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KEY POINTS

e Spontaneous cerebrospinal fluid (CSF) leaks are an increasingly common type of CSF leak
seen by skull base surgeons.

e Spontaneous CSF leaks are strongly associated with idiopathic intracranial hypertension
(IIH), obstructive sleep apnea, and elevated body mass index.

e Clinicians should be aware that CSF leaks often present with nonspecific symptoms, an
should have raised suspicion with unilateral symptoms or findings.

e Some patients with thinning of the skull base are particularly susceptible to spontaneous
CSF leaks.

INTRODUCTION

Cerebrospinal fluid (CSF) leaks reflect an abnormal communication between the sub-
arachnoid space and the extracranial environment. Egress of CSF suggests a defect in
the skull base and dura mater, with most common leak site being the anterior or lateral
skull base, or the spine. Nontraumatic CSF leaks were first categorized by Ommaya in
1964 as “high” or “normal” pressure leaks." Those with high pressure occurred due to
elevated intracranial pressure (ICP) from intracranial masses and hydrocephalus,
while normal pressure CSF leaks occurred due to congenital skull base defects or
focal thinning of the skull base. Subsequently, numerous publications described pa-
tients with CSF otorrhea and rhinorrhea without a history of trauma, intracranial
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Abbreviations

BMI body mass index

CKD chronic kidney disease

CSF  cerebrospinal fluid

ICP  intracranial pressure

IIH idiopathic intracranial hypertension
OSA obstructive sleep apnea

masses, or hydrocephalus in the setting of intracranial hypertension of idiopathic
origin.2™®

Friedman first described the diagnostic criteria for idiopathic intracranial hyperten-
sion (IIH) in 2002, which include findings of papilledema, abducens nerve palsy, and
increased lumbar puncture opening pressure.® These criteria were revised in 2013
to include imaging findings such as empty sella, transverse venous sinus stenosis, flat-
tening of posterior globe, and optic nerve tortuosity on MRI.®” Although many patients
may have underlying IIH as a contributing etiology to the spontaneous CSF leak, many
may not have classic diagnostic criteria while leaking.? Clinicians should aggregate
history, physical examination, audiometric findings, beta-2 transferrin testing, and im-
aging to aid in diagnosing spontaneous CSF leaks and their sources. With expanded
clinical awareness, improved diagnostic tools, and worsening of the obesity epidemic,
the incidence of spontaneous CSF leaks has risen from 3% to 5% in the 1990s to 14%
to 46% in the 2000s.° Given the increasing incidence and lifetime risk of meningitis,
ranging from 10% to 25% for these patients, it is of utmost importance that clinicians
stay aware and knowledgeable about the diagnosis and treatment of spontaneous
CSF leaks.®'°

INCIDENCE AND RISK FACTORS FOR SPONTANEOUS CEREBROSPINAL FLUID LEAKS
Incidence

The exact incidence of spontaneous CSF leaks is uncertain due to underdiagnosis.
Historically, they represented less than 5% of CSF leaks." However, contemporary se-
ries report that 20% to 46% of surgically managed CSF leaks are spontaneous.*° This
trend likely reflects both improved recognition and a true rise in incidence, correlated
with global increases in obesity and [IH."

Demographics

Age: Most occur in the fourth to sixth decades of life'?

Sex: Female predominance (especially with IIH as underlying etiology)®

Body mass index (BMI): Strong association with obesity (average BMI 35-
38 kg/m?)

Ethnicity: Limited data support association

Similar to the demographics of patients with idiopathic intracranial hypertension, pa-
tients with spontaneous CSF leaks are generally obese (BMI 35-38 kg/m?), middle-
aged women (~80% of spontaneous CSF leak patients overall) who present with
spontaneous clear rhinorrhea or otorrhea.'® Patients diagnosed with spontaneous
CSF leaks tend to be in their fourth or fifth decade of life, which is notably older than
those with [IH, where peak incidence is in the third decade of life.**&911:13.14 One pro-
posed explanation for the difference in age of presentation is that CSF otorrhea or rhi-
norrhea may provide a release of ICP, which could otherwise manifest in findings
associated with [IH. Multiple defects have been reported in over 31% of patients
with spontaneous CSF leaks.'® Multifocal and recurrent leaks are more common in
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patients with higher BMI and obstructive sleep apnea (OSA), and recurrence rates are
more common in these cases unless the underlying intracranial hypertension is
controlled.’6-18

Risk Factors

As shown in Table 1, spontaneous CSF leaks can be related to specific set of predis-
posing patient and disease-state factors. Both anatomic and physiologic processes
likely contribute to increasing a patient’s risk of spontaneous CSF leakage. Anatomic
factors that predispose individuals to CSF leaks include congenital defects, connec-
tive tissue disorders, or decreased functional arachnoid granulations. Physiologic
mechanisms contributing to spontaneous CSF leaks relate to obesity and metabolic
disorders resulting in intracranial hypertension, chronic sinusitis conditions that cause
bony remodeling of the skull base, as well as recurrent Valsalva maneuvers, such as
chronic vomiting, weightlifting, or untreated OSA."%:27-2°

Congenital Defects

Although most patients will have demographic characteristics consistent with meta-
bolic syndrome, obesity, and IIH, some will not. This should raise suspicion for alter-
native etiologies such as any congenital defects in the skull base. Case series exist in
the literature for congenital inner ear dysplasia resulting in CSF otorrhea, and for clival
defects such as ecchordosis physaliphora and canalis basilaris medianus in CSF rhi-
norrhea cases.?'2* Sternberg’s canal is often referenced as a possible congenital
defect of the sphenoid that could result in a spontaneous CSF leak, although it is
disputed as being a consequence of IIH rather than the primary cause of the sponta-
neous leak.2%3°

Connective Tissue Disorders

Some connective tissue disorders are associated with meningeal abnormalities.
Meningeal diverticula are known to occur in Marfan’s syndrome, neurofibromatosis,
autosomal dominant polycystic kidney disease, and familial osteosclerosis.>® Con-
nective tissue disorders such as Marfan syndrome and Ehlers-Danlos syndromes
are present in a minority of patients with spontaneous CSF leaks, although evidence

Table 1

Risk factors for spontaneous cerebrospinal fluid leak

IIH Strong (Most Common Risk Factor; Skull Base
Thinning from Chronic Pressure)®'?

Obesity (as IIH risk factor) Strong®®1?

Congenital defect Reported association?’?*

Connective tissue disorder (Ehlers-Danlos  Reported association?>2°

syndrome, Marfan syndrome)

Chronic sinusitis Reported association. Bony remodeling in
certain situations (allergic fungal
rhinosinusitis, mucoceles) recognized as a

contributor to osseous thinning at leak sites®

Abnormal bony metabolism Reported association. Chronic kidney disease,
hyperparathyroidism, and Paget's disease

Recurrent Valsalva Strong association with OSA, chronic vomiting,
and aggressive weightlifting
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supports these patients are predisposed to dural weakness.?®*" For patients with
spontaneous CSF leak with a history of aortic dilatation, arterial dissection, lens dislo-
cation, or family history of connective tissue disorder, an evaluation for a connective
tissue disorder should be considered.>"

Obesity and Metabolic Factors

Patients with obesity are at higher risk for [IH and subsequent CSF leaks given the
elevated intra-abdominal pressure, poorer cardiac function, and diminished venous
return of blood flow from the brain.®? CSF reabsorption occurs through the arachnoid
granulations into the venous sinuses of the dura mater. Arachnoid granulations were
first suggested as potential source of spontaneous CSF leaks in 1990. Gacek®® pro-
posed that CSF pulsations within arachnoid granulations can slowly erode the sur-
rounding bone. Both obesity and OSA increase the intra-abdominal and venous
pressure, which increases the brain’s dural sinus pressure. As a result, CSF may be
unable to drain effectively from these arachnoid granulations.>* This could create a
build-up of CSF within the cisterns, elevating ICP. Obstruction of arachnoid granula-
tion resulting in a backup of CSF has been proposed as one potential mechanism
for the association of CSF leaks with 1IH.° Other potential mechanisms for the devel-
opment of lIH are discussed in article “Idiopathic intracranial hypertension.” One retro-
spective study found that young women with IIH had fewer MRI-identified arachnoid
granulations than age-matched women or men without IIH, which could explain the
increased incidence of IIH in women.3®

Idiopathic Intracranial Hypertension

Among those patients with chronically elevated ICP, few develop a spontaneous CSF
leak. However, many patients with spontaneous CSF leak are found to have IIH.3° This
suggests that elevated ICP is only a contributing factor to the generation of sponta-
neous CSF leaks, albeit an important one. Skull base defects and associated CSF
leaks are most likely to occur in areas of thin bone or natural dehiscence, such as
the cribriform plate, lateral recess of the sphenoid, or tegmen tympani.®'9°7:38 These
are locations that also have firm dural adherence to the bone. The combination of
elevated ICP with chronic CSF pulsations results in thinning and erosion of the thinner
areas of the skull base, formation of meningoencephaloceles, and eventually a rupture
in the arachnoid membrane CSF leak.®® Diagnosing and treating IIH may be chal-
lenging if patients develop a CSF leak, as the leaking fluid provides a pressure-
lowering “overflow valve” that masks the classic symptoms of raised ICP: headache,
pulsatile tinnitus, and vision loss.®° This is demonstrated in the well-reported scarcity
of papilledema for patients with spontaneous CSF leaks.'#%%4! Rather, radiologic find-
ings of empty sella, tortuous optic nerve sheaths, flattening of posterior orbit, arach-
noid pits, and transverse venous sinus stenosis, along with a clinical history of
obesity, OSA, and a remote history of symptoms of IIH may help the clinician diagnose
an actively leaking patient with IIH as underlying etiology.® Diagnosing IIH, even if not
preoperatively, is imperative to long-term successful CSF leak repair, prevention of
future CSF leaks, and deterrence of sequelae of uncontrolled intracranial hypertension.
Several studies demonstrate recurrent CSF leaks without acetazolamide manage-
ment, or with ventriculoperitoneal shunt failure.*>~** IIH diagnosis, management, and
treatment are discussed in detail in the article “Idiopathic intracranial hypertension.”

Chronic Sinusitis

Bony remodeling can occur in sinonasal inflammatory disease or after facial traumas/
infections. Particularly, in cases of allergic fungal rhinosinusitis, bony erosion of the
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skull base can be extensive, leading to cranial neuropathies.*>*® Case reports
demonstrate increased risks of spontaneous CSF leaks in cases of skull base remod-
eling; however, these remain the minority of cases.*® The etiology of the leak is not al-
ways certain to be due to the inflammatory process itself or surgical intervention to
treat the underlying sinusitis and obstruction. Nonetheless, patients should be
screened for spontaneous CSF leaks at the time of presentation, and the risks of
CSF leak with operative intervention should be discussed during the informed consent
process.

Abnormal Bony Metabolism

In patients with disease states that result in aberrant bony metabolism, skull base
erosion may occur in the absence of intracranial hypertension. In cases of chronic kid-
ney disease (CKD), patients may develop secondary hyperparathyroidism and subse-
quent skull base erosion that may results in spontaneous CSF leak.°° Patients with
CKD have impaired vitamin D metabolism, phosphate retention, and elevated parathy-
roid hormone, which result in cortical bone erosion.®’ A 2017 study from the United
States National Inpatient Sample database demonstrated that nearly 2% of patients
with CSF rhinorrhea had a history of CKD.>? Similarly, in patients with Paget’s disease
and hyperparathyroidism, comparable presentations may occur, though rare.

Obstructive Sleep Apnea (Recurrent Valsalva Maneuvers)

Likely related to the obesity epidemic in the past 3 decades, OSA has been strongly
associated with spontaneous CSF leaks. In spontaneous CSF leaks of the temporal
bone, rates of OSA have been noted to range from 46% to 83% of patients with CSF
leak undergoing perioperative polysomnography testing.>*°4 During apneic events
of OSA, ICPs are known to spike, likely contributing to skull base erosion with
time. %% This phenomenon is supported by differences noted in calvarial and skull
base thickness between those with obesity alone and obesity with OSA. In one study,
the temporal bone calvarial thickness was decreased by 23% in patients with OSA,
even when controlling for obesity. This bone thinning was not present in the extracra-
nial zygoma, implying that ICP differences likely contribute to eventual CSF leaks,
rather than obesity alone. The transient pressure elevations seen with OSA may
also make the diagnosis of IIH difficult, as these spikes are limited to apneic events
and are absent during waking hours. Thus, traditional methods to diagnose IIH may
not provide insight into the etiology of the CSF leak, and polysomnography should be
considered as an essential diagnostic tool in these patients.®* Furthermore, OSA is
associated with multiple other comorbid conditions, including but not limited to car-
diovascular disease, stroke, pulmonary disease, chronic fatigue, and all-cause mor-
tality.5”=%% This highlights the importance of not overlooking the overall health of
patients with OSA.

CLINICAL PRESENTATION

Clinicians should be aware of the constellation of symptoms that patients may
describe with spontaneous CSF leaks to avoid misdiagnosis and delays in treatment.
The first steps should be focused history and physical examination (Fig. 1), followed
by appropriate imaging and possibly laboratory testing.

A focused history should include symptoms, comorbidities, history of any surgical
interventions or trauma history, social history, including physical activities, and occu-
pational history. Patients with spontaneous CSF leaks may describe a history of symp-
toms that mirror IIH symptoms. These include headaches (60%), pulsatile tinnitus
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Fig. 1. Halo sign; cerebrospinal fluid and blood separation from secretion sample on tissue
paper.

(20%), and diplopia (5%), which are all less prevalent in actively leaking patients than
reported among patients with [IH alone (90%, 60%, and 30%, respectively).®' Notably,
most patient with spontaneous cranial CSF leak do not endorse symptoms of intracra-
nial hypotension. This is due to the CSF pressure gradient where CSF pressure is
negative above the cervical spine, and positive below. If the ICP exceeds atmospheric
pressure at the level of the skull base where a dehiscence is present, a CSF leak will
ensue. Leakage of CSF will offload pressure and offset ICP elevation, and no intracra-
nial hypotension will occur. Rather than a headache, patients may describe rhinorrhea
or otorrhea.>® Patients with CSF leak may experience worsened headaches with tran-
sient ICP elevations when leaning forward, lying flat, performing Valsalva maneuvers,
or with exertion, which may also correlate to worsened otorrhea or rhinorrhea.

Lateral Skull Base Location

For patients with lateral skull-base CSF leaks, presenting symptoms may be vague
and difficult to distinguish from those of chronic otitis media. Multiple studies show
that hearing loss, aural fuliness, and otorrhea remain the most common presenting
symptoms of lateral CSF leaks.%¢2-4 Determining the history of recurrent ear infec-
tions, any history of surgical intervention for otologic conditions, and an audiogram are
helpful for the evaluation of patients presenting with unilateral middle ear effusion. If a
tympanostomy tube has been placed, collection of any otorrhea for p2 transferrin
testing is a helpful tool for diagnosis. Fluid can also be aspirated through the tympanic
membrane using a 25 gauge needle and 1 mL syringe to send for p2 transferrin testing,
which has a sensitivity of 99% and specificity of 97%.%° Rarely, patients with lateral
skull base leaks may present with rhinorrhea, if the fluid traverses the Eustachian
tube into the nasopharynx and nasal cavity. CSF otorrhea most commonly arises
from a defect in the lateral skull-base at the tegmen tympani (47.6%) and tegmen mas-
toideum (47.2%), while posterior fossa defects (1.9%) and zygomatic root defects
(1.4%) are less commonly reported.®®

Anterior Skull Base Location

For patients with anterior skull base CSF leaks, persistent, “leaky faucet” nasal or
nasopharyngeal drainage is described, often with a salty or metallic taste.5” CSF is
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a clear, watery fluid with salt content similar to plasma. These features help distinguish
CSF from sticky nasal secretions, which have a more thick, stringy, mucinous consis-
tency. It can be difficult to distinguish nasal secretions from CSF based on consistency
and appearance alone, especially in cases where small volumes of CSF mix with sino-
nasal secretions. Thus, the collection of fluid for p2 transferrin testing is recommen-
ded.®® Patients rarely report changes in their sense of smell with spontaneous CSF
leaks, in contrast to many with inflammatory sinonasal disease. Anosmia is uncommon
unless the cribriform plate or ethmoid is significantly or bilaterally disrupted. Reports
have been published of patients with ethmoid roof defects who presented with
anosmia in addition to rhinorrhea, but these remain the minority.'® Additionally,
complicating the presentation of symptoms is the increased prevalence of aspiration
pneumonitis in patients with higher flow spontaneous CSF leaks. Reported in one
study as high as 25%, the nonspecific symptoms of cough, sputum production, and
shortness of breath may be difficult to discern from other reactive airway diseases
commonly concomitant with inflammatory sinonasal disease.®®

The most frequent locations of spontaneous CSF leaks include the cribriform plate,
the pneumatized lateral recess of the sphenoid sinus, the ethmoid roof, or the poste-
rior table of the frontal sinus.®° Traditionally, the cribriform plate has been considered
the most common site of anterior skull base CSF leaks because of its delicate, porous
bone attached to a thin bony lateral lamella that fuses with the fovea ethmoidalis. This
fragile, downward-angled structure creates a weak spot for spontaneous or provoked
leaks. However, recent prevalence estimates suggest that the epidemiology may be
changing, with CSF leaks most commonly originating from the sphenoid sinus
(41.1%), followed by the cribriform plate (25.4%), and ethmoid skull base (20.4%).”°
The shift in epidemiology toward a preference for the lateral sphenoid location may
be due to both anatomic predisposition and changes in the weight of US population
over time. Anatomically, pneumatization of the lateral recess of the sphenoid is re-
ported in 91% of patients with spontaneous CSF leaks, compared to only 23% to
43% in control patients.”' CSF leaks related to the lateral recess of the sphenoid sinus
usually show radiographic signs of increased ICP, rather than congenital defects from
encephaloceles of Sternberg’s canal.>® With an ever-rising rate of obesity in the United
States and worldwide, the lateral recess of the sphenoid may become increasingly
common as a site of spontaneous CSF leaks.

Encephaloceles/Meningoceles

Herniation of the meninges alone (meningocele) or both the meninges and brain
(meningoencephalocele/encephalocele) through a bone or dural defect at the skull
base creates a direct communication that may present as CSF rhinorrhea or otor-
rhea.”? Spontaneous CSF fistulas in the skull base are linked to higher rates of coex-
isting meningoceles and/or encephaloceles on radiographic evaluation, with rates
reaching up to 50% among patients with CSF leaks and increased ICP.”>"* One study
reviewed 79 patients with IIH and 76 control subjects. Meningoceles were found in
11% of patients with IIH, compared with 0% in control subjects (P < .003).”° A system-
atic review examining the association between obesity and spontaneous temporal
bone CSF leaks found that most patients had a single skull base defect and encepha-
loceles. There are also small studies showing a possible association between obesity
and meningoceles/encephaloceles, including one study that compared 17 sponta-
neous CSF leaks to 44 nonspontaneous leaks, in which the mean BMI was signifi-
cantly higher in the spontaneous CSF leak group (P < .001).”® Taken together,
findings of encephaloceles or meningoceles without a clear etiology should raise clin-
ical suspicion for IIH and prompt a detailed evaluation.
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Meningitis

Occasionally, patients with spontaneous CSF leaks may present with a history of men-
ingitis, or active concerns for meningitis (15%).27° Symptoms of active meningitis
include alterations in mental status, fever, neck stiffness, light sensitivity, nausea,
and vomiting. Clinicians should have elevated suspicion for CSF leak in patients
who have a history of recurrent meningitis.”” Low-flow CSF leaks may present with
recurrent meningitis instead of drainage from the nose.®

SUMMARY

Spontaneous CSF leaks represent a rare but increasingly recognized and distinct
clinical entity with characteristic epidemiologic and clinical patterns. Patients who
experience spontaneous CSF leaks, particularly on a multisite or recurrent basis,
tend to be middle-aged, women with obesity and may have associated conditions
such as IIH and OSA. Patients tend to present with symptoms that can help localize
the source of the leak. Anterior leaks often arise from the cribriform plate or sphenoid
sinus, while lateral leaks originate from the tegmen tympani. Patients may describe
ear or nasal symptoms, which may indicate the potential CSF leak source. Symp-
toms may include clear rhinorrhea or otorrhea, pulsatile tinnitus, muffled hearing,
vertigo, headaches, neck pain, and signs of meningitis. Further research is needed
to clarify the pathogenesis and natural history of spontaneous leaks to identify pre-
dictive features and develop prevention strategies and methods of early detection.

CLINICS CARE POINTS

The reported incidence of spontaneous CSF leaks is increasing, as is the proportional to the
obesity epidemic and prevalence of OSA.

Patients presenting with unilateral clear rhinorrhea or otorrhea/effusion should be assessed
or investigated for possible CSF leak.

Patients at risk of spontaneous CSF leak should be counseled about their risk and modifiable
risk factors.

e Spontaneous CSF leaks and IIH share similar demographic profile, predominantly affecting
individuals and women with obesity.
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