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Abstract

Background: The association between cerebrospinal fluid (CSF) leaks at the skull base and 

raised intracranial pressure (ICP) has been reported since the 1960s. It has been suggested that 

spontaneous CSF leaks might represent a variant of idiopathic intracranial hypertension (IIH). We 

review the evidence regarding the association between spontaneous CSF leaks and IIH, and the 

role of ICP in the pathophysiology of nontraumatic skull base defects. We also discuss the 

management of ICP in the setting of CSF leaks and IIH.

Evidence Acquisition: References were identified by searches of PubMed from 1955 to 

September 2018 with the terms “idiopathic intracranial hypertension” and “cerebrospinal fluid 

leak.” Additional references were identified using the terms “pseudotumor cerebri,” “intracranial 

hyper-tension,” “benign intracranial hypertension,” and by hand search of relevant articles.

Results: A CSF leak entails the egress of CSF from the subarachnoid spaces of the skull base 

into the surrounding cavitary structures. Striking overlaps exist regarding demographic, clinical, 

and radiological characteristics between IIH patients and those with spontaneous CSF leaks, 

suggesting that some (if not most) of these patients have IIH. However, determining whether a 

patient with spontaneous CSF leak may have IIH may be difficult, as signs and symptoms of 

raised ICP may be obviated by the leak. The pathophysiology is unknown but might stem from 

progressive erosion of the thin bone of the skull base by persistent pulsatile high CSF pressure. 

Currently, there is no consensus regarding the management of ICP after spontaneous CSF leak 

repair when IIH is suspected.

Conclusions: IIH is becoming more widely recognized as a cause of spontaneous CSF leaks, 

but the causal relationship remains poorly characterized. Systematic evaluation and follow-up of 

patients with spontaneous CSF leaks by neuro-ophthalmologists will help clarify the relation 

between IIH and spontaneous CSF leaks.

The association between cerebrospinal fluid (CSF) leaks at the skull base and raised 

intracranial pressure (ICP) has been reported for more than 5 decades in the 
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otorhinolaryngology and neurosurgery literature. In the 1960s, Om-maya et al (1) suggested 

that nontraumatic CSF leaks should be categorized into those related to high ICP or normal 

ICP. In the 1990s, otorhinolaryngologists (2) emphasized that spontaneous CSF leaks might 

represent a subset of high-pressure CSF leaks. Therefore, spontaneous CSF leaks might be a 

presentation of idiopathic intracranial hypertension (IIH). In these patients, the leak acts as a 

“natural” CSF diversion, and these patients usually do not develop the typical symptoms and 

signs of intracranial hypertension. Surprisingly, although IIH is routinely diagnosed and 

managed by neuro-ophthalmologists, very few studies regarding CSF leaks in IIH patients 

have been published in the ophthalmology or neurology literature (3,4). This highlights the 

need for IIH specialists to become more knowledgeable regarding spontaneous CSF leaks.

We review the evidence regarding the association between spontaneous CSF leaks, IIH, and 

ICP in the pathophysiology of nontraumatic skull base defects. We also discuss the 

management of ICP in the setting of CSF leaks and IIH.

DEFINITION AND CLASSIFICATION OF CEREBROSPINAL FLUID LEAKS

A CSF leak entails the egress of CSF from the subarachnoid spaces of the anterior or middle 

skull base into the surrounding sinonasal or middle ear cavities through a dehiscence of the 

lamina dura. Although most patients with CSF leaks at the level of the spine have symptoms 

of intracranial hypotension (5,6), those with CSF leaks at the level of the anterior or middle 

skull base often present with isolated clear fluid leakage (rhinorrhea or otorrhea). Spinal 

CSF leaks have only rarely been associated with intracranial hypertension (7) and will not be 

further discussed. In this article, the term “CSF leak” will refer to CSF leaks at the skull base 

unless otherwise specified.

CSF leaks have been variously classified in the literature, but the general principles of a 

categorization based on mechanisms as developed by Ommaya et al (1) are widely accepted. 

CSF leaks can be traumatic (80%) or nontraumatic (20%), the latter further subdivided into 

normal-pressure or high-pressure CSF. In the original classification(1), high-pressure CSF 

leaks only included those secondary to tumors and hydrocephalus, and IIH was not 

mentioned. With some exceptions, especially in earlier reports in which the terms 

“spontaneous” and “nontraumatic” CSF leaks were used interchangeably (8–13), most 

authors now refer to spontaneous CSF leaks as CSF leaks of unknown origin. Despite 

growing evidence that some, if not most, nontraumatic CSF leaks without any obvious 

identifiable cause are secondary to chronically raised ICP, IIH-related CSF leaks are still 

often reported as “spontaneous.”

DIAGNOSIS OF SPONTANEOUS CEREBROSPINAL FLUID LEAK

CSF leaks present with clear watery discharge in the nasal cavities (rhinorrhea) or in the 

middle ear (serous otitis media). CSF leaks originating from the paranasal sinuses (anterior 

CSF leaks) often present with rhinorrhea, while those arising from the temporal bone (lateral 

CSF leaks) often present with conductive hearing loss, aural fullness, and sometimes 

rhinorrhea secondary to the drainage of the fluid through the Eustachian tube. Lateral CSF 

leaks might only be detected after myringotomy for tube placement in the setting of serous 
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otitis media. The diagnosis is often challenging and delayed, especially when the CSF leaks 

are intermittent and, therefore, not detected during examination or mistaken for chronic 

secretion (14).

Once the diagnosis is suspected, the next step is to confirm that the leaking fluid is CSF by 

testing for ß2 transferrin (15), a glycoprotein only found in the CSF, vitreous humor, and 

perilymph. Testing has a sensitivity of 85%–100% and a specificity of 75%–100% (16).

Subsequently, neuroimaging identifies the origin of the leak by localizing the osseous 

dehiscence (15). Noncontrast high-resolution computed tomography (CT) is the first-line 

imaging technique, with a sensitivity of about 90% and a specificity of 100% (17). 

Suggestive findings include one or multiple defect(s) of the skull base associated with an 

air–fluid level or opacification of adjacent cavities (paranasal sinuses, middle ear, and 

mastoid air cells) (17). The defect most often involves the ethmoid (Fig. 1A, B) and the 

sphenoid (Fig. 2A–C) bones in anterior CSF leaks, and the tegmen tympani and mastoidum 

of the temporal bone in lateral CSF leaks (Fig. 3A, B) (18,19). In patients with multiple 

defects or a negative CT, intrathecal administration of contrast with CT or magnetic 

resonance cisternography may help identify the site of the leak. Meningocele or 

meningoencephalocele also are frequently reported (Figs. 1C, 2D) (20–25). Brain MRI is 

useful in the differentiation of herniated intracranial contents from sequestered secretions 

within the contiguous cavities. In addition, brain MRI provides imaging findings consistent 

with long-standing intracranial hypertension (Fig. 3C, D) (19,26).

EVIDENCE FOR AN ASSOCIATION BETWEEN SPONTANEOUS 

CEREBROSPINAL FLUID LEAKS AND IDIOPATHIC INTRACRANIAL 

HYPERTENSION

Striking overlaps exist regarding demographic, clinical, and radiological characteristics 

between patients with IIH and those with spontaneous CSF leaks, suggesting that the 2 

entities might indeed be related. In the following sections of this article, unless obtained 

from a review article, cited prevalence was obtained by pooling reported prevalence and 

rounding those results to the nearest multiple of 5.

Except for age, both groups share a similar demographic profile, with spontaneous CSF 

leaks mainly affecting obese patients (body mass index of approximately 36 kg/m2) and 

women (about 80%) (20,22,25,27–29). Interestingly, although spontaneous CSF leaks were 

initially considered rare, accounting for less than 10% of all causes of CSF leaks in early 

reports (9,10,30), recent case series have documented that CSF leaks are spontaneous in 

30% of cases (22,31–34). This trend was confirmed by a survey that showed a doubling of 

the rate of surgical repair for spontaneous CSF leaks between 2002 and 2012 in the United 

States, paralleling the obesity epidemic, while the repair rate of nonspontaneous CSF leaks 

has remained unchanged (35). These reports corroborate our experience of increased 

numbers of patients referred with spontaneous CSF leak repair over the past 5 years. Patients 

with spontaneous CSF leaks are older (50 years) than typical IIH patients (36), perhaps 
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because of delayed presentation. This is true since CSF leak may act as a “pressure release 

valve,” providing relief of signs and symptoms of IIH.

Many patients with spontaneous CSF leaks may harbor initial symptoms and signs 

suggestive of raised ICP. In the largest case series, headaches (60%) and pulsatile tinnitus 

(20%) are prominent, while diplopia occurred in 5% of cases (22,25,27,37,38). These rates 

are lower than those associated with classic IIH (90%, 60%, and 30%, respectively (39)), 

which is not surprising given the likelihood that the leak itself treats the intracranial 

hypertension and, therefore, relieves symptoms of raised ICP even in patients with IIH. This 

also would explain why papilledema has been uncommonly reported at presentation 

(2,4,14,40–42) and occasionally postoperatively (4,37,38). The few studies that have 

addressed papilledema before surgical repair have a pooled prevalence of approximately 5% 

(Fig. 3E) (22,27,36,42). However, it is unclear whether the prevalence of symptoms and 

signs of raised ICP in patients with spontaneous CSF leaks is lower than that of classic IIH 

or just underreported.

A few reports have suggested a temporal relationship between signs and symptoms of raised 

ICP and the onset of the leaks, as well as a direct effect of ICP lowering on the resolution of 

the leak. Development of spontaneous CSF leaks in patients with pre-existing, poorly 

controlled IIH has been reported (2–4,43–48). A few case reports and 1 study described a 

total of 22 patients with spontaneous CSF leaks without history of known IIH who 

developed symptoms or signs suggestive of raised ICP after surgical repair of the leak 

(4,7,49). Interestingly, a few case studies have included patients with spontaneous CSF leak 

whose leaks resolved after CSF shunt placement/revision (2,14,47) or after weight loss (46). 

However, because surgical repair of CSF leaks is the standard of treatment (50), reports 

regarding the nonconventional management of CSF leaks remain anecdotal.

Detection of radiographic signs of chronically raised ICP has never been addressed in 

patients with spontaneous CSF leaks. However, associated signs have often been reported as 

incidental findings, although with different prevalence than in classic IIH. Partial or 

complete empty sella, a radiographic sign of long-standing intracranial hypertension, has 

been described with a pooled prevalence in spontaneous CSF leak patients of 60% 

(13,21,22,25,27,28,33,34,37,38,51–54) vs 80% in patients with IIH (26). Radiographic signs 

related to mechanical deformation of the perioptic tissues secondary to raised ICP were 

found with a much lower prevalence in CSF leak patients as compared to those with IIH. 

Optic nerve tortuosity, dilation of the perioptic spaces, and flattened posterior sclera have 

been reported with a pooled prevalence of only 10% (13,28,38), 15% (13,28,38), and 5% 

(28,38), respectively, vs about 45%, 60%, and 65% in patients with classic IIH (26). 

Surprisingly, bilateral transverse venous stenosis, probably the most characteristic 

radiographic sign of long-standing raised ICP, has not been addressed in most studies, except 

for 2 reports (total of 3 patients) in which this finding was demonstrated (45,55).

An interesting phenomenon that lends further support to the association between raised ICP 

and spontaneous CSF leaks is the fact that leaks arising from the skull base are paradoxically 

often not associated with clinical and radiological signs of intracranial hypotension, unlike 

spinal CSF leaks (5). This might seem counterintuitive at first glance but may be explained 
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by the fact that, in upright position, gravity induces a CSF pressure gradient with the CSF 

pressure being positive below the upper cervical spine and negative above this level (i.e., 

greater and lower than the atmospheric pressure, respectively). Consequently, a dehiscence 

at the level of the spine, resulting in CSF leak, will induce intracranial hypotension, whereas 

a dehiscence at the level of the skull base may not leak, as long as the CSF physiology 

remains normal (56). However, if the ICP rises above the atmospheric pressure at the level of 

the skull base where a dehiscence is present (such as in a patient with IIH), the patient will 

develop a CSF leak that will mitigate the ICP elevation, but no intracranial hypotension will 

ensue.

DIAGNOSING IDIOPATHIC INTRACRANIAL HYPERTENSION IN PATIENTS 

WITH SPONTANEOUS CEREBROSPINAL FLUID LEAKS

Clinicians face challenges when trying to determine whether a patient with spontaneous CSF 

leak may have IIH. Indeed, in most patients with IIH complicated by a leak, signs and 

symptoms of raised ICP may be obviated, and the diagnostic criteria for IIH (57) cannot be 

applied. In the few studies (22,24,25,28,58–62) suggesting the diagnosis of IIH in such 

patients, none provided details regarding the funduscopic examination. Although some 

authors did not specifically mention how the diagnosis was made (58,59), others solely 

relied on an ICP greater than 25 cm of water (28,60). A few studies used the 2002 (or 

earlier) Dandy criteria to make the diagnosis of IIH, but these criteria were often loosely 

applied, with missing CSF contents information (61) or ICP values (24). Some studies even 

applied nonstandard Dandy criteria for the diagnosis of IIH by substituting the strict 

criterion of elevated ICP with the presence of an empty sella when the ICP values ranged 

between 20 and 25 cm of water (22,25,62).

The 2002 Dandy criteria lack specificity, risking over-diagnosis of IIH, especially allowing 

for so-called IIH without papilledema (63). The more recent 2013 Dandy criteria (57) are 

much more constraining. Papilledema, 1 of the 5 major criteria, has seldom been reported in 

patients with spontaneous CSF leaks (27,36,38,42). In addition, in the small subset of IIH 

patients without papilledema, a CSF pressure greater than 25 cm of water is a mandatory 

criterion in addition to a sixth nerve palsy (57), whereas one would actually expect a lower 

ICP in patients with spontaneous CSF leaks because of the egress of CSF (36). Therefore, if 

neither papilledema nor ICP greater than 25 cm of water are present, a diagnosis of IIH 

cannot be made definitively in the majority of patients with spontaneous CSF leaks. Previous 

symptoms of intracranial hypertension in obese patients, findings of funduscopic changes 

suggestive of previous papilledema, or the presence of radiological signs of raised ICP are 

often the only way to suspect IIH as the cause of the leak.

CONTRIBUTION OF INTRACRANIAL PRESSURE TO THE 

PATHOPHYSIOLOGY OF SPONTANEOUS CEREBROSPINAL FLUID LEAKS

A better understanding of CSF dynamics in patients with spontaneous CSF leaks would 

provide substantial insight into the pathophysiology of this disorder. It has been suggested 

that persistent pulsatile high CSF pressure might exert eroding forces and remodeling at sites 
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of intrinsic weakness, such as the thin bones of the skull base (61). The high rate of 

radiological signs of osseous erosion consistent with chronically elevated ICP, including 

point osseous erosion (arachnoid pits), meningoceles or encephaloceles, and empty sella, in 

patients with spontaneous CSF leaks supports this hypothesis (19). However, chronically 

elevated ICP is likely not the only factor, as only a minority of patients with chronically 

elevated ICP present with a spontaneous CSF leak, suggesting that these patients may have 

an anatomic predisposition such as abnormally thin or “weak” skull base bones. The 

extensive pneumatization of the sphenoid sinus with lateral expansion (so-called lateral 

recess of the sphenoid sinus) seen in 90% of patients with spontaneous CSF leaks 

originating from the sphenoid sinus as opposed to 20% of the general population supports 

this theory (64).

It also is possible that patients with spontaneous CSF leaks may have abnormal dura. The 

fact that meningoceles and meningoencephaloceles are found in 75% of patients with 

spontaneous CSF leak (13,21,22,24,25,34,37,52,53,58,64) compared with about 10% of 

classic IIH patients (65) supports this hypothesis.

Because high-pressure CSF flows along the path of least resistance, one could hypothesize 

the existence of 2 types of IIH patients: those with constitutionally fragile bones or other 

predisposition, more prone to CSF leaks; and those with normal bones and dura, more likely 

to present with classic IIH. The fact that, among patients with spontaneous CSF leaks, 

radiological signs of osseous erosion predominate over those related to mechanical 

deformation secondary to raised ICP supports this theory. Indeed, this discrepancy may 

mirror the apparent differential forces exerted by CSF pressure on the surrounding 

structures, more prominent on soft tissue for classic IIH compared with bone/dura for IIH-

related CSF leaks.

Reliable measurements of ICP in patients with spontaneous CSF leaks would facilitate 

postoperative clinical decision-making after surgical repair. Despite numerous reports 

measuring preoperative and/or postoperative ICP in such patients, no consensus exists 

regarding ICP measurement in terms of timing, technique, and threshold above which 

patients are considered at high risk of postoperative intracranial hypertension. Indeed, not 

only was ICP not measured in numerous studies (8,21,32–34,52,64,66,67), but also those 

reporting such values have found inconsistent results. Although an average ICP greater than 

25 cm of H2O either preoperatively and/or postoperatively was often demonstrated, 

individual results are highly variable, ranging from 2 to 60 cm of water (20,42), with some 

reports describing normal ICP (22,28,29,37,38,53,60). Several factors hinder the 

interpretation of these measurements. First, some studies combined preoperative and 

postoperative ICP results together (23,29,42), while the course of ICP should logically be 

altered after surgical repair, with ICP rising postoperatively (27,36,68,69). Second, although 

correct positioning of the patient and technique is paramount for reliable ICP measurements 

(70), many studies have provided few, if any, details regarding their methodology 

(2,4,27,41,46,47,54). Third, inconsistencies exist across studies with respect to the type of 

procedure (lumbar puncture (4,27,36,41,44,46,47,53,54) or lumbar drain (25,37,55,58)) and 

the timing of ICP measurement (before anesthesia (4,44,46,47) or after induction 

(25,36,53,58,68) for preoperative measurements, and between early (20,58,68) or late 
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(28,38,61) postoperative period for postoperative measurements). Finally, CSF leaks might 

be patent or latent. Although the influence of whether CSF leaks are active at the time of the 

ICP measurement has never been addressed, higher ICP would be expected to produce 

continuous (patent) CSF leaks, whereas lower ICP would logically result in intermittent 

(latent) CSF leaks. Conversely, it is also possible that intermittent leaks may result from 

smaller holes and, therefore, may be associated with higher CSF pressure since less CSF 

escapes. The gold standard for measuring ICP is an intraventricular probe connected to an 

external transducer that measures the ICP continuously over a period (6). However, many 

authors provide a single ICP measurement by lumbar puncture or through a lumbar drain, 

which is only a snapshot of the CSF pressure. To the best of our knowledge, only one study 

of 12 patients (37) and one report of 2 cases (55) performed continuous measurements. All 

but one patient in these 2 studies had preoperative mean ICPs of less than 25 cm of water, 

with pooled data finding an ICP greater than 25 cm of water for only 10 ± 14% of the time 

preoperatively and 6 ± 12% postoperatively.

Another way to establish causality between IIH and spontaneous CSF leaks would require a 

prospective study assessing the prevalence of new-onset IIH after surgical repair of the CSF 

leak. However, a higher rate of success is achieved when ICP is actively controlled (see next 

section), and most clinicians routinely prescribe postoperative ICP-lowering agents such as 

acetazolamide or perform CSF shunting procedures in “high-risk” patients (e.g., history of 

IIH or CSF leak failure, high postoperative ICP) before or at the time of the leak repair (18), 

making a retrospective evaluation impossible. Recurrence of CSF leak after surgical repair is 

often considered a sign that ICP is abnormally elevated after the repair and, therefore, may 

indicate IIH as the cause of the leak. Ideally, systematic monitoring of ICP before and after 

surgical CSF leak repair during the early postoperative period should be performed. 

However, this rarely has been evaluated and the results are inconsistent, with some studies 

finding an increase in ICP of less than 10 cm of water postoperatively (including a total of 

73 patients) (27,36,68), and others failing to demonstrate any ICP change (12 patients) (37) 

or even reporting a decrease in ICP postoperatively (16 patients) (58).

MANAGEMENT OF INTRACRANIAL PRESSURE AFTER CEREBROSPINAL 

FLUID LEAK REPAIR WHEN IDIOPATHIC INTRACRANIAL HYPERTENSION 

IS SUSPECTED

Unlike traumatic CSF leaks, spontaneous CSF leaks do not usually resolve spontaneously. 

Therefore, surgical repair is currently the standard of care to prevent complications (50) such 

as meningitis (71) or pneumocephalus (43). Surgical repair of anterior spontaneous CSF 

leaks usually is performed through endoscopic endonasal approaches, while those of lateral 

origin often require middle cranial fossa or transmastoid approaches.

Lumbar drain placement is an adjunct procedure occasionally used intraoperatively. Lumbar 

drainage of CSF presumably facilitates healing of the meninges during the first 2 or 3 

postoperative days by releasing pressure at the surgical site and by preventing peaks of ICP 

(e.g., during Valsalva maneuvers) that would place the patient at risk of early recurrent leak 

(50). A lumbar drain also allows for intraoperative administration of fluorescein for better 
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identification of the leaking site (50) and for ICP measurements on clamping of the drain to 

determine which patients may need long-term ICP management (42,53,54). However, its 

benefit remains controversial, especially given the risk of drainage-related complications 

including meningitis and pneumocephalus (72,73). Current recommendations are against 

routine use of lumbar drains due to inherent risks and a lack of evidence demonstrating a 

benefit (74).

Spontaneous CSF leaks may have a higher rate of failure after repair compared with those of 

traumatic origin (18). However, recent studies suggest that the rate for success of 

spontaneous CSF leak repair approximates that for traumatic CSF leaks, with an 

approximately 90% success rate when ICP is actively controlled postoperatively (18). In 

addition, closure of spontaneous CSF leaks has occasionally been reported only after an 

intervention aimed at decreasing the ICP (2,14,46,47). Although no consensus exists in the 

literature, a growing number of authors advocate for a more aggressive management of ICP 

postoperatively(18), such as with ICP-lowering agents (e.g., acetazolamide) or CSF 

diversion procedures. Endovascular venous stenting has been reported as adjunct 

intervention in 3 patients. This was performed because of failure to control ICP either with 

acetazolamide or CSF diversion surgery (45,55).

No study has prospectively examined the ideal postoperative ICP management, and only a 

few reports have provided their algorithm for long-term ICP management (22,42,54). Some 

authors have used acetazolamide during the postoperative period for at least 6 months, 

regardless of the ICP measurements (62), while others use it on a case-by-case basis 

(22,42,54); no details regarding the dose was reported in these studies, except one (1,000 mg 

daily (62)). A rationale does exist for prescribing acetazolamide, as 1 study (68) showed a 

decrease of ICP by 10 cm of water with its use after surgical repair of spontaneous CSF 

leaks. Similarly, the IIH Treatment Trial (75) showed a 10 cm of water decrease in ICP using 

1–4 g/day of acetazolamide in IIH patients. However, acetazolamide’s impact on the 

recurrence of spontaneous CSF leaks has never been systematically studied. Similarly, a 

CSF shunting procedure (most often ventriculoperitoneal shunt) is sometimes performed at 

the time or after surgical repair in patients with refractory elevated ICP (24,29,36,54), but no 

study has systematically evaluated its benefits.

Surprisingly, although weight loss in obese patients is essential in IIH management, its 

impact on the prevention of spontaneous CSF leak recurrence remains unknown. Two 

anecdotal case reports (46,76) documented spontaneous closure of the CSF leak after 

bariatric surgery and subsequent weight loss. However, the need to achieve immediate ICP 

control to prevent early CSF leak recurrence in poorly controlled IIH patients limits the 

efficacy of weight loss over the short term (39). Despite the lack of evidence, weight loss is 

still recommended by some authors as an adjunct treatment after repair of a CSF leak 

(25,42,50).

CONCLUSIONS

IIH is becoming more widely recognized as a cause of spontaneous CSF leak. However, 

more than 20 years after the first case series of IIH-related CSF leaks was published (2), this 
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causal relationship remains poorly characterized. Prospective studies have yet to be 

performed, and there is a lack of consensus regarding ICP management after surgical repair 

of the leak. Ultimately, revision of the IIH diagnostic criteria will likely include isolated 

spontaneous CSF leak with radiologic signs of raised ICP. In addition, systematic evaluation 

and follow-up by neuro-ophthalmologists of patients with spontaneous CSF leaks will help 

clarify the relationship between IIH and spontaneous CSF leaks.
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FIG. 1. 
A 62-year-old woman with a BMI of 36 kg/m2 has a 4-year history of right-sided CSF 

rhinorrhea. A. Coronal computed tomography (CT) shows an osseous defect (arrow) of the 

right cribriform plate. B. Volume-rendered CT image, endocranial view, demonstrates the 

osseous defect (arrow). C. Coronal CT image (anterior to slice depicted in A) shows a 

meningoencephalocele (arrow) abutting the roof of the inferior turbinate. BMI, body mass 

index; CSF, cerebrospinal fluid.
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FIG. 2. 
A 46-year-old woman with a 20-year history of idiopathic intracranial hypertension and a 

BMI of 45 kg/m2 had placement of a ventriculoperitoneal shunt. Coronal (A) and axial (B) 

CT scans reveal an osseous defect (arrows) of the posterolateral wall of the right sphenoid 

sinus. C. Volume-rendered CT image, endocranial view, also shows the osseous defect 

(arrow). D. Coronal T2 MRI demonstrates a right temporal lobe meningoencephalocele 

(arrowhead) herniating through a bony dehiscence (arrow). BMI, body mass index; CT, 

computed tomography.
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FIG. 3. 
A 43-year-old woman has a history of fullness of her right ear, headaches, transient visual 

obscurations, and pulsatile tinnitus. Myringotomy yielded CSF otorrhea. BMI is 32 kg/m2. 

A. Coronal CT shows an osseous defect (arrow) of the right tegmen tympani and 

mastoidum. B. With volume-rendered CT image, endocranial view, the osseous defect 

cannot be localized. There is a moth-eaten appearance and thinning of the tegmen tympani 

bilaterally (arrowheads) and an eroded and widened right foramen ovale (arrow). C. Sagittal 

T2 MRI shows a partially empty sella (arrow). D. Posterior–inferior view of maximum 

intensity projection of postcontrast magnetic resonance venogram reveals bilateral transverse 

sinus stenosis (arrows). E. On funduscopy, there is bilateral papilledema. BMI, body mass 

index; CSF, cerebrospinal fluid; CT, computed tomography.
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