ISSN 0017-8748
doi: 10.1111/head.13328
Published by Wiley Periodicals, Inc.

Headache
© 2018 American Headache Society

Review Article

Spontaneous Intracranial Hypotension: 10 Myths
and Misperceptions

Peter G. Kranz, MD ©; Linda Gray, MD; Timothy J. Amrhein, MD

Objective.—To discuss common myths and misperceptions about spontaneous intracranial hypotension (SIH), focusing
on common issues related to diagnosis and treatment, and to review the evidence that contradicts and clarifies these myths.

Background.—Recognition of SIH has increased in recent years. With increasing recognition, however, has come an
increased demand for management by neurologists and headache specialists, some of whom have little prior experience
with the condition. This dearth of practical experience, and lack of awareness of recent investigations into SIH, produces
heterogeneity in diagnostic and treatment pathways, driven in part by outdated, confusing, or unsubstantiated conceptions
of the condition. We sought to address this heterogeneity by identifying 10 myths and misperceptions that we frequently
encounter when receiving referrals for suspected or confirmed SIH, and to review the literature addressing these topics.

Methods.—Ten topics relevant to diagnosis and treatment SIH were generated by the authors. A search for studies
addressing SIH was conducted using PubMed and EMBASE, limited to English language only, peer reviewed publications
from inception to 2018. Individual case reports were excluded. The resulting studies were reviewed for relevance to the
topics in question.

Results.—The search generated 557 studies addressing SIH; 75 case reports were excluded. Fifty-four studies were con-
sidered to be of high relevance to the topics addressed, and were included in the data synthesis. The topics are presented
in the form of a narrative review.

Conclusions.—The understanding of SIH has evolved over the recent decades, leading to improvements in knowledge
about the pathophysiology of the condition, diagnostic strategies, and expanded treatments. Awareness of these changes,
and dispelling outdated misconceptions about SIH, is critical to providing appropriate care for patients and guiding future
investigations going forward.

Key words: spontaneous intracranial hypotension, cerebrospinal fluid leak, cerebrospinal fluid pressure, CSF hypovolemia,
orthostatic headache

Abbreviations: CSF cerebrospinal fluid, MRI magnetic resonance imaging, NDPH new daily persistent headache, POTS
postural orthostatic tachycardia syndrome, RIH rebound intracranial hypertension, SIH spontaneous intra-
cranial hypotension
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INTRODUCTION
Spontaneous intracranial hypotension (SIH) is
an important cause of secondary headaches resulting
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from spinal cerebrospinal fluid (CSF) leaks that has
received increasing attention over the past few deca-
des. Although historically perceived as rare, SIH is
now being recognized more commonly; the incidence
of SIH has been estimated at 5 per 100,000. For
comparison, aneurysmal subarachnoid hemorrhage,
which is not generally perceived as a rare medical
condition, occurs at a rate of 10 per 100,000." The
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true incidence of SIH is expected to be higher, as it is
frequently misdiagnosed initially.>

Although awareness of this condition is increas-
ing, exposure of providers to SIH remains infrequent
in most practices, meaning that levels of practical
experience in diagnosis and management are gener-
ally low. At the same time, a more complex under-
standing of the underlying pathophysiology of the
condition has emerged in recent years, fed by numer-
ous avenues of accelerating scientific investigation.®
As a consequence, conceptions about appropriate
diagnosis and treatment of SIH are sometimes based
on outdated or insufficient information.

The purpose of this narrative review is to pre-
sent common myths and misperceptions about SIH
that we encounter frequently in our practice at a
large referral center. The review will also discuss
the evidence that contradicts these misperceptions,
and will provide an up-to-date summary of current
knowledge about this condition.

METHODS

A list of 10 topics considered most relevant to
diagnosis and treatment SIH was generated by the
authors, reflecting common misconceptions that we
frequently encounter in our practice. A search for
studies addressing SIH was conducted using PubMed
and EMBASE. The search was limited to English
language only, peer reviewed publications from
inception to 2018. Individual case reports were
excluded. The resulting studies were reviewed for
relevance to the topics in question.

RESULTS

The search generated 557 studies addressing
SIH. Of these, 75 were excluded for being case
reports, leaving 482 studies for review. The majority
of included studies (284, 59%) were published in
the last 10 years. Fifty-four studies were considered
to be of high relevance to the topics addressed, and
were included in the data synthesis.

DISCUSSION

A discussion of the literature most relevant to
the 10 most common myths we encounter in deal-
ing with SIH is presented in the narrative review
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that follows. The most important points are summa-
rized in the Box.

Myth 1: SIH Is Defined by Low CSF
Pressure.—The original conception of SIH was as a
condition caused by low CSF pressure. Early reports
of the condition considered low pressure to be the
defining pathophysiological disturbance, the sine qua
non, responsible for SIH.*3 Subsequent work,
however, has clearly shown this conception to be
incomplete.

Studies of patients with SIH conducted in the
1990s found that a low opening pressure (<6 cm
H,O) was present in the majority of cases—more
than 80% in 2 series.®” Since that time, several larger
studies have found that the prevalence of low CSF
pressure in SIH is not nearly as high as was originally
reported. In a series of 106 patients, Kranz et al
found only 34% of patients with confirmed SIH had
an opening pressure <6 cm H,O; most patients had
pressures of 6-20 cm H,O, and a few patients with
active CSF leaks were found to have pressures
>20 cm H,0.® Yao et al found that 45% of patients
had opening pressure of >6 cm H,O in a series of
206 patients,’ and Luetmer et al found that only 21%
of patients had a pressure of <5 cm H,O in a series
of 76 patients, whereas 43% had pressures between
10 and 18 cm H,0.'° These data indicate that while
opening pressure is often low in STH patients, normal
pressure is also frequently found, and a normal pres-
sure should not be used to exclude the diagnosis.

At least part of this discrepancy between earlier
and more contemporary descriptions of SIH is prob-
ably attributable to spectrum bias. Initial reports of
SIH likely selected for the most severe and most
acute patients with the most stereotypical symptoms.
Over the recent decades, it has been recognized that
SIH does not always present with such stereotypical
symptoms and imaging findings,'" and that symptom
duration may affect presentation and diagnostic test-
ing. For example, it has been shown that CSF pres-
sure increases with time even if an active CSF leak is
still present.®!? More recent investigations into CSF
pressures in this condition are thus likely more repre-
sentative of the true spectrum of disease, and hence
demonstrate broader phenotypes. Regardless of the
explanation, the empiric evidence now unequivocally
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Text Box

SUMMARY OF IMPORTANT CONSIDERATIONS IN THE APPROACH TO SIH

e Currently, there is no single diagnostic test that excludes SIH with a high level of sensitivity. When

SIH is suspected, a combination of brain imaging, spine imaging, and CSF pressure measurement
may be necessary for a complete evaluation.

Orthostatic headache is the most common, but not the only, clinical presentation of SIH. The lack
of orthostatic headache should not exclude the diagnosis when there is objective imaging evidence
of SIH.

Orthostatic headache can be caused by other conditions such as POTS, cervicogenic headache, and
craniocervical instability. Some cases of chronic daily headache with orthostatic features may defy
easy classification.

Diffuse, smooth dural enhancement on brain MRI is a highly specific finding for SIH.

Cerebellar tonsillar ectopia can be seen with both SIH and Chiari I malformation. Other imaging
signs of brain sagging can help differentiate these entities.

Spinal imaging is often useful in detecting CSF leaks, which can help to confirm the diagnosis of
SIH and direct treatment efforts.

Causes of CSF leaks include meningeal diverticula, ventral dural tears caused by disk protrusions
or osteophytes, and CSF-venous fistulas.

SIH is not typically caused by skull base CSF leaks.

Recovery from spontaneous spinal CSF leaks differs from lumbar puncture related headaches, typi-
cally taking longer.

Recovery from SIH can be complicated by RIH. Awareness of this entity is important for appropri-

ate management after treatment for a spinal CSF leak.

indicates that SIH is not excluded by a normal CSF
opening pressure.

If low CSF pressure is not the common underly-
ing pathophysiology of SIH, then what is? The evi-
dence suggests that low CSF volume, not pressure, is
the principal problem.'’ The relationship between
pressure and volume is governed by the physiologic
concept of compliance. Compliance, however, is not
a fixed attribute with regards to the CSF compart-
ment. It changes between upright and recumbent
posture,'® changes with removal of CSF,'* and is
altered by body habitus."> Compliance may be influ-
enced by the spinal epidural venous plexus, which
surrounds the thecal sac and is found to be dilated in
some, but not all, patients with SIH.'® The rate of
CSF leakage, and by extension, the degree of CSF
volume depletion, is also different between SIH
patients."” This individual variation may explain the

fact that not all patients with STH will have low CSF
opening pressure, despite a common unifying prob-
lem of low CSF volume.

Myth 2: SIH Is Always Characterized by
Orthostatic Headache/Orthostatic Headache Is
Always SIH.—The classic symptom of SIH is head-
ache that worsens with upright posture (termed
orthostatic or positional headache). It is often
described as being relieved quickly upon lying down
and aggravated within minutes of standing up. Head-
aches are commonly occipital in location and abrupt
in onset. Tinnitus is a common complaint, as are
neck pain and interscapular pain. Valsalva maneu-
vers often elicit a sudden worsening of headache.

Although these symptoms are the most stereo-
typical manifestations of spinal CSF leak, the actual
range of headache phenotypes are quite broad. The
degree of relief provided by recumbent position
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Fig. 1.—Fifty-five-year-old woman with abrupt-onset orthostatic headache. (A) Sagittal T1-weighted brain MR image shows no
brain sagging. (B) Axial T1-postcontrast brain MR image shows no dural enhancement. (C) Axial post-myelogram CT image
of the thoracic spine shows a focal CSF leak, confirming the diagnosis of SIH, despite a normal brain MRI.

varies from complete relief when lying down to only
mild decrease in headache. Headaches that gradually
worsen over the course of the day resulting in
increasing pain in the afternoon and evening hours,
so-called “second half of the day” headaches, are
quite common.'® A minority of patients may have
“wake up” headaches that are present even before
getting out of bed in the morning. Other patients
may have orthostatic features initially that evolve
into non-positional headache, and headache might
disappear entirely despite the persistence of objec-
tive evidence of CSF leakage and other related
symptoms, such as tinnitus or vertigo.'”” Uncom-
monly, headache might be non-orthostatic or absent
entirely.! In a study of 70 patients with STH, Mea
et al found that 23% of patients with SIH lacked typ-
ical orthostatic headache.”” When headaches are
absent (termed the “acephalgic” form), auditory
symptoms, such as muffled hearing or tinnitus, and
ear pain or pressure are common complaints."!
Headaches that worsen when upright should
prompt suspicion for SIH, but SIH is not the only
type of headache that exhibits an orthostatic com-
ponent.® Postural orthostatic tachycardia syndrome
(POTS) has been well documented to cause ortho-
static headache in some patients.”’ POTS should be
suspected particularly when headache is accompa-
nied by other symptoms of orthostatic intolerance
including dizziness, syncope or pre-syncope, oOr

palpitations. Cervicogenic headache can also cause
headache when upright due to axial loading of the
spine,?” and is often occipital in location. It may be
aggravated by mechanical stimuli such as head
turning.”> Craniocervical instability can cause head-
ache, and is more common in patients with con-
nective tissue disorders such as Ehlers-Danlos.*
Finally, some patients may have orthostatic head-
aches with no demonstrable signs of intracranial
hypotension or spinal CSF leak, and no response to
epidural blood patching. Such patients with chronic
daily orthostatic headache may defy easy diagnostic
categorization, and might be classified as having
new daily persistent headache (NDPH).

Myth 3: A Negative Brain MRI Excludes
SIH.—Brain imaging findings of SIH have been exten-
sively described in the literature.”> Perhaps the most
characteristic is the presence of diffuse, smooth en-
hancement of the dura.”*?’ Other signs include sagging
of the midbrain, dilation of the dural venous sinuses,
and hyperemia of the pituitary gland.”> Subdural effu-
sions may occasionally be present bilaterally.*®

These signs reflect the physiology of low CSF
volume, and yet paradoxically, they are not always
present even when an active spinal CSF leak is
proven or CSF pressure is low (Fig. 1). In one study
of confirmed cases of SIH, dural enhancement,
brain sagging, and venous distention were present
in 83, 61, and 75% of patients, respectively.'?
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Furthermore, the presence of the imaging signs cor-
related poorly with the presence of a low CSF pres-
sure. Together, these findings suggest that brain
imaging, while highly specific, is only moderately
sensitive for the detection of SIH.

To be clear, brain MRI plays a very important
role in the diagnosis of SIH, and should be the first
test performed whenever this condition is sus-
pected. Performing the study with IV adminis-
tration of a gadolinium-based contrast agent is
necessary, since dural enhancement is the most sen-
sitive of the brain imaging signs. However, one
must be cautious not to over-estimate the sensitivity
of brain imaging; the diagnosis of SIH should not
be excluded based on a negative brain MRI. In
instances where brain imaging is negative, further
testing with spinal imaging and CSF pressure mea-
surement should be pursued if SIH is suspected.

Myth 4: Patients With Dural Enhancement Should
Be Worked Up for Meningitis.—When present,
dural enhancement is a highly specific indicator of
SIH. To those unfamiliar with the imaging of STH,
however, the presence of dural enhancement may
prompt an evaluation for other infectious, granulo-
matous, or neoplastic disorders. These investiga-
tions may delay treatment of SIH, and may result
in invasive diagnostic procedures, such as dural
biopsy. In our experience, the most common error
of this type is attribution of dural enhancement to
infection, resulting in extensive testing of the CSF
for pathogens.

Such investigations are usually unnecessary,
however, because the pattern of dural enhancement
caused by low CSF volume is quite different from
abnormalities of the dura caused by other etiologies.
Specifically, dural enhancement in SIH has 2 cardinal
features: it is smooth, and it is diffuse.?®

Other disease processes may involve the dura,
but they produce a pattern on imaging that is either
not smooth (ie, nodular or plaque-like) or not dif-
fuse (ie, localized or unilateral; Fig. 2). For exam-
ple, granulomatous diseases such as sarcoidosis or
granulomatosis with polyangiitis (formerly known
as Wegener granulomatosis) usually show nodular,
plaque-like, or mass-like dural thickening.*® Meta-
static disease similarly shows multiple dural masses,
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not smooth dural thickening. Dural enhancement
due to a previous subdural hematoma or craniot-
omy may be smooth, but are localized to the
affected side of the skull. Idiopathic hypertrophic
pachymeningitis, a rare cause of dural enhance-
ment, is typically irregular and does not involve all
the dural uniformly.?

Importantly, infectious meningitis does not typ-
ically cause dural enhancement at all because it
involves the leptomeninges rather than pachyme-
ninges (dura). The dura may enhance in some cases
of infection where the infectious source is external
to the dura and invades inward, such as in compli-
cated sinusitis, mastoiditis, or infection of a craniot-
omy site, but in these cases the dural enhancement
is localized at the site of infection, and is not
diffuse.

In summary, the presence of smooth, diffuse
dural enhancement is essentially pathognomonic for
decreased intracranial CSF volume, especially in
the context of orthostatic headache. Pursuing exten-
sive diagnostic testing for infectious, granuloma-
tous, or neoplastic disorders in this context is
unlikely to reveal alternate diagnoses and may
delay care.

Myth 5: Chiari I Is a Feature of SIH.—Brain sag-
ging is a common imaging finding in SIH,'? and
may also be present in iatrogenic or post-traumatic
causes of CSF leak. Descent of the brain results in
several identifiable anatomic changes: effacement
of the suprasellar cistern, downsloping of the third
ventricular floor resulting in descent of the mammi-
lary bodies, narrowing of the prepontine cistern,
narrowing of the vertical distance between the
mammillary bodies and the pons (the so-called
mammillo-pontine distance), and descent of the cer-
ebellar tonsils toward the foramen magnum (Fig.
3).273% This latter imaging finding may cause confu-
sion because cerebellar tonsillar ectopia is also a
feature of Chiari I malformation, and both SIH and
Chiari I may cause headache.

Chiari I malformations are congenital malfor-
mations that are thought to be the result of an
abnormally small posterior fossa.’! As a result, they
would not be expected to develop later in adult-
hood. The presence of new tonsillar ectopia that
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Fig. 2.—Axial T1-postcontrast images from several patients with abnormal dural enhancement. Only the patient with SIH (A)
shows dural enhancement that is both diffuse and smooth. Patients with other causes of dural enhancement including dural
metastatic disease (arrows) (B), granulomatosis with polyangiitis (C), subdural hematoma (D), idiopathic hypertrophic pachy-
meningitis (E), and empyema (arrow) due to acute frontal sinusitis (F), all show patterns of dural enhancement that are either

nodular, plaque-like, or nondiffuse.

was not present previously likely indicates SIH.
The practice of describing the tonsillar descent
associated with SIH as “acquired Chiari” should be
avoided, since it is potentially misleading. Chiari I
malformations are treated differently than SIH;
symptomatic Chiari I malformations are treated
with suboccipital craniectomy to decompress the
posterior fossa. Patients with brain sagging due to
SIH should not undergo suboccipital craniectomy,
as this will not stop spinal CSF leaks, which are the
underlying cause of their headaches.

When cerebellar tonsillar ectopia is encoun-
tered on imaging, it is important to examine the
floor

third ventricular and mammillo-pontine

distance to assess for brain sagging. If these fea-
tures are present, it indicates a spinal CSF leak.
Chiari I malformation, however, is a congenital
malformation that is not associated with the other
signs of brain sagging. Recognition of this distinc-
tion is critical to correct diagnosis and appropriate
therapy.

Myth 6: All Spinal CSF Leaks Are Caused by
Tarlov Cysts/Spinal Diverticula.—One of the earli-
est recognized causes of spontaneous CSF leaks
was spontaneous dural defects, often associated
with fragile meningeal diverticula.>>* These diver-
ticula represent herniation of the leptomeningeal
layer of dural

through dural tears or areas
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Fig. 3.—Imaging indicators of brain sagging in SIH. (A) Sagittal T2-weighted image in a normal patient shows a expected
upsloping of the third ventricular floor (dashed black line) when a line is drawn between the optic chiasm and the mammillary
bodies (*). (B) In a patient with SIH and brain sagging, there is a downward slope of the third ventricular floor (dashed white
line), and narrowing of the distance between the mammillary bodies (*) and the pons. Note that the cerebellar tonsils (arrow)
are low-lying in the patient with SIH; the presence of other signs of brain sagging distinguishes SIH from Chiari I

malformation.

dehiscence, often along the lateral aspect of the
thecal sac in close proximity to a spinal nerve root
sleeve, producing an outpouching that is prone to
rupture.®” However, there are also normal perispi-
nal cystic structures that may mimic the appearance
of these fragile diverticula on imaging. Perineural
cysts, which occur along spinal nerve roots, are nor-
mal structures found most commonly along the
lower cervical, and thoracic nerve roots.>> Tarlov
cysts, a histopathologically distinct entity, are com-
mon structures found incidentally in the lumbosa-
cral spine and may also have a similar imaging

appearance.”® As a result, there is often confusion
about the diagnostic significance of perispinal cystic
structures in patients with suspected or known STH.

When actively leaking meningeal diverticula
are identified, they are most commonly encoun-
tered in the thoracic spine or upper lumbar
spine.**** Lower lumbar and sacral spontaneous
leaks are distinctly uncommon, and sacral Tarlov
cysts rarely, if ever, are the source of spontaneous
CSF leakage. Cervical and thoracic perineurial cysts
are common incidental findings in normal patients,
and, in isolation, the presence of such cysts does

Fig. 4.—Various causes of spinal CSF leak in SIH illustrated with CTM. (A) Coronal CTM image shows contrast leakage
(arrow) inferior to an irregular nerve root diverticulum. Axial CTM image from before (B) and after (C) intrathecal contrast
injection shows a sharp osteophyte (arrowhead) causing a CSF leak (arrow). (D) Axial CTM image shows myelographic con-
trast filling a paraspinal vein (arrowheads), indicating the presence of a CSF-venous fistula.
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not necessarily indicate or increase the likelihood
of a diagnosis of SIH if no active leakage is identi-
fied on imaging.*

It should be emphasized, however, that menin-
geal diverticula are only one cause of spontaneous
CSF leak (Fig. 4). Ventral dural tears are a major
source of spontaneous CSF leaks, and are often
associated with calcified thoracic disk herniations or
osteophytes.!”> One series of over 500 patients
identified ventral dural tears as the case of SIH in
approximately one-quarter of patients.>

Another recently identified cause of SIH is the
CSF-venous fistula.>”*® In this entity, a direct con-
nection between the CSF and paraspinal veins
allows for unregulated loss of spinal fluid into the
circulatory system, resulting in CSF hypovolemia.
Because the leak is not into the epidural space,
they may be occult on spinal imaging, although spe-
cialized type of myelography may show the fis-
tula.>** This leak type has been increasingly
identified over the past few years.

Although more work is needed to investigate
what anatomic characteristics differentiate leaking
meningeal diverticula from normal perispinal cystic
structures, one should avoid the temptation to
assume that all such cysts are pathologic, especially if
they are not found to be actively leaking on imaging.
Furthermore, one should be aware of other causes of
CSF leaks, such as calcified osteophytes and CSF-
venous fistulas, since the identification of the source
of CSF leak can help target treatment.

Myth 7: Spinal Imaging Rarely Reveals a Leak in
SIH.—Spinal imaging is an important tool in evalu-
ating suspected SIH. Demonstration of active CSF
leakage both confirms the diagnosis of SIH and
allows for directed treatment (targeted epidural
patching or surgery), which is more effective than
“blind” blood patching.*'**

The rapidity of CSF leakage varies from patient
to patient. Some patients may have “high-flow”
leaks where CSF rapidly pours out of the thecal
sac, while others may have slower “low-flow” leaks,
and still others may have leaks that are not appar-
ent on imaging.'’~® In one investigation of 99 sub-
jects with confirmed SIH, a CT myelogram showed
clear CSF leakage 55% of the time.'"” In another

955

series of 102 SIH subjects evaluated with spine
MRI, a leak was detected in 26% of patients.*> A
large series of 568 patients who underwent imaging
with either CT myelography (CTM) or spinal MRI
reported finding a CSF leak in 51% of cases.>
Although the precise yield of spinal imaging may
vary by imaging modality, and depend on the popu-
lation studied, it is clear that spinal imaging can
contribute to the diagnosis of SIH in a substantial
proportion of patients.

Despite this, there is a perception among some
providers that spinal imaging has a very low yield in
SIH. This incorrect perception may be due to several
factors. First, some leak types are subtle, particularly
low-flow leaks and CSF-venous fistulas, a newly rec-
ognized cause of SIH.>”*® Such leaks may not be
apparent to those who are less familiar with the con-
dition. Second, because not all orthostatic headache
is due to SIH, some patients presumed to have SIH
may be misdiagnosed, and will therefore not show
evidence of spinal CSF leakage. Third, inadequate
attention to imaging technique may decrease detec-
tion. Factors such as thin section imaging, proper
patient positioning, and scanning immediately after
intrathecal contrast injection have all been reported
to promote leak identification on CTM.'7=84445
Finally, some leaks may be intermittent or may cease
when the patient lies down to be scanned, and may
be seen on one scan, but not another, despite similar
scan technique.*® Consequently, repeated spinal
imaging may be useful in some cases when the leak is
not initially visualized.

In summary, although the sensitivity of spinal
imaging for detecting CSF leak in SIH patients is
only moderate, a sizable proportion of patients will
show evidence of a leak. Since leak detection has
both diagnostic and therapeutic implications, spinal
imaging should be performed in patients with sus-
pected but unconfirmed SIH or SIH refractory to
conservative therapy.

Myth 8: Skull Base CSF Leaks Cause Intracranial
Hypotension.—Spontaneous CSF leaks occur in 2
major forms: spinal CSF leaks and skull base CSF
leaks. Despite a superficial similarity in the underly-
ing pathophysiology, these 2 types of CSF leaks typi-
cally manifest with separate clinical syndromes.
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Skull base CSF leaks occur when there is dehis-
cence or fracture in the bone that separates an air-
containing space of the skull from the intracranial
compartment. This most commonly involves the cri-
briform plate in the anterior skull base, the roof of
the middle ear or mastoid air cells (ie, tegmen tym-
pani), or rarely, the otic capsule surrounding the
inner ear (resulting in a perilymphatic fistula). CSF
rhinorrhea or otorrhea is the result of these defects.
Recurrent meningitis or headaches may be present,
but headaches are not typically orthostatic. In a
series of 273 patients with SIH, no causal association
was found between skull base CSF leaks and intra-
cranial hypotension.*® Quite to the contrary, skull
base CSF leaks have been found to be positively
associated with idiopathic intracranial hypertension,
not SIH.*’

The difference in symptoms between spinal and
skull base CSF leaks can be explained by the normal
physiology of CSF pressure in the standing position.
When upright, gravity induces a gradient of CSF pres-
sure that increases as one moves caudally down the
spine. Under normal conditions, the pressure in the
intracranial compartment is less than atmospheric
pressure when upright, and the pressure in the lumbar
spine is greater than atmospheric pressure.*® The
“zero-pressure point” is the spinal level where the
CSF pressure transitions from negative to positive rel-
ative to the atmosphere, and is typically found in the
upper cervical spine. Skull base defects occur above
the level of the zero-pressure point, and thus do not
leak CSF when the patient is upright. Rather, such
leaks are typically aggravated by lying down or bend-
ing over with the head below the level of the waist.

Spinal CSF leaks occur below the zero-pressure
point, are driven to leak most when the patient is
and thus
Because spinal CSF pressure decreases in the

upright, cause orthostatic headache.
recumbent position, lying down characteristically
improves headache in spinal CSF leak. The brain
imaging findings associated with intracranial hypo-
tension are associated with spinal CSF leaks only.*®

As a result, fluid leaking from the nose should
not be considered suspicious for SIH, and skull
base imaging is not generally necessary in evalua-
tion of patients with orthostatic headache.
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Myth 9: Epidural Blood Patch Immediately Cures
SIH.—Epidural blood patching, adapted from the
treatment of postdural puncture CSF leaks, is con-
sidered the first line treatment for SIH.****> While
epidural patching usually causes rapid clinical
improvement in postdural puncture headache, our
experience has been that improvement in symptoms
may take longer in cases of spontaneous CSF leak.
While immediate improvement certainly does occur
in some SIH patients after epidural patching, the
absence of instantaneous postprocedural improve-
ment should not prematurely be interpreted as a
negative prognostic sign.

One factor that may contribute to this differ-
ence in treatment response is the time interval
between onset of CSF leak and treatment. Post-
dural puncture headache is often diagnosed quickly
because it occurs immediately following a lumbar
puncture. In contrast, SIH is often misdiagnosed
initially, and patients often are symptomatic for
longer periods before being treated.”> During this
delay, there are certain physiologic changes such as
dilation of intracranial and paraspinal veins, and
possibly changes in CSF production rates, that
occur in order to attempt to compensate for the
chronic loss of CSF. These venous changes can be
observed on imaging.*” Such changes may not
instantly reverse even after successful closure of a
dural defect, potentially contributing to the lag in
improvement after epidural patching.

We have found that it is often a source of anxi-
ety for patients if they are told to expect immediate
improvement, but do not feel it right away. Instead,
we counsel patients to expect an improvement in
symptoms over the first week after their epidural
patch.

Myth 10: The Job Is Done After the Epidural
Patch.—Data on treatment outcomes in SIH are very
limited, with most investigation employing a retro-
spective study design and small numbers of patients.?
Some early reports emphasized a high rate of imme-
diate response with low recurrence rates, leading to a
perception that SIH is easily treated with a single
blood patch, with little to no after care required.

Subsequent experience with larger patient sam-
ples have shown much more varied results. Reported
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success rates for an initial epidural blood patch in
SIH range from 30 to 70%.*'°%5! Although often
cited as highly effective in treating SIH, conservative
therapy consisting of bed rest and hydration in real-
ity offers much more uncertain benefits, and comes
at a high social and economic cost to patients. One
study found that among patients with SIH treated
with conservative therapy, two-thirds were still
symptomatic at 6 months, and one-third remained
symptomatic at 2 years.’> For patients with debilitat-
ing symptoms, such a course can hardly be consid-
ered benign.

In practice, repeated blood patching is often
required to obtain remission of symptoms. Further-
more, some patients may relapse after initial
improvement, necessitating repeated treatment. In
some cases, surgical treatment may be needed to
obtain a permanent cure, particularly in cases of
high-flow CSF leaks due to calcified osteophytes or
disk herniations, and CSF-venous fistulas.?>*®

A frequent but under-reported complication of
CSF leak closure is rebound intracranial hyperten-
sion (RIH).” In this phenomenon, CSF pressure
increases above normal levels after a leak is sealed,
leading to a new type of headache than can range in
intensity from mild-severe. The most consistent clini-
cal symptom exhibited in SIH is headaches change
from orthostatic to those that are worse when
recumbent or nonpositional, which allows discrimi-
nation between recurrent SIH and RIH.>* Often the
location of the headache changes from occipital to
retro- or peri-orbital, and nausea and blurry vision
may be present.* Papilledema is often absent, even
in cases where CSF pressure are markedly elevated.
Symptoms may be very brief in duration, but can
persist in some patients for weeks to months. This
phenomenon can be seen with both epidural patch-
ing and surgical repair of CSF leaks. Treatment is
with acetazolamide or topiramate; if severe, thera-
peutic lumbar puncture of CSF diversion may be
needed.® In our experience, some degree of RIH is
present in over half of patients undergoing epidural
patching, with approximately half of symptomatic
patients requiring treatment for one week or longer.

The absence of high quality, prospective data
on outcomes and complications in SIH highlight
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the need for greater research in this area, to select
the most appropriate therapy and better define
prognosis. Nevertheless, it is clear that continuing
care is often needed beyond the initial epidural
patch.

CONCLUSION

SIH is a condition that is identified with
increasing frequency, but also one in which out-
dated or incomplete understandings of the disease
can hamper appropriate management. A more
nuanced understanding of the role of CSF pressure
and an expansion of the understanding of underly-
ing causes of CSF leak in SIH has emerged in
recent years. Initial simplistic views of the underly-
ing pathophysiology and clinical presentation of
SIH have been shown to be incomplete by this new
research, yet these conceptions have stubbornly
persisted. Awareness of such myths and mispercep-
tions about SIH will help direct more appropriate
diagnostic and therapeutic approaches to the condi-
tion in the future.

STATEMENT OF AUTHORSHIP

Category 1

(a) Conception and Design
Peter G. Kranz

(b) Acquisition of Data
Peter G. Kranz

(c) Analysis and Interpretation of Data
Peter G. Kranz, Timothy J. Amrhein, Linda
Gray

Category 2
(a) Drafting the Manuscript
Peter G. Kranz

(b) Revising It for Intellectual Content
Peter G. Kranz, Timothy J. Amrhein, Linda
Gray

Category 3

(a) Final Approval of the Completed Manuscript
Peter G. Kranz, Timothy J. Amrhein, Linda
Gray



958

REFERENCES

1.

10.

11.

12.

13.

14.

Schievink WI, Maya MM, Moser F, et al. Frequency
of spontaneous intracranial hypotension in the emer-
gency department. J Headache Pain. 2007;8:325-328.

. Schievink WI. Misdiagnosis of spontaneous intracra-

nial hypotension. Arch Neurol. 2003;60:1713-1718.

. Kranz PG, Malinzak MD, Amrhein TJ, et al.

Update on the diagnosis and treatment of sponta-
neous intracranial hypotension. Curr Pain Head-
ache Rep. 2017;21:37.

. Schaltenbrand G. Normal and pathological physi-

ology of the cerebrospinal fluid circulation. Lancet.
1953;261:805-808.

. Rando TA, Fishman RA. Spontaneous intracranial

hypotension: Report of two cases and review of
the literature. Neurology. 1992;42:481-487.

. Mokri B, Hunter SF, Atkinson JL, et al. Ortho-

static headaches caused by CSF leak but with nor-
mal CSF pressures. Neurology. 1998;51:786-790.

. Chung SJ, Kim JS, Lee MC. Syndrome of cerebral

spinal fluid hypovolemia: Clinical and imaging fea-
tures and outcome. Neurology. 2000;55:1321-1327.

. Kranz PG, Tanpitukpongse TP, Choudhury KR,

et al. How common is normal cerebrospinal fluid
pressure in spontaneous intracranial hypotension?
Cephalalgia. 2016;36:1209-1217.

. Yao LL, Hu XY. Factors affecting cerebrospinal

fluid opening pressure in patients with spontane-
ous intracranial hypotension. J Zhejiang Univ Sci
B. 2017;18:577-585.

Luetmer PH, Schwartz KM, Eckel LJ, et al. When
should I do dynamic CT myelography? Predicting
fast spinal CSF leaks in patients with spontaneous
intracranial hypotension. AJINR Am J Neuroradiol.
2012;33:690-694.

Mokri B. Spontaneous cerebrospinal fluid leaks:
From intracranial hypotension to cerebrospinal
fluid hypovolemia-evolution of a concept. Mayo
Clin Proc. 1999;74:1113-1123.

Kranz PG, Tanpitukpongse TP, Choudhury KR,
et al. Imaging signs in spontaneous intracranial
hypotension: Prevalence and relationship to CSF
pressure. Am J Neuroradiol. 2016;37:1374-1378.
Alperin N, Lee SH, Sivaramakrishnan A, et al.
Quantifying the effect of posture on intracranial
physiology in humans by MRI flow studies.
J Magn Reson Imaging. 2005;22:591-596.

Alperin N, Bagci AM, Lee SH, et al. Automated
quantitation of spinal CSF

volume and

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Julyl August 2018

measurement of craniospinal CSF redistribution
following lumbar withdrawal in idiopathic intracra-
nial hypertension. Am J Neuroradiol. 2016;37:
1957-1963.

Tain RW, Bagci AM, Lam BL, et al. Determina-
tion of cranio-spinal canal compliance distribution
by MRI: Methodology and early application in idi-
opathic intracranial hypertension. J Magn Reson
Imaging. 2011;34:1397-1404.

Medina JH, Abrams K, Falcone S, et al. Spinal
imaging findings in spontaneous intracranial hypo-
tension. Am J Roentgenol. 2010;195:459-464.

Kranz PG, Luetmer PH, Diehn FE, et al. Myelo-
graphic techniques for the detection of spinal CSF
leaks in spontaneous intracranial hypotension. Am
J Roentgenol. 2016;206:8-19.

Leep Hunderfund AN, Mokri B. Second-half-of-
the-day headache as a manifestation of spontane-
ous CSF leak. J Neurol. 2012;259:306-310.

Mokri B. Low cerebrospinal fluid pressure syn-
dromes. Neurol Clin. 2004;22:55-74.

Mea E, Chiapparini L, Savoiardo M, et al. Head-
ache attributed to spontaneous intracranial hypo-
tension. Neurol Sci. 2008;29:164-165.

Mokri B, Low PA. Orthostatic headaches without
CSF leak in postural tachycardia syndrome. Neu-
rology. 2003;61:980-982.

Schievink WI, Deline CR. Headache secondary to
intracranial hypotension. Curr Pain Headache Rep.
2014;18:457.

Bogduk N. The neck and headaches. Neurol Clin.
2014;32:471-487.

Henderson FC, Sr., Austin C, Benzel E, et al.
Neurological and spinal manifestations of the
Ehlers-Danlos syndromes. Am J Med Genet C
Semin Med Genet. 2017;175:195-211.

Schievink WI. Spontaneous spinal cerebrospinal
fluid leaks and intracranial hypotension. JAMA.
2006;295:2286-2296.

Pannullo SC, Reich JB, Krol G, et al. MRI
changes in intracranial hypotension. Neurology.
1993;43:919-926.

Fishman RA, Dillon WP. Dural enhancement and
cerebral displacement secondary to intracranial
hypotension. Neurology. 1993;43:609-611.

Meltzer CC, Fukui MB, Kanal E, et al. MR imag-
ing of the meninges. Part I. Normal anatomic fea-
tures and nonneoplastic disease. Radiology. 1996;
201:297-308.



Headache

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Lee YC, Chueng YC, Hsu SW, et al. Idiopathic
hypertrophic cranial pachymeningitis: Case report
with 7 years of imaging follow-up. Am J Neurora-
diol. 2003;24:119-123.

Shah LM, McLean LA, Heilbrun ME, et al. Intra-
cranial hypotension: Improved MRI detection with
diagnostic intracranial angles. Am J Roentgenol.
2013;200:400-407.

Badie B, Mendoza D, Batzdorf U. Posterior fossa
volume and response to suboccipital decompres-
sion in patients with Chiari I malformation. Neuro-
surgery. 1995;37:214-218.

Cohen-Gadol AA, Mokri B, Piepgras DG, et al.
Surgical anatomy of dural defects in spontaneous
spinal cerebrospinal fluid leaks. Neurosurgery.
2006;58:0ONS-238-245; discussion ONS-245

Kranz PG, Stinnett SS, Huang KT, et al. Spinal menin-
geal diverticula in spontaneous intracranial hypotension:
Analysis of prevalence and myelographic appearance.
AJNR Am J Neuroradiol. 2013;34:1284-1289.

Lucantoni C, Than KD, Wang AC, et al. Tarlov
cysts: A controversial lesion of the sacral spine.
Neurosurg Focus. 2011;31:E14.

Beck J, Ulrich CT, Fung C, et al. Diskogenic
microspurs as a major cause of intractable sponta-
neous intracranial hypotension. Neurology. 2016;
87:1220-1226.

Schievink WI, Maya MM, Jean-Pierre S, et al. A
classification system of spontaneous spinal CSF
leaks. Neurology. 2016;87:673-679.

Schievink WI, Moser FG, Maya MM. CSF-venous
fistula in spontaneous intracranial hypotension.
Neurology. 2014;83:472-473.

Kranz PG, Amrhein TJ, Gray L. CSF venous fistulas
in spontaneous intracranial hypotension: Imaging
characteristics on dynamic and CT myelography. Am
J Roentgenol. 2017;1-7.

Schievink WI, Moser FG, Maya MM, et al. Digital
subtraction myelography for the identification of
spontaneous spinal CSF-venous fistulas. J Neurosurg
Spine. 2016;24:960-964.

Kranz PG, Amrhein TJ, Schievink WI, et al. The
“Hyperdense Paraspinal Vein” Sign: A Marker of CSF-
Venous Fistula. Am J Neuroradiol. 2016;37:1379-1381.
Sencakova D, Mokri B, McClelland RL. The effi-
cacy of epidural blood patch in spontaneous CSF
leaks. Neurology. 2001;57:1921-1923.

Cho KI, Moon HS, Jeon HIJ, et al. Spontaneous
intracranial hypotension: Efficacy of radiologic

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

959

targeting vs blind blood patch. Neurology. 2011;76:
1139-1144.

Verdoorn JT, Luetmer PH, Carr CM, et al. Pre-
dicting high-flow spinal CSF leaks in spontaneous
intracranial hypotension using a spinal MRI-based
algorithm: Have repeat CT myelograms been
reduced? Am J Neuroradiol. 2016;37:185-188.
Thielen KR, Sillery JC, Morris JM, et al. Ultrafast
dynamic computed tomography myelography for
the precise identification of high-flow cerebrospi-
nal fluid leaks caused by spiculated spinal osteo-
phytes. J Neurosurg Spine. 2015;22:324-331.

Kranz PG, Gray L, Taylor JN. CT-guided epidural
blood patching of directly observed or potential
leak sites for the targeted treatment of spontane-
ous intracranial hypotension. Am J Neuroradiol.
2011;32:832-838.

Schievink WI, Schwartz MS, Maya MM, et al.
Lack of causal association between spontaneous
intracranial hypotension and cranial cerebrospinal
fluid leaks. J Neurosurg. 2012;116:749-754.

Perez MA, Bialer OY, Bruce BB, et al. Primary
spontaneous cerebrospinal fluid leaks and idiopathic
intracranial hypertension. J Neuroophthalmol. 2013,;
33:330-337.

Magnaes B. Body position and cerebrospinal fluid
pressure. Part 2: Clinical studies on orthostatic
pressure and the hydrostatic indifferent point.
J Neurosurg. 1976;44:698-705.

Kranz PG, Amrhein TJ, Choudhury KR, et al.
Time-dependent changes in dural enhancement
associated with spontaneous intracranial hypoten-
sion. Am J Roentgenol. 2016;207:1283-1287.

Chung SJ, Lee JH, Im JH, et al. Short- and long-
term outcomes of spontaneous CSF hypovolemia.
FEur Neurol. 2005;54:63-67.

Berroir S, Loisel B, Ducros A, et al. Early epidu-
ral blood patch in spontaneous intracranial hypo-
tension. Neurology. 2004;63:1950-1951.

Kong D-S, Park K, Nam DH, et al. Clinical fea-
tures and long-term results of spontaneous intra-
cranial hypotension. Neurosurgery. 2005;57:91-96.
Mokri B. Intracranial hypertension after treatment
of spontaneous cerebrospinal fluid leaks. Mayo
Clin Proc. 2002;77:1241-1246.

Kranz PG, Amrhein TJ, Gray L. Rebound intra-
cranial hypertension: A complication of epidural
blood patching for intracranial hypotension. Am J
Neuroradiol. 2014;35:1237-1240.



