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Abstract

Background.—Certain headache characteristics and associated symptoms are commonly
attributed to increased intracranial pressure, but they have not been systematically studied among
children in the context of revised diagnostic criteria for pseudotumor cerebri syndrome (PTCS).

Methods.—We performed a retrospective cohort study of patients treated for suspected or
confirmed PTCS. Charts were reviewed for PTCS and headache diagnostic criteria and associated
characteristics. Chi-squared or Fisher’s exact tests were used to compare the frequency of
headache characteristics between groups.

Results.—One hundred and twenty-seven individuals were identified: 61 had definite PTCS, 10
had probable PTCS, 31 had elevated opening pressure (OP) without papilledema, and 25 had
normal OP without papilledema. Eleven children had no headache (6 with definite PTCS, 5 with
probable PTCS). Headache pattern was episodic in 49% (95% CI: 34-64%) of those with definite
PTCS, 18% (95% CIl 6-37%) of those with elevated OP without papilledema, and 16% (5-36%)
of those with normal OP without papilledema. Headache location was more likely to involve the
head along with neck or shoulders in those with definite PTCS compared with elevated OP
without papilledema (OR = 7.2, 95% CI: 1.9-27.6) and normal OP (OR = 4.5, 95% CI: 1.3-15.6)
groups.

Discussion.—While missing data and small cohort size are limitations, this study suggests that
headache in PTCS is more likely to involve the head along with neck/shoulders, and that headache
in PTCS may be episodic or constant. Headache is occasionally absent in PTCS.

Keywords

pseudotumor cerebri; headache; migraine; opening pressure; idiopathic intracranial hypertension;
children

INTRODUCTION

Headache is the most common symptom of the pseudotumor cerebri syndrome (PTCS),
occurring in 63-98% of both pediatricl~7 and adult® patients. Headaches attributed to
increased intracranial pressure are classically thought to be constant and/or daily, worsened
with recumbence, on awakening, and Valsalva maneuvers, and associated with visual
symptoms and pulsatile tinnitus.® Revised diagnostic criteria for adults and children with
PTCS were recently published.10 In contrast to prior criteria which required elevated
intracranial pressure in the presence of related signs (ie papilledema) or symptoms (ie
headache or visual changes),11-13 both papilledema and elevated cerebrospinal fluid (CSF)
pressure are now required for the diagnosis of definite PTCS. Patients with papilledema or
sixth nerve palsy but with normal opening pressurel4 may be given a diagnosis of probable
PTCS.10 However, the criteria do not confer a diagnosis of PTCS to patients with headache
and increased CSF pressure who do not have papilledema or other objective signs. These
patients are thought not to be at risk for vision loss given the absence of papilledema,516
but whether they more closely resemble PTCS or non-PTCS headache disorders in their
clinical features and treatment responsiveness is not known.
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During the initial evaluation of a patient with headaches, especially if papilledema is either
absent or difficult to ascertain, clinicians may use the presence or absence of certain
headache characteristics to guide the decision of whether to obtain a lumbar puncture for the
measurement of CSF opening pressure. However, there are limitations to the use of headache
characteristics as a screening or diagnostic tool in these patients. One case series found the
triad of daily headache, diffuse/non-pulsating pain, and aggravation by Valsalva in only
36.6% of patients with PTCS.17 While headache was indeed constant or daily in 51% of the
Idiopathic Intracranial Hypertension Treatment Trial population at the time of enrollment,18
about 40% of adults1® and 35% of children?0 seen in subspecialty headache clinics also have
chronic daily headaches. In early studies of adults with PTCS, postural aggravating factors
were rare,8 and the discriminative value of associated visual and auditory symptoms is
confounded by the high prevalence of comorbid primary headache disorders (specifically
migraine, which can independently produce similar symptoms) in these patients.’16

While pediatric case series have reported on the presence of headache, few have examined
features of the headache. None of these studies have addressed the question of whether the
headaches in children with elevated OP without papilledema are more similar to those with
papilledema or to controls with normal OP. In this retrospective cohort study, we compare

the clinical and headache-specific characteristics of children with definite PTCS, probable

PTCS, elevated OP without papilledema, and normal OP without papilledema.

METHODS

This is a retrospective cohort study of patients treated at the Children’s Hospital of
Philadelphia for suspected or confirmed PTCS. No a priori power calculation was conducted
to guide sample size. Children who were given a diagnosis of PTCS between July 1, 1993
and April 16, 2013 were identified using ICD-9 billing codes and a neuro-ophthalmology
patient database (GTL). This yielded 565 potential study subjects. These charts were
reviewed as previously described,?! and those who had sufficient information regarding the
presence or absence of papilledema and opening pressure were identified (n = 140). In
addition, to expand the comparison groups of subjects with elevated and normal opening
pressure, procedure notes for any outpatient lumbar puncture performed in the departments
of neurology or interventional radiology between January 1, 2009 and April 20, 2015 were
reviewed, and those subjects were included if the primary indication for lumbar puncture
was measurement of opening pressure (OP). This yielded an additional 97 subjects. In total,
237 subjects were identified for inclusion in the study. The study was approved by the local
institutional review board; because the study involved retrospective chart review, informed
consent was not required.

Once subjects were identified, their inpatient and outpatient medical records were reviewed.
The case report form that was utilized to collect data was modeled after that used during the
Idiopathic Intracranial Hypertension Treatment Trial.22 Using recently revised diagnostic
criteria, 10 subjects were classified as having one of the following: definite PTCS, probable
PTCS, elevated OP without papilledema, and normal OP without papilledema. Definite
PTCS was diagnosed if a subject had documented papilledema confirmed by a neuro-
ophthalmologist (GTL), a normal neurologic exam except for cranial nerve V1 palsy, normal

Headache. Author manuscript; available in PMC 2019 October 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hamedani et al.

Page 4

brain MRI, normal CSF constituents, and an elevated lumbar puncture opening pressure
(which was defined as =28 cm if the patient was obese or sedated for the procedure and =25
cm if non-obese and non-sedated).14 Those with opening pressure exceeding the
manometer’s measurement capability were recorded as having OP at the manometer’s
maximum measurement, usually 37 cm. Per the revised diagnostic criteria, normal venous
imaging was also required for the diagnosis of PTCS in non-obese and male subjects.
Probable PTCS was diagnosed if a subject had normal opening pressure but otherwise met
all other diagnostic criteria for definite PTCS such as the presence of papilledema confirmed
by a neuro-ophthalmologist. Elevated OP without papilledema was diagnosed if a subject
had opening pressure above the reference range with normal CSF constituents but no
papilledema on funduscopic examination by either a general neurologist or neuro-
ophthalmologist. Those with papilledema suspected by another clinician but not confirmed
by a neuro-ophthalmologist were excluded due to the high rate of misdiagnosis
demonstrated in a prior study.23 None of the subjects in the elevated OP without papilledema
group had other objective findings of PTCS, such as cranial nerve VI palsy, or MRI findings
of PTCS (3 of 4 of empty sella, flattening of posterior aspect of globe, distention of perioptic
subarachnoid space, transverse sinus stenosis). Normal opening pressure without
papilledema was diagnosed when a subject had CSF pressure within the reference range and
did not have papilledema on funduscopic examination by either a general neurologist or
neuro-ophthalmologist.

Lumbar punctures were usually performed by a supervised neurology or pediatrics resident
in the outpatient neurology clinic or sedation unit, in the emergency department, or on the
inpatient neurology floor. Some of the lumbar punctures were performed by interventional
radiology, usually if a prior attempt was unsuccessful. Lumbar punctures for opening
pressure at our institution are standardly performed in the lateral decubitus position, and the
opening pressure measurement is usually obtained with the legs extended. However, since
2010 when a small cohort study at our institution found that patient position resulted in only
a small magnitude difference in opening pressure,2 flexed position may have been used in
some cases. While the presence or absence of sedation was not directly recorded in our
database, that information had been obtained during chart review in order to classify an
opening pressure as elevated or not. In cases where subjects had more than one lumbar
puncture, the results of the first lumbar puncture were used for diagnostic classification.

Patient records were further reviewed to determine if a patient experienced headaches. If
headache was present around the time of diagnosis, additional information regarding
headache quality, severity, location, frequency, chronicity, and associated symptoms was
abstracted. Additional information regarding headache features commonly attributed to
intracranial hypertension, such as worsening with recumbence or on awakening and pulsatile
tinnitus, was also collected when documented.

Statistical Analyses.

Statistical analysis was performed using STATA version 14 (College Station, TX). For each
clinical characteristic, an overall comparison was first performed to determine whether there
were any differences among groups, then exploratory pairwise comparisons were performed.
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Overall group comparisons were considered significant when £ < .01, which was determined
by adjusting the standard P-value of .05 for multiple comparisons using the Bonferroni
method. For group comparisons that were significant at that level, pair-wise comparisons
were considered significant at the level of 0.0125. Fisher’s exact tests were used to compare
the proportion of subjects in different PTCS groups with different headache features where
the count for at least one group was <5. Chi-squared tests were used in pairwise comparisons
among definite PTCS, elevated OP, and normal OP groups where counts for all groups were
>5. Odds ratios (OR) were calculated by 2 x 2 contingency tables. The Kruskal-Wallis and
Mann-Whitney tests were used to compare the medians of continuous variables. Any
variable with >20% missing data was dropped. As a result, planned comparisons of
diagnosis of migraine vs tension-type headache, positional exacerbation, effect of lumbar
puncture, presence of pulsatile tinnitus, pain quality, laterality, effects of Valsalva maneuvers
and activity, and associated photophobia and phonophobia were not included in the results.

RESULTS

Of the 237 subjects initially identified for inclusion in the study, 81 did not meet criteria for
one of the specified diagnostic categories. Of the remaining 156 subjects, 29 had insufficient
information regarding the presence or absence of headaches to be included in the study. Of
the excluded 29 subjects with insufficient information, age and proportion female were
similar to that of the final 127 subjects. However, whereas 57% of the cohort with sufficient
information had seen neurology, only 4 (14%) of those with insufficient information had
seen neurology. See Figure 1.

A final sample size of 127 subjects was used in the analysis. Of these 127 subjects, the
median age was 13.6 years (25-75%ile: 10.2-16), and 64.6% (95% CI: 56—73%) were
female. Self-reported race was identified as African American for 19.7%, Caucasian for
72.4%, Asian for 1.6% and not identified in the medical record for 6.3%. Sixty-one subjects
were classified as having definite PTCS, 10 subjects had probable PTCS, 31 subjects had
elevated OP without papilledema, and 25 had normal OP without papilledema. Table 1 lists
the basic clinical and demographic characteristics of the study population by diagnostic
category. A secondary cause for PTCS was found in 12 cases of definite PTCS (eight with
tetracycline use, two with renal failure, one with lithium use, and one with corticosteroid
withdrawal). The remainder had primary PTCS, or idiopathic intracranial hypertension (I11H)
(n = 49). Subjects with definite PTCS had significantly higher opening pressure compared to
those with elevated OP without papilledema (P =.007). Both of these groups had
significantly higher BMI Z-score than those with normal OP without papilledema (£ =.006
and P=.004, respectively). The median BMI Z-score of the probable PTCS group was
similar in magnitude to that of the definite PTCS group but was not statistically significantly
different from the other groups. Subjects without headache showed no significant difference
in age, gender, or BMI Z-score when compared to subjects with definite or probable PTCS
with headache.

Eleven subjects did not have headache (6 with definite PTCS and 5 with probable PTCS).
The absence of headache was significantly more common in probable PTCS compared to
definite PTCS (odds ratio [OR] = 9.2, 95% confidence interval [CI]: 2-41). Headache
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pattern was episodic in 49% (95% CI: 34-64%) of those with definite PTCS, 18% (95% ClI:
6-37%) of those with elevated OP without papilledema (£ =.008 compared to Definite), and
16% (5-36%) of those with normal OP without papilledema (P = .006, compared to
Definite).

Specific headache features and associated symptoms were then considered. There was no
significant difference in pain severity nor presence of nausea between groups. Headache
location was more likely to involve the head along with neck or shoulders in those with
definite PTCS compared with elevated OP without papilledema (OR = 7.2, 95% CI: 1.9-
27.6) and normal OP (OR = 4.5, 95% CI: 1.3-15.6) groups. The presence of subjective
vision changes (including both vision loss and positive visual phenomena) was not
significantly different between groups. See Table 2 for full details.

DISCUSSION

In this retrospective cohort study, we report the headache characteristics of a large series of
children evaluated for suspected PTCS, including those with definite and probable PTCS,
elevated OP without papilledema, and normal OP. Ten percent (95% ClI: 4-20%) of those
with definite PTCS and 50% (95% CI: 19-81%) of those with probable PTCS did not report
headache. The higher portion of children with absence of headache in the probable PTCS
group (with normal opening pressure) contrasts with prior studies where children with PTCS
without headache had similarly elevated opening pressures compared to those with
headache.*6:25 Some of these differences could be due to the use of different diagnostic
criteria for PTCS. For example, when papilledema was required for the diagnosis of PTCS,
the reported prevalence of headache was lower!=3 than when it was not required.*~" While
intracranial pressure has not clearly correlated with headache severity in both experimental
and observational studies of adults,22:26 the fact that the absence of headache in PTCS was
more frequently encountered in the setting of normal rather than elevated opening pressure
in our study suggests that intracranial hyper-tension plays at least a partial role in the
pathogenesis of headache in PTCS. Alternatively, the absence of both headache and
intracranial hypertension in a subset of the probable PTCS group is similar to other studies,
21 and raises questions regarding the diagnostic accuracy of papilledema vs
pseudopapilledema in these patients. Subtle MRI findings may aid in making this
distinction, 28 though given that this is a rare occurrence, further studies are needed.

In tertiary headache centers, as many as 10-15% of patients with chronic migraine may have
elevated opening pressure without papilledema.162° The precise threshold CSF pressure
required for papilledema to develop is unclear and likely to depend on individual patient
characteristics. In patients with intracranial hypertension without papilledema, it may be that
their papilledema threshold lies higher than their measured CSF opening pressure.1> Indeed,
among adult patients with opening pressure above the upper limit of normal, those with
papilledema have been found to have higher opening pressures than those without
papilledema,30 and the data here confirmed this finding in a pediatric population. Because a
small cup-to-disk ratio is known to be a risk factor for PTCS, some have suggested that
patients with intracranial hypertension without papilledema are more likely to have a larger
cup-to-disk ratio, which may protect against the development of papilledema.3! The absence
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of papilledema is reported with similar frequency in children as in adults. However, in
contrast to adults, the degree of opening pressure elevation does not appear to be associated
with the presence of papilledema in children.’

Children with PTCS had similar frequencies of episodic and chronic headache patterns,
consistent with prior studies? but unlike studies of adults, where a constant or daily pattern is
much more common.32 Many children without PTCS had constant or daily headaches. This
reflects the fact that the reference group was limited to patients who underwent lumbar
puncture and were found to have normal opening pressure; specifically, clinicians may be
more likely to consider the diagnosis of PTCS and order lumbar puncture in children with
constant or daily (but not episodic) headaches. The reference group is therefore not
representative of the general pediatric headache population. Neck and shoulder pain was also
more common in PTCS, possibly due to distension of spinal root dural sheaths under
increased pressure.

A major limitation of our study was missing data, as this was a retrospective study where the
data regarding headache characteristics were limited to those collected as part of routine
clinical care. Furthermore, the amount of missing data was non-random. Patients with
definite and probable PTCS were more likely to be lacking data on headache characteristics,
which reflects that they were more likely to be seen only in neuro-ophthalmology clinic,
where less detailed information about headache and more information about visual
symptoms is collected. Consequently, prospectively collected studies are needed to
characterize headache in PTCS more thoroughly. Another potential source of bias was the
classification of normal or elevated opening pressure based on a single lumbar puncture, as
prior studies have shown that opening pressure can be normal on an initial lumbar puncture
and then elevated on subsequent evaluations3° or during continuous CSF pressure
monitoring.32-34 Furthermore, while the presence of papilledema in subjects with definite
and probable PTCS was confirmed by a neuro-ophthalmologist, the absence of papilledema
in subjects with elevated or normal OP without papilledema was sometimes determined by a
general neurologist and was not always confirmed by a neuro-ophthalmologist. Thus, it is
possible that some of these patients may have actually had definite or probable PTCS,
though this is relatively unlikely as studies have shown that the misdiagnosis of PTCS is
typically caused by false positives (diagnosing papilledema in its absence) rather than false
negatives (failing to diagnose papilledema in its presence)?3. Finally, since normal venous
imaging was required only for atypical patients, ie, those who were male or not obese, it is
possible that female, obese patients could have been misclassified as PTCS when in fact the
symptoms of increased ICP were due to a sinus venous thrombosis.

In summary, in this single-center retrospective cohort study, headache in children with PTCS
was more likely to involve the neck and shoulders but less likely to be constant or daily
compared to those without PTCS. When headache was absent in PTCS, opening pressure
was more likely to be normal than abnormal. Prospective studies are needed to further
characterize headache burden in PTCS and limit the effects of recall bias.
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CLINICAL IMPLICATIONS

Pseudotumor cerebri syndrome (PTCS) is frequently accompanied by
headache in both children and adults. PTCS also carries a risk of vision loss,
thus it is important to distinguish children with PTCS and non-PTCS
headache disorders.

Common headache patterns in children with PTCS include both episodic and
constant/daily, and common locations include focal pain and head/neck/
shoulders.
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billing codes for PTCS neuro-ophthalmology patient database

565 potential study subjects

insufficient information regarding opening pressure
and presence/absence of papilledema (n=425)

140 potential study subjects .
P Y subj unable to assignto  insufficient information

single diagnostic regarding presence/absence
category (n=81) of headache (n=29)
97 LPs performed for 237 potential 127 final
opening pressure _ study subjects study subjects

Fig. 1.—.
Flow diagram of study subjects.

Headache. Author manuscript; available in PMC 2019 October 03.



Page 12

Hamedani et al.

'85900

Jlo/pue parepas Jaylia sem 10algns ay) asnedaq 4O [eWION Se PalyIsse|d aiam INg Wo gz pue Gz ussmiaqg ainssaid Buiuado pey dnolb 4O [ewloN a8yl ul G pue dnoib SO1d 8]1qeqold ayi ul s3oalgns saly L
¥

"S9|e1IeA SNONUIIUO0D JO SUBIPAW 3JedWwod 0} 158} ASUNUAA-UURIAl JO SIj[BA—{BXSNI3 pUB Sa1ouanbaly asedwiod 0] 153) 10eXa S, JaysSl- WOy 318 Sanfen

00" = d ‘dO [EBWION SA dO PaleAs|3
1900 = d 'dO [BWION SA SO1d 8Nuyed :L10°=d I[eI8AO

(Z1-10-)50 (L1-80)2T (81-20)97T (Tz-8009T (401 ‘uelpaw) 21008-7 IING

SR DRI O, e (s LR ey e
T 0 0 L pa1y10ads 10N
0c €¢ 0T 6€ uelseone)
€ L 0 GT URDLISWY UBILYY
T T 0 0 uelsy
LT aoey
16 (%v9) 9T (%€'19) 6T (%09) 9 (%z'29) Tv alewad
LE (rST-0TDCHT (c91-9°01) L'¥T (6€T-v8)STT  (€9T-S0T)9ET (401 ‘uerpaw) sseak ur oby
anfen-d (sz=u) (te=u) (or=u) (t9=u)
(s2ua13491) O [ewON ewapa||ided SOld@lgeqodd  SOLd auuyed

NOUUM dO Parens|s

Author Manuscript

uonealIsse|D SI1d Aqg Siuaned Jo sansualoereyd ailydeibowaq
—'T3|qeL

Author Manuscript Author Manuscript Author Manuscript

Headache. Author manuscript; available in PMC 2019 October 03.



Page 13

Hamedani et al.

"IX81 Ul pay19ads suosuedwod Aseuiq 10} JUssqe Se paJapisuo)
"1Xa} Ul pay1oads suosiedwod Aseulq 1oy Jussaid se pasapisuo)
i

*sa19uaNba.y 81edwod 0] 158) 10€X3 S, J8YSI- WOIY BJe SaNfeA

[ T 0 0 pay19ads Jo0N
6 01 L [44 uasqy
€1 vT 0¢ € 6€ Jussald essneN
0 € 0 T pay19ads Jo0N
1T I4) S €T Juasqy abueyd
S0° vT o7 ] Ly Juas3ld UOISIA
(ayoepeay 1noynm 1aalgns sepnjoul) swordwAs 18410
0 € T ¥T pay19ads 10N
14 € 4 67 +13PINOYS I8N + pesH
L 6 0 S —pesH J3A0 IV
S S04 AURA £10 = o IEIAC vt 9t ¢ 1 220 0RO
[ v T a1 paiy19ads J0N
€T 8T 4 9¢ EIEVEY
0T 6 4 4 3JeI9poON
€L 0 0 0 4 PN ‘A118nsS
0 € T 9 patj10ads 10N
v 6 z v _9|qetien
v 5 4 vz JDtposid3

STO = d 'dO [BWION SA
SO.1d anuyaq ‘500" = ¢ 'dO PaleAs|3 LT 14 0 T¢ Ajre@puelsuod ‘ussied
SA SO1d 8luled -T00" =4 |[eIen0

sonsLIsloRIRYD BydepesH

anfead (Sz=u) (te=u) (ayoepeay (syoepeay
(82uaJ8)31) O [eWION ewapa|jided UHM G ‘€101 0T=U) UlIM GG ‘|e103 T9 = U)
1NOYUM dO palens|3 SJ.1d 8|gqeqoid SJO.1d anuysa

uoIeIISSe|D SO1d Ag swoldwAs paieldossy pue sansialoeley)d ayodepeaH Jo Aouanbal4

—'¢3lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Headache. Author manuscript; available in PMC 2019 October 03.



	Abstract
	INTRODUCTION
	METHODS
	Statistical Analyses.

	RESULTS
	DISCUSSION
	References
	Fig. 1.—
	Table 1.—
	Table 2.—

