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Introduction

Pseudotumor cerebri syndrome (PTCS) is characterized by
increased intracranial pressure in the absence of any identi-
fiable anomaly (e.g., hydrocephalus, mass) on brain imaging,
and of any concomitant abnormality in cerebrospinal fluid
(CSF) contents.1 This syndrome typically occurs in obese,
postpubertal women, but it may occur even in prepubertal
children and in men, who may not be overweight.2,3 Idio-
pathic intracranial hypertension is considered the primary
form of PTCS; secondary PTCS is related to awide array of risk
factors and/or comorbidities, such as thrombotic disorders,
endocrine diseases, and renal as well as rheumatic
illnesses.4–7

Most childrenwith PTCS present with headache and visual
defects (e.g., double vision, vision loss) as well as pulsatile
tinnitus sometimes associated with additional otologic man-
ifestations.5 In fact, PTCS patients can present to otolaryngol-
ogists with tinnitus, aural fullness, low-frequency hearing
loss, and vertigo; these symptoms altogether can be confused
withMénière disease (MD).8 In addition, this raised increased
intracranial pressure syndrome can cause spontaneous leak-
age of CSF from the nose and/or from the ear.8 Patients with
CSF rhinorrhea and/or otorrhea need a lumber puncture
pressure analysis to exclude an underlying PTCS. We hereby
report two female prepubertal patients who presented tin-
nitus as a symptom of primary PTCS, and consider a potential
shared pathophysiologic basis for PTCS and MD.
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Abstract Pseudotumor cerebri syndrome (PTCS) is defined by increased pressure of cerebrospinal
fluid (CSF), with normal CSF contents and without any intracranial disease found on
brain imaging. PTCS is a disease with a predilection for childbearing obese women, but it
may also occur in children and in man. The most common symptoms include headache,
double vision, transient visual obscuration, and pulsatile tinnitus. The reason for which
patients with increased CSF pressure experience tinnitus is not clear, and only a few
studies have focused on the etiology of this peculiar clinical feature in the context of
PTCS presentation. Besides tinnitus, additional otologic manifestations in children with
PTCS include aural fullness, low-frequency hearing loss, and vertigo; these symptoms
altogether can easily mimic Ménière disease. We hereby present two girls, who
presented tinnitus as the first clinical symptom of PTCS, prior to developing headache
and visual anomalies, and speculate on a shared pathophysiologic basis for both PTCS
and Ménière disease.
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Case Reports

Over the past few years, we have followed up, at our institu-
tion, two female patients who initially presented tinnitus and
later developed typical clinical presentation of PTCS (e.g.,
headache, double vision).

Case 1
The first patient (case 1) was initially admitted to Messina
University hospital at 8 years of age, because of persistently
severe tinnitus for 1 month. During her stay in our inpatient
area, a grade III bilateral papilledema was noted during
diagnostic workup at the funduscopic examination. Magnetic
resonance imaging (MRI) showedwidening of the optic nerve
sheath and bilateral optic papilla protrusion with posterior
globe flattening (►Fig. 1A–C). On day 9 after admission, she
developed severe headache; we thus performed lumbar
puncture. The opening CSF pressure was elevated to
þ270 mm H2O. She was diagnosed with PTCS and put on
acetazolamide (20 mg/kg/day) for 3 months, with good
clinical response. After 5 months from the start of therapy,
the findings for her on MRI improved (►Fig. 1D, E). However,
the girl continued to complain of persistently moderate to
severe episodes of tinnitus during the 12-month follow-up.

Case 2
The secondgirl (case 2)was initially admitted to our outpatient
area at 9 years of age because of severe tinnitus. Three weeks
after the onset of tinnitus, she started to complain of double
vision and headache. She was mildly overweight (body mass
index >75th percentile), but her neurologic examination was
fully normal. The funduscopic examination showed a bilateral
papilledema (►Fig. 2) and the brainMRI revealed a transverse
sinus stenosis. We performed lumbar puncture to assess CSF
opening pressure, which was found to be elevated to 320 mm
H2O; this confirmed the diagnosis of PTCS. She was then
started on acetazolamide (20 mg/kg/day) with a good clinical
response, and partial reversion of headache and visual dis-
turbances; however, she continued to complain about episodes
of tinnitus during the 10-month follow-up.

Discussion

Pulsatile tinnitus, also known as pulse-synchronous tinnitus, is
another common symptomof PTCS, occurring in approximate-
ly half of the patients.5 Tinnitus is described as the perception
of a sound within the ear (e.g., ringing of the ears) when no
external sounds are present. Tinnitus is usually pulsatile and
may be unilateral or bilateral; in rare occasions it has been

Fig. 1 (A) Coronal fast-spin echo T2-weighted image. (B, C) Axial fast-spin echo T2-weighted images. Bilateral widening (red arrows) of the optic
nerve sheath. Bilateral optic papilla protrusion with posterior globe flattening (white arrowheads). (D) Coronal fast-spin echo T2-weighted image.
(E) Axial spectral presaturation with inversion recovery image shows the restoration of optic nerve sheath thickness and a normal insertion of the
papilla during the follow-up radiologic control.
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associated with the risk of sensorineural hearing im-
pairment.7,9 It has beenpostulated that tinnitus in PTCS results
from a compression of the venous sinuses because of the rise of
CSF pressure. This compression may create a turbulent flow in
cerebral and (later) inner ear circulation, likely leading to the
sensation of tinnitus.9 Similarly, to the risk of visual loss due to
optic nerve compression, some authors have suggested that
neuro-otologic manifestations in PTCS are due to a compres-
sion of the cochlea-vestibular nerve.10,11

According to this proposed mechanism, the increased CSF
pressure constricts the cochlea-vestibular nerve, leading to
tinnitus, dizziness, and sensorineural hearing impairment in
the context of PTCS.9,10 The abnormal auditory brainstem
responses (increased inter-peak latencies), documented in
some patients with intracranial hypertension and tinnitus,
bring evidence for this assumption.9 Notably, the neuro-
otologic manifestations frequently reported in the context
of PTCS (i.e., tinnitus, dizziness and sensorineural hearing
impairment)mayeasilymimicMD.7 Similarly to PTCS,MD is a
clinical entity of still unclear pathophysiology characterized,
from a physiologic point of view, by endolymphatic hydrops
in the inner ear.7,12

Even though the mechanisms underlying the overaccu-
mulation of endolymph in MD are largely unclear, most
authors have suggested that a derangement of water homeo-
stasis in the inner ear is a key factor in the initiation and
progression of the disease.12 To explain the pathophysiology
of endolymphatic hydrops, the research in this field has
particularly focused in recent years on the disturbed regula-
tion of endolymph flow by the vasopressin–aquaporin-2
system. According to this perspective, endolymphatic hy-
drops represents the result of alterations in the vasopres-
sin–aquaporin-2 system, leading to a disruption of inner ear
fluid homeostasis.12

Notably, besides the functioning of the vasopressin–aqua-
porin channels, the sodium-potassium-adenosine triphos-
phatase (Na–K-ATPase) system has been identified at the
basolateral surface of vestibular dark cells of the inner
ear.13 Although the role of Na–K-ATPase in regulating endo-
lymph flow awaits elucidation, it has been documented that

various hormones (e.g., glucocorticoids, mineral corticoid)
are able to stimulate the expression and activity of these
ATPase units, likely leading to accumulation of endolymph
and MD.12,13 The potential involvement of Na–K-ATPase in
regulating endolymph flow is supported bymany studies that
have focused on the central role of salt andwater homeostasis
in the pathophysiology of MD. This is also indirectly sup-
ported by the effectiveness of strict avoidance of salt in the
diet of MD patients.12 Interestingly, the PTCS patients should
also limit their salt intake according to several authors.2 A
feasible explanation is that the ingestion of salt, known to
alter the circulating renin and aldosterone, likely activates the
Na–K-ATPase in both the inner ear (endolymph formation)
and choroid plexus (CSF production). Indeed, the Na–K-
ATPase of the choroid plexus has recently been proposed to
have a central role in the pathophysiology of PTCS.4 Na-
stimulated channels and receptors, in response to hormonal
and homeostatic changes (e.g., hyperaldosteronism, hyper-
cortisolism), may augment the flux of Na into the choroid
plexus and nearby cerebral ventricles, ultimately increasing
the CSF pressure.4,14

Such information on endolymph and CSF contributes new
insights on the possible involvement of Na–K-ATPase activity
in both MD and PTCS. Altogether, this suggests that otologic
and neurologic effects may stem from a background of poten-
tially similar homeostatic derangements. However, further
studies need to be performed to explain properly the high
occurrence of tinnitus and other otologic disturbances (e.g.,
hearing loss, vertigo) in children affected by PTCS. This ap-
proach will better inform on a possible common pathophysi-
ology of these often associated neuro-otologic manifestations.
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