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Intracranial Hypotension as a Cause of
Radiculopathy from Cervical Epidural Venous

Engorgement: Case Report
Sait Albayram, Bruce A. Wasserman, David M. Yousem, and Robert Wityk

Summary: We describe the case of a 40-year-old man with
spontaneous intracranial hypotension who presented with
cervical radiculopathy associated with epidural venous en-
gorgement. Epidural venous engorgement can occur sec-
ondary to intracranial hypotension and manifests intracra-
nially as pachymeningeal venous engorgement. In the
cervical spine, two cases of epidural venous engorgement
due to intracranial hypotension have been reported in the
literature, and neither patient presented with symptoms
related to nerve compression. Epidural venous engorge-
ment should be considered in the differential diagnosis of
an enhancing epidural mass in the cervical spine. Diagnos-
tic clues include sparing of the anterior midline and pos-
terior aspects of the epidural space and, if present, pulsa-
tion artifact.

Intracranial hypotension typically presents with pos-
tural headaches, often with one or more of the following
symptoms: nausea, vomiting, dizziness, diplopia, photo-
phobia, hearing impairment, neck pain, and blurred
vision (1). It is most commonly due to postoperative
or spontaneous dural tears, but may also be seen fol-
lowing lumbar puncture or with overdraining CSF
shunts (1). The major abnormal intracranial MR find-
ings associated with intracranial hypotension include
diffuse pachymeningeal enhancement, subdural fluid
collections, and evidence of brain descent (1–3). In
the spine, MR imaging may reveal an extraarachnoid
CSF collection, dilated asymmetric veins, dural en-
hancement, and occasionally the site of CSF leakage
(1, 4–6). We report a case of spontaneous intracra-
nial hypotension and associated radicular symptoms
due to epidural venous engorgement.

Case Report
A 40-year-old man presented with intermittent, primarily

left-sided headaches that radiated down the left side of his
neck. Within a month of presentation, he underwent brain MR
imaging, the findings of which were reportedly normal. Several
weeks after the onset of persistent headaches, he had difficulty
raising his right arm, with some right-sided neck and shoulder

pain without arm pain or loss of sensation. He noted that the
headaches worsened when he bent over or rose from a seated
position. He also experienced the sensation of left ear obstruc-
tion with these positional changes.

Physical examination revealed obvious atrophy of the right
deltoid muscle and right latissimus dorsi, with prominent wing-
ing of the right scapula, particularly with forward arm exten-
sion. There was weakness of the latissimus dorsi, deltoid, and
supra- and infraspinatus muscles and milder weakness of the
triceps. Otherwise, his examination findings, including deep
tendon reflexes, were normal. MR evaluation of his cervical
spine was performed at the onset of his upper extremity find-
ings and revealed a bilateral symmetric epidural mass. We were
unable to obtain these images as they were acquired at an
outside hospital. Subsequent MR studies showed interval en-
largement and contraction of this epidural mass with associated
fluctuations of his extremity weakness and headaches, which
suggested the possibility of a vascular lesion in the cervical
spine. Spinal angiography was then performed, but the findings
were normal.

Several months later, a repeat brain MR examination (per-
formed outside our institution and irretrievable) reportedly
demonstrated marked pachymeningeal enhancement primarily
around the frontal convexities and along the tentorium, without
evidence of downward displacement of the brain. In addition,
symmetrically dilated vascular structures were again seen an-
terior to the cervical cord without cord compression (Figs 1 and
2). MR venography of the neck confirmed that these structures
were engorged veins (Fig 3). The intracranial findings sug-
gested intracranial hypotension as a cause of the cervical ve-
nous engorgement. Lumbar puncture was subsequently per-
formed, and the opening pressure was too low to measure. CSF
was obtained only after the patient assumed a reverse Tren-
delenberg position. CSF analysis was normal. Then, 0.54 mCi
of indium-111 diethylenetriaminepentaacetic acid (DTPA) was
administered intrathecally, and imaging was performed imme-
diately after injection and at 4 hours (Fig 4) and 24 hours after
injection. On immediate and delayed images, an extraarach-
noid accumulation of the radionuclide was seen in the lumbar
spine and extended to the left side of the spinal canal, consis-
tent with CSF leakage from a dural tear. Soon after this pro-
cedure, the patient’s symptoms and physical examination find-
ings resolved gradually and spontaneously. A follow-up MR
examination performed 6 months later showed prominent im-
provement in the epidural venous engorgement (Fig 5).

Discussion
Intracranial hypotension is a result of low CSF

volume caused by either spontaneous or postopera-
tive leakage. The syndrome has been reported to
occur after head trauma, a tear in a spinal nerve root
sheath, perineural cyst, or spinal arachnoid divertic-
ulum (1). Iatrogenic causes include lumbar puncture
or overdraining ventricular or spinal shunts (1, 4).
Spontaneous intracranial hypotension is thought to
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result from rupture of a spinal arachnoid membrane
that allows CSF passage into the subdural or epidural
space (3, 7, 8). It is typically not attributable to a
major traumatic event or prior diagnostic or thera-
peutic intervention; however, intracranial hyppoten-
sion may be associated with a history of minor trauma
such as sports activities or severe coughing (1, 3).

In all cases of intracranial hypotension reported in
the literature, the patients presented with headaches
(1). These headaches are typically generalized and

pulsating, and often resolve with recumbency (1).
Other clinical features may include nausea or emesis,
diplopia, neck pain, disturbance in hearing, vertigo,
photophobia, and visual deficits (1, 3). CSF pressures
have reportedly been low, normal, or even high. CSF
examination may be normal, or may reveal xanthocro-
mia, lymphocytic pleocytosis, or increased protein pos-
sibly secondary to dural venous engorgement (1, 3).

With few exceptions, intracranial MR imaging of
intracranial hypotension reveals diffuse pachymenin-
geal enhancement (1, 2, 7–9). Subdural fluid collec-
tions and brain descent, as measured by inferior dis-
placement of the iter relative to the incisural line, may
also be seen (1–3). Pachymeningeal enhancement is

FIG 1. Contrast-enhanced sagittal T1-weighted (500/9/2 [TR/
TE/NEX]) MR image shows the extent of venous engorgement in
the cervical epidural space (arrows).

FIG 2. Contrast-enhanced axial T1-weighted (400/8/2) MR im-
ages at the level of the C2 vertebral body show intense bilateral
enhancement (straight solid arrows) in the anterolateral cervical
epidural space, consistent with the dilated epidural venous
plexus. Note prominent flow void (curved arrow) in the enhancing
right plexus and extension of dilated venous structures (open
arrows) into the intervertebral foramina.

FIG 3. MR venogram (coronal reconstruction of maximum in-
tensity projection) demonstrates cervical epidural venous en-
gorgement from the most superior portion of the cervical spine
to the thoracic inlet bilaterally (arrows).

FIG 4. Indium-111 DTPA cisternogram (anterior view) obtained
approximately 4 hours after intrathecal injection shows extra-
arachnoid accumulation of the radionuclide (arrow) at the lumbar
level. L indicates left.
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characteristically thick, smooth, and uninterrupted
(1–3). The enhancement is thought to result from
accumulation of gadolinium-based contrast material
in engorged dural veins and in the interstitium of the
dura (8). Mokri et al (1) reported subdural fluid
collections that were mostly bilateral and without
mass effect in 69% of patients with intracranial hypo-
tension. The authors also described imaging evidence
of brain or brain-stem descent in 62% of patients in
their series. Ventricular size in subjects with intracra-
nial hypotension is usually small (1), but can reverse
after treatment of the CSF leakage.

In the relatively few reports in the literature of
spinal imaging findings of intracranial hypotension,
MR images showed extradural fluid collections and
pachymeningeal enhancement (1, 4–6). MR images
may also depict the site of CSF leakage in the spine
(1). Herein, we described a case of intracranial hypo-
tension with symmetric bulky epidural enhancement
seen along the anterolateral borders of the cervical
spine. This enhancement was compatible with en-
gorged epidural venous structures based on their
characteristic location in the anterolateral spinal ca-
nal and sparing of the midline (Fig 1). Renowden et
al (6) described a single case of intracranial hypoten-
sion with epidural venous engorgement in the region
of the cauda equina, and Rabin et al (4) described
another case of intracranial hypotension with promi-
nent flow voids within the ventral epidural space near
the midline of the upper thoracic spine adjacent to a
ventral extradural fluid collection.

Enlarged cervical epidural veins are often seen in
conjunction with vascular lesions such as arterio-
venous malformations, fistulas, and varicose veins.
Cervical epidural venous engorgement may also occur
when the internal jugular veins are compromised be-
cause of tumor or infection. In this situation, the
epidural veins compensate for the jugular vein blood
flow, and consequently, they become enlarged (10).
Only two reports exist in the literature of engorge-
ment of the cervical epidural venous plexus associated

with intracranial hypotension (11, 12), and in both
cases the patients were without radicular symptoms.
Clarot et al (11) reported a case of intracranial hypo-
tension with a positive Romberg sign, though no re-
lationship to epidural venous engorgement was dem-
onstrated, particularly given the anterior location of
the epidural process, and there was no evidence of
cord involvement. Another report in the literature
described a patient presenting with severe neck pain
on flexion 1 week after lumbar puncture (12). An MR
examination showed what appeared to be a cervical
anterior epidural mass. An epidural abscess was sus-
pected, and the patient was treated with antibiotics.
Her symptoms did not resolve, however, and at sur-
gery the epidural mass was revealed to be enlarge-
ment of the epidural venous plexus. This patient also
did not have radicular symptoms.

In a series of 26 subjects with intracranial hypoten-
sion, Mokri et al (1) reported two (8%) of the 26 had
upper extremity pain with possible radicular features.
Spinal MR imaging was reported specifically with
respect to these two cases. These spinal MR studies
showed only extraarachnoid fluid collections, menin-
geal enhancement, or no abnormality at all. Schabel
et al (13) described a case of bilateral arm pain
secondary to lumbar puncture. The authors hypothe-
sized that intracranial hypotension was the cause for
arm pain from central traction causing irritation of a
cervical nerve. However, no intracranial or spinal
imaging was performed in this case to confirm this
diagnosis or exclude epidural venous engorgement.

Dickman et al (14) described a case of myelopathy
developing from epidural varicose veins compressing
the cord at the cervicothorocic level, which demon-
strated the potential symptomatic effects of venous
pressure on nervous structures. Caruso et al (10)
described a patient with giant cervical epidural veins
and secondary right-sided radicular pain after a cra-
niotomy for head trauma. Although the authors take
note of their patient’s enlarged cervical epidural veins
and secondary radicular pain, they do not identify
intracranial hypotension as the cause of radicular
pain. In light of our case and that reported by Caruso
et al, we hypothesize that upper extremity pain and
possible radicular features of intracranial hypoten-
sion are the result of the compressive effects of en-
larged venous structures. It is not clear, however, why
only the right side was affected by radicular symptoms
in both our patient and the patient described by
Caruso et al (10).

Diffuse pachymeningeal enhancement is thought to
reflect the Monro-Kellie rule (3, 8), which describes
the inverse relationship of CSF volume and intracra-
nial blood volume within the rigid confines of the
skull. If the CSF volume decreases, the intracranial
pressure is maintained by increased blood volume,
particularly in the more capacious venous system.
This reflex mechanism protects nervous tissue by
maintaining a constant buffer (ie, blood or CSF) sub-
jacent to its bony covering. Though this principle was
described for intracranial processes and helps to ex-
plain the reason for intracranial pachymeningeal en-

FIG 5. Axial gradient-echo T2-weighted (40/15/1, flip angle 50)
MR image at the C2-C3 level obtained 6 months after symptoms
spontaneously resolved shows improvement in the epidural ve-
nous engorgement bilaterally (arrows).
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hancement, it can also be applied to the bony spinal
canal. Explaining pachymeningeal enhancement in
the spine becomes more difficult because the hyper-
vascular outer dural layer covering the brain does not
extend to cover the spine, and the single layer of dura
that does cover the spine is relatively avascular (15).
Perhaps reports of pachymeningeal enhancement
along the spinal canal in intracranial hypotension
more accurately reflect prominent epidural venous
engorgement.

Treatment of intracranial hypotension varies, de-
pending on its origin and type. If intracranial hypo-
tension is the result of a shunt procedure or surgery,
then treatment is usually surgical. Spontaneous intra-
cranial hypotension is often treated first with conser-
vative management, and if this is not effective, an
epidural blood patch is used. Sometimes, as was the
case with our patient, symptoms can improve or re-
solve without treatment, which is most likely due to
the spontaneous healing of the dural tear (1).

Epidural venous engorgement should be suspected
in the setting of intracranial hypotension. Although
the engorged venous plexus can resemble a mass,
certain imaging features should be considered to
avoid misdiagnosis. The epidural venous plexus is
symmetrically located in the anterolateral aspect of
the cervical canal, sparing the posterior and antero-
medial aspects. The midline septum, if seen, remains
intact, preventing extension across the midline. Ve-
nous structures may also be seen to expand and con-
tract on serial images. Flow artifact may also be seen
on MR images. Some pathologic entities that may
have a similar appearance include lymphoma or gran-
ulomatous disease; however, these processes typically
do not stay within the anatomic boundaries described
above and do not spontaneously diminish in size.
Epidural venous engorgement can also be seen in
conjunction with a spinal vascular malformation or
with expanded collateral venous pathways, and these
causes should be excluded before the diagnosis of
intracranial hypotension is made. Because of the in-

frequency of intracranial hypotension, we believe that
epidural venous engorgement should be considered
when it is accompanied by radicular symptoms.
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