
Childhood brain tumors, 265, 271
ependymomas, 271
gliomas, 271
infratentorial tumors, 265
medulloblastoma, 271
supratentorial tumors, 265
surgical resection, 265

Child’s systemic milieu, 443
Choreoathetosis, 133
Choroid plexus tumors, 25
Chromosomal mosaicism, 562
Chronic disorder, 225
Chronic encephalitis, 121
Rasmussen’s syndrome, 121

Chronic migraine headache, 228
Chronic progressive ataxia, 419
Chronic steroids, 113
CMV encephalitis, 311
CO2 narcosis, 425
Complementary alternative medicine, 21
Complex febrile seizures, 74
Conduct disorder, 513
Congenital fiber type disproportion, 165
Congenital muscular dystrophy, 163
Congenital myopathies, 185
Congenital syphilis, 280.
Contraindicating factor, 130
Copaxone, 443
Corticosteroids, 435
Cranial deformities, 1
asymmetry, 2
bossing, 2
scaphocephaly, 2
skull flattening, 2

Cranial neuropathy, 321
Cranial sutures, 1
causes, 1
forms, 1
statistics, 1

Cranial ultrasound, 352
Cranial vault remodeling, 5
Craniospinal irradiation therapy, 274
Craniosynostosis, 1
complications, 5
cosmetic, 5
physiological, 5

diagnostic tools, 2
effects, 5
phychosocial, 5

manifestations, 1
pathophysiology, 1
statistics, 1
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[Craniosynostosis]
surgery, 5
endoscopy, 6
methods, 5
neonatal, 5

treatment, 4
head position, 4
neck exercises, 2
pillow, 4

Cryptococcal meningitis, 310
Cryptogenic, 401
CSF IgG index, 294
Cuproenzymes, 361
Cystic tumors, 268
infusion of bleomycin, 268
intralesional therapy, 268

Cysticercosis, 303

Dandy-Walker malformations, 419
Degree of disability or impairment, 147
Dementia, 99
Demyelinating syndrome, 442
Demyelination, 446
Depression, 509, 543
bipolar affective disorder, 509
cyclothymia, 509

Differential diagnosis, 148, 350
Disabling obsessions and=or
compulsions, 463

Disc swelling, 239
Disease modification, 442
Disease progression, 442
Disease-risk stratification, 272
Distraction osteogenesis, 7
Déjerine–Sottas syndrome, 182
Dopamine transporter, 496
Dopaminergic agents, 235, 527
antiemetics, 235

Dopa-responsive dystonia, 140
Double depression, 508
Duchenne dystrophy, 209, 212
contractures, 212
scoliosis, 212

Duchenne muscular dystrophy, 37, 161
Dyslexia, 470
Dysphagia, 179
Dysthmia, 508
Dystonia, 139, 357, 373
laryngeal dystonia, 357
orobuccal dystonia, 357
primary dystonias, 139
secondary dystonias, 139

Dystroglycanopathies, 161

Dystrophin–glycoprotein complex, 161
Dystrophinopathy, 209

Efficacy, 106
Electrical status epilepticus in sleep, 85
Electroencephalogram, 92
Electroencephalography, 122, 349
Electrographic seizure, 62
Embolization, 413
Emery–Dreifuss muscular dystrophy, 216
Encephalitis, 296
Encephalomyelitis, 296, 433
Encephalopathy, 396
Ependymomas, 267
Epidemiology, 439
Epilepsy syndrome, 111
infantile spasms, 111

Epilepsy, 77
Epileptic myoclonus, 151
Episodic ataxias, 417
Episodic hypertension, 424
Ethosuximide, 71
Etiology of coma, 335
Etiology of SE, 50
Etiology, 439
Exacerbation, 130
Exchange transfusion, 403
Exposure=ingestion, 394
Extraparenchymal
neurocysticercosis, 306

Extrapyramidal syndromes, 20
pharmacotherapy, 20
rehabilitation, 20

Facial angiofibromas, 557
Facial palsy, 327
Facioscapulohumeral dystrophy, 216
Felbamate, 108
Fenestration, 242
Fibroblasts, 368
Fludrocortisone, 431
Focal demyelination, 171
Foramen magnum, 46
Foramen of Monro, 26
Friedreich’s ataxia, 181, 420

Gangliogliomas, 267
Gastrostomy placement, 369
Gene therapy, 374
Generalized anxiety disorder, 508
Generous hydration, 372
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Genetic testing, 371
Germ cell tumors, 268
germinomas, 268
non-germinomatous germ cell tumors,

268
Germinomas, 27
Gilles de la Tourette syndrome, 125
Glaucoma, 541
Goniotomy, 543
Guillain–Barré syndrome, 423

Hamartias, 553
Hamartomas, 553
Headaches, 225
Hemiplegic cerebral palsy, 20
Hepatic dysfunction, 228
Hepatic hamartomas, 556
Hereditary autonomic and sensory

neuropathies, 423
Heteroplasmy, 385
High-grade astrocytoma, 267
Highly active antiretroviral therapy, 309
High-resolution magnetic resonance

imaging, 86
HIV encephalopathy, 309
Holoprosencephaly, 10
cerebral underdevelopment, 10
underhemispherization of the brain, 10

HSV encephalitis, 295
Hydrocephalus, 1, 9, 25
communicating, 25
dilatation of the ventricular system, 25
increased intracranial pressure, 25
noncommunicating, 25
nonobstructive, 25
obstructive, 25

Hydronephrosis, 9
renal sonogram, 9

Hyperthermia, 183
Hyperuricemia, 371
Hyperventilation, 70
Hypomelanosis of Ito, 561
Hypopigmentation, 563
Hypopnea, 425
Hypotonia, 162
Hypoventilation, 339
Hypovolemia, 424, 431
Hypoxia, 425
Hypoxia–ischemia, 349
Hypoxic-ischemic encephalopathy, 349
Hypoxic–ischemic encephalopathy, 62
Hypoxic–ischemic injuries, 352

Iatrogenic pharmaco-toxicity, 530
Idiopathic generalized epilepsy, 91
Idiopathic partial epilepsies of childhood,

117
benign epilepsy with centrotemporal

spikes, 117
Ifosfamide encephalopathy, 257
methylene blue, 257

Incipient SE, 51
Inflammatory neuropathies, 177
Interferon beta medications, 443
Intolerable side effects, 106
Intracranial hemorrhage, 62
Intracranial pressure, 1
Intractable epilepsy, 103
Intractable patient, 104
Intractable temporal lobe epilepsy, 78
Intrapartum asphyxia, 350
Intrathecal baclofen, 19
Intrathecal IgG synthesis, 294
Intubation, 170
Involuntary muscle jerk, 151
Isoelectric activity, 349

Joubert syndrome, 351, 419
Juvenile absence epilepsy, 69
Juvenile myoclonic epilepsy, 91

Kennedy’s syndrome, 199
Kozhevnikov’s epilepsy, 121
Kyphosis, 190

Lafora body disease, 98
Landau–KIefmer syndrome, 85
Language impairment, 86
Learning disability, 469
mathematics disability, 470
reading disability, 470

Leigh encephalomyelopathy, 80
Lennox Gastaut syndrome, 108

Lennox–Gastaut syndrome, 79
Lesch–Nyhan disease, 371
Leukoencephalopathy, 256
Levocarnitine supplementation, 386
L’Hermitte’s phenomenon, 440
Life expectancy
Limb girdle muscular dystrophy, 209, 212
Lorazepam, 352
Low-grade astrocytoma, 266
stereotactic radiosurgery, 267

Lumbar puncture, 74, 288
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Lyme borreliosis, 319
Lyme disease, 320
Lyme encephalopathy, 322
Lyme meningitis, 321

Macrocephaly, 549
Magnetic resonance imaging, 368
Major depression disorder, 507
Malignant hyperthermia, 40, 187, 525
Measles infection, 296
Meningitis, 57, 287
neisseria meningitidis, 287
streptococcus pneumoniae, 287

Meningoencephalitis, 321
Menkes disease, 361
Mesenchymal stem cells, 369
Mesial temporal sclerosis, 78
Metabolic neuropathies, 177
Metachromatic leukodystrophy, 367
Migraine in children and
adolescents, 232
acetaminophen, 232
ibuprofen, 233

Migraine, 231
Mild cardiomyopathy, 213
Minipolymyoclonus, 192
Mitochondrial neurogastrointestinal

encephalomyopathy, 385
Molding helmet therapy, 6
Motor disorder, 373
Mucopolysaccharidosis, 369
Multimodal approaches, 516
Multiple sclerosis, 439, 453
Multiple subpial transactions, 88
Muscle biopsy, 100
Muscular dystrophies, 209
Myelomeningocele patient, 46
Myelopathy, 257
Myoclonic astatic epilepsy, 81
Myoclonic epilepsy syndromes, 97
Myoclonic seizures, 91
Myoclonus, 151
Myotonic dystrophy, 163

Negative reinforcement, 476
Neonatal encephalopathy, 349
Neonatal HSV encephalitis, 295
Neonatal seizures, 61
Neonates, 401
Nerve sheath tumors, 550
Nervous system malformations, 7
holoprosencephaly, 7

[Nervous system malformations]
myelomeningocele, 7

Neurobehavioral syndrome, 371, 489
Neurocognitive sequelae, 274
Neurocutaneous syndromes, 81
Neurocysticercosis, 304
Neurodegeneration with brain iron

accumulation, 355
Neurofibromatosis, 539
Neurogenic dysphagia, 218
cerebral palsy, 218

Neuroimaging, 62, 403, 555
Neuroleptic malignant syndrome, 525
Neuroleptics, 525
Neurologic symptoms, 541
Neuromuscular junction, 201
Neuromuscular transmission, 201
Neuropsychological testing, 481
Neurosurgical treatments, 142
deep brain stimulation, 142
pallidotomy, 142
thalamotomy, 142

Neurotransmitters, 152
gamma-aminobutyric acid, 152
glycine, 152
serotonin, 152

Nissen fundiplication, 196
Nociceptive pain, 244
acetaminophen, 244
NSAIDs, 244

Nonaccidental trauma, 330
Nonepileptic myoclonus, 151
Nonglial brain tumor, 268
craniopharyngiomas, 268
adamantimous type, 268
squamous papillary type, 268

Nonobstructive, 25
Nonspecific medications, 234
acetaminophen, ibuprofen, 234

Nuclear medicine studies, 260

Obsessive-compulsive disorder, 463
Occipital plagiocephaly (See Positional

plagiocephaly), 1
Ocular motor neuropathy, 238
Oligodendrogliomas, 267
Opiates, 170
Oppositional defiant disorder, 513
Opsoclonus–myoclonus syndrome, 152
Opsoclonus-myoclonus, 261
Optic neuritis, 454
disc edema, 454
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[Optic neuritis]
idiopathic inflammation of the optic

nerve, 454
Oropharyngeal dysphagia, 222

Pancreatitis, 228
Pantothenate kinase, 357
Pantothenate kinase-associated

neurodegeneration, 355
Papilledema, 238
fontanelles, 238

Parenchymal neurocysticercosis, 305
Paresthesias, 241
Parkinsonian tremor, 145
Paroxysmal events, 58
Paroxysms, 425
Partial complex seizures, 56
Patchy demyelination, 311
Pediatric cancer, 255
Pediatric neoplasms, 27
chiasmal-hypothalamic astrocytomas, 27
craniopharyngiomas, 27

Pediatric neurology, 401
Penicillamine, 365
Perfusion, 340
Perinatal infection, 309
Peripheral neuropathies, 177
Persistent postconcussion syndrome, 346
Pharmacological management, 442
Phenobarbital, 352
Pheochromocytoma, 550
Photosensitivity, 92
Physical therapy, 170
contractures, 170

Physiologic tremor, 145
Plasma exchange, 447
Plasmapheresis, 205
Pleocytosis, 446
Polycystic kidney disease, 556
Polymerase chain reaction, 121
Polysomnogram, 533
Poor risk, 272
Port-wine stain, 539
Positional molding, 2
Positional plagiocephaly, 1
Positive reinforcement, 476
Postconcussion syndrome, 345
Posterior fossa decompression, 46
Posthemorrhagic hydrocephalus, 28
Postradiotherapy somnolence syndrome,

255
Posttraumatic migraine, 347
Postural tachycardia syndrome, 424

Potential neuronal injury, 51
Prednisolone, 435
Premonitory SE, 51
Primary intracranial hemorrhage, 401
Prodromal SE, 51
Prognosis of pediatric hydrocephalus, 35
IVH, 35
perinatalischemia, 35
ventriculitis, 35

Prognosis, 352, 372, 558
Progressive atrophy, 100
Progressive MS, 444
Progressive multifocal

leukoencephalopathy, 310
Progressive myoclonic epilepsy, 80
Prophylactic medication, 228
Prophylactic therapy, 347
Prophylaxis, 225, 347
Prothrombotic risk factors, 402
Pseudarthrosis, 548
Pseudodeficiency, 368
Pseudotumor cerebri , 237
Psychosis, 378
Psychotropic agents, 525
Pyridoxine supplementation, 364

Rebound headache=Transformed migraine,
233

sumatriptan, 233
Receptive aphasia or verbal auditory

agnosia, 85
Relapsing-remitting disease, 444
Renal arterial abnormalities, 550
Renal surgery, 557
partial nephrectomy, 557
renal arterial embolization, 557
tumor enucleation, 557

Renal ultrasonography, 39
Renal ultrasound, 373, 556
Retinal hamartomas, 556
Retinal hemorrhage, 330
Retinal injury, 330
Rett syndrome, 353, 457
Reyes syndrome, 404
Rhythmic delta activity, 71
Riga–Fede’s disease, 427
Rizatriptan, 234
RS patients, 458
intensive habilitation, 461
ketogenic diet, 458
symptomatic care, 461
vagal nerve stimulation, 458
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Safety factor, 202
Schwannomas, 551
Sclerosis, 435
Scolex, 304
Scoliosis, 190
Scoliosis, 37, 425, 548
dystrophic, 548
idiopathic, 37
idiopathic, 549
neuromuscular, 37

Seizure control, 71
Seizure management, 386
Seizure, 57, 431, 542, 555
febrile, 57
nonfebrile, 57

Selective dorsal rhizotomy, 19
Sensory loss, 168
Separation anxiety disorder, 508
Serotonin syndrome, 525
Serum osmolality, 339
Serum uric acid, 371
Shaken baby syndrome, 329
Shunt complications, 31
Shunt failure, 9
Shunt infection, 31
Shunt obstruction, 32
Shunts, 5
Sickle cell anemia, 401
Silent aspiration, 219
swallowing dysfunction, 219

Simple febrile seizures, 73
Sinus tachycardia, 178
Sinus thrombosis, 238
Skin angioma, 539
Skin biopsy, 100
Skin dysesthesias, 427
Sleep disorders, 533
Sleeping position, 2
Smith–Lemli–Opitz syndrome, 11, 351
Spasticity, 15, 449
spastic hypertonicity, 15

Speech-language pathologist, 219
Spinal fluid analysis, 51
Spinal muscular atrophy, 191
Spinocerebellar ataxia type 3, 420
Status epilepticus, 49
Steinert’s disease, 163
Stroke prophylaxis, 542
Stroke-like episodes, 542
Sturge–Weber syndrome, 539
Subarachnoid hemorrhage, 411
Subependymal Giant Cell Astrocytomas,

556
Substance abuse, 519

Succimer, 396
Surgical resections, 542
Sustained-release oxycodone, 246
Swallowing difficulty, 217
Swallowing dysfunction, 218
Sydenham’s chorea, 137
Symptomatic cardiomyopathy, 213
Symptomatic hydrocephalus, 34
Symptomatic, 401
Syncope, 429
Syndrome delineation, 11
Syrinx, 44
chiari malformation, 44

Tachyarrhythmias, 208
Tachycardia, 424
Tarsorrhaphy, 427
Thrombocytopenia, 228
Thromboembolic syndromes, 402
Thrombophilia, 402
Thrombophilic disorders, 351
Tic severity, 126
Tic suppression, 128
Tick exposure, 322
Tic-suppressing agent, 130
Tonic axial seizures, 79
Tonic–clonic seizures, 59
Torticollis, 2
Total hemispherectomy, 108
Toxoplasma seropositivity, 311
Trabeculectomy, 543
Transcranial magnetic stimulation, 155
Transplantation therapy, 369
Trauma, 336
Treatment of neuropathic pain, 252
lidocaine, 252
mexilitine, 252

Tremor, 145
action tremor, 145
rest tremor, 145

Trientine, 365
Tuberculous meningitis, 289, 311
Tuberous sclerosis complex, 553
hamartin, 553
tuberin, 553

Tuberous sclerosis, 81, 539
Tumor suppressor genes, 553

Ungual fibromas, 557
Unilambdoidal synostosis, 1
Unilateral ventriculomegaly, 26
Unverricht–Lundborg disease, 99

Index 571



Uthoff’s phenomenon, 440

Vagal nerve stimulation, 109
Valium, 382
tachyphylaxis, 382

Valproic acid, 71
Varicella syndrome, 280
Varicella zoster virus, 311
Vascular imaging, 403
Vasovagal syncope, 431
Vein of Galen, 412
Venous thrombosis, 403
Ventilation, 340
Very long chain fatty acids, 377
Vesiculoureteral reflux, 9
voiding cystometrogram, 9

Video-EEG monitoring, 105
Vigabatrin, 113, 557
Viral meningitis, 290
Visual acuity, 238
Visual dysfunction, 453
Vitiligo, 563
Vocal tic activity, 129

Walker Warburg syndrome, 163
Wilson disease, 361

X-linked adrenoleukodystrophy, 377

Zinc, 365
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