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Spontaneous Intracranial Hypotension:
Spinal MR Findings

Barry M. Rabin, Sudipta Roychowdhury, Joel R. Meyer, Bruce A. Cohen,
Kenneth D. LaPat, and Eric J. Russell
Summary: We report three patients with spontaneous in-
tracranial hypotension in whom spinal MR imaging re-
vealed ventral extradural fluid collections that were cen-
tered at the cervicothoracic junction in two patients and
extended throughout the entire spine in the third patient.
These spinal fluid collections most likely resulted from the
accumulation of CSF at the site of dural leakage. Knowl-
edge of this association can be helpful in the selection of
imaging studies to facilitate diagnosis and treatment.

Spontaneous intracranial hypotension (SIH) is a
syndrome of low CSF pressure characterized by pos-
tural headaches in patients without any history of
dural puncture or penetrating trauma. Originally de-
scribed by Schaltenbrand in 1938 (1), SIH is thought
to result from an occult CSF leak (1, 2) resulting in
decreased CSF volume and, consequently, in low CSF
pressure. Recent reports have emphasized the intra-
cranial MR findings in SIH, which include diffuse
pachymeningeal enhancement, subdural fluid collec-
tions, and downward displacement of the cerebral
structures (2–8). There has been only brief mention
of associated spinal imaging findings (2, 3, 6, 9). We
evaluate the spinal MR findings in three patients with
SIH and discuss diagnostic and therapeutic consider-
ations.

Case Reports

Case 1
A previously healthy 29-year-old woman presented with se-

vere positional headaches, aggravated by sitting or standing
and relieved by lying down. Intracranial MR imaging revealed
diffuse dural enhancement, bilateral convexity, and clival sub-
dural collections. A subsequent lumbar puncture revealed a
depressed opening CSF pressure of 40 mm H2O, but extensive
studies of the CSF disclosed no other abnormalities. Serologic
studies for collagen-vascular diseases and other systemic con-
ditions were unrevealing.

A few months later, Lhermitte sign developed; that is, elec-
trical sensations that radiated to both upper extremities with
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straining. A repeat brain MR study showed tonsillar herniation
and persistent dural enhancement (Fig 1A). Spinal MR imag-
ing at this time showed a large ventral extradural fluid collec-
tion that extended over the length of the entire spine, causing
mild spinal cord compression (Fig 1B and C). This collection
was hyperintense relative to CSF on proton density–weighted
images and was isointense with CSF on T1- and T2-weighted
sequences. The collection did not enhance with intravenous
contrast material. Findings at 111In-DTPA cisternography were
normal.

The patient was treated with analgesics but her symptoms
persisted. A diagnostic posterior fossa craniotomy, performed
to exclude an inflammatory or neoplastic process, revealed
significant dural venous engorgement; however, a right-sided
occipital meningeal biopsy specimen showed no dural abnor-
mality. SIH was diagnosed, and the patient was treated with
steroids, which produced some symptomatic relief.

A 4-month follow-up MR study of the brain and spine
showed resolution of the tonsillar herniation but persistent
intracranial dural enhancement and a ventral spinal extradural
fluid collection. Owing to the persistent symptoms, standard
myelography was performed 1 month later with 14 mL of
iohexol (240 mg I/mL) via a lumbar puncture. The examination
initially showed ventral compression of the thecal sac by a
nonopacified ventral extradural mass, which corresponded to
the spinal fluid collection seen on MR images. Delayed filming
after 20 minutes with the patient in a supine position showed
opacification of the ventral extradural collection, indicating
communication between the collection and the thecal sac.
However, the exact site of communication between the thecal
sac and the ventral fluid collection could not be determined.
Postmyelographic CT of the entire spine performed with the
patient supine after approximately 30 minutes showed differ-
ential opacification of the thecal sac and the ventral fluid
collection.

Over the next few months, after discontinuation of steroid
treatment, the patient’s symptoms improved to almost com-
plete resolution.

Case 2
A 27-year-old previously healthy woman presented with a

2-week history of positional headaches associated with horizon-
tal diplopia. The neurologic examination was otherwise nor-
mal. Routine laboratory studies, including erythrocyte sedi-
mentation rate, were normal. Two attempted lumbar
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FIG 1. Case 1: 29-year-old woman with severe positional headaches, aggravated by sitting or standing and relieved by lying down.
A, Midline sagittal contrast-enhanced T1-weighted (330/15/2) image of the brain shows marked enhancement of thickened pachy-

meninges (small arrows) and downward displacement of the cerebellar tonsils (large arrow).
B, Sagittal proton density–weighted (2000/19/1) image of the cervical spine shows a large ventral extradural fluid collection

(arrowheads) that is hyperintense relative to CSF. The collection was isointense with CSF on T1- and T2-weighted images. There is no
contrast enhancement of the collection or adjacent dura. There is moderate compression of the spinal cord. Thoracic and lumbar MR
images (not shown) showed continuation of this cyst to the lumbosacral junction.

C, Axial T2-weighted gradient-echo (700/15/4) image at the C6–7 shows the ventral extradural fluid collection separated from the
thecal sac by hypointense dura (arrows).
punctures, one of which was fluoroscopically guided, were
unsuccessful in obtaining CSF (ie, a “dry tap”). Later aspiration
yielded 5 mL of CSF, which showed elevated protein (462
mg/mL). Intracranial contrast-enhanced MR imaging per-
formed before the lumbar puncture showed diffuse pachyme-
ningeal enhancement and bilateral convexity, subdural fluid
collections, supporting the diagnosis of SIH.

Spinal MR imaging performed after the initial failed lumbar
puncture revealed a ventral extradural fluid collection at the
cervicothoracic junction that was isointense with CSF on all
sequences. The collection enhanced mildly with intravenous
contrast administration. No significant spinal cord compression
was noted. Adjacent to this collection were dilated epidural
veins (Fig 2).

Indium-111 DTPA cisternography showed limited ascent of
the radionuclide to the level of the basal cisterns, consistent
with intracranial hypotension. There was early visualization of
the bladder. A definite site of CSF leak was not identified.

The patient did not respond to analgesics, so a lumbar
epidural blood patch was performed, which provided tempo-
rary relief, although the headache recurred within a few days. A
second epidural patch was placed within the thoracic spine at
T9–10, closer to the extradural fluid collection, which resulted
in prompt relief of symptoms without recurrence.

Case 3
A 37-year-old previously healthy woman awoke with diffuse

postural headache associated with nausea, vomiting, and ver-
tigo. Neurologic examination revealed a positive Romberg sign,
and gaze to either side elicited unsustained horizontal nystag-
mus. The remainder of the neurologic examination was normal.
A lumbar puncture revealed an unmeasurable opening pres-
sure, a white blood cell count of 11 mm3 (106/L) (69% lym-
phocytes, 31% monocytes), a protein level of 85 mg/dL, and a
normal glucose level. Cultures were sterile, and cytologic ex-
amination was normal.

Intracranial MR imaging performed before the lumbar punc-
ture showed diffuse dural enhancement and bilateral convexity,
clival subdural collections, supporting the diagnosis of SIH.

Spinal MR imaging performed before the lumbar puncture
revealed a ventral extradural fluid collection at the cervicotho-
racic junction that was isointense with CSF. There was mild
enhancement of the collection and adjacent dura with intrave-
nous contrast administration. No significant spinal cord com-
pression was noted (Fig 3). Indium-111 DTPA cisternography
showed limited ascent of the radionuclide to the level of the
cervicothoracic junction and early bladder visualization without
a demonstrable site of CSF leak.

SIH was diagnosed, and the patient was treated with a
lumbar epidural blood patch at L2–3, resulting in complete and
sustained resolution of symptoms.

Discussion
Spontaneous intracranial hypotension is defined as

a syndrome of reduced CSF pressure that occurs in
the absence of dural puncture, surgery, or trauma
(1–3). The pathogenesis is usually considered to be an
occult CSF leak through small defects in the menin-
ges with a resultant decrease in CSF volume and



1036 RABIN AJNR: 19, June 1998
FIG 2. Case 2: 27-year-old woman with 2-week history of positional headaches associated with horizontal diplopia.
Sagittal T1-weighted (600/12/5) (A ), contrast-enhanced T1-weighted (600/12/5) (B ), and proton density–weighted (3500/22/2) (C )
images of the cervicothoracic spine show a small ventral extradural fluid collection (arrowheads) that is isointense with CSF. Note the
mild enhancement of the fluid collection on the contrast-enhanced image (B ). In addition, prominent flow voids are evident in the ventral
epidural space at C-3 to C-5 (arrow, B and C ) adjacent to the fluid collection, caused by prominent epidural veins. The intracranial dural
enhancement continues into the upper cervical spine.
pressure (2, 3). The characteristic headache in SIH is
similar to postlumbar puncture postural headache in
that it is aggravated by sitting or standing and relieved
by lying down (2, 3, 6). Other associated symptoms,
seen less commonly, include stiff neck, nausea and
vomiting, diplopia, and cranial neuropathies, produc-
ing vertigo, tinnitus, photophobia, and changes in
hearing (3, 6). CSF may be normal or reveal increased
protein, xanthochromia, or lymphocytic pleocytosis.
By definition, the CSF pressure in SIH is low (less
than 60 mm H20) and may be unobtainable via lum-
bar puncture, the so-called dry tap (2, 4). Treatment
options for intractable headache in SIH are similar to
those for postdural puncture headache and include
bed rest, analgesics, sedatives, oral caffeine, intrave-
nous hydration, epidural blood patch, or epidural
saline infusion (2). The usual clinical course of SIH in
most patients is spontaneous resolution over a period
of weeks to months.

The diagnostic intracranial imaging findings of SIH
have been well described in the literature and are
thought to be a result of low CSF pressure (2–8). On
T1-weighted sequences with intravenous contrast ad-
ministration, there is diffuse, intense pachymeningeal
enhancement with characteristic continuous involve-
ment of the dura and sparing of the leptomeninges.
Fishman and Dillon (3) postulated the cause of intra-
cranial pachymeningeal enhancement in SIH to be
vascular dilatation within the dura mater rather than
meningeal inflammation. With low CSF pressure,
there is secondary vascular, predominantly venous,
dilatation in the dura mater in accordance with the
Monro-Kellie rule (3), which states that the CSF
volume fluctuates with intracranial blood volume in
an intact skull. Support for this theory of pathogene-
sis includes lack of dural inflammation detected on
meningeal biopsy specimens (5, 6) and, as in our case
1, dural venous engorgement observed during men-
ingeal biopsy. Other intracranial MR findings include
subdural fluid collections (2–4, 6, 8), thought to result
from hydrostatic pressure changes in the CSF (6), and
downward displacement of the brain structures seen
on midsagittal images (4), presumably caused by low
CSF pressure, as observed in our case 1. Slitlike
ventricles and small basal cisterns and sylvian fissures
have also been described on cross-sectional imaging
studies.

The spinal manifestations of SIH have only been
alluded to in the literature (2, 3, 6, 9). Rando and
Fishman (2) reported two patients with SIH. One
patient had leakage of intrathecal contrast and radio-
nuclide into the extradural space at the C6–7 level on
CT myelography and cisternography, respectively.
The second patient had a leak at the C7-T1 level on
radionuclide cisternography, which corresponded to
MR findings of dilated perineural root sleeves,
thought to be the site of CSF leakage. Fishman and
Dillon (3) described a case of SIH with accumulation
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FIG 3. Case 3: 37-year-old woman with diffuse postural headache associated with
nausea, vomiting, and vertigo.

A–C, Sagittal T1-weighted (600/12/4) (A ), contrast-enhanced T1-weighted (600/12/4)
(B ), and proton density–weighted (3500/22/2) (C ) images of the cervicothoracic spine
show a small ventral extradural fluid collection from C-6 to T-2 (arrowheads), which is
isointense with CSF on all imaging sequences. There is mild enhancement of the fluid
collection and the adjacent dura on the contrast-enhanced T1-weighted image (arrow, B).

D, Axial contrast-enhanced T1-weighted (693/15/2) image of the spine at C7-T1 shows
enhancement of the dura (closed arrow) and the ventral extradural fluid collection (open
arrows).
of radionuclide and intrathecal iodinated contrast at
the T12-L1 level on cisternography and myelography,
respectively. Mokri et al (6) described a case of SIH
with a collection of fluid within the cervical spine on
MR imaging. Schievink et al (9) reported 11 cases of
SIH with spinal CSF leaks documented by radionu-
clide cisternography and CT myelography.

Although spinal imaging is not a necessity for the
diagnosis of SIH, these examinations may be ordered
because of spinal symptoms caused by the fluid col-
lection or by clinicians unfamiliar with the syndrome
who want to exclude a spinal block after an unsuc-
cessful spinal tap. The spinal MR was performed in
case 1 because of myelopathic symptoms; it was or-
dered in cases 2 and 3 to exclude an obstructing mass
lesion as the cause of the dry tap or low opening
pressure, respectively.

While spinal MR imaging is not essential for the
diagnosis of SIH, our cases suggest that spinal extra-
dural fluid collections may be an important finding on
spinal MR images in patients with SIH, and they
support this diagnosis. These spinal fluid collections
tend to be isointense with CSF on T1- and T2-
weighted MR images. In one of our cases, the collec-
tion was hyperintense relative to CSF on the proton
density–weighted images, which was thought to be
due to decreased CSF pulsation within the extradural
collection, which is relatively isolated relative to CSF
in the subarachnoid space of the thecal sac and thus
does not exhibit the characteristic signal loss of pul-
satile subarachnoid CSF (10). Another possible cause
of the increased signal intensity of the spinal collec-
tion may be increased protein content within the
collection as compared with CSF. Mild enhancement
of the fluid collection or the adjacent dura may occur.
The origin of the enhancement is uncertain, but it
may represent delayed leakage of contrast material
into the collection, analogous to spinal subdural en-
hancement after suboccipital craniectomy (11) or to
enhancement of pineal cysts (12). Dural enhance-
ment is probably due to dural venous engorgement
related to compression by the cyst. One case showed
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prominent flow voids adjacent to the spinal fluid col-
lection that were believed to represent epidural veins
that were dilated because of impaired venous drain-
age consequent to compression by the spinal cyst.

Spinal fluid collections may or may not be symp-
tomatic, depending on their size and relative mass
effect upon the spinal cord or nerve roots. One pa-
tient with a large spinal cyst had myelopathic symp-
toms and Lhermitte sign as a result of cord compres-
sion. The other patients had no symptoms referable
to smaller spinal cysts.

While the intracranial subdural fluid collections in
SIH are believed to be due to CSF hydrostatic
changes (2), the spinal fluid collections are likely
caused by extradural CSF leakage and accumulation.
This theory is supported by the observed communi-
cation between the extradural spinal collection and
the thecal sac seen at CT myelography in our case 1 as
well as by cases described in the literature (2, 3, 9).
Although we found no direct evidence of a focal leak
of radionuclide, cisternography can document the ex-
traarachnoid accumulation of tracer, suggesting a site
of CSF leakage (2, 3, 9). Furthermore, early bladder
visualization stemming from rapid systemic absorp-
tion of radionuclide can suggest an occult leak (2), as
seen in two of our patients. Other investigators have
identified dilated nerve root sheaths (Tarlov cysts) in
patients with SIH that may predispose to small dural
tears (2, 3). Our cases showed no such variants.

While spinal MR imaging will not show the direct
site of CSF leak, the location of the spinal fluid
collection may correspond to the region of CSF leak-
age (ie, cervical, thoracic, or lumbar locations). It may
be more useful to attempt direct localization of the
CSF leak with CT myelography or radionuclide cis-
ternography first. If direct localization is unsuccessful,
as it was in all three of our cases, spinal MR imaging
may be useful to show the region of the CSF leak.

In two of our patients, the spinal extradural fluid
collections were located at the cervicothoracic junc-
tion, indirectly implicating this region as the site of
CSF leakage. In the third patient, the extradural cyst
involved the entire spine, and the site of CSF leakage
could not be determined. In the two patients de-
scribed by Rando and Fishman (2), CSF leaks were
documented at the cervicothoracic junction by radio-
nuclide cisternography. Furthermore, the cysts were
ventrally located in the patients reported by Rando
and Fishman (2) as well as in all of our patients.
Schievink et al (9) reported CSF leaks occurring in
the cervical spine in two patients, the cervicothoracic
junction in three patients, the thoracic spine in five
patients, and the lumbar spine in one patient. Thus,
the ventral cervicothoracic junction and the thoracic
spine appear to be the most common locations for the
occult tear and subsequent CSF leakage.

None of our patients responded to conservative
management. Two of them had epidural blood
patches, one experienced prompt sustained symptom-
atic relief from a lumbar epidural blood patch, and
the other required a second epidural blood patch,
which was placed at a higher level, in the thoracic
spine, after failure of the initial lumbar patch. Alter-
natively, epidural blood patches can be performed on
an inclined table from a lumbar approach with Tren-
delenburg positioning, which allows the blood to be
directed to the thoracic or cervical levels (13). Iden-
tifying the location of the spinal fluid collection might
help direct the placement of a therapeutic epidural
blood patch in patients who do not respond to con-
servative therapy (14). In our cases, MR identification
of the extradural cysts suggested the level of the CSF
leak in spite of nonlocalizing findings on radionuclide
cisternography, which has been reported to have a
30% false-negative rate (9).

The differential diagnosis of spinal extramedullary
cystic lesions includes epidural hematoma and ab-
scess, type 1 meningeal cyst, arachnoid cyst (type 3
meningeal cyst), and neurenteric cyst. The spinal cyst
associated with SIH can be differentiated from epi-
dural hematoma by its isointensity with CSF on T1-
weighted MR images. Epidural abscesses usually
show thick peripheral enhancement, unlike SIH-asso-
ciated cysts. In addition, the clinical findings with
hematoma and abscess would allow differentiation.
Type 1 meningeal cysts may mimic SIH-associated
cysts; however, they are usually dorsally located
within the spinal canal (15), unlike the ventrally lo-
cated SIH fluid collections. The clinical and intracra-
nial imaging findings of SIH would allow further dif-
ferentiation. Arachnoid cysts are typically intradural
extramedullary lesions, unlike the extradural cysts in
SIH. Neurenteric cysts are also intradural extramed-
ullary in location and may or may not have associated
vertebral body anomalies (16).

Conclusion
Our cases support the contention that SIH is associated with

spinal extradural fluid collections that most likely represent
leakage of CSF. In patients with diffuse intracranial pachyme-
ningeal enhancement, spinal MR imaging may be helpful in
suggesting the diagnosis of SIH by identifying such extradural
fluid collections. Anatomic localization of the site of CSF
leakage with both direct (CT myelography and radionuclide
cisternography) and indirect methods (spinal MR imaging)
may help guide therapeutic placement of epidural blood
patches in patients who do not respond to conservative therapy.
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