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ABSTRACT

SUMMARY: Spontaneous intracranial hypotension is a condition characterized by low CSF volume secondary to leakage through a
dural defect with no identifiable cause. Patients classically present with orthostatic headaches, but this symptom is not specific to
spontaneous intracranial hypotension, and initial misdiagnosis is common. The most prominent features of spontaneous intracranial
hypotension on intracranial MR imaging include “brain sag” and diffuse pachymeningeal enhancement, but these characteristics can
be seen in several other conditions. Understanding the clinical and imaging features of spontaneous intracranial hypotension and
its mimickers will lead to more prompt and accurate diagnoses. Here we discuss conditions that mimic the radiologic and clinical
presentation of spontaneous intracranial hypotension as well as other disorders that CSF leaks can imitate.

ABBREVIATIONS: IgG4 = immunoglobulin G4; POTS = postural orthostatic tachycardia syndrome; SIH = spontaneous intracranial hypotension; SS = super-

ficial siderosis

he clinical syndrome of orthostatic headache that resolves

with recumbency or worsens with Valsalva maneuvers raises
suspicion of low CSF pressure, most frequently due to a spinal CSF
leak. These leaks may be from iatrogenic dural defects, such as
lumbar punctures or drains (secondary intracranial hypotension).
In contrast, spontaneous intracranial hypotension (SIH) or CSF
hypovolemia refers to leaks that arise spontaneously. These terms
can be misleading, however, because most patients have normal
opening pressure." The term “spontaneous spinal CSF leak” may
be a more accurate description of this condition, though we will
continue to refer to it as SIH throughout this review.

SIH is estimated to affect 5 per 100,000 people per year, with
predominance for women.” It is thought to arise when mechani-
cal stressors cause or exacerbate underlying weakness in the spi-
nal dura, which may be exacerbated by connective tissue disease.
Spiculated osteophytes, herniated discs, and nerve root divertic-
ula can incite small dural tears that allow CSF to leak out of the
thecal sac into the extradural space.”’ CSF-venous fistulas can
also allow leakage into the epidural space in the absence of a dural
tear. >
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The most characteristic features of SIH on intracranial MR
imaging include diffuse pachymeningeal enhancement and
“brain sag,” which, in a retrospective review of 99 cases, were
seen in 83% and 61% of cases, resepectively.® While some patients
experience spontaneous resolution of symptoms,” many will
require more definitive treatment, including patching with blood
or fibrin and surgical closure of the defect.”®

As SIH has gained recognition within the medical community,
particularly after the widespread adoption of MR imaging as a
noninvasive diagnostic tool, patients with classic signs and symp-
toms have benefitted from earlier diagnosis and treatment.>’
Many patients, however, present with vague neurologic symptoms
such as nonpositional daily headache, cranial nerve palsy, gait dis-
turbance, and cognitive dysfunction. Moreover, the source of the
leak may remain occult despite advanced imaging in an estimated
46%-55% of patients.m Further complicating matters, several con-
ditions have imaging features that overlap STH.

Understanding the clinical and imaging features of SIH and its
mimickers will lead to more prompt and accurate diagnoses. Here
we discuss conditions that mimic the radiologic and clinical pre-
sentation of SIH (Table 1), as well as other disorders that CSF leaks
can imitate (Table 2). Nonspecific radiographic findings to be dis-
cussed include bilateral subdural fluid collections or hematomas
and conditions with dural thickening. Conditions with some
shared imaging features include Chiari type I malformations and
diencephalic-mesencephalic junction dysplasia. Nonspecific clini-
cal mimics include orthostatic headaches, cervicogenic headache,
and vestibular migraine. Postural orthostatic tachycardia syndrome
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Table 1: Distinguishing features of alternative diagnoses that occasionally mimic spontaneous intracranial hypotension

Distinguishing Features

SIH

Radiologic mimickers
Chiari type | malformation

Subdural fluid collections

Conditions with dural thickening (1gG4-
related disease, neurosarcoidosis,
tuberculosis, autoimmune diseases,
infectious diseases)

Clinical mimickers
POTS

Cerebellar tonsils inferiorly pointed
Midbrain descent absent
Usually unilateral

Focal or diffuse

May have leptomeningeal involvement, skull base
prominence, hypertrophic pachymeningitis

Usually systemic symptoms and involvement of
other organs

Increased heart rate with minimal change in blood
pressure on standing from a seated or supine

Normal cerebellar tonsil shape

Midbrain descent present

Usually bilateral

Brain sag and focal dural enhancement

Diffuse, non-nodular dural thickening
and enhancement

Stable heart rate with postural
changes

position
Orthostatic hypotension
hypovolemia

Autonomic failure, medication effect,

Stable blood pressure with postural
changes

Fall in systolic (20 mm Hg) and/or diastolic (10 mm
Hg) blood pressure on standing from a seated

or supine position
Cervicogenic headache

Vestibular migraine

Headache with neck pain that worsens with
cervical motion, relieved with medication

Vertigo, unilateral headache, nystagmus, presence
of aura, history of migraine

Pain is typically centered in the head
and not worsened by cervical
motion or improved with
medications

Hearing changes and tinnitus more
than vertigo or nystagmus

Table 2: Conditions that occasionally coexist with spontaneous intracranial hypotension

and enhancement.'" Other possible

Coexisting Condition Pathogenesis

imaging features include ventricular

Cerebral venous sinus

thrombosis decrease in intracranial CSF volume
Frontotemporal Brain sag, obstruction of venous outflow, and swelling of the
dementia diencephalon may precipitate behavior and personality

changes
Pituitary enlargement
or apoplexy
apoplexy
POTS
Superficial siderosis

Compensatory venous engorgement and stasis secondary to

Compensatory enlargement and congestion of hypophyseal veins
may cause pituitary engorgement and predisposition to

Prolonged supine deconditioning secondary to spinal CSF leak
Venous traction at the skull base may cause microhemorrhages,
or bleeding may occur at the site of the dural defect

collapse, dural venous sinus engorge-
ment, atraumatic subdural hematomas
or hygromas, and pituitary enlarge-
ment. Due to the effacement of the
perichiasmatic cistern and pituitary
engorgement, the optic chiasm can
appear to be directly draped over the pi-
tuitary gland. Note that there is wide
variability as to how many signs may or

(POTS) is an alternative diagnosis with shared symptoms. SIH
may present as an alternate clinical entity with the leak ultimately
found as the cause for the condition. These secondary conditions
include cerebral venous sinus thrombosis, frontotemporal demen-
tia, and superficial siderosis. Other entities that are associated with
SIH include pituitary tumors and apoplexy.

Radiologic Findings of SIH and Its Mimickers

If STH is suspected, brain MR imaging with and without gadolin-
ium contrast enhancement is the initial imaging examination of
choice. Brain sag, or the downward displacement of the cerebellar
tonsils and brain stem, is a classic finding.” Flattening of the ventral
pons, effacement of the subarachnoid spaces including the prepon-
tine and perichiasmatic cisterns, and descent of the iter (superior
opening of the cerebral aqueduct) below the incisural line are addi-
tional manifestations of brain sag. With or without brain sag, many
patients’ scans will demonstrate diffuse, smooth dural thickening
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may not be present in a given patient.
Dobrocky et al'? have proposed a scor-
ing method to determine the likelihood of SIH (low, intermediate,
or high) based on the presence of 6 of these MR imaging findings.
Additionally, superficial siderosis may be present in situations in
which there is chronic bleeding into the thecal sac, typically related
to recurrent trauma from a spiculated osteophyte or disk protru-
sion."> Even when brain MR imaging findings are normal, a few
case reports have described radioisotope cisternography showing
reduced tracer activity over the cerebral convexities 24 hours after
tracer injection, thereby supporting the diagnosis of STH."* "¢
Approaches to spinal imaging in patients with suspected SIH
vary widely among institutions. Either a spinal MR imaging or
CT myelography may be performed to evaluate the presence of
extradural fluid collections. A “fast” leak is suspected if such a
collection is identified, often leading to the use of either a
dynamic CT myelogram or a digital subtraction myelogram to
localize the leak.”'® Spine MR imaging may also demonstrate sec-
ondary/supportive findings of SIH such as dural thickening and
enhancement or engorgement of the epidural venous plexus.'”



FIG 1. Chiari type | malformation versus SIH. A, Sagittal TIWI demonstrates a Chiari type | malfor-
mation with descent of cerebellar tonsils 1.4 cm below the foramen magnum (black arrow). Note
the typical “peglike” morphology. The prepontine cistern is preserved, and the pons maintains a
rounded ventral morphology (white arrow). B, Sagittal TIWI in a patient with severe brain sag due
to SIH shows mild descent of the cerebellar tonsils at the foramen magnum (black arrow), but
with normal morphology. The pons is flattened (white arrow) with effacement of the prepontine
cistern. There is also profound effacement of the subarachnoid spaces in the posterior fossa.

FIG 2. “Acquired” Chiari malformation showing findings of CSF hypo-
tension. A, Sagittal TIWI demonstrates a normal appearance of the
posterior fossa of a 6-year-old patient with a ventriculoperitoneal
shunt. B, Six years later, imaging demonstrates findings of overshunt-
ing resulting in CSF hypotension. This has previously (mistakenly)
been called “acquired Chiari malformation.” In addition to descent of
the tonsils, there is also effacement of the subarachnoid spaces, flat-
tening of the pons, descent of the brain stem, and a decrease in the
volume of the lateral and fourth ventricles, all of which indicate
reduced CSF volume.

Nerve root sleeve diverticula are commonly seen, though these
are nonspecific and of unclear significance unless they are very

large and irregular.'®

Chiari Type | Malformation. A Chiari type I malformation is an
abnormal morphology at the craniocervical junction, classically
defined as descent of the cerebellar tonsils at least 5mm through
the foramen magnum. The prevalence is estimated to be <1% in
the general population, and most of these patients are asymptom-
atic.">** Tonsillar descent can obstruct CSF outflow and thereby
cause symptoms of cough-induced headache, paresthesia, lower
cranial neuropathies, and cerebellar signs.”' Disruption of normal
flow of the CSF can also result in syringomyelia. Treatment of
symptomatic Chiari is by posterior fossa decompression.

SIH can be mistaken for a Chiari
type I malformation on imaging (Fig
1) due to the superficially similar
radiologic appearance of cerebellar
tonsillar descent.” Although in some
cases the differentiation can be chal-
lenging, there are several key imaging
differences. In SIH, the tonsils usually
maintain their normal shape rather
than being inferiorly pointed and of-
ten do not descend more than 5mm
below the foramen magnum.*>* In
addition, the midbrain also descends
in SIH, whereas it will maintain a nor-
mal position in Chiari type I. The
superior aspect of the cerebral aque-
duct (iter) may fall beneath the incisu-
ral line, which extends from the
anterior tuberculum sellae to the infe-
rior point of the venous confluence of
the straight sinus, whereas it does not
change position in Chiari type 1.°**

The presence of a syrinx will generally
indicate a Chiari type I malformation, though there are rare
reports of this developing in STH.*® The subarachnoid spaces in
the posterior fossa, foramen magnum, and normal ventricular
caliber will be preserved in Chiari I malformations, whereas they
will be effaced in SIH. Flattening of the pons is commonly seen
with pronounced STH-associated brain sag but will not be present
with Chiari type I malformations, in which the prepontine cistern
will be maintained. Finally, patients with a Chiari malformation
will not exhibit diffuse dural enhancement.

The literature describes multiple reports of “acquired” Chiari
I malformations in the setting of spinal CSF drainage (eg, ventric-
uloperitoneal shunts). Images from these reports do show cere-
bellar descent, but many also show findings of intracranial
hypotension. Overshunting, in which CSF diverted at a rate
greater than production, results in an iatrogenic cause of intracra-
nial hypotension or hypovolemia. The underlying physiology is
similar to that of SIH (though iatrogenic in origin) and shares
similar findings of slit-like ventricles, effacement of the subarach-
noid spaces in the posterior fossa, flattening of the ventral pons,
and descent of the brain stem and tonsils (Fig 2).

Subdural Fluid Collections or Hematomas. Subdural hematoma
is a condition that disproportionately affects elderly patients and
is often associated with minor head trauma. Bridging veins are
predisposed to tear in this population because they cross the
subarachnoid spaces, which expand as a function of age due to
brain parenchymal atrophy. Anticoagulation is a factor in 5%-
20% of patients with chronic subdural hematomas.*”*® Subdural
hygromas occur due to compensatory enlargement of the sub-
dural/subarachnoid space secondary to the loss of the CSF vol-
ume. A subdural hematoma can also occur if there is tearing of
abnormally engorged cortical veins. In a series of 98 patients with
chronic subdural hematomas, 26% were found to be bilateral.”
Bilateral subdural collections have been known to occur in the
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FIG 3. Bilateral subdural hematomas as an initial presentation in SIH.
A, Sagittal TIWI shows a subtle decrease in the mamillopontine dis-
tance (white arrow). Otherwise, the typical stigmata of SIH are not
present. B, Coronal postcontrast TIWI demonstrates large bilateral
subdural hematomas with mass effect on the cerebral hemispheres.
A hyperdynamic CT myelogram showed a leak in the thoracic spine,
and a targeted blood patch was performed. The subdural hematomas
subsequently required evacuation due to cerebral compression. All
of the patient’s symptoms resolved, and the hematomas did not
recur.

setting of SIH (Fig 3).>' These bilateral subdural collections
can occur either with or without the characteristic intracranial
stigmata of SIH (eg, brain sag and focal dural enhancement). The
fluid collections may occur as only a hygroma or a subacute/
chronic hematoma. Unilateral occurrence is rare. It is imperative
that the appropriate etiology be identified because subdural fluid
collections will not resolve until there is successful treatment of
the underlying STH. If the collections are drained, they will recur
due to the underlying abnormal CSF dynamics.>* Therapy should
be focused on finding and treating the leak rather than drainage
of the collections. With appropriate treatment, the collections
will gradually resolve.*

Conditions with Dural Thickening. A key radiologic finding of
SIH is dural thickening and enhancement, which are usually dif-
fuse and non-nodular. Several rare conditions can have a similar
appearance on MR imaging. Such hypertrophic pachymeningitis
can have a specific etiology or be idiopathic. Immunoglobulin 4
(IgG4)-related disease, a known cause of pachymeningitis, is a
fibroinflammatory condition caused by the infiltration of lym-
phoplasmacytic cells into tissues and subsequent fibrosis.>**> It
can manifest in nearly every organ system and, therefore, has a
wide variety of presentations. The hypertrophic pachymeningitis
due to IgG4-related disease can affect the dura intracranially or in
the spinal canal.>® On MR imaging, the dura is thickened, enhan-
ces, and has a shortened T2 signal due to fibrotic changes (Fig 4).
Neurosarcoidosis, another idiopathic systemic disease with vari-
able clinical presentation, can cause pachymeningeal and/or lep-
tomeningeal thickening and enhancement, which are generally
most prominent along the skull base.*® In addition, lesions of the
brain parenchyma, cranial and peripheral nerves, and bones are
not unusual.”’*® Dural thickening can also occur secondary
to a variety of noninfectious, non-neoplastic conditions (broadly
including immune-mediated, histiocytic, granulomatous, and idi-

39,40 It
temporal arteritis,

opathic), such as rheumatoid arthritis,
Rosai-Dorfman disease,*>*> Erdheim-Chester disease,** and pol-

yangiitis with granulomatosis.*’
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FIG 4. IgG4-related pachymeningitis. A, Coronal contrast-enhanced
TIWI from a 53-year-old man with IgG4-related disease with
Castleman-like features shows abnormal pachymeningeal enhance-
ment (arrows). B, Follow-up imaging after steroid and rituximab
(Rituxan) treatment demonstrates interval near resolution of the
pachymeningeal enhancement.

Tuberculous meningitis is a severe manifestation of extrapul-
monary tuberculosis with high associated mortality.***” Focal or
diffuse dural thickening may be present on MR imaging, and the
diagnosis is confirmed with biopsy.*” Tuberculosis can also affect
the leptomeninges, form intracranial tuberculomas, and cause
spinal tuberculous arachnoiditis.**** Other infectious causes of
hypertrophic pachymeningitis include syphilis, Cryptococcus, and
Lyme disease.’*>*
potential to affect multiple organ systems, and patients’ clinical

Each of the conditions discussed here has the

presentations often reflect involvement beyond the nervous
system.

SIH should not be included in the differential if focal or
nodular dural thickening is present because neoplastic or in-
fectious etiologies would be the primary differential considera-
tion. An operation or lumbar punctures may also show diffuse
smooth dural enhancement similar to what is seen in SIH;
however, correlation with relevant history will distinguish
these entities.

Clinical Mimics of SIH

As the recognized clinical phenotype of spontaneous spinal CSF
leak has broadened, so too has the differential diagnosis of the
many signs and symptoms associated with this entity broadened.
Several atypical presentations of bona fide SIH are discussed in
the next section. Here we will focus on mimics of the most com-
mon symptom of SIH, orthostatic headache. Indeed, we have
encountered patients with orthostatic headache due to a variety
of causes other than spinal CSF leak, most often an autonomic
disorder or an alternative secondary headache disorder.

POTS. POTS is perhaps the most common nonleak cause of head-
ache that is triggered or worsened with upright posture. At least
25% of patients with POTS report headaches, and by definition,
all have orthostatic worsening of symptoms.”> POTS is a diverse
syndrome due to various etiologies, among which may occasion-
ally be spinal CSF leakage.”* Some patients likely develop POTS
secondary to the prolonged supine deconditioning that often
occurs in the setting of a spinal CSF leak. There are also patients
with POTS and orthostatic headaches in the absence of any evi-
dence of CSF leakage.”® Complicating matters further, POTS



Blood Pressure, mm Hg
wdq ‘ejey yeaHy

Minutes

FIG 5. Autonomic failure presenting as orthostatic headache. Beat-to-beat blood pressure (black)
and heart rate (green) of an 80-year-old woman during a tilt-table test show a sustained drop in
blood pressure during head-up tilt (gray shading). The lack of heart rate acceleration suggests
neurogenic orthostatic hypotension. When her mean blood pressure fell below 85mm Hg, she
developed posterior head and neck tightness (coat hanger pain) and lightheadedness. Thus, pure
autonomic failure was initially misdiagnosed as orthostatic headache.

FIG 6. SIH presenting with venous sinus thrombosis. A 43-year-old man presented with sudden
onset of headaches, dizziness, and nausea clinically suspected to represent migraines. A,
Contrast-enhanced T1-weighted image demonstrates diffuse, smooth, nonspecific thin pachyme-
ningeal enhancement (arrows). The patient presented to the emergency department 3 days later
with a marked increase in his headache and sudden onset of right lower-extremity weakness. D,
Unenhanced coronal head CT demonstrates high attenuation and expansile content within the
superior sagittal sinus and adjacent cortical veins, compatible with acute dural venous sinus and
cortical vein thrombosis (selected clot highlighted by arrows). Sagittal MIP (B) and coronal (E)
images from a contrast-enhanced CT venogram confirm a long-segment acute, expansile throm-
bus as a filling defect within the superior sagittal sinus, as well as multiple bilateral left-greater-
than-right superior cortical veins (arrows). While he was being treated for sinus thrombosis, he
reported that his headaches were orthostatic in nature. His condition continued to deteriorate
with progression of the thrombosis despite treatment and parenchymal hemorrhage. Axial (C)
and sagittal (F) T2WI demonstrates a ventral extradural fluid collection. A hyperdynamic CT my-
elogram was performed, and a leak was found at a spiculated osteophyte at T1-2.

shares risk factors with spinal CSF leak, including joint hypermo-
bility and underlying disorders of the connective tissue matrix
such as Ehlers-Danlos syndrome.” POTS with or without spinal

CSF leak should be considered when evaluating a patient with ~ movement.>

Most important, they are also

orthostatic headache. Measurement of
the sitting and standing heart rate and
blood pressure is, in our opinion, a
reasonable screen for this diagnosis;
patients with POTS demonstrate a
rapid increase in heart rate and rela-
stable
standing.*®

tively blood pressure on

Orthostatic Hypotension. Orthostatic
hypotension, which can be caused by
autonomic failure (Fig 5), medication
effect, or serious hypovolemia but
not spinal CSF leakage, is another rea-
sonably common cause of orthostatic
headache. Whereas spinal CSF leak—
associated headache is typically cen-
tered in the head, its focus in the
occipital region and the frequent
accompanying neck and back pain
may be confused with the “coat
hanger” pain in the neck and shoulders
that results from paraspinal muscle is-
chemia in patients with orthostatic hy-
potension.”” Other symptoms that may
occur with either spinal CSF leak or or-
thostatic hypotension include tinnitus,
distorted hearing, fatigue, and worsen-
ing headache with Valsalva maneuvers.
Similar to POTS, measurement of or-
thostatic vital signs should distinguish
patients with orthostatic hypotension
from those with suspected spinal CSF
leak. Patients with orthostatic hypoten-
sion have a fall in systolic and/or dia-
stolic blood pressure of 20 mm Hg and
10mm Hg, respectively, during a
lying-to-standing, lying-to-sitting, or
the head-up tilt test.>®

Other Headache Disorders. Patients
with cervicogenic headache or vestibu-
lar migraine will typically have worsen-
ing headache when attaining an upright
position, which may raise suspicion of a
spinal CSF leak. Cervicogenic headache
results from a disorder or lesion of the
bony cervical spine or soft tissues of
the neck and is usually accompanied by
neck pain®® Most commonly, the
offending pathology is osteoarthritis of
the upper cervical spine or the atlanto-

occipital junction.® The clinical symptoms are typically distinct
from those of SIH: Cervicogenic headaches are usually unilateral
and are accompanied by neck pain that is worsened during neck

relieved by

AINR Am J Neuroradiol 41:1339-47  Aug 2020 www.ajnr.org 1343



pharmaceutical blockade (ie, steroid injection) of the inciting cervi-
cal structure.”

Vestibular migraine shares many features with classic mi-
graine (eg, unilateral location, pulsating quality, photophobia,
phonophobia, visual aura) but is distinguished by the presence of
head motion-induced, visually-induced, spontaneous, or posi-
tional vertigo.> It is this postural worsening that introduces pos-
sible confusion with spinal CSF leak. Often, the migrainous
features of the headache, as well as a history of documented
migraines, may help distinguish vestibular migraine from SIH. In
addition, nystagmus is often present and usually lasts as long as
the precipitating head position is held.*

Finally, we have encountered at least 2 patients with head-
aches that were exclusively or largely orthostatic and developed
after otherwise successful surgical decompression of bona fide
Chiari type I malformation, despite no evidence of a postopera-
tive CSF leak. The mechanism of these headaches was hypothe-
sized to be sensitization of mechanosensitive dural nociceptors
from altered skull-dura apposition.”’ POTS, orthostatic hypoten-
sion, cervicogenic headache, vestibular migraine, and prior
Chiari decompression surgery are all causes of orthostatic head-
ache that may mimic spinal CSF leak and must be distinguished
for patients to receive appropriately directed therapy.

CSF Leak Presenting as a Different Disorder

Cerebral Venous Sinus Thrombosis. While cerebral venous sinus
thrombosis affects only about 4 per 1 million people in the general
population, the prevalence is about 2% in patients with SIH.®*®®
There are several reasons why cerebral venous sinus thrombosis
may be more prevalent in this population. As the volume of intra-
cranial CSF decreases, compensation by the arterial and venous
compartments must occur. Since veins are much more distensible
than arteries, venous engorgement is common.°*”” Blood flows
more slowly through veins of larger diameter, and this stasis
increases coagulability.”® Furthermore, the characteristic brain sag of
SIH can put tension on venous outflow tracts, thereby worsening ve-
nous expansion.®>®” In combination, these changes can provide an
environment for thrombus formation within the venous sinuses (Fig
6). In patients with SIH, superimposed cerebral venous sinus throm-
bosis should be considered when there is a change in headache qual-
ity (from predictable and positional to severe and unrelenting) or
new neurologic deficits develop.®*®*7* Similarly, patients with
unprovoked cerebral venous sinus thrombosis should be assessed
for possible underlying STH.

Frontotemporal Dementia. Behavioral-variant frontotemporal
dementia is characterized by disproportionate atrophy of the fron-
tal and temporal lobes and classically has an early age of onset
(younger than 60 years of age).”>”* Patients present with insidious
personality changes, poor judgment, disinhibition, and apathy.
Patients with STH can also have behavioral changes, and there have
been several reports of SIH presenting with frontotemporal de-
mentia-like symptoms.”>”® The etiology of this relationship is not
known but may be related to brain sag, obstruction of the venous
outflow, and associated swelling of the diencephalon.”® In most
cases, cognitive symptoms promptly improve almost immediately

after treating the underlying STH.”>”®
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FIG 7. SIH presenting as pituitary apoplexy. Sagittal TIWI (A) and cor-
onal postcontrast TIWI (B) images demonstrate a hyperintense lesion
filling the sella and extending into the suprasellar cistern. The patient
was diagnosed with pituitary apoplexy of a macroadenoma or a
Rathke cleft cyst and a Chiari | malformation. However, the MR imag-
ing actually demonstrates the expected intracranial stigmata of an
SIH, including severe brain sag and dural enhancement. Despite exten-
sive evaluation, the source of the leak was not found. The patient
was treated with a nontargeted blood patch. His headaches and
imaging findings (C and D) resolved.

Pituitary Tumor or Apoplexy. As the volume of intracranial CSF
declines in SIH, the compensatory enlargement of the cerebral ve-
nous system includes the hypophyseal veins. Thus, many patients
with SIH have pituitary engorgement and upward bowing of the di-
aphragm sellae.””®" These findings may lead to misdiagnosis as a

82,83
Furthermore, due to

nonfunctioning pituitary adenoma (Fig 7).
the uniquely dense hypophyseal portal system, venous congestion
can predispose patients to apoplexy, a rare-but-emergent hemor-
rhage, or infarction of the pituitary gland. SIH-induced pituitary
engorgement may also suppress dopamine release and thereby raise

prolactin levels. Galactorrhea only occasionally results.

Superficial Siderosis. Superficial siderosis (SS) is a radiologic or
pathologic diagnosis of hemosiderin deposition in the leptome-
ninges and subpial layer of the central nervous system. About half
of the cases are attributed to idiopathic chronic subarachnoid
hemorrhage, and the other half have a known cause such as
trauma, tumor, or arteriovenous malformation.®* Classically, SS
occurs infratentorially, and patients present with ataxia, pyramidal
signs, or sensorineural hearing loss.">***> Supratentorial bleeding
can occur, and this is referred to as cortical superficial siderosis.*®
There have been several reports of STH presenting with or coincid-
ing with the presence of SS (Fig 8).5*” One review of patients with SS
noted a spinal extradural fluid collection in approximately 50% of
patients.13 While SS is not reversible, repair of the inciting dural defect,
often found via a dynamic CT myelogram, may prevent further bleed-

ing and lead to stability or improvement of symptoms.””!



FIG 8. SIH presenting as superficial siderosis. A 37-year-old man who presented with episodes of dizziness and loss of consciousness was found to have dif-
fuse posterior fossa—predominant superficial siderosis on axial SWI (A and B). Subsequent imaging of the spine demonstrated a ventral extradural fluid collec-
tion (curved arrow, C; straight arrows, D). A subsequent hyperdynamic CT myelogram identified the source of the CSF leak, which was surgically repaired.

The etiologic mechanism that ties SS to SIH is uncertain.
Some authors have suggested that the pathogenesis of SS is
related to traction of the cerebellum and/or vermian veins on the
skull base, leading to microhemorrhages and hemosiderin depo-
sition.® Others, noting the association between extradural spinal
fluid collections and SS, have suggested that bleeding may occur
at the site of the dural defect.”> The latter hypothesis has been
supported by recent case reports of patients with hemorrhage
within either the extradural fluid collection or thecal sac.”

CONCLUSIONS

Spontaneous intracranial hypotension is caused by various types
of defects in the spinal dura and subsequent CSF extravasation.
Patients classically present with orthostatic headache, low or nor-
mal CSF opening pressure on lumbar puncture, and brain sag
with diffuse pachymeningeal enhancement on MR imaging.
Many radiologic and clinical findings may mimic these classic
findings, and conversely, secondary changes from SIH can give

rise to symptoms that imitate other conditions. Because SIH is a
curable condition, it is important for physicians to recognize its
nonclassic presentations and be familiar with the differential
diagnoses of its radiologic and clinical findings.
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