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Abstract. Our understanding of pediatric idiopathic intracranial hypertension has been refined since
Dr. Simmons Lessell’s review in 1992. The use of rigorous methodologies and standard definitions in
recent studies has demonstrated distinct demographic trends. Specifically, the incidence of idiopathic
intracranial hypertension seems to be increasing among adolescent children, and among older
children its clinical picture is similar to that of adult idiopathic intracranial hypertension (female and
obese). Within younger age groups there are more boys and nonobese children who may develop
idiopathic intracranial hypertension. The pathogenesis of the disease has yet to be elucidated.
Idiopathic intracranial hypertension among young children has been associated with several new
etiologies, including recombinant growth hormone and all-trans-retinoic acid. More modern
neuroimaging techniques such as MRI and MRI-venograms are being used to exclude intracranial
processes. Although most cases of pediatric idiopathic intracranial hypertension improve with medical
treatment, those who have had visual progression despite medical treatment have undergone optic
nerve sheath fenestration and lumboperitoneal shunting. Because idiopathic intracranial hypertension
in young children appears to be a different disorder than in adolescents and adults, separate diagnostic
criteria for younger children are warranted. We propose new criteria for pediatric idiopathic
intracranial hypertension in which children should have signs or symptoms consistent with elevated
intracranial pressure, be prepubertal, have normal sensorium, can have reversible cranial nerve palsies,
and have an opening cerebrospinal fluid pressure greater than 180 mm H2O if less than age 8 and
papilledema is present, but greater than 250 mm H20 if age 8 or above or less than 8 without
papilledema. (Surv Ophthalmol 52:597--617, 2007. � 2007 Elsevier Inc. All rights reserved.)
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hormone � headache � lumboperitoneal shunting � MR venography � optic nerve sheath
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I. Introduction

Idiopathic intracranial hypertension (IIH) is a con-
dition defined by elevated intracranial pressure but
no clinical, laboratory, or radiographic evidence of
responsible infection, vascular abnormality, space
occupying lesion, or hydrocephalus.57 Simmons
Lessell’s review of IIH in children,107 published in
Survey of Ophthalmology in 1992, provided a general
overview, protocol for diagnosis, and review of
conditions associated with this disorder in the
59

� 2007 by Elsevier Inc.
All rights reserved.
pediatric age group. Since then, however, further
delineation of the demographics of children with
IIH, recognition of additional cases with reversible
cranial nerve palsies, new etiologies and associa-
tions, and updated management strategies have
been described in the literature. In light of these
developments, we consider it important to provide
an updated review. We plan to focus specifically on
advances since 1992, with the goal of supplementing
ophthalmologists’ current fund of knowledge
7
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regarding pediatric IIH and its diagnosis and
management. Finally, our review has prompted us
to propose criteria for the diagnosis of pediatric IIH.

A. NOSOLOGY

Because IIH is the preferred term, a brief
nosological discussion is warranted. A multitude of
terms, including ‘‘serous meningitis,’’ ‘‘otitic hydro-
cephalus,’’ ‘‘angioneurotic hydrocephalus,’’ ‘‘men-
ingeal hypertension,’’ ‘‘hypertensive meningeal
hydrops,’’ ‘‘pseudotumor cerebri,’’ and ‘‘benign
intracranial hypertension’’ have been used to de-
scribe the syndrome.9 Initially, ‘‘pseudotumor cere-
bri’’ was preferred because the patient’s presenting
symptoms were consistent with those of a cerebral
mass. Later, because the mechanism of the disease
seemed to rely on increased intracranial pressure,
‘‘intracranial hypertension’’ was favored in the
name. Although initially favored, the adjective
‘‘benign’’ was deemed unsuitable because perma-
nent vision loss, a known complication, could hardly
be associated with a benign disease process. For
these reasons, idiopathic intracranial hypertension
(IIH) became the most favored term.146,158 We
should point out, however, that we do not believe
that the disease is truly idiopathic. Although the
exact mechanism remains elusive, there are several
hypotheses regarding the possible etiologies. As
a result, we shall use prudently the name ‘‘idiopathic
intracranial hypertension,’’ recognizing that in years
to come, this term too may become outdated.

B. DIAGNOSTIC CRITERIA

IIH’s definition has evolved, and currently the
modified Dandy criteria must be met as a prerequi-
site for adult diagnosis.168,191 With advances in
neuroimaging and recognition of secondary causes,
the criteria have been updated to include: 1)
general signs and symptoms of generalized ICP or
papilledema, 2) elevated cerebrospinal fluid pres-
sure (greater than 250 mm H20), measured in
a lateral decubitus position, with normal composi-
tion, 3) no evidence of hydrocephalus, mass,
structural, or vascular lesion on MRI or contrast-
enhanced CT for typical patients, and MRI and MR
venography for all others, and 4) no other identified
cause of intracranial hypertension.57 However, no
specific diagnostic criteria for pediatric IIH cur-
rently exist. We believe that as our understanding of
pediatric IIH and its demographics and clinical
manifestations has evolved, the current criteria
warrant revision as they may inappropriately exclude
some cases and inappropriately include others.
C. PATHOGENESIS

The pathogenesis of IIH is still not completely
understood. Although brain edema, increased
cerebral blood volume, and increased cerebrospinal
fluid secretion have been postulated to be associ-
ated with the condition,82,170 most attention has
been focused on increased venous sinus pressure
and decreased cerebrospinal fluid absorption. De-
creased absorption at the level of the arachnoid villi
has been demonstrated by radioisotope cisternog-
raphy, although it is unclear whether it is secondary
to compression of the arachnoid villi or by elevated
intracranial pressure itself.113 Karahalios et al have
suggested that elevated intracranial venous pressure
is a universal mechanism of all IIH, both adult and
pediatric.86 Elevated venous pressure may increase
resistance to CSF absorption, subsequently causing
the cerebrospinal pressure to increase as well.
Others have refuted this theory by suggesting that
because venous sinus stenoses reverse with correc-
tion of elevated pressure, elevated venous pressure
could be an effect, rather than a cause, of in-
tracranial pressure.11,73,124 In another study, the
authors argued that reduced venous sinus pulsatility
may be a marker for IIH secondarily to raised
venous pressure.12 Unfortunately most of the studies
regarding pathogenesis of IIH have studied adults;
similar studies in children have not been done.

D. HEREDITARY BASIS

A hereditary basis has been suggested for IIH in
several reports.60,61,87,160 The cases include homo-
zygous female twins,60 heterozygous female twins,61

siblings,87 mother--daughter pairs,87 mother--son
pairs,160 and cousins.87 Unfortunately, genetic link-
age analyses are lacking, and the genetic mechanism
by which the disorder might be transmitted is far
from clear.

II. Demographics and Epidemiology

Idiopathic intracranial hypertension can occur at
any age in childhood, although IIH in infants is
uncommon125 and in neonates is exceedingly rare.

The incidence of idiopathic intracranial hyper-
tension in the overall population is 1 out of
100,000.64 However, recent studies have elucidated
demographic trends in pediatric IIH.

A. PUBERTAL VS. PREPUBERTAL

Previously, IIH was thought to occur with equal
incidence in all age groups.7,107 It now appears that
there is an increasing incidence of IIH among
adolescents (12--15 yrs) as compared to young
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children (2--12 years).64 This might reflect the
growing trend of obesity in adolescence or a related
greater awareness among medical professionals of
the association between IIH and obesity. One study
reports that as many as 60% of children who develop
the disorder are over 10 years of age.7

There is also now a growing sentiment that IIH is
different in younger children than in older ones,36

with no sex predilection or tendency for obesity in
younger patients (see subsequent discussion), and
that the developmental milestone which separates
the younger and older groups is the onset of
puberty.29 One recent report also suggested that
pubertal patients had a less favorable visual outcome
than prepubertal, teenage, and adult patients.175

However, both sets of authors used age to define
prepubertal and pubertal status: Cinciripini et al
included age 11 years and younger as prepubertal.29

Similarly, Stiebel-Kalish et al175 defined males 13--15
years of age and females 11--15 years of age as
pubertal in one combined age- and sex-specific
criteria, and used ages 9--16 years, boy or girl, in
another set of age-specific but sex non-specific
criteria. Although we agree that onset of puberty is
an important milestone in IIH, age-specific criteria
to define puberty are unreliable. Rather, because
age of onset of puberty varies from person to
person, standard criteria based on secondary sexual
characteristics120,121 should be used.

B. OBESE VS. NONOBESE

In adults, there is a well-established association
between obesity and IIH.155 In contrast, according
to one meta-analysis of children with IIH and one
retrospective review, only 30% of children with IIH
were overweight.7,164 Both sets of authors suggested
that, at best, there was a weak association between
pediatric IIH and obesity.7,164 However, these studies
did not incorporate standard definitions of pediatric
obesity, age subgroups were not examined, and
complete ascertainment of data pertaining to
obesity was not always achieved.

More useful information has been provided by
Balcer et al,8 who used rigorous methodologies and
standard definitions of obesity in children with IIH,
and trends with age were examined. The records of
40 patients were studied; all met the clinical criteria
for IIH and had height and weight recorded at
presentation. Subjects were classified as obese if they
weighed more than 120% of ideal body weight. The
authors found that 43% of patients aged 3 to 11
years were obese, whereas 81% of those in the 12- to
14-year age group and 91% of those in the 15- to 17-
year age group met criteria for obesity (p 5 0.01).
With the use of statistical methods, this study
established that older children with IIH were more
likely to be obese than younger children.8

C. MALE VS. FEMALE

Recent studies have shown that in younger
children as many as half are boys, but in the older
age group, the vast majority of patients are girls.7 In
the study by Balcer et al, 50% of patients aged 3 to
11 years were female, whereas 88% of those in the
12- to 14-year age group and 100% of those in the
15- to 17- year age group were female. Previously, it
was thought that there was no sex predilection in
IIH among children.107 In adulthood, patients are
typically women of child-bearing age.42,146

These recent findings that associate obesity and
female sex with IIH in older children suggest that in
most teenagers, risk factors for developing IIH
might be similar to those in adults. Younger
children with IIH are less likely to be obese or
female, and it is possible that IIH in this younger age
group has a different mechanism. Much has yet to
be learned about their differing risk factor profile.
Larger collaborative studies need to examine the
potential role of neuroendocrine and other factors
in determining the relation between age, pubertal
status, and obesity in the pediatric IIH population.
In addition, in the future, definitions of puberty
based on secondary sexual characteristics (i.e.,
Tanner staging120,121) need to be used, rather than
those based on age.

III. Clinical Considerations

A. PRESENTING SYMPTOMS

The course of pediatric IIH varies, and a child
may present hours to several years after symptoms
begin. While headache, nausea, and vomiting are
known classic symptoms, patients may complain of
blurry vision, diplopia, and stiff neck as well.7,142

Other reported symptoms include increasing head
size, photophobia, anorexia, retro-orbital pain,
lightheadedness, myalgia, head tilt,7,142 as well as
preferring a knee--chest position.176 Patients with
IIH have normal levels of consciousness and
functioning, in contrast to some children with
intracranial mass lesions.170

Until recently, cranial nerve VI palsies were the
only accepted neurological abnormalities permitted
in diagnosing IIH. Documented in only 12% of
adults,192 sixth nerve palsies continue to be more
common among children with IIH, occurring in 9--
48% of this population.7,92,142 Additionally, palsies
of cranial nerves III,92,202 IV,92,142,171 VII,7,21,142

IX,202 and XII202 have also been noted in children.
In the series of Phillips et al,142 children younger
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than 11 years old were more likely to have cranial
nerve deficits (59%) compared with older children
(39%). The reason for the indirect relationship with
age is uncertain. Comitant esotropia worse at
distance but without obvious abduction defects
(‘‘divergence paresis’’) may also be seen. Reversal
of the cranial nerve palsy with lowering of the
intracranial pressure is required to associate the
palsy with IIH. Additionally, other ocular motility
disorders such as internuclear ophthalmoplegia
(INO),56 ophthalmoplegia,56 and nystagmus202 have
been reported infrequently in children; most often
IIH is considered as a cause of these abnormalities
only after all other related diagnoses are ruled out.
While the mechanism causing these abnormalities is
still poorly understood, likely there is some element
of nerve or brainstem traction. For instance, it is
possible that in cranial nerve VI palsies, increased
intracranial pressure can cause inferior displace-
ment of the pons, with traction on the abducens
nerve.1,101

Asymptomatic idiopathic intracranial hyperten-
sion, which is diagnosed when papilledema is
incidentally noticed during a routine physical
examination, has become a more well-recognized
entity in children.36,82,92,196,199,202 This type of pre-
sentation is more common in younger age groups.
These children have no headache or visual com-
plaints. It is unclear why this occurs; one plausible
explanation is that preschool and young school age
children often undergo routine eye exams. Except
for headache management, these children often
receive the same treatment as those with symptoms.
Furthermore, the incidence of asymptomatic IIH
raises questions regarding the incidence of un-
detected cases.

B. HEADACHE

Headache is the single most common complaint
among children with idiopathic intracranial hyper-
tension, and has been documented in 62--91% of
cases.7,109,142 Unfortunately, ‘‘headaches’’ are a fre-
quent, vague complaint among most children,
including those that are healthy. The distinction is
not only complicated by the fact that children are
not able to articulate their symptoms effectively, but
also by the similar quality of migraine and IIH
headaches. Although IIH headaches have been
described as being characteristically frontal, severe,
pulsatile, and worse on lying down,170 most suggest
that they are similar to migrainous headaches
except that IIH headaches tend to be continuous,
whereas migrainous headaches are generally more
severe and intermittent.170 Furthermore, studies
show that in many cases, differentiating between
IIH and migraine headaches may be difficult
because of the fact that IIH may be superimposed
upon a primary migraine headache disorder.74,122

Of note, there are also reports of IIH in the
absence of headache,92,158 either because the child
is too young to articulate symptoms107 or because
headaches are completely absent.196 The reason for
lack of headache despite increased cerebrospinal
pressure is not known. It has been suggested that as
in adults, those children with IIH but no headaches
have more neurological signs and vision loss at
presentation, and tend to have poorer long-term
outcomes.109 Thus, it is possible that headaches may
be a warning sign before vision loss occurs,109 and
aggressive reduction of intracranial pressure and
treatment of papilledema is critical.

C. PAPILLEDEMA

Papilledema, ranging from mild blurring of the
disk margins to gross disk swelling with hemor-
rhages and peripapillary exudates, has generally
been regarded as a hallmark physical finding of IIH.
Most often the disc edema is bilateral, although it
can be asymmetric or unilateral as well. Children’s
papilledema often resolves after 3 to 6 months of
medical treatment, although in some it can last for
several more months and lead to optic atrophy. In
our experience the severity of papilledema, partic-
ularly if pallor and cotton-wool spots are present, is
positively correlated with the risk of visual loss.

Clinicians should be careful to differentiate
papilledema from pseudopapilledema,170 defined
as an abnormal disk that appears swollen but
burying of the vessels by the nerve fiber layer,
peripapillary hemorrhages, cotton-wool spots, and
exudates are absent.77 Most of the cases of pseudo-
papilledema are due to optic nerve head drusen and
congenitally abnormal disks (due to crowding, for
example).

As there are children who lack headaches, some
patients with IIH, especially infants with open
sutures, may not have papilledema.92,179,202 Mecha-
nisms accounting for lack of papilledema may
include acquired or congenital optic nerve sheath
abnormalities and resolution of papilledema in
chronic IIH.200 In patients without papilledema, in
general there should be no threat of vision loss, and
treatment is usually geared towards symptomatic
headache management.

D. VISUAL ABNORMALITIES

The incidence and type of visual deficits in
children are similar to those in adults. For instance,
vision loss in children with IIH is usually mild to
moderate and reversible, but in rare instances can
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be serious, devastating, and permanent.7 At pre-
sentation, visual acuity loss is reported in 6--20% of
pediatric cases,7,29,142,158,202 although visual field
loss occurs in up to 91% of cases.7,29,92,158 Children
can describe various afferent symptoms including
transient visual loss, photophobia, and ‘‘shimmering
lights with colored centers.’’170

When papilledema is present and visual acuity
and color vision are both abnormal, optic nerve
function should be suspected. However, when color
vision is relatively normal in the setting of decreased
visual acuity in IIH, retinal abnormalities associated
with papilledema, such as retinal folds or macular
edema, are the more likely cause.

As in adults, the most common visual field deficits
include enlarged blind spots, inferior nasal field loss,
arcuate type defects, and constricted fields. Caution
should be applied in children with IIH, moderately
to severely constricted visual fields, and only mild
disk swelling. In such patients, superimposed func-
tional vision loss should be considered.

E. DIFFERENTIATION FROM BRAIN TUMORS

The diagnosis of IIH in children is one of
exclusion, as central nervous system neoplasms may
similarly present with headaches, nausea, vomiting,
and papilledema.5,24,126,178 One study reported that
in childhood, brain tumors required on average up
to three visits to a medical professional before the
diagnosis was made.126 Unlike children with IIH,
those with tumors tend to have headaches that are
non-throbbing, deep-aching, and intermittent in
nature.178 A brain tumor might be suspected if the
headaches are nocturnal, or present in the early
morning or upon arising,178 or if there has been
a significant change in previous headache pattern.50

Also, behavior changes, seizures, and focal neuro-
logic deficits are more likely in children with brain
neoplasms, as compared to those with IIH.5,126

A contrast-enhanced CT or MRI scan of the brain
is usually sufficient to rule out a central nervous
system neoplasm when IIH is suspected. Exceptions
include subtle infiltrating neoplastic processes such
as gliomatosis cerebri, which may escape initial
detection by neuroimaging.43,95 Leptomeningeal
spread of lymphoma, leukemia, and germ cell
tumors may also lead to signs and symptoms of
elevated intracranial pressure in children with only
subtle abnormalities on neuroimaging. The diagno-
sis may be evident by meningeal enhancement on
MRI or cerebrospinal fluid elevation in protein,
pleocytosis, or abnormal CSF cytology.23 In addition,
spinal cord tumors may block CSF protein, cause
elevated intracranial pressure, and mimic IIH.
However, usually there is some clue to the spinal
cord process such as back pain, upper motor neuron
signs, or sensory level.

Thus, in addition to neuroimaging, all children
with papilledema should have a careful neurological
history and examination, by a neurologist prefera-
bly, to exclude the possibility of a brain or spinal
cord tumor, which might mimic IIH.

IV. Etiologies/Associated Conditions

Although secondary causes for IIH are less
commonly identified in adults (most of whom are
obese), 53.2--77.7% of pediatric cases have been
associated with identifiable conditions,164,202 the
most common of which include endocrine abnor-
malities, drugs, and infections. Previously recorded
associated causes of idiopathic intracranial hyper-
tension in children include viral infection,
hypoparathyroidism, menarche, corticosteroid with-
drawal, thyroid treatment, nalidixic acid, tetracy-
clines, vitamin A toxicity, vitamin A and D
deficiencies, head trauma, lupus, acute lymphocytic
leukemia, Turner syndrome, galactosemia, galacto-
kinase deficiency, and nitrofurantoin.107 Although
there are no case control studies to date which have
identified definitive causes in children, there have
been several papers as well as case reports citing
conditions that seem to be strongly associated with
pediatric IIH. We will elaborate on advances made
in understanding previously established etiologies,
and will reference new associated conditions (Table
1), the most important of which are synthetic
growth hormone and all-trans retinoic acid.

A. ENDOCRINE CONDITIONS

1. Thyroid Replacement

New cases of pediatric idiopathic intracranial
hypertension following thyroxine replacement ther-

TABLE 1

Conditions and Medications Recently Associated With IIH
in Children

Endocrine
Recombinant (synthetic) growth

hormone30,33,53,97,114,117,118,144,148,151,156

Addison’s disease3,32

Levonorgestrel implants2

Desmopressin nasal spray137

Other Drugs
Cytarabine51

All-trans retinoic acid (ATRA)54,67,116,159,190

Infections
Acute sinusitis91

Varicella99,102

Other
Miller Fisher Syndrome128
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apy in juvenile hypothyroidism have been de-
scribed.20,147 In all the cases, IIH occurred after
increasing the dose of thyroxine secondary to
persistently elevated thyroid stimulating hormone
levels. Thus, it has been hypothesized that rapid
correction of hypothyroidism with thyroxine, a
major regulator of sodium transport, may result in
altered CSF dynamics. Except in one case, the IIH
occurred in peripubertal children.147 Therefore, it
is possible that pubertal children may have some
endocrine or hormonal factors that predispose
them to developing IIH in this setting. Additionally
a child with hypothyroidism who developed IIH
prior to thyroxine treatment has been reported,1

but given that the child was female, obese, and
pubertal, it cannot be confirmed that hypothyroid-
ism and IIH are associated.

2. Adrenal Corticosteroids

Steroid withdrawal in children with inflammatory
bowel disease (IBD) leading to IIH was the subject
of two reports. In one study, an adolescent with IBD
developed IIH during corticosteroid withdrawal
after chronic steroid treatment of his gastrointesti-
nal condition.112 In another, three cases of IIH
subsequent to treatment with budesonide, a new-
generation potent steroid for Crohn disease in
children, were published.108 All three patients in
this report had previously been treated with
prednisone, experienced symptom resolution with
withdrawal of budesonide, and were successfully
treated with prednisone later. However, it is difficult
to establish a definite causal relationship between
budesonide, a drug with low systemic bioavailability,
and IIH in these patients, as confounding risk
factors such as hypervitaminosis and iron deficiency
anemia were also present in at least one case in this
report.

3. Growth Hormone

First reported in 1993, there have been multiple
cases of IIH in children treated with recombinant
(biosynthetic) human growth hormone
(GH).30,33,53,97,114,117,118,144,148,151,156 In a large da-
tabase analysis, the prevalence of IIH in the GH-
treated population was approximately one-hundred
times greater than in the normal population.148 An
increase in the occurrence of IIH after insulin
growth-factor I (IGF-1) therapy has also been
reported.117 It appears that risk factors such as
obesity, Turner syndrome, chronic renal failure,
Prader-Willi syndrome, and delayed puberty can
increase the risk of developing IIH in this setting.15

One study cites 15 patients with renal insufficiency
who developed IIH subsequent to treatment with
growth hormone.97 All of these patients were
concurrently being treated with other medications
that have been associated with IIH, but IIH de-
veloped shortly after beginning growth hormone
therapy.

It has been proposed that growth hormone passes
the blood--brain barrier, and acts locally to increase
levels of IGF-1, which in turn increases CSF pro-
duction from the choroid plexus.80 Furthermore, it
seems as though aggressive GH dosing places a child
at a higher risk of developing IIH; thus, starting
hormone therapy at the lowest recommended dose,
with prudent gradual titration to higher doses if
needed, has been advised.33 Caution must be
applied when diagnosing papilledema in a patient
with GH deficiency as congenital disk anomalies
(hypoplasia or small crowded disks) may be seen in
children with hypopituitarism.31

When IIH is due to GH treatment, stopping
replacement hormone therapy is often sufficient to
resolve headaches, papilledema, and elevated CSF
pressure. Other causes of intracranial hypertension
should still be excluded with neuroimaging and CSF
examination. We have used acetazolamide when
headaches and vision loss are present. Later restart-
ing the growth hormone at a lower dose typically
prevents symptom recurrence.

4. Addison Disease

Although earlier reports suggested a possible
association between papilledema and Addison dis-
ease (adrenal insufficiency in spite of elevated
ACTH levels), only in the last decade have definite
associations been made between the two in chil-
dren.3,32 In previous cases, lumbar punctures had
not been performed, and patients had multiple
other medical conditions and risk factors that may
have contributed to development of IIH. The more
recently published cases have met diagnostic criteria
for both Addison disease and IIH, and glucocorti-
coid and mineralocorticoid replacement resulted
in resolution of symptoms,3,32 with one patient
requiring additional treatment with acetazolamide.32

Future studies need to further investigate the
pathophysiological mechanism leading to IIH; it is
possible that elevated levels of serum vasopressin
may mediate an increase in brain volume and
elevated pressures.

5. Other

Levonorgestrel implants2 and desmospressin na-
sal spray137 have been associated in children with
IIH, but the mechanism in each case was unclear.
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B. INFECTIONS

1. Acute Sinusitis

Although infections such as mastoiditis and
chronic sinusitis are known to cause secondary
intracranial hypertension via venous sinus thrombo-
sis, there has been a recent report of acute frontal
sinusitis resulting in true pediatric IIH that is worth
mentioning.91 As compared to others with chronic
sinusitis, this case was not associated with sinus
thrombosis. The reason for the development of IIH
was unclear.

2. Varicella

Although varicella has previously been implicated
as a cause of a variety of neurological conditions in
childhood, recent reports have suggested that there
might be an association between varicella and
idiopathic intracranial hypertension as well.99,102

In the first case,102 a girl presented with headache,
nausea, vomiting, and papilledema one week after
chicken pox developed. In the next,99 an 8-year-old
girl presented with idiopathic intracranial hyperten-
sion and ileofemoral vein thrombosis 3 weeks after
chicken pox, but was found to have a transient
elevation of anti-protein S auto-antibodies. There
were no definitive intracranial thromboses identi-
fied on neuroimaging studies. Neither case was
associated with meningitis or encephalitis to suggest
viral infection of the nervous system, and both
children had normal mental status, making Reye
syndrome unlikely. Although the second case may
have been confounded by a missed venous throm-
bosis, the first case is convincing enough to believe
that varicella itself may predispose a child to IIH.

3. Measles

An 8-year-old girl with measles was described who
developed papilledema with normal MRI and
elevated CSF opening pressure.182 No other cause
for the elevated intracranial pressure was found,
suggesting the IIH was related to measles. A child
with subacute sclerosing panencephalitis, a neuro-
logic condition caused by persistent central nervous
system infection by a mutated measles virus, and
elevated intracranial pressure without pleocytosis
has been reported.181 However, because the child’s
neurological examination revealed altered mental
status and myoclonus, he does not otherwise satisfy
the diagnosis of IIH.

C. DRUGS

1. Tetracyclines

Tetracyclines, including related medications
such as minocycline, have been linked to
IIH.7,26,61,107,145,193 They are commonly prescribed
drugs, especially for acne treatment. Previously,
there was limited knowledge about risk factors that
may predispose children treated with tetracyclines
to the development of IIH, but in a recent
retrospective study, it was shown that female sex
and obesity may predispose some to developing IIH
when these medications are used.145 Additionally,
there have been several cases of IIH occurring in
twins treated with tetracyclines, and thus, it is
possible that genetic susceptibility may also pre-
dispose certain individuals to IIH.61 With cessation
of antibiotics, and possibly additional treatment with
acetazolamide, symptoms usually resolve.

2. Vitamin A

Vitamin A intoxication may produce signs and
symptoms consistent with IIH. In a prospective study
on adults, hypervitaminosis (either secondary to
increased levels, altered metabolism, or hypersensi-
tivity to vitamin A) was shown to be associated with
IIH.55,76 Additionally, in a double-blind, random-
ized, placebo-controlled trial, infants given vitamin
A supplementation were more likely to develop
bulging fontanelles than those who did not.10 There
have been several reports of infrequent cases of IIH
after acne treatment with both tetracyclines (dis-
cussed previously) and isotretinoin, a vitamin A
derivative.55,103,130 Combination therapy seems to
increase the risk.

There have also been recent reports on the
development of IIH in patients with acute promyelo-
cytic leukemia (APML) treated with all-trans retinoic
acid (ATRA), a vitamin A derivative.54,67,116,159,190

Several studies have shown that children, especially
those under 8, are more sensitive to the effects of
ATRA on the central nervous system than
adults.116,169 Therefore, it has been suggested that
lower dose regimens of ATRA should be considered
in children to avoid potential side effects such as the
development of IIH.35

Although the mechanism of toxicity is still not
well understood, recent studies have shown that
both serum retinol binding protein (RBP)165 and
levels of vitamin A in the cerebrospinal fluid are
elevated in those with IIH, as compared to normal
controls. It has been proposed that excess retinol
and RBP in the serum are transported to the
cerebrospinal fluid where retinol acts as a toxin on
the arachnoid granulation resorption mecha-
nism.194

3. Other Chemotherapy Agents

Although neurotoxicities are common with che-
motherapeutic agents, the incidence of idiopathic
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intracranial hypertension due to these medications
is rare. Treatment with intermediate-dose cytara-
bine51 was associated with IIH in an 11-year-old boy
with acute myelocytic leukemia. The only other
recent report of cytarabine-associated IIH has been
in with high-dose therapy in an adult woman with
APML. Cytarabine may disturb the ATPase-depen-
dent choroidal secretion of CSF by depleting
phosphorus stores.47 There has also been a recent
case of IIH thought to be secondary to cyclosporine
treatment after a bone marrow transplant in
a child.34

D. ANEMIA

Idiopathic intracranial hypertension in children
has been associated with several forms of acquired
anemia, including iron deficiency,187,201 acquired
aplastic anemia,79,136 and sickle cell disease.70 The
occurrence of IIH with aplastic anemia is rare, with
only two reports of patients in the last 10 years.79,136

The mechanism by which anemia causes IIH is
unclear, but it has been theorized to be a result of
tissue hypoxia leading to increased capillary perme-
ability or abnormalities in hemodynamics leading to
increased cerebral blood flow (high-flow state).

E. MALNUTRITION AND RENUTRITION

Idiopathic intracranial hypertension has previ-
ously been associated with ‘‘catch up’’ growth
following malnutrition.107 A case report describes
the syndrome in a young boy with non-organic
failure who subsequently gained 4.6 kg and 1.6 cm
in height over 4 weeks. During that time, the boy
developed papilledema and headaches.4 Both rapid
escalations in growth hormone levels as well as rapid
brain growth have been suggested to cause an
increase in brain edema and intracranial hyperten-
sion.

F. MILLER FISHER SYNDROME

Idiopathic intracranial hypertension has been
reported as a complication of Miller Fisher syn-
drome.128 This condition, characterized by ophthal-
moplegia, ataxia, and areflexia, is a variant of
Guillain-Barré syndrome. In the cited study,128 two
children, ages 2 and 9, presented initially with
symptoms of raised intracranial pressure and were
later diagnosed with Miller Fisher syndrome. Both
children had cranial nerve VI palsies, documented
elevated pressure, normal cerebrospinal fluid com-
position (including normal protein), and normal
imaging studies on presentation, and later were
diagnosed with Miller Fisher syndrome when they
developed loss of deep tendon reflexes and ataxia.
One child had anti-GQ1b antiganglioside antibodies
in the serum, and the other had antimyelin
antibodies. Both were treated with acetazolamide
and intravenous immunoglobulin therapy with
improvement of symptoms. Thus, we believe there
may be an association between the acute demyelin-
ating condition of the peripheral (and central?)
nervous system and pediatric IIH.

G. QUESTIONABLE AND MISTAKEN

ASSOCIATIONS

The recent literature is unfortunately still replete
with reports of other conditions purported to be
causes of IIH. In many of these cases, standard
criteria for the diagnosis of IIH have not been
satisfied. In others, hypercoagulable states leading
to undetected intracranial venous thromboses may
have been present, and in some reports, the
diagnosis of IIH was likely to be purely coincidental
as no plausible explanation for the association
between IIH and the described condition could be
provided. We review these supposed associations
here to emphasize that these conditions have not
been convincingly shown to cause IIH.

1. Lyme Disease

One report suggested that children with Lyme
disease, the infection caused by the spirochete
Borrelia burgdorferi, may later develop IIH.85 We
present the argument that there is no association
between the two syndromes because the standard
criteria for the diagnosis of IIH requires the CSF
profile to be normal without evidence of meningitis.
For instance, in the case of purported IIH in a child
with Lyme disease, the MRI showed enhancement of
the dura consistent with inflammation, and CSF was
significant for 115 cells/mm3, glucose 53 mg/dL,
and protein 56 mg/dL, consistent with infection.85

Although the child was ‘‘diagnosed’’ with IIH and
aseptic meningoencephalopathy, we believe that her
headaches, vomiting, and diplopia were a result of
increased intracranial pressure secondary to Lyme
infection, rather than IIH. In another case reported
of a boy with neuroborreliosis claimed to have IIH,
the CSF pleocytosis rendered this diagnosis of IIH to
be incorrect.68

One cautionary note must be applied in this
context. At our institution we have seen two
patients, one published,173 with papilledema due
to Lyme meningitis who had little or no pleocytosis
on the first lumbar puncture but demonstrated
marked pleocytosis on a second lumbar puncture.
There should be a high index of suspicion for this
type of presentation in endemic areas, and there-
fore in the future at our institution we might
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consider routine serologic Lyme testing in all
children with IIH.

2. Renal Transplantation and Impaired Renal
Function

Children with impaired renal function may be at
higher risk of developing idiopathic intracranial
hypertension.131 Recently, it has also been suggested
that those who undergo renal transplant may also be
at greater risk post-transplantation.18,22,52,62,89,140,166

The development of IIH does not appear to be
temporally related to the time of surgery. In one
retrospective analysis of children undergoing renal
transplant in the United Kingdom over an 11-year
period, it was claimed that 4.4% developed IIH post-
transplantation.52

However, it must be noted that almost all of the
reported patients were treated with chronic immu-
nosuppressive medication, including corticoste-
roids, and many had other risk factors, including
obesity, that could have also increased their risk of
developing IIH.22 Additionally, there have been
multiple cases of renally compromised children,
treated at some point with growth hormone, who
developed IIH.97 There has also been a case of
severe IIH in a boy with chronic renal failure on
hemodialysis, who required a kidney transplant, with
subsequent resolution of his symptoms.131

It is still unclear whether some aspect of care after
transplantation or impaired renal function post-
transplantation place children at higher risks of
developing IIH. For example, one author presented
a case of pediatric IIH following cyclosporine A
treatment in a boy with tubulointerstitial nephritis,
but steroids had been withdrawn before the
cyclosporine was started.18

3. Head Trauma

Minor closed head trauma was previously re-
ported in association with pediatric IIH, but the
etiology may have been cerebral venous sinus
thrombosis.107 Over the last decade, there has been
an additional reported case of head trauma causing
IIH in a child,138 but neuroimaging demonstrated
a thrombosis of the right lateral dural venous sinus.
Increased intracranial pressure in head trauma may
also be the result of cerebral edema.27,188

4. Prothrombotic States

Hypercoagulable states and dural sinus thrombo-
ses have been reported in association with and in
some cases are attributed in the mechanism for
IIH.37,41,177 For instance, it has been proposed
that patients with IIH may have genetic thrombotic
risk factors that predispose them to microvascular
occlusion in the arachnoid villi.37 In one recent large
population study, those with IIH had 31% incidence
of antiphospholipid antibodies, 27% had hyper-
fibrinogenemia, and 27% with other conditions
related to thrombosis.177 Additionally, there are
anecdotal reports of the association of anticardioli-
pin antibodies and IIH,105,106 although in one study
some of the patients had other risk factors.105

Lupus and other rheumatologic conditions often
associated with a hypercoagulable states have been
described as causing IIH.66 There have two reported
cases of children with lupus, one of whom had
leukoencephalopathy,25 and the other who had
lateral sinus thrombosis.189 Similarly, Behcet syn-
drome is associated with intracranial hypertension
secondary to venous thrombosis in 5--50% of cases;98

hypercoagulable states were present in both reports
of children with Behcet and intracranial hyperten-
sion.98,195

According to the standard criteria for IIH, venous
thromboses should be excluded. Even when venous
thromboses can not be demonstrated with MR-
venography or even conventional venography in
a patient with elevated intracranial pressure, the
presence of a hypercoagulable state suggests that
microthromboses might still be a possible cause.
Therefore, it is definitely incorrect to diagnose
patients with venous thromboses as having IIH, and
it is questionable whether patients with hypercoag-
ulable states should be allowed to have that di-
agnosis as well.

5. Cystic Fibrosis

It has been suggested that cystic fibrosis may be
linked with IIH.14,115 One author reports an in-
cidence of 7.7% IIH in children with newly di-
agnosed cystic fibrosis.14 In the study, three cases of
possible IIH secondary to cystic fibrosis are cited; in
all cases there were other causes of IIH development
including hypovitaminosis, hypervitaminosis, and
refeeding syndrome. In another study,115 IIH is
described in a slightly older asymptomatic child in
whom IIH was diagnosed with cystic fibrosis. While
this child had no signs of malnutrition, she did have
iron deficiency anemia.

6. Others

There are several other reports in which the
association with IIH is unclear because of confound-
ing factors. For instance, in a reported case of
a child with IIH possible associated with hemiplegic
migraine,172 the child was taking minocycline for
acne. In a case of IIH post-orthotopic heart trans-
plantation,163 the child was on immunosuppressive
therapy including cyclosporine, azathioprine, and
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prednisone. In a bipolar child taking incrementally
higher doses of lithium who developed IIH, the
patient had several other risk factors including
obesity and minocycline treatment for acne.71

Similarly, in a report of children with cystinosis
who developed IIH,38 several were treated with
either prednisone, growth hormone, cyclosporine,
or thyroid replacement.

In some cases, the diagnoses of IIH have been
made in children who do not satisfy the standard
criteria. For example, in a case of pediatric IIH
attributed to hemophilia A,78 the child had an
abnormal neurologic exam and had problems
concentrating, difficulty with language, and changes
in personality.

Several conditions may have occurred coinciden-
tally. For example, there have been cases of pediatric
IIH reported to be associated with optic nerve
drusen,154 Goldenhar and Duane syndromes,185 and
bilateral subural hygromas.135 In a case report of
a 14-year-old girl with IIH, psychotic symptoms were
reported.40 However, a true association or causation
could not be established.

In the cases of IIH purportedly associated with
panuveitis119 and Tolosa-Hunt syndrome,139 the
diagnosis of IIH must be questioned, and an
alternative inflammatory or infectious disorder of
the CNS would seem to be a more parsimonious
explanation.

V. Clinical Evaluation of Children
with Suspected IIH

A. HISTORY

Age and sex should be noted. Patients and their
parents should be asked whether the child 1) had
any recent weight gain, 2) took any medications
which predispose to IIH such as tetracycline,
chronic steroids which were then tapered, minocy-
cline, or synthetic growth hormone, or 3) has any
underlying medical conditions associated with IIH
such as Addison disease or systemic lupus eryth-
ematosus. Development of secondary sexual charac-
teristics should also be recorded. The child should
be asked whether he or she has blurry vision, double
vision, transient visual obscurations, headache,
nausea or vomiting, neck or back pain, or any other
neurological complaints.

B. EXAMINATION

Children with suspected IIH should have careful
documentation of visual acuity, color vision, visual
fields to confrontation, pupillary examination,
ocular motility, dilated ophthalmoscopy, and a neu-
rological examination. Abnormalities in many of
these have been alluded to in the previous sections.

C. VISUAL FIELD TESTING

In children who can cooperate, computerized
threshold visual field testing should also be per-
formed.39,174 Because of its greater sensitivity in IIH,
Humphrey 30-2 (Swedish interactive thresholding
algorithm [SITA], fast if possible) is preferred over
24-2 perimetry in this setting.94 Although some
authors have claimed reliable and repeatable SITA
visual field testing in children as young as 4 years,174

in our experience and that of others,88 this is rarely
accomplished before the age of 8. Partially co-
operative children may be tested with Goldmann
(kinetic) perimetry. However, a short child may not
be able to sit in a chair and be large enough to have
the head reach the chin-rest in most automated and
kinetic perimetry setups. Having a young short child
stand for ten minutes of perimetry is unrealistic.

VI. Optic Nerve Imaging and Related
Techniques

Ultrasonography is used frequently in our practice
to help distinguish papilledema from pseudopapil-
ledema, in particular when optic disk drusen are
suspected. Some authors have suggested optical
coherence tomography (OCT), by demonstrating
increased retinal nerve fiber layer thickness in
papilledema, can be used to make this distinction.141

However, ultrasonography can be performed rapidly,
even in young, only mildly cooperative children,
whereas OCT requires the patient to hold very still
while measurements are acquired.

Other optic nerve imaging techniques, although
extremely compelling, are still supplementary to the
clinical evaluation and lumbar puncture in the
diagnosis and management of patients with IIH.
Heidleberg retinal tomography (HRT) can be used
to quantify the degree of change in papilledema and
measure changes over time in some children with
IIH.69,186 It has been suggested that tomography
measurements correlate with opening pressures in
adolescents and adults.69 Assessing the diameter of
the optic nerve in relation to CSF pressure via
orbital ultrasonography may be another useful tool
especially in follow-up,167 and one study suggested
ophthalmodynamometry may assist in noninvasive
estimation of cerebrospinal fluid pressure though
measurement of the central vein pressure.83 How-
ever, at this time the role of HRT and other related
technologies in the diagnosis and follow-up of
children with IIH may be limited to those who are
uncooperative with the usual clinical measures, as it
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has yet to be demonstrated that they are better or
add anything to the clinical examination of visual
function, visual field assessment, ophthalmoscopic
examination, and lumbar puncture.

VII. Neuroimaging

Normal neuroimaging studies are mandatory
before diagnosing pediatric IIH. Computed tomo-
graphic (CT) scanning was previously considered
adequate to exclude ventriculomegaly or mass
lesions. However, because there are conditions such
as gliomatosis cerebri and cerebral venous throm-
bosis that can mimic pediatric IIH and may be
missed by CT, it now considered suboptimal, and
MRI/MRV of the brain with and without gadolinium
are the studies of choice in this setting.157

A. ADVANCES IN MAGNETIC RESONANCE

IMAGING

Magnetic resonance imaging (MRI) is superior to
CT scanning because it offers better visualization of
intracranial structures, including the venous system,
and it avoids the potential risks of radiation
exposure. A number of findings on MRI have been
demonstrated in pediatric patients with IIH. None
of these abnormalities are specific for IIH, but
without any other clinical explanation, they often
are suggestive of the diagnosis. For instance, in one
large study, Brodsky et al showed changes in the
distal optic nerves including flattening of the
posterior sclera (80% incidence), intraocular en-
hancement of the prelaminar optic nerve (50%),
distension of the perioptic subarachnoid space
(45%), and tortuosity of the optic nerves (40%).16

These findings are best seen with high-resolution,
thin-slice MR imaging through the optic nerves.16 In
another study,75 a child with headaches, nausea,
vertigo, progressive visual loss, and optic atrophy
due to IIH had an MRI which showed enlarged
perioptic nerve subarachnoid spaces. Additionally,
variations in the appearance of the pituitary gland
(including empty sella) have been demonstrated in
85--100% of those with IIH.180,203 No consistent
endocrine abnormalities are found in patients with
empty sella, which is thought to result from
arachnoid herniation through a defect in the sella
diaphragm secondary to chronically elevated in-
tracranial pressure.

B. MR VENOGRAPHY

Before pediatric IIH can be diagnosed, venous
sinus thrombosis must also be excluded. The use of
MR venography (MRV) as a noninvasive tool for
imaging the cerebral venous sinuses and diagnosing
venous sinus thrombosis has become popular over
the last decade. Prior to that, conventional MRI and
catheter angiography were used to visualize the
intracranial vasculature; unfortunately, MRI was
limited in accurate visualization of vessels, and
angiography was invasive.

Although to date there is limited data in the
literature on the use of MRV in younger children
with IIH, adolescent and adult patients with the
disorder often have distinctive patterns on
MRV—narrowing of the transverse (lateral) sinuses,
suggesting possible abnormalities in venous blood
flow.72 It is unclear whether these signal abnormal-
ities are the cause or the consequences of IIH, but
the latter is more likely. Previously, it was thought that
unrecognized thrombi may be the cause of tapered
stenoses and filling defects in transverse sinuses in
patients with IIH.86 However, the sinus narrowing
often resolves with lowering of CSF pressure,
implying that increased intracranial pressure caused
the collapse of the walls of transverse sinuses.96

It should be noted that although there is
excellent visualization of most venous structures,
there are limitations in the use of MRV. Visualization
of transverse sinuses, especially in the setting of
chronic thromboses, may be challenging, especially
because of wide variations in normal anatomy. One
study argued that transverse sinus flow gaps may be
normal in up to 30% of people, especially in
nondominant (smaller) sinuses.6 Other studies have
shown evidence for pediatric age-related changes in
the venous anatomy such as variations in the
dominance of sinuses, involution of the occipital
sinuses, and increasing frequency of absent trans-
verse sinuses.152,198 Furthermore, MRV may not
provide views of sinus continuity, especially in-plane
vascular flow, and artifacts may hinder diagnosis.6

Thus, flow gaps should be judged with caution, and
careful interpretation of MRV is essential.6

VIII. Lumbar Puncture

After normal neuroimaging, a spinal tap is
mandatory to measure the CSF opening pressure
and to exclude meningitis. However, the parameters
for spinal fluid opening pressures in younger
children may be different than they are in adoles-
cents and adults, and there are more variables.
Normal values for CSF opening pressure and cell
composition are well established in adults, but
determination of normal CSF pressure and compo-
sition in children is challenging because of practical
reasons and from lack of reliable published data.
For example, accurate pressure measurements are
often complicated by agitation and crying in young
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unsedated patients, and this can transiently elevate
readings. Another complicating factor is a possible
false elevation of intracranial pressure by hyper-
carbia during anesthesia.

In addition, several studies in the literature have
sought to identify normal opening pressures for
both neonates and young children, but studies are
often cross referenced and methodologies are
inconsistent (Table 2).13,45,49,110,127,129,197 After
compiling results of previous studies, Fishman
suggested that normal levels in a young child can
vary between 10 and 100 mm H20 and will approach
adult levels only after the age of 8.49 Therefore,
using 250 mm H20 as an upper limit of normal may
result in missed cases of IIH. However, other studies
have suggested that normal opening pressures in
children may be higher than 100 mm H20. For
instance, Ellis et al45 measured opening pressures in
normal children, ages 4 months to 19 years, and
calculated a statistical norm of 100 to 280 mm H20,
using a drop counting method.46 However, this
technique is not widely used, and measuring
opening pressures with a manometer is still pre-
ferred.

When pediatric neurology and neurosurgery
senior faculty at the Children’s Hospital of Phila-
delphia were polled informally, 180 mm H20 was felt
to be the upper limit for normal opening pressures.
We are currently planning a prospective study of
normal opening pressures in children undergoing
sedated and unsedated lumbar punctures. The
influence of the type of anesthesia and body
positioning will be studied.

In the meantime, in the absence of better data, we
recommend lumbar punctures be performed in the
lateral decubitus position with the legs flexed, using
mild sedation when necessary, and measuring the
opening pressure with a standard manometer. We
also recommend using the aforementioned upper
limit of 180 mm H20 as the normal opening
pressure for children less than 8 years of age with
papilledema and using the adult norm of 250 mm
H20 for children ages 8 or above or less than 8
without papilledema.

Moreover, for poorly understood reasons, cell and
protein counts can be elevated in neonates. We
performed a review of the literature45,49,134,143,161 to
identify better the ranges of accepted values in
a neonate. Mean levels of 8.3 WBC cells/mm3, with
an upper limit of 32 cells/mm3 should be
allowed,161 and do not preclude a diagnosis of
pediatric IIH although as mentioned earlier, neo-
natal IIH is extremely rare. CSF protein, as well, can
be relatively elevated in neonates (up to 150 mg/dl
in the first 30 days of life), but will decline to normal
levels (15--45 mg/dl) after the first six months of
TABLE 2

Published and Cited Normal CSF Opening Pressure (mm H20) in Infants and Children

Authors, year
Pressure in

Infants
Pressure in
Children Comments

Lumbar puncture Quincke, 1891 40--60 Cited by Fishman49

Sidbury, 1920 30--70 Cited by Fishman49

Levinson, 1923 45--95 Cited by Fishman49

Levinson, 1928 20--70 40--80 Cited by Fishman49

Munro, 1928132 30--80 90--120 Determined from patients treated for cranial
and intracranical injury, but symptom free
at discharge

Lups and Haan, 1954 40--100 Cited by Fishman49

Gerlach et al., 1967 10--14 40--100 Cited by Fishman49

Kaiser et al., 198684 mean 38 Neonates. Standard deviation 19 mm
Ellis, 199445 100--280 Measured in children placed in flexed

lateral decubitus position, with drop
counting method46

Fontanelle or
other method

Welch, 1980197 20--70 Intracranial pressure determined by tilting
the infant until the fontanelle is flat and
then comparing to the atmospheric
pressure at that level.

Gaab et al.,1980 14--122 Cited by Minns et al129

Hearsay Lipton, 1993110 50 85 Incorrectly ascribed to Minns et al129

Textbook or
review

Fishman, 199249 10--100 Compiled from previous studies

Menkes, 1995127 100 110--150 No references given
Roberts, 2004150 50 85 Ascribed to Lipton110

Behrman, 200413 60--180
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life.49 The normal opening pressure in neonates
also differs from that of older children. Kaiser and
Whitelaw84 found the mean pressure in normal
neonates to be 38 mm H20 (SD 19 mm). If one
considers abnormal to be greater than two standard
deviations above the mean, then based upon these
results, then above 76 mm H20 would be an elevated
CSF opening pressure in a neonate.

In unusual cases, CSF hypovolemia can occur
from an LP fluid leak in children.100,133 Resulting
‘‘post-LP’’ headaches are readily treated with an
epidural blood patch.133

IX. Treatment

Despite limited understanding about the cause
and pathophysiology of the disease, advances in
treatment have been made in the last decade.
Unfortunately, there are still no randomized,
controlled, double blind prospective studies of
treatment of IIH in children, and therefore,
treatment is empirically dictated by the level of
vision loss and severity of headache. Toxic, meta-
bolic, and nutritional causes must be promptly
addressed, and weight loss must be encouraged in
children who are overweight. Repeat lumbar punc-
tures, although still advocated by some authors,65

are now discouraged by most experts because they
are painful, poorly tolerated in young children, who
often require sedation, and have short-lived effects
as the drained spinal fluid is replenished in a day.170

Most cases of pediatric IIH respond to medical
management; thus, surgical management is typically
reserved only for those who fail medication. We have
seen rare patients who have responded to one spinal
tap with resolution in papilledema and other signs
and symptoms without need for any pharmacologic
or surgical therapy.

A. MEDICAL MANAGEMENT

Acetazolamide and furosemide are the drugs most
often used in the medical management of pediatric
IIH.36 Acetazolamide, a carbonic anhydrase inhibi-
tor, is thought to reduce the rate of cerebrospinal
fluid production, and it is generally the first-line
treatment choice in patients with IIH. In children,
we usually use an oral dose of 15 mg/kg/day in two
to three divided doses, until headache, disk swelling,
and visual field abnormalities resolve—typically in 3
to 9 months. Many pharmacies can prepare a syrup
formulation for younger children. Common dose-
related side effects include GI upset; paresthesias
involving the lips, fingers, and toes; anorexia; and
electrolyte imbalance (metabolic acidosis). Kidney
stones are rare, and aplastic anemia is exceedingly
uncommon. We do not monitor electrolytes as
children are usually asymptomatic from the acidosis.
When the side effects become intolerable, the dose
is lowered, or acetazolamide is replaced with
furosemide 0.3--0.6 mg/kg per day. There are
reports of combining acetazolamide with furose-
mide to produce additive results and reduce
pressure more effectively than just acetazolamide
alone.162

If acetazolamide or furosemide fail, topiramate
(1.5--3.0 mg/kg per day in two divided doses, and no
more than 200 mg/day), may be used, particularly
when the child is obese. Topiramate is an antiepi-
leptic medication with secondary carbonic anhy-
drase activity. The use of this medication in IIH is
relatively new,48 and it is unclear whether it is
superior to acetazolamide in reducing CSF pressure.
However, topiramate has the added benefit of
appetite suppression and weight loss in many
patients, it is excellent for treatment of chronic
daily headache, and it has been used safely for years
in children with epilepsy. The dosage should be
built up slowly over weeks (25 mg/week) to reduce
the risk of cognitive side effects, which are more
likely to occur with rapid dose escalations and at
doses higher than 200 mg/day.183 Zonisamide,
another drug with secondary carbonic anhydrase
activity and appetite suppression, may be used in
similar doses if the side effects of topiramate are not
tolerated.

In acute situations when visual loss is severe, the
combination of oral acetazolamide and IV methyl-
prednisolone 15 mg/kg can be used when surgery is
not immediately available.111 The use of chronic
steroids, however, should be avoided.

B. HEADACHE MANAGEMENT

Headaches usually resolve with reduction in
cerebrospinal opening pressure. If needed, addi-
tional pain management is usually accomplished
with conventional headache prophylaxis and symp-
tomatic headache medications.58 Daily medications
that are often used in children with headaches
include beta blockers such as propranolol and
tricyclic antidepressants such as nortriptyline. So-
dium valproate can be used, but in our experience is
more useful for migraine than for causes of chronic
daily headache. Caution should be applied if
nortriptyline and sodium valproate are used because
of their potential for weight gain, which should be
avoided in patients with IIH.122 For this reason,
topiramate and zonisamide, as previously men-
tioned, may be preferable for headache prophylaxis
in IIH. Abortive medications for headache that can
be used include acetaminophen or non-steroidal
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anti-inflammatory agents such as ibuprofen or
naprosyn sodium. More migraine specific triptan
drugs such as sumatriptan, rizatriptan, and eletrip-
tan are not typically used in patients with IIH.

Unfortunately, even with aggressive medical man-
agement, headaches may persist in some chil-
dren.158 Although many of these headaches may
be a result of analgesic overuse and rebound
headaches, in most cases, the reasons for persistent
headaches are not well understood. CSF shunting
may be necessary in cases of refractory headache.

C. SURGICAL MANAGEMENT

The two major surgical options in the modern
management of IIH are optic nerve sheath fenes-
tration and CSF shunting.

Optic nerve sheath fenestration (ONSF) is most
widely used when vision loss is severe or progresses
despite medical management. Only one case of
pediatric ONSF in an 11-year-old boy with lateral
sinus thrombosis was reviewed by Lessell,107 but over
the last decade, other reported cases of pediatric
patients with IIH undergoing ONSF have been
mentioned in the literature.63,90,104,123,184 Both
lateral and medial approaches have been used. At
least three-quarters of children were noted to
experience resolution of optic disk edema,104,184

and visual acuity and visual fields stabilized or
improved in most patients.63 Furthermore, about
50% of those with unilateral surgery experienced
bilateral improvement in visual acuity, but the
mechanism for this is unclear.90,104,184 Unfortu-
nately, initial success of surgery does not guarantee
permanent visual correction. Of the 25 children
cited in the literature who required ONSF, three
had deterioration of vision postoperatively.104,123,184

Cerebrospinal fluid shunting is preferred for
those children who have intractable headaches as
well as visual loss and papilledema unresponsive to
ONSF. Although various shunting procedures have
been experimentally used, including cisterna magna
shunting,81 lumboperitoneal (LP) shunting seems
to be the most successful in alleviating patients’
symptoms.149 The procedure, however, is associated
with various complications including shunt obstruc-
tion,28,44 lumbar radiculopathy,28,44 infection,17 as
well as tonsillar herniation.28 Children, specifically,
may be at higher risk for developing complications,
possibly secondary to increased mechanical stress
(growth) or the size of the shunt tubing in the
thecal sac.28,44 In a recent study focusing on the
pediatric population, 9 out of 10 patients experi-
enced improvement in symptoms, but 7 required
a total of 16 revisions as a result of shunt migration,
obstruction, and tube fracture.28 Duration of shunt
life varies. In one report, shunts lasted only
6 months, with an average time to failure of
9 months;153 in another, they lasted an average of
18 months.17 Additionally, LP shunting has failed
to halt progressive vision loss in some cases.28

Unfortunately, to date there are no reliable risk
factors that predict poor shunt tolerance, and the
long-term outcome of visual function after LP
shunting has yet to be studied systematically.

Because of technological advances, ventriculoper-
itoneal (VP) shunting has been more widely used
even in patients with relatively small ventricles.19 The
authors of one study19 concluded that the revision
rate was less with VP compared with LP shunting.

At this time, of the surgical procedures, ONSF is
preferred when vision loss is the major issue. ONSF
is felt to be more effective and is thought to have
fewer complications than LP shunting. In the
future, prospective randomized trials comparing
LP shunting and ONSF in children will be crucial
in order to better understand the clinical indica-
tions for each procedure. Such a study in adults is
being planned.

X. Outcome

As mentioned earlier, at presentation, visual
acuity loss is reported in 6--20% of pediatric
cases,7,29,142,158,202 and visual field loss occurs in up
to 91% of cases.7,29,92,158 With prompt diagnosis and
medical management, most children with mild-to-
moderate disk swelling and visual field defects have
complete resolution of disk swelling and visual
abnormalities.7 According to one author,29 pediatric
IIH responds relatively rapidly to treatment, with
resolution of papilledema in an average of 4.7
months. Visual acuity changes associated with
macular abnormalities also usually get better with
treatment, but resolution often follows improve-
ment in visual field by several months. Reports
suggest that despite treatment, permanent loss of
visual acuity occurs in 0--10%29,92,142,202 and visual
field loss persists in 17%.142 As alluded to previously,
one recent report suggested that pubertal patients
had a less favorable visual outcome than prepuber-
tal, teenage, and adult patients.175

The recurrence rate is low (between 6% and
22%).29,92,142,202 According to one study’s survival
analysis,93 recurrences are rare during the first year,
especially while on treatment. The same study
argues that visual acuity is usually preserved in all
patients without recurrence, but is not in those with
recurrences. In our experience, recurrences seem to
occur in obese adolescents who lose weight initially
as part of their treatment, then regain it.
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XI. Conclusion/Diagnostic Criteria for
Pediatric IIH

Our understanding of pediatric IIH has been
refined since Dr. Lessell’s review in 1992. Recent
studies’ use of rigorous methodologies and standard
definitions has elucidated distinct demographic
trends. Specifically, the incidence of IIH seems to
be increasing among adolescent children, and
within older children its clinical picture is similar
to that of adult IIH. Within younger age groups
there are more boys and nonobese children who
may develop IIH. Although the pathogenesis of the
disease still remains unclear, IIH among young
children has been associated with several new
etiologies, including recombinant growth hormone
and all-trans-retinoic acid. More modern neuro-
imaging techniques such as MRI and MRI-veno-
grams are being used to exclude intracranial
processes. Although most cases of pediatric IIH
improve with medical treatment, those who have
had visual progression despite medical treatment
have undergone optic nerve sheath fenestration and
lumboperitoneal shunting.

Because IIH in young children appears to be
a different disorder than in adolescents and adults,
separate diagnostic criteria for younger children are
warranted. This seems best accomplished by modi-
fying the published standard criteria for IIH in
adults.57,168,191

Firstly, pediatric neuro-ophthalmologists and IIH
experts are seeking to restrict the term ‘‘pediatric’’
for younger children only. As it is generally used, the
term ‘‘pediatric’’ can be confusing. Although 18
years is the legal limit for childhood, from a biologic
perspective, puberty is a more accurate marker for
the completion of this phase of growth. Although
the Tanner staging system is a well-known and
acceptable method of determining a child’s sexual
maturity, there is a great variation in the progression
of biological pubertal changes in both boys and
girls.120,121 Furthermore, most ophthalmologists,
neurologists, and neuro-ophthalmologists would
feel uncomfortable performing a genital and
complete physical exam thorough enough for
complete Tanner staging (Table 3). Therefore, we
believe it may be more practical for non-pediatri-
cians and non-gynecologists to screen for any
pubertal changes by history in determining whether
puberty has commenced. For instance, one could
simply ask a female patient or the parent whether
pubic hair, breast enlargement, or menstrual cycle
has appeared, without a genital examination or
plotting of the growth curve. Boys or their parents
can be asked about pubic hair. The term ‘‘pediatric’’
IIH would then be reserved for prepubertal children
who have yet to develop any secondary sexual
characteristics.

Secondly, reversible cranial nerve palsies have
been convincingly documented in several children
with IIH, so it would seem reasonable to include
children with these signs. Also, to re-emphasize that
cortical function should be intact in IIH, children
should be required to have a normal sensorium.

Finally, as alluded to earlier, CSF opening
pressures are different in children than in adults,
and CSF content and pressure in neonates have
different normative values. For these reasons, we
suggest modifying the diagnostic criteria to allow for
these normal variations.

Therefore, in Table 4 we propose criteria for the
diagnosis of pediatric IIH. We hope that these new
criteria will allow more accurate diagnoses as well as
more directed future research into the pathogene-
sis, diagnosis, and treatment of this disorder in
children.

XII. Method of Literature Search

To draft this review, a thorough Medline search of
all English articles between 1992 and 2006 was
conducted. Search terms included: pediatric pseudo-
tumor cerebri, pediatric idiopathic intracranial hyperten-
sion (IIH), pediatric neoplasms, pediatric pseudotumor
cerebri diagnosis, pseudotumor cerebri AND drug therapy,
IIH AND drug therapy, pseudotumor cerebri AND
headache, IIH AND headache, pseudotumor cerebri AND
acetazolamide, IIH AND acetazolamide, pseudotumor
cerebri AND corticosteroids, IIH AND corticosteroids,
pseudotumor cerebri AND MRI, IIH AND MRI, pseudo-
tumor cerebri AND MRI venogram, IIH AND MRI
venogram, pseudotumor cerebri AND segmental sinus
stenosis, IIH AND stenosis, pseudotumor cerebri AND
lumbar peritoneal shunting, IIH AND lumbar peritoneal
shunting, pseudotumor cerebri AND optic nerve sheath
fenestration, IIH AND optic nerve sheath fenestration,

TABLE 3

Patterns of Pubertal Development in Boys and Girls

Event

Female
(median age

in yearsa)

Male
(median age

in yearsa)

Breast development 11.2 --
Testicular development -- 11.6
Pubic hair development 11.7 13.4
Peak height velocity 12.1 14.1
Menarche 13.5 --
Adult public hair

configuration
14.4 15.2

Data from Marshall and Tanner.120,121

aStandard deviation of one year.
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pseudotumor cerebri AND visual outcome, and IIH AND
visual outcome.

In addition to searching Medline, all related
articles cited in reference lists of other articles were
included. Non-English articles have not been in-
cluded, nor have abstracts. Given that the last review
was published in 1992, only a few select articles prior
to 1992 have been included for historical purposes,
but otherwise this review focuses mainly on articles
published since 1992.

Finally, only those articles available through the
University of Pennsylvania Library and Children’s
Hospital of Philadelphia systems (electronic or
paper), without cost from journal Web sites, or by
direct communication from the authors, were used.
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48. Finsterer J, Földy D, Fertl E, Rudolfstiftung K: Topiramate
resolves headache from pseudotumor cerebri. [letter].
J Pain Symptom Manage 32:401--2, 2006

49. Fishman RA: Cerebrospinal fluid in diseases of the nervous
system. In: . Philadelphia, PA, Saunders, ed 2 1992

50. Forsyth PA, Posner JB: Headaches in patients with brain
tumors: a study of 111 patients. Neurology 43:1678--83,
1993

51. Fort JA, Smith LD: Pseudotumor cerebri secondary to
intermediate-dose cytarabine HCl. Ann Pharmacother 33:
576--8, 1999

52. Francis PJ, Haywood S, Rigden S, et al: Benign intracranial
hypertension in children following renal transplantation.
Pediatr Nephrol 18:1265--9, 2003

53. Francois I, Casteels I, Silberstein J, et al: Empty sella,
growth hormone deficiency and pseudotumour cerebri:
effect of initiation, withdrawal and resumption of growth
hormone therapy. Eur J Pediatr 156:69--70, 1997

54. Frankel SR, Eardley A, Heller G, et al: All-trans retinoic acid
for acute promyelocytic leukemia. Results of the New York
Study. Ann Intern Med 120:278--86, 1994

55. Fraunfelder FW, Fraunfelder FT, Corbett JJ: Isotretinoin-
associated intracranial hypertension. Ophthalmology 111:
1248--50, 2004

56. Friedman DI, Forman S, Levi L, et al: Unusual ocular
motility disturbances with increased intracranial pressure.
Neurology 50:1893--6, 1998

57. Friedman DI, Jacobson DM: Diagnostic criteria for idio-
pathic intracranial hypertension. Neurology 59:1492--5, 2002

58. Friedman DI, Rausch EA: Headache diagnoses in patients
with treated idiopathic intracranial hypertension. Neurol-
ogy 58:1551--3, 2002

59. Friedman DI, Jacobson DM: Idiopathic intracranial hyper-
tension. J Neuro-ophthalmol 24:138--45, 2004

60. Fujiwara S, Sawamura Y, Kato T, et al: Idiopathic in-
tracranial hypertension in female homozygous twins.
J Neurol Neurosurg Psychiatry 62:652--4, 1997

61. Gardner K, Cox T, Digre KB: Idiopathic intracranial
hypertension associated with tetracycline use in fraternal
twins: case reports and review. Neurology 45:6--10, 1995

62. Giordano M, Colella V, Mariani V, et al: Pseudotumour
cerebri in an Italian girl with a kidney transplant. Pediatr
Nephrol 9:672, 1995

63. Goh KY, Schatz NJ, Glaser JS: Optic nerve sheath
fenestration for pseudotumor cerebri. J Neuro-ophthalmol
17:86--91, 1997

64. Gordon K: Pediatric pseudotumor cerebri: descriptive
epidemiology. Can J Neurol Sci 24:219--21, 1997

65. Gordon NS: Idiopathic intracranial hypertension. Eur J
Paediatr Neurol 10:1--4, 2006

66. Green L, Vinker S, Amital H, et al: Pseudotumor cerebri in
systemic lupus erythematosus. Semin Arthritis Rheum 25:
103--8, 1995

67. Guirgis MF, Lueder GT: Intracranial hypertension second-
ary to all-trans retinoic acid treatment for leukemia:
diagnosis and management. J AAPOS 7:432--4, 2003

68. Hartel C, Schilling S, Neppert B, et al: Intracranial
hypertension in neuroborreliosis. Dev Med Child Neurol
44:641--2, 2002

69. Heckmann JG, Weber M, Junemann AG, et al: Laser
scanning tomography of the optic nerve vs CSF opening
pressure in idiopathic intracranial hypertension. Neurol-
ogy 62:1221--3, 2004

70. Henry M, Driscoll MC, Miller M, et al: Pseudotumor cerebri
in children with sickle cell disease: a case series. Pediatrics
113:265--9, 2004

71. Hexom B, Barthel RP: Lithium and pseudotumor cerebri.
J Am Acad Child Adolesc Psychiatry 43:247--8, 2004

72. Higgins JN, Gillard JH, Owler BK, et al: MR venography in
idiopathic intracranial hypertension: unappreciated and
misunderstood. J Neurol Neurosurg Psychiatry 75:621--5, 2004

73. Higgins JN, Pickard JD: Lateral sinus stenoses in idiopathic
intracranial hypertension resolving after CSF diversion.
Neurology 62:1907--8, 2004

74. Huff AL, Hupp SL, Rothrock JF: Chronic daily headache
with migrainous features due to papilledema-negative
idiopathic intracranial hypertension. Cephalalgia 16:451--
2, 1996

75. Hutzelmann A, Buhl R, Freund M: Pseudotumour cerebri
and optic hydrops—magnetic resonance imaging diagnos-
tic and therapeutical considerations in a paediatric case.
Eur J Radiol 28:126--8, 1998

76. Jacobson DM, Berg R, Wall M, et al: Serum vitamin A
concentration is elevated in idiopathic intracranial hyper-
tension. Neurology 53:1114--8, 1999

77. Jacome DE: Headaches, idiopathic intracranial hyperten-
sion, and pseudopapilledema. Am J Med Sci 316:408--10,
1998

78. Jacome DE: Idiopathic intracranial hypertension and
hemophilia A. Headache 41:595--8, 2001



614 Surv Ophthalmol 52 (6) November--December 2007 RANGWALA AND LIU
79. Jeng MR, Rieman M, Bhakta M, et al: Pseudotumor cerebri
in two adolescents with acquired aplastic anemia. J Pediatr
Hematol Oncol 24:765--8, 2002

80. Johansson JO, Larson G, Andersson M, et al: Treatment of
growth hormone-deficient adults with recombinant human
growth hormone increases the concentration of growth
hormone in the cerebrospinal fluid and affects neuro-
transmitters. Neuroendocrinology 61:57--66, 1995

81. Johnston IH, Sheridan MM: CSF shunting from the
cisterna magna: a report of 16 cases. Br J Neurosurg 7:
39--43, 1993

82. Johnston IH, Duff J, Jacobson EE, Fagan E: Asymptomatic
intracranial hypertension in disorders of CSF circulation in
childhood—treated and untreated. Pediatr Neurosurg 34:
63--72, 2001

83. Jonas JB, Harder B: Ophthalmodynamometric estimation
of cerebrospinal fluid pressure in pseudotumour cerebri.
Br J Ophthalmol 87:361--2, 2003

84. Kaiser AM, Whitelaw AG: Normal cerebrospinal fluid
pressure in the newborn. Neuropediatrics 17:100--2, 1986

85. Kan L, Sood SK, Maytal J: Pseudotumor cerebri in Lyme
disease: a case report and literature review. Pediatr Neurol
18:439--41, 1998

86. Karahalios DG, Rekate HL, Khayata MH, Apostolides PJ:
Elevated intracranial venous pressure as a universal mech-
anism in pseudotumor cerebri of varying etiologies.
Neurology 46:198--202, 1996

87. Karaman K, Gverovic-Antunica A, Zuljan I, et al: Familial
idiopathic intracranial hypertension. Croat Med J 44:480--4,
2003

88. Kargi SH, Koc F, Biglan AW, Davis JS: Visual acuity in
children with glaucoma. Ophthalmology 113:229--38, 2006

89. Katz B: Disk edema subsequent to renal transplantation.
Surv Ophthalmol 41:315--20, 1997

90. Kelman SE, Heaps R, Wolf A, Elman MJ: Optic nerve
decompression surgery improves visual function in patients
with pseudotumor cerebri. Neurosurgery 30:391--5, 1992

91. Keren T, Lahat E: Pseudotumor cerebri as a presenting
symptom of acute sinusitis in a child. Pediatr Neurol 19:
153--4, 1998

92. Kesler A, Fattal-Valevski A: Idiopathic intracranial hyper-
tension in the pediatric population. J Child Neurol 17:745--
8, 2002

93. Kesler A, Hadayer A, Goldhammer Y, et al: Idiopathic
intracranial hypertension: risk of recurrences. Neurology
63:1737--9, 2004

94. Khoury JM, Donahue SP, Lavin PJ, Tsai JC: Comparison of
24-2 and 30-2 perimetry in glaucomatous and nonglau-
comatous optic neuropathies. J Neuro-ophthalmol 19:100--
8, 1999

95. Kikuchi M, Kudo S, Wada M, et al: Retropharyngeal
rhabdomyosarcoma mimicking pseudotumor cerebri.
Pediatr Neurol 21:496--9, 1999

96. King JO, Mitchell PJ, Thomson KR, Tress BM: Manometry
combined with cervical puncture in idiopathic intracranial
hypertension. Neurology 58:26--30, 2002

97. Koller EA, Stadel BV, Malozowski SN: Papilledema in 15
renally compromised patients treated with growth hor-
mone. Pediatr Nephrol 11:451--4, 1997

98. Kone-Paut I, Chabrol B, Riss JM, et al: Neurologic onset of
Behcet’s disease: a diagnostic enigma in childhood. J Child
Neurol 12:237--41, 1997

99. Konrad D, Kuster H, Hunziker UA: Pseudotumour cerebri
after varicella. Eur J Pediatr 157:904--6, 1998

100. Koul R, Chacko A, Javed H, et al: Syndrome of cerebro-
spinal fluid hypovolemia following lumbar puncture
cerebrospinal fluid leak in a patient with idiopathic
intracranial hypertension. J Child Neurol 17:77--9, 2002

101. Krishna R, Kosmorsky GS, Wright KW: Pseudotumor
cerebri sine papilledema with unilateral sixth nerve palsy.
J Neuro-ophthalmol 18:53--5, 1998

102. Lahat E, Leshem M, Barzilai A: Pseudotumour cerebri
complicating varicella in a child. Acta Paediatr 87:1310--1,
1998
103. Lee AG: Pseudotumor cerebri after treatment with
tetracycline and isotretinoin for acne. Cutis 55:165--8, 1995

104. Lee AG, Patrinely JR, Edmond JC: Optic nerve sheath
decompression in pediatric pseudotumor cerebri. Oph-
thalmic Surg Lasers 29:514--7, 1998

105. Leker RR, Steiner I: Anticardiolipin antibodies are
frequently present in patients with idiopathic intracranial
hypertension. Arch Neurol 55:817--20, 1998

106. Leker RR, Steiner I: Features of dural sinus thrombosis
simulating pseudotumor cerebri. Eur J Neurol 6:601--4,
1999

107. Lessell S: Pediatric pseudotumor cerebri (idiopathic in-
tracranial hypertension). Surv Ophthalmol 37:155--66, 1992

108. Levine A, Watemberg N, Hager H, et al: Benign in-
tracranial hypertension associated with budesonide treat-
ment in children with Crohn’s disease. J Child Neurol 16:
458--61, 2001

109. Lim M, Kurian M, Penn A, et al: Visual failure without
headache in idiopathic intracranial hypertension. Arch Dis
Child 90:206--10, 2005

110. Lipton JD, Schafermeyer RW: Evolving concepts in
pediatric bacterial meningitis—Part I: Pathophysiology
and diagnosis. Ann Emerg Med 22:1602--15, 1993

111. Liu GT, Glaser JS, Schatz NJ: High-dose methylpredniso-
lone and acetazolamide for visual loss in pseudotumor
cerebri. Am J Ophthalmol 118:88--96, 1994

112. Liu GT, Kay MD, Bienfang DC, Schatz NJ: Pseudotumor
cerebri associated with corticosteroid withdrawal in in-
flammatory bowel disease. Am J Ophthalmol 117:352--7,
1994

113. Liu GT, Volpe NJ, Galetta S: Neuro-ophthalmology: Di-
agnosis and Management. Philadelphia, PA, Saunders,
2001

114. Lordereau-Richard I, Roger M, Chaussain JL: Transient
bilateral papilloedema in a 10-year-old boy treated with
recombinant insulin-like growth factor I for growth
hormone receptor deficiency. Acta Paediatr 399(Suppl):
152, 1994

115. Lucidi V, Di Capua M, Rosati P, et al: Benign intracranial
hypertension in an older child with cystic fibrosis. Pediatr
Neurol 9:494--5, 1993

116. Mahmoud HH, Hurwitz CA, Roberts WM, et al: Tretinoin
toxicity in children with acute promyelocytic leukaemia.
Lancet 342:1394--5, 1993

117. Malozowski S, Tanner LA, Wysowski D, Fleming GA:
Growth hormone, insulin-like growth factor I, and benign
intracranial hypertension. N Engl J Med 329:665--6, 1993

118. Malozowski S, Tanner LA, Wysowski DK, et al: Benign
intracranial hypertension in children with growth hor-
mone deficiency treated with growth hormone. J Pediatr
126:996--9, 1995

119. Margalit E, Sung JU, Do DV, et al: Panuveitis in association
with pseudotumor cerebri. J Child Neurol 20:234--6, 2005

120. Marshall WA, Tanner JM: Variations in pattern of pubertal
changes in girls. Arch Dis Child 44:291--303, 1969

121. Marshall WA, Tanner JM: Variations in the pattern of
pubertal changes in boys. Arch Dis Child 45:13--23, 1970

122. Mathew NT, Ravishankar K, Sanin LC: Coexistence of
migraine and idiopathic intracranial hypertension without
papilledema. Neurology 46:1226--30, 1996

123. Mauriello JA Jr, Shaderowfsky P, Gizzi M, Frohman L:
Management of visual loss after optic nerve sheath
decompression in patients with pseudotumor cerebri.
Ophthalmology 102:441--5, 1995

124. McGonigal A, Bone I, Teasdale E: Resolution of transverse
sinus stenosis in idiopathic intracranial hypertension after
L-P shunt. Neurology 62:514--5, 2004

125. McKiernan SP, DiFazio MP: Index of suspicion. Case 3.
Diagnosis: Infantile pseudotumor cerebri. Pediatr Rev 22:
211--5, 2001

126. Mehta V, Chapman A, McNeely PD, et al: Latency between
symptom onset and diagnosis of pediatric brain tumors: an
Eastern Canadian geographic study. Neurosurgery 51:365--
73, 2002



PEDIATRIC IDIOPATHIC INTRACRANIAL HYPERTENSION 615
127. Menkes JH: Textbook of Child Neurology. In: . Baltimore,
MD, Williams & Wilkins, ed 5 1995

128. Mewasingh LD, Sekhara T, Dachy B, et al: Benign
intracranial hypertension: atypical presentation of Miller
Fisher syndrome? Pediatr Neurol 26:228--30, 2002

129. Minns RA, Engleman HM, Stirling H: Cerebrospinal fluid
pressure in pyogenic meningitis. Arch Dis Child 64:814--20,
1989

130. Moskowitz Y, Leibowitz E, Ronen M, Aviel E: Pseudotumor
cerebri induced by vitamin A combined with minocycline.
Ann Ophthalmol 25:306--8, 1993

131. Mourani CC, Mallat SG, Moukarzel MY, et al: Kidney
transplantation after a severe form of pseudotumor
cerebri. Pediatr Nephrol 12:709--11, 1998

132. Munro D: Cerebrospinal fluid pressure in the new-born.
JAMA 60:1688--9, 1928

133. Nafiu OO, Monterosso D, Walton SR, Bradin S: Post dural
puncture headache in a pediatric patient with idiopathic
intracranial hypertension. Paediatr Anaesth 15:778--81,
2005

134. Naidoo BT: The cerebrospinal fluid in the healthy
newborn infant. S Afr Med J 42:933--5, 1968

135. Najjar MW, Azzam NI, Khalifa MA: Pseudotumor cerebri:
disordered cerebrospinal fluid hydrodynamics with extra-
axial CSF collections. Pediatr Neurosurg 41:212--5, 2005

136. Nazir SA, Siatkowski RM: Pseudotumor cerebri in idio-
pathic aplastic anemia. J AAPOS 7:71--4, 2003

137. Neely DE, Plager DA, Kumar N: Desmopressin (DDAVP)-
induced pseudotumor cerebri. J Pediatr 143:808, 2003

138. Nelson K, Ward K, Narang AS: Posttraumatic pseudotumor
cerebri in a 4-year-old female. Pediatr Emerg Care 20:460--
3, 2004

139. Nezu A, Kimura S, Osaka H: Tolosa-Hunt syndrome with
pseudotumor cerebri. Report of an unusual case. Brain Dev
17:216--8, 1995

140. Obeid T, Awada A, Huraib S, et al: Pseudotumor cerebri in
renal transplant recipients: a diagnostic challenge. J Neph-
rol 10:258--60, 1997

141. Ophir A, Karatas M, Ramirez JA, Inzelberg R: OCT and
chronic papilledema. [letter]. Ophthalmology 112:2238,
2005

142. Phillips PH, Repka MX, Lambert SR: Pseudotumor cerebri
in children. J AAPOS 2:33--8, 1998

143. Portnoy JM, Olson LC: Normal cerebrospinal fluid values
in children: another look. Pediatrics 75:484--7, 1985

144. Price DA, Clayton PE, Lloyd IC: Benign intracranial
hypertension induced by growth hormone treatment.
Lancet 345:458--9, 1995

145. Quinn AG, Singer SB, Buncic JR: Pediatric tetracycline-
induced pseudotumor cerbri. J AAPOS 3:53--7, 1999

146. Radhakrishnan K, Thacker AK, Bohlaga NH, et al:
Epidemiology of idiopathic intracranial hypertension:
a prospective and case-control study. J Neurol Sci 116:18--
28, 1993

147. Raghavan S, DiMartino-Nardi J, Saenger P, Linder B:
Pseudotumor cerebri in an infant after L-thyroxine therapy
for transient neonatal hypothyroidism. J Pediatr 130:478--
80, 1997

148. Reeves GD, Doyle DA: Growth hormone treatment and
pseudotumor cerebri: coincidence or close relationship?
J Pediatr Endocrinol Metab 15(Suppl 2):723--30, 2002

149. Rekate HL, Wallace D: Lumboperitoneal shunts in
children. Pediatr Neurosurg 38:41--6, 2003

150. Roberts JR, Hedges JR: Clinical Procedures in Emergency
Medicine. In: . Philadelphia, PA, Saunders, ed 4 2004

151. Rogers AH, Rogers GL, Bremer DL, McGregor ML:
Pseudotumor cerebri in children receiving recombinant
human growth hormone. Ophthalmology 106:1186--90,
1999

152. Rollins N, Ison C, Booth T, Chia J: MR venography in the
pediatric patient. AJNR Am J Neuroradiol 26:50--5, 2005

153. Rosenberg ML, Corbett JJ, Smith C, et al: Cerebrospinal
fluid diversion procedures in pseudotumor cerebri. Neu-
rology 43:1071--2, 1993
154. Rossiter JD, Lockwood AJ, Evans AR: Coexistence of optic
disc drusen and idiopathic intracranial hypertension in
a child. Eye 19:234--5, 2005

155. Rowe FJ, Sarkies NJ: The relationship between obesity and
idiopathic intracranial hypertension. Int J Obes Relat
Metab Disord 23:54--9, 1999

156. Saenger P: Metabolic consequences of growth hormone
treatment in paediatric practice. Horm Res 53(Suppl 1):
60--9, 2000

157. Said RR, Rosman NP: A negative cranial computed
tomographic scan is not adequate to support a diagnosis
of pseudotumor cerebri. J Child Neurol 19:609--13, 2004

158. Salman MS, Kirkham FJ, MacGregor DL: Idiopathic
‘‘benign’’ intracranial hypertension: case series and review.
J Child Neurol 16:465--70, 2001

159. Sano F, Tsuji K, Kunika N, et al: Pseudotumor cerebri in
a patient with acute promyelocytic leukemia during
treatment with all-trans retinoic acid. Intern Med 37:
546--9, 1998

160. Santinelli R, Tolone C, Toraldo R, et al: Familial idiopathic
intracranial hypertension with spinal and radicular pain.
Arch Neurol 55:854--6, 1998

161. Sarff LD, Platt LH, McCracken GH Jr: Cerebrospinal fluid
evaluation in neonates: comparison of high-risk infants
with and without meningitis. J Pediatr 88:473--7, 1976

162. Schoeman JF: Childhood pseudotumor cerebri: clinical
and intracranial pressure response to acetazolamide and
furosemide treatment in a case series. J Child Neurol 9:
130--4, 1994

163. Schowengerdt KO Jr, Gajarski RJ, Denfield S: Pro-
gressive visual deterioration leading to blindness after
pediatric heart transplantation. Tex Heart Inst J 20:
299--303, 1993

164. Scott IU, Siatkowski RM, Eneyni M, et al: Idiopathic
intracranial hypertension in children and adolescents.
Am J Ophthalmol 124:253--5, 1997

165. Selhorst JB, Kulkantrakorn K, Corbett JJ, et al: Retinol-
binding protein in idiopathic intracranial hypertension
(IIH). J Neuro-ophthalmol 20:250--2, 2000

166. Sheth KJ, Kivlin JD, Leichter HE, et al: Pseudotumor
cerebri with vision impairment in two children with renal
transplantation. Pediatr Nephrol 8:91--3, 1994

167. Shuper A, Snir M, Barash D, et al: Ultrasonography of the
optic nerves: clinical application in children with pseudo-
tumor cerebri. J Pediatr 131:734--40, 1997

168. Smith JL: Whence pseudotumor cerebri? J Clin Neuro-
ophthalmol 5:55--6, 1985

169. Smith MA, Adamson PC, Balis FM, et al: Phase I and
pharmacokinetic evaluation of all-trans-retinoic acid in
pediatric patients with cancer. J Clin Oncol 10:1666--73,
1992

170. Soler D, Cox T, Bullock P, et al: Diagnosis and management
of benign intracranial hypertension. Arch Dis Child 78:
89--94, 1998

171. Speer C, Pearlman J, Phillips PH, et al: Fourth cranial
nerve palsy in pediatric patients with pseudotumor cerebri.
Am J Ophthalmol 127:236--7, 1999

172. Stanley TV: Idiopathic intracranial hypertension pre-
senting as hemiplegic migraine. Acta Paediatr 91:980--2,
2002

173. Steenhoff AP, Smith MJ, Shah SS, Coffin SE: Neuro-
borreliosis with progression from pseudotumor cerebri to
aseptic meningitis. Pediatr Infect Dis J 25:91--2, 2006

174. Stiebel-Kalish H, Lusky M, Yassur Y, et al: Swedish
interactive thresholding algorithm fast for following visual
fields in prepubertal idiopathic intracranial hypertension.
Ophthalmology 111:1673--5, 2004

175. Stiebel-Kalish H, Kalish Y, Lusky M, et al: Puberty as a risk
factor for less favorable visual outcome in idiopathic
intracranial hypertension. Am J Ophthalmol 142:279--83,
2006

176. Straussberg R, Amir J, Varsano I: Knee-chest position as
a sign of increased intracranial pressure in children.
J Pediatr 122:99--100, 1993



616 Surv Ophthalmol 52 (6) November--December 2007 RANGWALA AND LIU
177. Sussman J, Leach M, Greaves M, et al: Potentially
prothrombotic abnormalities of coagulation in benign
intracranial hypertension. J Neurol Neurosurg Psychiatry
62:229--33, 1997

178. Suwanwela N, Phanthumchinda K, Kaoropthum S: Head-
ache in brain tumor: a cross-sectional study. Headache 34:
435--8, 1994

179. Suzuki H, Takanashi J, Kobayashi K, et al: MR imaging of
idiopathic intracranial hypertension. AJNR Am J Neuro-
radiol 22:196--9, 2001

180. Takanashi J, Suzuki H, Nagasawa K, et al: Empty sella in
children as a key for diagnosis. Brain Dev 23:422--3, 2001

181. Tan H, Orhan A, Buyukavci M, Kocer I: Pseudotumor
cerebri secondary to subacute sclerosing panencephalitis.
J Child Neurol 19:627--9, 2004

182. Tasdemir HA, Dilber C, Totan M, Onder A: Pseudotumor
cerebri complicating measles: a case report and literature
review. Brain Dev 28:395--7, 2006

183. Thompson PJ, Baxendale SA, Duncan JS, Sander JW:
Effects of topiramate on cognitive function. J Neurol
Neurosurg Psychiatry 69:636--41, 2000

184. Thuente DD, Buckley EG: Pediatric optic nerve sheath
decompression. Ophthalmology 112:724--7, 2005

185. Tillman O, Kaiser HJ, Killer HE: Pseudotumor cerebri in
a patient with Goldenhar’s and Duane’s syndromes.
Ophthalmologica 216:296--9, 2002

186. Trick GL, Bhatt SS, Dahl D, Skarf B: Optic disc topography
in pseudopapilledema: a comparison to pseudotumor
cerebri. J Neuro-ophthalmol 21:240--4, 2001

187. Tugal O, Jacobson R, Berezin S, et al: Recurrent benign
intracranial hypertension due to iron deficiency anemia.
Case report and review of the literature. Am J Pediatr
Hematol Oncol 16:266--70, 1994

188. Unterberg A, Kiening K, Schmiedek P, Lanksch W: Long-
term observations of intracranial pressure after severe head
injury. The phenomenon of secondary rise of intracranial
pressure. Neurosurgery 32:17--24, 1993

189. Vachvanichsanong P, Dissaneewate P, Vasikananont P:
Pseudotumor cerebri in a boy with systemic lupus
erythematosus. Am J Dis Child 146:1417--9, 1992

190. Varadi G, Lossos A, Or R, et al: Successful allogeneic bone
marrow transplantation in a patient with ATRA-induced
pseudotumor cerebri. Am J Hematol 50:147--8, 1995

191. Wall M: Idiopathic intracranial hypertension. Neurol Clin
9:73--95, 1991

Outline

I. Introduction

A. Nosology
B. Diagnostic criteria
C. Pathogenesis
D. Hereditary basis

II. Demographics and epidemiology

A. Pubertal vs. prepubertal
B. Obese vs. nonobese
C. Male vs. female

III. Clinical considerations

A. Presenting symptoms
B. Headache
C. Papilledema
192. Wall M, George D: Idiopathic intracranial hypertension.
A prospective study of 50 patients. Brain 114:155--80,
1991

193. Wandstrat TL, Phillips J: Pseudotumor cerebri responsive
to acetazolamide. Ann Pharmacother 29:318, 1995

194. Warner JE, Bernstein PS, Yemelyanov A, et al: Vitamin A in
the cerebrospinal fluid of patients with and without
idiopathic intracranial hypertension. Ann Neurol 52:647--
50, 2002

195. Wechsler B, Vidailhet M, Piette JC, et al: Cerebral venous
thrombosis in Behcet’s disease: clinical study and long-term
follow-up of 25 cases. Neurology 42:614--8, 1992

196. Weig SG: Asymptomatic idiopathic intracranial hyper-
tension in young children. J Child Neurol 17:239--41,
2002

197. Welch K: The intracranial pressure in infants. J Neurosurg
52:693--9, 1980

198. Widjaja E, Griffiths PD: Intracranial MR venography in
children: normal anatomy and variations. AJNR Am J
Neuroradiol 25:1557--62, 2004

199. Winner P, Bello L: Idiopathic intracranial hypertension in
a young child without visual symptoms or signs. Headache
36:574--6, 1996

200. Wraige E, Chandler C, Pohl KR: Idiopathic intracranial
hypertension: is papilloedema inevitable? Arch Dis Child
87:223--4, 2002

201. Yager JY, Hartfield DS: Neurologic manifestations of iron
deficiency in childhood. Pediatr Neurol 27:85--92, 2002

202. Youroukos S, Psychou F, Fryssiras S, et al: Idiopathic
intracranial hypertension in children. J Child Neurol 15:
453--7, 2000

203. Yuh WT, Zhu M, Taoka T, et al: MR imaging of pituitary
morphology in idiopathic intracranial hypertension.
J Magn Reson Imaging 12:808--13, 2000

The authors reported no proprietary or commercial interest in
any product mentioned or concept discussed in this article. The
authors would like to thank Drs. Laura Balcer, James Corbett,
Deborah Friedman, Simmons Lessell, and Michael Wall for their
extremely helpful suggestions and comments, and to Drs.
Friedman and Lessell for critically reviewing the manuscript.

Reprint address: Dr. Grant T. Liu, Division of Neuro-ophthal-
mology, Dept. of Neurology, University of Pennsylvania School of
Medicine, 3400 Spruce Street, Philadelphia, PA 19104.

D. Visual abnormalities
E. Differentiation from brain tumors

IV. Etiologies/associated conditions

A. Endocrine conditions
B. Infections
C. Drugs
D. Anemia
E. Malnutrition and renutrition
F. Miller Fisher syndrome

G. Questionable and mistaken associations

V. Clinical evaluation of children with suspected
IIH

A. History
B. Examination
C. Visual field testing



PEDIATRIC IDIOPATHIC INTRACRANIAL HYPERTENSION 617
VI. Optic nerve imaging and related techniques

VII. Neuroimaging

A. Advances in magnetic resonance imaging
B. MR venography

VIII. Lumbar puncture

IX. Treatment
A. Medical management
B. Headache management
C. Surgical management

X. Outcome

XI. Conclusion/diagnostic criteria for pediatric
IIH


	Pediatric Idiopathic Intracranial Hypertension
	Introduction
	Nosology
	Diagnostic criteria
	Pathogenesis
	Hereditary basis

	Demographics and Epidemiology
	Pubertal vs. prepubertal
	Obese vs. nonobese
	Male vs. female

	Clinical Considerations
	Presenting symptoms
	Headache
	Papilledema
	Visual abnormalities
	Differentiation from brain tumors

	Etiologies/Associated Conditions
	Endocrine conditions
	Thyroid Replacement
	Adrenal Corticosteroids
	Growth Hormone
	Addison Disease
	Other

	Infections
	Acute Sinusitis
	Varicella
	Measles

	Drugs
	Tetracyclines
	Vitamin A
	Other Chemotherapy Agents

	Anemia
	Malnutrition and renutrition
	Miller Fisher Syndrome
	Questionable and mistaken associations
	Lyme Disease
	Renal Transplantation and Impaired Renal Function
	Head Trauma
	Prothrombotic States
	Cystic Fibrosis
	Others


	Clinical Evaluation of Children with Suspected IIH
	History
	Examination
	Visual field testing

	Optic Nerve Imaging and Related Techniques
	Neuroimaging
	Advances in magnetic resonance imaging
	MR venography

	Lumbar Puncture
	Treatment
	Medical management
	Headache management
	Surgical management

	Outcome
	Conclusion/Diagnostic Criteria for Pediatric IIH
	Method of Literature Search
	References
	Outline


