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Introduction

Spontaneous intracranial hypotension describes the clinical
syndrome brought on by a cerebrospinal fluid (CSF) leak.
Headache is the dominant symptom, usually exacerbated in
the upright position and relieved by lying flat, thought to be
caused by distortion of pain-sensitive intracranial structures
in the presence of CSF hypovolemia. Other symptoms, for
example, mood disturbance, nausea, vomiting, and dizziness

are more difficult to understand. The syndrome is perceived
as rare but is probably under-reported.1,2

Most cases resolve with conservative management, mainly
bed rest. Some require more active measures, essentially
epidural blood patching. In rare instances, surgery may be
indicated to repair a defect in theduralmembrane. Invery rare
instances, symptoms are resistant to all treatments and
patients are confined to bed for months or years.1,3,4
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Abstract Spontaneous intracranial hypotension describes the clinical syndrome brought on by a
cerebrospinal fluid (CSF) leak. Orthostatic headache is the key symptom, but others
include nausea, vomiting, and dizziness, as well as cognitive and mood disturbance. In
severe cases, the brain slumps inside the cranium and subdural collections develop to
replace lost CSF volume. Initial treatment is by bed rest, but when conservative
measures fail, attention is focused on finding and plugging the leak, although this can
be very difficult and some patients remain bedbound for months or years. Recently, we
have proposed an alternative approach in which obstruction to cranial venous outflow
would be regarded as the driving force behind a chronic elevation of CSF pressure,
which eventually causes dural rupture. Instead of focusing on the site of rupture,
therefore, investigation and treatment can be directed at locating and relieving the
obstructing venous lesion, allowing intracranial pressure to fall, and the dural defect to
heal. The case we describe illustrates this idea. Moreover, since there was a graded
clinical response to successive interventions relieving venous obstruction, and eventual
complete resolution, it also provides an opportunity to consider particular symptoms
in relation to cerebral venous insufficiency in its own right.
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The presence of a CSF leak is inferred from the clinical
syndrome, supported by typical radiological findings. The
leak itself, however, is often difficult or impossible to localize
making it difficult to target surgical repair in cases that do
not respond to more conservative measures.1,3–5

In recent years, it has been recognized that idiopathic
intracranial hypertension (IIH) can present with a CSF leak
and, equally, that many cases of spontaneous intracranial
hypotension have IIH as the underlying cause.6,7 In this
scenario, the defect in the dura that gives origin to the leak
is the product of chronically raised intracranial pressure.8 This
invites the notion that therapy normally used to reduce
intracranial pressure (acetazolamide, ventriculo-peritoneal
shunting) might contribute toward a lasting result from dural
repair.9

In the event, the most intractable cases of IIH are usually
treated by CSF diversion anyway, but this is an intervention
that seems counterintuitive in a patient who already has a
CSF leak. With the advent of venous sinus stenting, however,
there may be opportunity to reduce background intracranial
hypertension without puncturing the dura,10 although un-
certainty over whether this technique addresses primary
or secondary venous sinus narrowings might have a bearing
on the likelihood of success.11

Recently, we have proposed an alternative approach to
CSF leaks in which intracranial venous hypertension from
extracranial obstruction to cerebral venous outflowmight be
regarded as the driving force behind the initial elevation of
CSF pressure which causes the dural rupture.12 Instead of
focusing on the site of rupture, therefore, investigation and
treatment could be directed at locating and relieving the
obstructing venous lesion, allowing intracranial venous and
CSF pressures to fall and the dural defect to heal.12,13 The case
we describe illustrates this idea in clinical practice. More-
over, since there was more than one intervention, it also
provides an opportunity to consider particular symptoms in
relation to cerebral venous insufficiency in its own right.

Case Report

History and Examination
A 56-year-old male, previously fit and well and who worked
as a data analyst, was referred with a 6-month history of
headaches. These had begun suddenlywith a “pop” inside his
head when he had bent down to tie his shoelaces and at first
manifested as sharp pains related to head movement. Grad-
ually, however, they had become more persistent, severe,
and unmistakably orthostatic. Later still his condition
appeared to settle into a pattern, whereby unusual exertion
produced a substantial symptomatic deterioration followed
by a partial recovery over several weeks. As his cognition and
memory became impaired, he had to stop work. Eventually,
he was confined to bed, most of the time spent asleep.
Physical examination was normal.

Investigations
Two months into his illness cranial magnetic resonance
imaging (MRI) revealed symmetrical bilateral subdural col-

lections over both cerebral hemispheres (►Fig. 1A andD). No
specific treatment was prescribed, and at first, symptoms
and imaging appeared stable. By 2 months, however, further
MRI showed progression of the subdural collections and
development of brain slump (►Fig. 1B and E). He was
diagnosed with spontaneous intracranial hypotension.

SpinalMRIwas unremarkablewith no clue as to the site of
any CSF leak. Further investigations, therefore, were directed
at establishing the presence or otherwise of cranial venous
outflow compromise.

The computed tomographic (CT) venography showed
mildly dilated venous sinuses consistent with intracranial
hypotension. There was also marked narrowing of both
jugular veins between the styloid processes and lateral
masses of the C1 vertebra (►Fig. 2A–C). Catheter cerebral
venography, under local anesthesia, revealed mild intracra-
nial venous hypertension—sagittal sinus pressure 20 cm H2O
(right atrial pressure 10 cm H2O) with 5 cm H2O gradients
across the jugular venous narrowings on each side (►Fig. 3).
These narrowings were dilated to 8mmwith a balloon in the
same session; this having no appreciable effect on the
radiological appearances. However, his postural headache
was unequivocally improved over the next 12 hours.

Therefore, he was diagnosedwith bilateral jugular venous
obstruction and referred for left styloidectomy and C1 trans-
verse process resection as a preliminary to jugular stenting.

Left Styloidectomy and C1 Transverse Process
Resection
Prior to the procedure, axial CT images were used to decide
the extent of transverse process resection required to free
the jugular vein fromposterior compression, bearing inmind
limitations imposed by the position of the vertebral artery as
it passes through the transverse foramen (►Fig. 2B). Refor-
matted images or trigonometrical calculations can be used to
calculate the length of styloid that should be removed to
achieve adequate anterior decompression.

The procedure was performed under general anesthesia
with continuous intraoperative facial nerve monitoring. The
patient was laid supine with the head slightly extended and
turned away to the contralateral side. A postauricular inci-
sion was extended forward in front of the mastoid tip and
then inferiorly into the neck avoiding the path of the mar-
ginal mandibular branch of the facial nerve. The anterior
border of the sternocleidomastoid muscle was dissected free
up to, and in front of, the mastoid tip. Further dissection
medially through the deep cervical fascia toward the carotid
sheath enabled identification of the posterior belly of the
digastric. Palpation of the inferior wound identified the bony
transverse process of the C1 vertebra and further dissection
superoanteromedially, anterior to the posterior belly of the
digastric, identified the body of the styloid process. The
posterior belly of the digastric was drawn anteriorly and
dissection continued posterior to the muscle until the pre-
vertebral muscles were identified overlying the transverse
process. Care was taken not to injure the internal jugular
vein, which occasionally can be draped over these preverte-
bral muscles.
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Fig. 2 (A) Axial computed tomography images through the skull base following intravenous contrast showing the jugular veins (block arrows) at
exit from the cranium. The carotid arteries (thin arrows) lie just in front. (B) Axial cuts through the C1 vertebra show marked narrowing of the
right internal jugular vein in front of the transverse process of C1 (block arrow) and of the left (block arrow) as it passes around the C1 transverse
process more laterally. (Thin block arrow¼ vertebral artery in C1 transverse foramen). (C) A little more inferiorly and the jugular veins appear
normal again.

Fig. 1 (A) An axial T2 magnetic resonance imaging scan undertaken at presentation shows bilateral subdural effusions (block arrows), while the
midline sagittal T1 image (D) shows little appreciable distortion of the brain stem. (B) Total 2 months later, the effusions are larger and there is
evidence of brain slumping on the sagittal image (E) with inferior depression of the floor of the third ventricle (arrow) and distortion of the
midbrain and pons. (C) Total 4 months after first surgery effusions have resolved and normal brain anatomy is restored.
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The prevertebral muscles were divided by sharp incision
onto the bony transverse process, and the periosteum gently
stripped from its tip.Malleable retractorswerehelpful in this
regard. A 2-mm course cut diamond burr was used to gently
create a hole that was then widened to enter the cancellous
bone. This bone was easily drilled, thus gradually widening
the aperture and keeping within the periosteal pocket,
bearing in mind the anatomy in relation to the vertebral
artery identified on prior CT.

Attention was then turned to the styloid. Blunt dissection
toward the base of the styloid process above the inferior
extent of the mastoid tip enabled an approximation of its
origin. Two small malleable retractors were inserted in front
and behind the styloid process, so giving secure anchorage to
hold the soft tissue from its surface. A 2-mm course cut
diamond burr was used gently to create a hole that was then
widened in an anteroposterior direction to drill across its
diameter. Bone was removed until its medial extent was egg
shelled. At this point, the whole of the styloid process

became mobile. A House Bone Curette was used to draw
the base of the styloid process laterally until it could be safely
held using a curved Spencer Wells forceps. An ophthalmic
microsurgical blade was then used to gently strip the muscle
attachments from its surface in an inferior direction while
drawing the styloid superolaterally. The stylohyoid ligament
was divided using scissors and the styloid process removed.
At this point, the excised styloid measured 14mm and
compared with its preoperative length on CT imaging
(19mm) as described above. About 3mL of residual styloid
was still attached to the skull base after taking into account
the 2-mm drill diameter. Malleable retractors were again
used to hold soft tissue away from the styloid remnant, and
this was drilled away to its base. Hemostasis was confirmed
and a suction drain inserted. Thewoundwas closed in layers.

He was nonspecifically unwell for 2 or 3 weeks following
surgery, describing liquid sloshing around in his head with
movement but gradually his headaches improved andwithin
a month he was back at work. Follow-up MRI showed
resolution of the subdural collections and restoration of
normal brain anatomy (►Fig. 1C and F). The CT venogram
showed expansion of the left jugular vein into the space
created by removal of the styloid and C1 transverse process
(►Fig. 4B), although there was some residual venous nar-
rowing just below the skull base. The right internal jugular
vein remained narrowed at the C1 level as before.

Further Progress, Right Styloidectomy, and C1
Transverse Process Resection
He remained quite fatigued and still had headaches precipi-
tated by physical or mental exertion, although these were
less severe than previously, there was no longer any postural
component to them, and they were more quickly relieved by
rest. He still had some impairment of memory and concen-
tration which was affecting his work.

To test whether residual jugular venous narrowing was
responsible for persistent symptoms, and with a view to
stenting, hehad repeat left jugular venoplasty after which his
head felt better for a few hours. Anxious to avoid a jugular
stent, however, he opted for surgical decompression of the
opposite (right) jugular vein instead. Total 10 months after
his first surgery, therefore, he had his second resection of the
right transverse process of C1 and 18-mm styloidectomy in a
similar procedure to that described above.

Within a few weeks lethargy, headache, cognitive im-
pairment, and all residual symptoms had resolved. He had no
complaint of memory dysfunction or difficulty concentrat-
ing. He was able to work at full capacity. There has been no
deterioration in 18 months of follow-up. The CT venogram
confirmed good expansion of the right internal jugular vein
at the site of surgery (►Fig. 4C).

Discussion

The key lesion in spontaneous intracranial hypotension has
always been regarded as the CSF leak.1,2 Beyond unspecified
trauma, however, the reason a CSF leak should develop in the
first place has not been explained except perhaps in the case

Fig. 3 Catheter venogram (frontal view). Radiographic contrast media,
injected through a small catheter (thin black line on image), outlines the
lower right sigmoid sinus, running into the right jugular vein. Block arrows
show the impression on the vein caused by the styloid process in front and
the C1 transverse process behind, and the consequent venous narrowing.
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of Ehlers–Danlos syndrome, where a structural weakness in
the dural membrane might make it especially prone to
injury.1 Even where there is no evidence of a connective
tissue disorder, however, the trauma evoked to have caused
such an injury is often so mild (coughing or sneezing) as to
raise questions as to why the condition is not seen more
frequently.

So, is there some other underlying problem in patients with
CSF leaks?Regardlessof the levelof traumarequired toproducea
dural tear and the strength of the dural membrane to resist it, a
CSF leak has to be driven by a pressure gradient. Could these
patients, therefore, have abnormally high background CSF pres-
sures? IIH, for example in which CSF pressure is raised, can
present with a CSF leak and many patients with the condition
experienceCSF leaksduring thecourseof their illness.1,6–9At the
same time, some cases of spontaneous intracranial hypotension
appear to have CSF pressures in the normal range,1,6 an observa-
tion which can only be explained if there is some other force
elevating intracranial pressure in the first place.12

That cranial venous outflow obstruction can cause raised
intracranial pressure is undisputed. Both superior vena cava
obstruction and cerebral venous sinus thrombosis, for
example, are well known causes of raised intracranial pres-
sure; the latter sometimes producing a clinical syndrome
indistinguishable from IIH.14 If raised CSF pressure encour-
ages the development of a CSF leak, therefore, there is no
reason why sometimes cranial venous outflow obstruction
might not be underlying cause.

In the case, we describe CT venography showed focal
narrowing of the jugular veins where they run between
the styloid processes and the lateral masses of the C1
vertebra. The question was whether these narrowings could
be responsible for his clinical syndrome. In pursuit of this,
catheter venography confirmed that they were associated
with pressure gradients and a trial of jugular venoplasty
produced a temporary symptomatic improvement. None of
thesefindings or maneuvers are in routine use in this clinical

situation. However, they have been described in relation to
IIH15–17 and here formed the basis for a diagnosis of cranial
venous outflow obstruction.

The treatment he received involved operative removal of
bone anterior (the styloid process) andmedial (the transverse
process of C1) to the left jugular vein. This represents a
refinement of the combined surgical and endovascular
approach to this problem described previously,18,19 in which
compressive forces on the jugular vein are minimized hoping
to secure long-termsurvival ofa subsequent stentoravoidance
of a stent altogether. The left side was chosen because, in our
view, the lateral position of jugular vein relative to the C1
transverse process (►Fig. 2B) predicted a more satisfactory
technical result. Uncertain was whether a stent would be
required or whether both sides would need to be treated to
achieve a clinical benefit.

In the event, thefirst surgical decompression allowed only
limited expansion of the left jugular vein, yet still was
followed by resolution of the overt clinical syndrome and
restoration of normal intracranial anatomy. Subtle residual
symptoms persisted, however, in particular cognitive and
memory disturbance, which interfered with the intellectual
demands of his employment. These resolved completely after
the second surgical decompression, which was more suc-
cessful in relieving venous obstruction.

This raises several issues. In the first place, it reinforces the
notion that cranial venous outflow obstruction can be the
driving force behind a CSF leak.12,13 Second, his response to
the second surgical procedure, lends weight to the idea that
obstruction to cranial venous outflow can be symptomatic in
its own right, before any leak develops. Spontaneous intracra-
nialhypotensiontherefore couldbe regardedasa complication
of a syndrome— cranial venous outflow obstruction—that is
subclinical, or unrecognized, until the dura ruptures; the
symptoms he experienced between his two surgical proce-
dures—headache, fatigue, cognitive, and memory impairment
—giving an indication of its likely clinical features.17,20

Fig. 4 Axial computed tomography scans following intravenous contrast through the C1 vertebra. (A) Baseline scan showing bilateral jugular
narrowing (block arrows). (B) There is expansion of the jugular vein on the left side, following left-side surgical resections (block arrow) and (C)
on the right side (block arrow), following right-side surgical resections.
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With failure of conservative measures, the treatment of
spontaneous intracranial hypotension is usually directed at
plugging the leak. In most cases, this means epidural blood
patching which is usually undertaken with scant knowledge
of where the leak is located because the leak is often invisible
to radiological imaging. Nevertheless, most cases respond, if
not to the first patch, then to a second.1,2,4 Intractable cases
may be investigated with intrathecal gadolinium MRI,21,22

digital subtractionmyelography,23,24 or dynamic CTmyelog-
raphy,25 hoping to target therapeutic efforts more precisely,
but these tests may still be negative in the face of a florid
clinical syndrome. Moreover, even when the site of leakage
seems to have been identified, efforts to occlude it are not
always successful.1

The alternative approach we describe does not address
the leak directly, but relies on eliminating the conditions that
encourage a leak to develop in the first place, and to persist
once it has started. We suggest, therefore, that tackling
cranial venous outflow obstruction in cases of spontaneous
intracranial hypotension sometimes goes closer to the root
cause of the condition than a direct attack on the site of
leakage. Along with other workers, we have identified the C1
level in the neck as an area where the jugular veins seem
particularly vulnerable to compression and have begun to
develop strategies to dealwith it.12,18,19,26–28 There are likely
to be instances where obstruction is at other levels or at
multiple sites.29,30 There are likely to be cases where reliev-
ing venous obstruction will not be enough; perhaps, for
example, in patients with connective tissue disorders that
significantly weaken the dural membrane. These patients
might need a combined approach in which procedures to
optimize cerebral venous drainagewould be the precursor to
a successful and lasting repair of the dural defect.
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