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Abstract

Purpose Our aim was to improve diagnosis and manage-
ment of pseudotumor cerebri (PTC; also known as
idiopathic intracranial hypertension) in children.

Methods We performed a comprehensive analysis of
epidemiology, diagnostic work-up, therapy, and clinical
follow-up in 53 consecutive patients.

Results We identified several important aspects to be
considered in the management of these children. First,
patients may present without obvious symptoms at diagno-
sis. Second, bilateral papilledema might not or not yet be
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present in symptomatic patients. Third, measurement of
cerebrospinal fluid (CSF) opening pressure may not always
be reliable due to drugs used for sedation, which may alter
intracranial pressure. Fourth, normal CSF pressure values in
childhood are not well established and diagnosis might
even be justified if pressure is <20 cm H,O. Fifth,
associated conditions are frequent (at least in our cohort);
however, in most cases, a causative link cannot be proven.
Finally, disease relapse is a serious problem (20% in our
group), which stresses the importance of standardized
follow-up programs.

Conclusions PTC constitutes an important and possibly
underrecognized disorder in children and adolescents.
Considering the high percentage of possibly associated
conditions in our study, a detailed diagnostic work-up is
crucial to identify treatable underlying conditions.

Keywords Idiopathic intracranial hypertension -
Papilledema - Secondary causes - Acetazolamide -
Lumbar puncture - Cerebrospinal fluid - Visual field -
Ophthalmology

Introduction

Pseudotumor cerebri (PTC) is a syndrome of disturbed
cerebrospinal fluid (CSF) hydrodynamics without identi-
fiable cause [1]. By definition, patients with primary PTC
have a normal CSF composition, a nonfocal neurological
examination (except for abducens nerve palsy), and no
evidence of hydrocephalus, cerebral mass lesion, or
vascular abnormality on neuroimaging. PTC may be
complicated by severe headaches and even permanent
visual failure. There are several conditions that have been
reported to be associated with secondary PTC [2];
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however, in most of these studies, a clear proof for a
causative link is missing.

Already recognized by Quincke in 1897 [3], the
pathophysiology of PTC is still elusive. Different mecha-
nisms have been hypothesized. Current theories involve (1)
obstruction to CSF outflow through the arachnoid villi, (2)
increased rate of CSF formation at the choroidal plexus,
and (3) increased intracranial venous sinus pressure.

In addition to the unknown etiology, there is little
standardization of diagnostic workup in children with
PTC, and therapy is mainly based on empirical data. This
particularly holds true for PTC in prepubertal children [4].
Importantly, the clinical characteristics of pediatric PTC are
different compared to the typical syndrome of adulthood [4,
5]. This might indicate age-related differences in the
etiology of PTC pointing to the necessity of age-adjusted
diagnostic and therapeutic strategies. However, since PTC
is a rare disorder in children, these problems have not been
sufficiently addressed so far.

In this study, we performed a comprehensive analysis of
diagnostic work-up, therapy, and clinical follow-up in 53
children and adolescents with the diagnosis of PTC. In
order to present these patients in an unbiased manner, we
did not subcategorize children into primary and secondary
forms of PTC. However, we included and described all
possibly causative conditions and summarized patients
under the term PTC complex.

Materials and methods

All patients with a diagnosis of PTC complex who
presented to the University Children’s Hospital, Diisseldorf,
Germany, over the past 10 years from 1997 to 2007 were
entered into this study.

Inclusion criteria

We defined PTC complex as follows: (1) clinical signs
and/or symptoms of raised intracranial pressure (e.g.,
headache, visual disturbance, vomiting, papilledema)
without additional abnormal neurological signs other than
sixth nerve palsy, (2) normal neuroimaging studies by
standard magnetic resonance imaging, (3) unremarkable
examination of cerebrospinal fluid constituents, and (4)
raised CSF pressure >20 cm H,O with the exception of
prepubertal children with probable PTC [6]. This condi-
tion is characterized by a clinical manifestation and
response to treatment consistent with PTC but a CSF
opening pressure <20 cm H,O.

Children aged 11 years or younger were regarded as
prepubertal. As a measure of obesity, body mass index
(BMI) was expressed as kilograms per square meter. All
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children were defined as overweight on the basis of a BMI
>90th percentile and as obese if percentile for age and sex
was >97th using the German BMI charts [7]. In all patients,
a basic laboratory workup was performed (e.g., electrolytes,
blood gases, red and white blood cell count, thyroid hormone
status), which was extended in all oncological patients and
those with atypical clinical presentation. The extent of
papilledema was photodocumented at each visit. If age
permitted, children were also tested for pseudopapilledema,
visual acuity, and visual field defects. Lumbar puncture (LP)
with measurement of CSF pressure and cellular, chemical,
and microbiological examinations was performed in all
patients. The opening pressure was measured in the flexed
lateral decubitus position. If required moderately deep
sedation with propofol was carried out.

For characterization of headaches, a simplified classifi-
cation was used. We defined five types of headache
according to the temporal pattern [8]: acute headache, acute
recurrent headache, chronic progressive headache, chronic
daily headache, and mixed headache.

Results

In total, 53 children with PTC complex were identified. An
average of four newly diagnosed cases per year was observed.

Clinical presentation

The mean age at presentation was 10.4 years (range from
8 months to 17.5 years). We subclassified 32 children (13
girls, 19 boys) as prepubertal. In this subgroup, papilledema
was present in all cases except two patients (nos. 1 and 9)
who presented with abducens nerve palsy. The most
common presenting symptom was headache (n=16).
Eleven children were symptom-free, and papilledema was
found on routine eye examination. The mean CSF opening
pressure in the prepubertal children was 30 cm H,O (range
18-60 cm H,0). Obesity was found in five of prepubertal
children, and two patients were classified as overweight.
All of these were older than 9 years. Nine patients were
anemic (hemoglobin (Hb)<12 g/l). In general, comorbid-
ities could be identified in 16 patients (see Table 1).

Five prepubertal children were considered as “probable
PTC” (see Table 1) [6]. Secondary causes were excluded in
all of them. In patient nos. 1 and 26, a second LP was
performed because of reoccurring abducens nerve palsy and
persisting papilledema and headache demonstrating a
pressure of 27 and 29 cm H,O, respectively, thus confirm-
ing true PTC.

Among the pubertal children with PTC complex (n=21;
14 girls, seven boys), the most common clinical symptom
was headache (n=15). One patient (no. 35) had a 4-month
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T-ALL, during HSCT,

Cyclosporine,

ACT

34

Vo, UP

11.7

30

anemia

methylprednisolone
(1), voriconazole

Hypothyroidism

ACT

60, 24, 40

45

Acute headache

BP, HE, VOM, dizziness

HE, BP

11.7

31

Diamond-Blackfan

Methylprednisolone ()

ACT

Chronic daily headache

11.8

32

anemia

Headache classification according to [8]

Q female, & male, @ no clinical symptoms, () during a reduction of dosage, ASD atrial septal defect, AP abducens palsy, BP bilateral papilledema, HE headache, HSCT hematopoietic stem cell

transplantation, MDS myelodysplastic syndrome, NP neck pain, 7-4LL T-lineage acute lymphoblastic leukemia, UP unilateral papilledema, VO visual obscuration, VOM vomiting

 Likely ITH

history of chronic daily headache. However, initially
papilledema was not found. After this 4-month period,
papilledema became evident. LP confirmed PTC complex.
Four children complained of nausea or vomiting. Five
patients were asymptomatic. Papilledema was found in all
but one patient. The mean CSF opening pressure in this
group was 30 cm H,O (range 19-65 cm H,0). One female
adolescent was considered as “probable PTC” (no. 38) as
she showed prompt clinical response to pressure release and
acetazolamide (ACT) with normalization of papilledema.
Obesity was found in four patients; five were classified as
overweight. Among those with normal weight, there were four
oncological patients under chemotherapy. Five patients were
found to be anemic (Hb<12 g/l) at time of PTC complex
diagnosis. Further comorbidities are listed in Table 2.

Therapy and outcome

All patients underwent acute pressure release during an initial
LP. After LP, five patients suffered from moderate to severe
post-LP headache syndrome. One patient (no. 35) was
bedridden for 2 weeks because of severe orthostatic headache
and vertigo. In all other patients, acceptance of LP was good.

Follow-up at our institution ranged from no follow-up to
5 years (mean 19 months). One patient (no. 27) was only
seen once, and no details about the further clinical outcome
are available. Patient no. 34 was lost for follow-up after
2 weeks. One patient (no. 48) died during the course of
bone marrow transplantation, and long-term response to
treatment cannot be judged.

Oral ACT was the drug of first choice (target dose 25—
30 mg/kg/day; maximum dose 1.5-2 g/day). Mean duration
of medical treatment was 7 months (range 4—14 months). In
34 of those 50 patients (68%) who were followed for at
least 4 months, this therapy led to complete and persistent
resolution of papilledema and clinical symptoms. ACT was
tapered thereafter. Patient no. 40 showed rapid normaliza-
tion of the optic disk after cessation of growth hormone
treatment in addition to ACT. Patient no. 4 did not respond
to medical treatment and showed only very short-lasting
improvement after LP. Therefore, CT angiography was
performed, demonstrating a cerebral sinus venous throm-
bosis (see Fig. 1). Due to massive papilledema, reduced
consciousness, and abducens nerve palsy, this patient
underwent ventricular—peritoneal (VP) shunting, which led
to complete remission.

Two patients (nos. 8 and 12) showed good response to
treatment as defined by persistent normalization of CSF
pressure and cessation of clinical symptoms. However, in
absence of any visual failure, mild to moderate papilledema
was still present during a follow-up period of up to 27 months.
Patient no. 50 developed chronic, persistent papilledema,
which was most likely caused by drug nonadherence.
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Fig. 1 Ophthalmologic and radiological findings of patient 4 (see
Table 1): a right-sided abducens nerve palsy, b fundoscopy of the right
and left eye, showing apparent swelling of the optic disc, and ¢ CT
angiography: lateral angiographic view showing normal dural sinuses

Two patients were considered as nonresponder to medical
treatment (nos. 2 and 3). Both developed progressive
papilledema despite treatment with ACT, furosemide (1 mg/
kg/day), and prednisone (2 mg/kg/day for 2 weeks). Medica-
tion nonadherence was suspected in one patient with a
difficult social situation (no. 2). In patient no. 3, serial LPs
were performed which resulted in complete resolution of
papilledema after 12 months time and five LPs. In patient no.
2, this approach was declined by the parents. This boy finally
underwent ventricular—peritoneal shunting, which was done
without complication. Ophthalmologic follow-up in both
children showed a permanent reduction of optic disc swelling.

In ten out of 50 patients (20%), a relapse of PTC complex
(six prepubertal and four pubertal patients) was seen. Seven
patients were still under ACT treatment at that time. In all
children but one (no. 35), ACT was restarted as therapy. Two
of these experienced a second relapse after cessation of
treatment. Again, ACT was reintroduced, and up to now, all
of these patients remained symptom-free. Patient no. 35 was
set on topiramate and experienced a second relapse while
still under this medication. She remained relapse-free after a
second LP with pressure release and a prolonged episode of
post-LP headache syndrome.

Patient no. 50 experienced one relapse after 12 months
of ACT. Later on, he developed chronic, persistent
papilledema due to drug nonadherence.

In addition, one boy with probable PTC (no. 9) showed
an immediate clinical response after the first pressure release;
however, 4 months later, he experienced a relapse. Although
CSF opening pressure was only 20 cm H,0, we decided to
set him on ACT, which led to complete remission.

@ Springer

and bridging veins. An enlarged ophthalmic vein is ostentatious
indicating abnormal venous outflow. The white arrow marks the
rostral part of the cavernous sinus drain via the ophthalmic vein (black
arrow)

Altogether, there was no obvious association between
relapse and the initial CSF opening pressure, age, sex, BMI,
or Hb.

Discussion
Epidemiology

Although the design of our study is not sufficient to provide
solid epidemiological data, our analysis demonstrates that
PTC complex is not such a rare condition in a tertiary pediatric
center. In agreement with previous studies and unlike in
adulthood, we did not find any female preponderance or
association with obesity in prepubertal children [9, 10]. On the
contrary, overweight was frequently seen in pubertal patients.
Importantly, in 43% of our patients, putative associated
conditions were identified, which may appear unexpectedly
high in a pediatric population. Certainly, the large proportion
of cancer patients in our series has contributed to this high
percentage [2]. However, beside obesity, additional associat-
ed factors have been found in our nononcological study
population, which will be discussed below.

Clinical presentation

The spectrum of clinical presentation at time of diagnosis of
PTC complex was broad ranging from asymptomatic
papilledema to dramatic clinical presentations such as
bilateral abducens palsy in an infant with reduced con-
sciousness (no. 4).
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Headache was the most frequent clinical symptom in
older children and adolescents, which is in good agreement
with previous studies [9]. Patients mostly reported chronic
daily headache or acute onset headache, often mimicking
migraine. Against this background, confusion with idiopathic
headache might be a problem, and therefore, repeated
evaluation for papilledema may be recommended in children
with chronic daily headache. However, an important aspect
of our study is the variability or even absence of papilledema
in some affected patients (nos. 1, 9, and 23). Especially in
very young children, this feature may be inconstant.
Furthermore, there have been reports of adults with PTC in
whom papilledema has not been observed. Absence of
papilledema is thus not an exclusionary criterion [11].
Equally important, as observed in one patient (no. 35) with
chronic daily headache, papilledema may only develop later
during the clinical course of PTC complex. Therefore, a
single ophthalmological examination is not necessarily
conclusive and does not exclude PTC complex.

Blurred vision and abducens palsy were other relatively
common features in our patient groups as well as in others
[12]. No further cranial nerve palsies were found.

An important finding of our study was the high number
of asymptomatic patients. Sixteen patients with PTC
complex had no clinical symptoms, and papilledema was
found only on routine eye examination. This is in contrast
to most previous studies. One study [12] found all patients
with prepubertal PTC symptomatic. Lim et al. [13]
described only three out of 29 children as asymptomatic.
However, more recently, asymptomatic pediatric PTC cases
have been repeatedly published [14, 15]. Notably, among
our asymptomatic patients, there were the five youngest
children who may not have been able to articulate their
complaints. This raises questions regarding the incidence of
undetected cases in this age group.

Diagnostic difficulties

We have identified several diagnostic difficulties in our
children with suspected PTC complex. Firstly, conduction
of LP under deep sedation was sometimes necessary.
However, drugs used for sedation may induce changes of
the ICP. Inhalation anesthetic agents [16] and ketamine [17]
have been shown to raise ICP. Therefore, we recommended
the use of propofol. However, this drug has been reported
to possibly lower ICP [18]. In addition, the physiological
effect of hypercarbia on ICP has been recognized in
intensive care and anesthesia [19]. Accordingly, CSF
pressure values recorded under sedation have to be judged
critically [20].

Beside technical problems, diagnostic criteria in the
pediatric age group are not completely satisfactory as it is
illustrated by our patients with “probable PTC”, a term only

recently proposed by our group [6]. Two of these patients
showed marked fluctuations of the CSF opening pressure
when measured repeatedly even within a short time. While
the initial pressure would have been considered normal, on
repeated LP, a CSF opening pressure above 20 cm H,0O was
measured. This stresses the possibility of missed cases of
PTC due to diurnal fluctuations of CSF opening pressure
[21, 22]. The lack of age-adapted normal values for CSF
opening pressure constitutes another diagnostic dilemma. In
some children, clinical presentation was highly suggestive
of PTC, but CSF opening pressure was measured below
20 cm H,O. However, since a clear response to pressure
release and/or ACT could be documented in these cases, we
would now consider a therapeutic trial in any of such cases
in order to prevent permanent visual disturbances [6].

Etiology

In a considerable number of our patients, possibly associ-
ated factors that may have contributed to elevated intracra-
nial pressure could be identified. Certainly, PTC complex
may be present in a broad spectrum of hemato-oncological
diseases [2]. Growth hormone treatment, probably playing
a causal role in one of our patients, has repeatedly described
as a secondary cause of PTC [23]. In addition, one child
had sinus venous thrombosis. This important cause of
secondary PTC has been found to account for 9.4% of
nonpediatric patients with presumed PTC [24]. This under-
lines the importance of MR venography in any atypical
case of PTC, including all prepubertal children.

Further comorbidities or medications, the causal role of
which often remains uncertain, were found. Associated
factors were L-thyroxine therapy in children with hypothy-
roidism, anemia, and different kinds of infection.

PTC following thyroxine replacement therapy in juve-
nile hypothyroidism has been described previously. Rapid
correction of hypothyroidism with thyroxine may be a risk
factor for altered CSF dynamics [23].

Fourteen patients were found to be moderately anemic
(Hb<12 g/) at time of PTC complex diagnosis. This may
be an important observation in the context of PTC.
Different types of anemia have been associated with PTC
complex [25], and it has been suggested that disturbed
hemodynamics may lead to a secondary increased intracra-
nial pressure [23]. Although differentiation of causality
from coincidence may often be difficult, a check for anemia
should be routine in all PTC complex patients as it may
represent a treatable risk factor for relapse (patient no. 2)
[23]. The number of infections in relation to PTC complex
(nos. 4, 25, 29, 35, and 36) needs to be discussed in the
context of our recent observation of a seasonal cluster of
prepubertal PTC presentations during the typical season of
pediatric viral and bacterial infections [4].
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In summary, although causality is often not easy to proof
in PTC complex cases, our findings give some support to
the view of Friedman and Jacobson [26] who stated that a
secondary cause for intracranial hypertension should be
suspected in any “atypical” patient, including any prepu-
bertal patient and any male and/or nonobese adolescent. We
believe that classification as idiopathic or secondary PTC,
at least in part, depends on the efforts made to identify
associations that may have contributed to elevated intracra-
nial pressure and may therefore often be arbitrary. This
view is supported by recent studies, which found associa-
tion of intracranial hypertension with underlying illnesses
in up to 77.7% of pediatric patients with “idiopathic” PTC
[10, 27].

Therapy

Some important conclusions may be drawn from our
findings regarding therapy of pediatric PTC complex. First
of all, we generally state a high responder rate to initial
pressure release followed by ACT treatment in our
population, irrespective of age, sex, or underlying etiology.
During our follow-up, no patient suffered from permanent
visual disturbances (with the exception of patient 50, who
refused therapy). Second-line agents were only needed in
three patients (nos. 2, 3, and 35). However, it is noteworthy
that none of them benefited from additional furosemide,
topiramate, and/or corticosteroids. Although these drugs are
part of most current guidelines of management of PTC, our
limited experience may point to a minor role in children not
responding to high-dose ACT therapy.

In order to prevent more invasive procedures, we
recommend repeated LP in nonresponsive patients. This
particularly holds true when severe visual impairment or
severe therapy-resistant headache is present. Unlike others
[23], we still believe that serial LP is a feasible treatment
option. As shown in one patient (no. 3), this may even
prevent neurosurgery. Discomfort can be usually sufficient-
ly reduced by sedation. Although it has been stated that
CSF pressure may return to pretap values within hours [28],
some patients may only require a single LP with pressure
release to achieve complete remission (no. 34). A limiting
factor for serial LP may be post-LP headache syndrome,
which was seen in five of our patients. This is important to
note for two reasons: (1) symptoms of lowered intracranial
pressure may be misinterpreted as persistent PTC (no. 35)
[29] and (2) prolonged post-LP discomfort may limit the
option of serial LP thus leading to surgical approaches.

Importantly, shunt requirement was exceptional in our
cohort. Unlike in previous studies, which reported the
necessity of shunt therapy in up to 68% of children with
PTC [30, 31], only two out of 53 patients underwent VP
shunting. We believe that surgery should be reserved for

@ Springer

patients with a particularly severe clinical course of the
disease or those resistant to medication and not responding
to or not tolerating repeated LP (e.g., no. 2).

Follow-up

An essential and possibly underappreciated part of PTC
management is a thorough clinical follow-up. This was not
standardized in our cohort before the year 2004. While
some children were followed up to 6 years, others were lost
already after initiation of drug therapy. In that view, it has
to be considered that many of our patients were followed by
primary care ophthalmologist or family doctors. Having in
mind the rarity of childhood PTC complex, it is likely that
some physicians will not be familiar with pediatric PTC
cases. To our experience, documentation of papilledema
and visual fields is often not standardized. While we have
recently started to use the Frisen scale to follow papil-
ledema [32] in addition to photo documentation, both of
these are still exceptional in primary care. Moreover,
assessment of visual fields, which may be the most reliable
way to monitor visual function of PTC patients [12], is
often not performed, and if done, interpretation can be very
difficult even in experienced hands.

The importance of a standardized follow-up is highlight-
ed by the relatively high rate of relapses (20%) in our study.
Relapses occurred up to 3 years after initial presentation.
This rate is higher than described in previous studies in the
pediatric population [33] but is in accordance with
observations of Kesler et al. [34] who found a nearly 40%
relapse rate in their cohort of patients aged 14—45 years. In
their study, all exacerbations occurred later than 10 months
after initial presentation, indicating that late relapses are a
significant risk. Importantly and unlike in their study, we
found that relapses may even occur while patients were still
on full-dose ACT treatment at time of relapse. Therefore,
long-term monitoring of papilledema and visual status is
necessary. Notably, relapses are not always indicated by
recurrence of clinical symptoms (e.g., n0.16).

Close monitoring in the hands of experienced pediatric
ophthalmologists and pediatric neurologists may also help
to improve drug adherence, another problem revealed by
our study (nos. 2 and 50). One of our adolescent patients
(no. 50) was reluctant to take any medication for PTC
treatment. PTC complex finally resulted in persistent
optical atrophy. This case reminds us that adolescents, in
particular, have difficulties adhering to medication regi-
mens in chronic diseases which can easily lead to an
unfavorable outcome [35]. In keeping with this suggestion,
a recent retrospective study identified puberty as a risk
factor for unfavorable visual outcome in PTC [36]. This
indicates that the possible role of drug adherence as a
contributor to these results deserves further attention.
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Conclusion

PTC complex constitutes an important and possibly under-
recognized disorder in children and adolescents. Consider-
ing the high percentage of possibly associated conditions in
our study, a detailed diagnostic work-up is crucial to
identify treatable underlying conditions. Importantly, chil-
dren may not always completely meet Dandy’s modified
criteria as demonstrated by our patients with probable PTC.
Since the feared consequence of PTC complex is visual
loss, early diagnosis, treatment, and close follow-up are of
great importance. According to our experience, initial
pressure release via LP and treatment with ACT is usually
effective and tolerated well. However, standardized long-
term follow-up schemes are essential in order to detect
cases of recurrence, even in the absence of clinical
symptoms. Finally, our experience underlines the need for
further clinical studies in order to better standardize
diagnosis and management of PTC complex in children.

Disclosure The authors report no conflicts of interest.
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