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Abstract
Background Idiopathic intracranial hypertension (IIH) is
characterised by an increased intracranial pressure (ICP) in
the absence of any central nervous system disease or structural
abnormality and by normal CSF composition. Management
becomes complicated once surgical intervention is required.
Venous sinus stenosis has been suggested as a possible
aetiology for IIH. Venous sinus stenting has emerged as a
possible interventional option. Evidence for venous sinus
stenting is based on elimination of the venous pressure gradi-
ent and clinical response. There have been no studies demon-
strating the immediate effect of venous stenting on ICP.
Methods Patients with a potential or already known diagnosis
of IIH were investigated according to departmental protocol.
ICP monitoring was performed for 24 h. When high pressures
were confirmed, CT venogram and catheter venography were
performed to look for venous stenosis to demonstrate a pres-
sure gradient. If positive, venous stenting would be performed
and ICP monitoring would continue for a further 24 h after
deployment of the venous stent.
Results Ten patients underwent venous sinus stenting with
concomitant ICP monitoring. Nine out of ten patients
displayed an immediate reduction in their ICP that was main-
tained at 24 h. The average reduction in mean ICP and

pulsatility was significant (p = 0.003). Six out of ten patients
reported a symptomatic improvement within the first 2 weeks.
Conclusions Venous sinus stenting results in an immediate
reduction in ICP. This physiological response to venous
stenting has not previously been reported. Venous stenting
could offer an alternative treatment option in correctly select-
ed patients with IIH.
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Introduction

Idiopathic intracranial hypertension (IIH) was first described
in the 1890s by a German physician, Quincke, and was named
‘meningitis serosa’ [21]. It is described as a condition
characterised by increased intracranial pressure (ICP) in the
absence of any central nervous system disease or structural
abnormality and by normal CSF composition. In the past de-
cade several potential interacting causes have been identified
[10], including venous sinus stenosis [5].

Venous sinus stenosis and raised venous pressure are fre-
quently observed in patients diagnosed with IIH [15, 16].
The stenoses occur predominantly in the transverse sinus
[6, 19]. The occlusion in venous outflow is believed to lead
to a state of chronically raised CSF and intracranial pressure
by resisting CSF absorption. This leads to a state of ‘self-
sustained venous collapse’, which creates a cycle of increas-
ing intracranial pressure and venous stenosis [5]. It is unclear
in IIH, however, what is cause and what is effect. An iatro-
genic cause of saggital sinus compression within our own
institution resulted in a clinical picture of IIH that resolved
with decompression [15]. Despite this, the relationship be-
tween venous stenosis and raised intracranial pressure
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remains unclear, particularly as to whether venous stenosis is
a cause or consequence of raised intracranial pressure in IIH.
Further work is required to understand the dynamic of the
relationship between ICP and venous stenosis. Several other
mechanisms to explain raised ICP in IIH have also been
considered, such as increased CSF production and idiopathic
brain swelling [1, 9, 11].

In patients who have demonstrated venous sinus stenosis
and an associated pressure gradient across the stenosis there
has been a growing body of evidence that endovascular
stenting reduces this pressure gradient [10], but the correlation
with clinical outcome remains unclear. Furthermore it has not
yet been identified how long venous stenting takes to affect
intracranial pressure, if at all.

Part of the assessment for suitability involves CT or MR
imaging of the venous sinuses and a subsequent catheter
venogram whereby pressure measurements are taken [11].
In cases of successful venous stenting, the pressure gradient
resolves, and this improvement in venous pressure is taken
as a surrogate metric for ICP [8]. Prior larger studies have
used subjective markers to assess and quantify improvement.
This includes patient-reported outcome measures such as
headache scores [27, 29]. The duration in which symptoms
of IIH improve or deteriorate is highly variable and not re-
ported in the literature. A reliable time frame for assessment
of improvement is not clear. The presence of papilloedema
has also been used but this has been criticised as an inaccu-
rate measure [20].

The venous pressure gradient can be seen to be obliterated
immediately after stent insertion. To date there has been only
one case described in the literature of concomitant intracra-
nial pressure monitoring during venous sinus stenting using
an intraparenchymal pressure monitor [8]. There was an im-
mediate improvement in intracranial pressure that correlated
to improved neurological function. Direct measurement of
intracranial pressure provides an objective quantitative out-
come that can be used to assess the efficacy of venous sinus
stenting.

We describe a series of ten cases in which venous sinus
stenting was performed with real-time intraparenchymal pres-
sure monitoring. We investigated whether eliminating the
pressure gradient across a cerebral venous stenosis in patients
with IIH led to an immediate reduction in intracranial
pressure.

Methods

Ethical approval for this protocol was obtained from the local
ethics committee. The protocol was developed in response to
patient feedback and in a service improvement project to
streamline the assessment and eventual treatment for patients
with IIH.

Patient selection

Patients referred or already known to the neurosurgical depart-
ment with a diagnosis of IIH were assessed using a
standardised protocol and other causes of their symptoms
were excluded. This process included lumbar puncture for
assessment of opening pressure and CSF constituents. All
patients included in this study had been reviewed by a
neuro-opthalmologist and were commenced on acetazolamide
in the first instance.

CTorMR imaging was used to exclude enlarged ventricles
and venous sinus thrombosis. Dedicated CT or MR venogra-
phy was also performed for each of these patients to look for a
possible venous sinus stenosis. In all ten cases there was a
suspicion on non-invasive imaging that there was a point of
stenosis. All patients were admitted for 24 h of ICP monitor-
ing, which confirmed raised intracranial pressures. All pa-
tients with an average ICP of greater than 4.5 mmHg in a
24-h period were included. CSF constituents were checked
and found to be normal in all subjects. Spiegelberg probes
were used in all patients and inserted according to an
agreed-upon protocol. A stab incision anterior to Kocher’s
point on the right hand side was performed and a hand-twist
drill was used to create the twist-drill hole. The dura was
pierced through this hole and a Spiegleberg bolt screwed into
place. The pressure monitor was then advanced to the pre-
determined length. The probe was then plugged into the ICP
monitor and the difference between systolic and diastolic ICP
was checked prior to proceeding. An encircling silk purse
string suture was used around the bolt entry site.

ICPmonitoring continued until all patients underwent cath-
eter venography and manometry to demonstrate venous sinus
stenosis and a pressure gradient across the stenosis was con-
firmed. In cases with bilateral venous sinus stenosis pressure
gradients were measured across both sides, and the the side
with the greatest pressure gradient was stented in the first
instance. Catheter venography was performed under local an-
aesthetic to confirm a pressure gradient existed prior to inter-
vention under general anaesthetic. Pressure measurements
were taken at the saggital sinus, transverse sinus, sigmoid
sinus, internal jugular and within the inferior vena cava. The
pressure gradient was calculated as the difference between the
proximal and distal measurements to the stenosis.

All patients were discussed in a multi-disciplinary team
meeting. If a pressure differential was identified on venography
patients were given the choice of undergoing venous sinus
stenting or CSF diversion surgery after explanation of the risks
of each procedure. All patients who were offered sinus stenting
chose this over CSF diversion therapy. The CSF diversion ther-
apy that was offered was ventricular shunting surgery. All pa-
tients included in this study gave informed consent themselves.

Patients then underwent endovascular sinus stenting under
general anaesthetic during the same admission. The ICP probe
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was kept in situ for all patients. ICP monitoring was recorded
during the procedure and for the next 24 h. Recorded ICP data
included: mean ICP during day and night, systolic and dia-
stolic ICP means, and ICP pulsitility. Data were also collected
on the frequency of spikes in ICP above 25 mmHg. All pa-
tients had another catheter venogram at a 3-month follow-up
appointment. Data were processed using ICM and Excel. ICP
was considered abnormal by assessing the pulsitility andmean
over 24 h. A raised ICP was taken as 4.5 mmHg or above.

Ten patients were identified who underwent the complete
selection process with an ICP bolt in situ. Three patients were
excluded from this study because of incomplete data collec-
tion following stent insertion. In one case the ICP probe was
removed at the end of the stenting procedure and in two cases
the patient was not re-connected for data analysis immediately
after the procedure.

Stent placement technique and details

A 0.088″ Neuronmax long sheath was positioned in the distal
sigmoid sinus. Avenogram was then performed with a 0.027″
microcatheter and pre-stenting pressure measurements were
performed. The length of the stent used was determined by
measurement using a microcatheter.

By using a stiff 0.014″ microwire (usually a Platinum Plus
microwire), the chosen carotid Wallstent was navigated past
the stenosis and then deployment began. The carotidWallstent
was felt to offer the greatest degree of flexibility without
compromising radial force. It was sometimes required to ad-
vance the Neuronmax long sheath past the stenosis if the ca-
rotid Wallstent could not pass the stenosis. A post-stenting
venogram was performed to check apposition of the stent to
the vessel wall. A balloon angioplasty is rarely required. Post-
stenting venogram is then performed to check resolution of the
pressure gradient. The patient is usually given IV 500 mg
aspirin after deployment of the stent and then lifelong oral

aspirin 75 mg daily from the next day. No patient in this study
experienced complications from this procedure.

Figures 1, 2 and 3 show venous stent insertion.

Results

All patients in this study had the pressure gradient across the
venous sinus stenosis obliterated. In all ten patients oblitera-
tion of the venous pressure gradient resulted in a sustained
drop in their mean intracranial pressure for the 24 h of mea-
surement that followed stenting in nine out of the ten cases.
Similarly, there was a drop in the ICP pulse amplitude in all
but one case.

Table 1 shows the venous pressures and ICP data for each
patient before and after stenting.

Table 2 outlines the ten patients included in this study.
These were consecutive patients undergoing venous sinus.

Figure 4 displays the mean ICP for each patient pre- and
post-insertion of the venous stent.

Figure 5 displays the pulse amplitude ICP for each patient
pre- and post-insertion of the venous stent.

Figure 6 displays the pre- and post-stenting mean ICP,
pulsitility and number of ICP peaks for all ten patients.

Paired two-tailed T-test was performed to assess for statis-
tical significance. Change in mean ICP following stenting was
significant (p = 0.00393). Similarly, the change in ICP
pulsitility was also found to be statistically significant
(p = 0.00445).

Discussion

This is the first case series of patients who have undergone
venous sinus stenting for IIH with real time ICP monitoring.
In nine of the ten patients in this series there was a significant

Fig. 1 Diagnostic cerebral
venogram demonstrates a
dominant left transverse sinus.
There is a tight stenosis of the
distal left transverse sinus with a
focal pressure gradient of 13. The
right transverse sinus is
hypoplastic
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reduction in mean ICP, pulse amplitude and number of ICP
spikes in the first 24 h following stent insertion. Such a clear
physiological response to sinus stent insertion has only been
reported in one case previously [8]. This study displays clearly
that this phenomenon is reproducible in correctly selected
patients.

In our case series, one patient did not see an improvement
in their mean ICP. In addition to this there was an insignificant
rise in ICP pulsitility. This patient was of a similar age as other
patients and had a pressure gradient that was significant and
seen to be obliterated following insertion of the venous stent.
However, this patient, subject nine, was phenotypically differ-
ent. The average BMI in this group was 34. Patient nine had a
BMI of 26. Although this is still considered overweight it
raises the possibility of alternative mechanisms causing high
intracranial pressure. The venous stenosis seen may be a sec-
ondary phenomenon. It is likely that IIH is a common end
point with more than one aetiology. In our study 90% of our
patient cohort experienced an immediate drop in their ICP.
The implication is that venous sinus stenosis is the primary
cause of raised ICP in the majority of patients with IIH.
Further studies evaluating other potential causes of IIH may
allow us to further refine the selection criteria for venous sinus
stenting in IIH.

The average BMI of our patient cohort was 34: 20% (2
patients) had a BMI greater than 40. Bariatric services have
been used for IIH patients at our institution in the past, with
some good outcomes; however bariatric surgery remains sur-
gically challenging with higher complication rates. In this co-
hort no patients underwent bariatric intervention. The relation-
ship between raised ICP and BMI is likely to be as a result of
impeding venous drainage. Patients with raised BMIs at our
institution have also been shown to have raised inferior vena-
caval pressures. Other studies have also shown raised pleural
and cardiac filling pressures associated with raised BMI in
patients with IIH [24]. One possible explanation for the patient
who failed to show a significant reduction in mean ICP and
pulsitility is the underlying pathological process leading to the
phenotype of IIH. Whereas every other patient in this study
had a grossly elevated BMI, this patient did not. A grossly
elevated BMI can explain the reduced venous outflow and
subsequent rise in ICP that is seen in IIH and that is amenable
to venous stenting. If BMI is not contributing to the raised
venous pressures then it is likely the elevated ICP is driving
the raised venous pressures rather than the other way around.
There are also other factors to consider with regard to the
aetiology of venous stenosis or obstruction. IIH is mimicked
by venous sinus thrombosis. Post-infective changes and

Fig. 2 A 9 × 50-mm carotid
Wallstent has been deployed
across the stenosed distal left
transverse sinus from the mid left
transverse sinus to the left
sigmoid sinus

Fig. 3 Post-stenting venogram
demonstrates normalisation of the
calibre of the distal left transverse
sinus and the previously
demonstrated pressure gradient is
diminished
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scarring may also cause a long-term stenosis. However within
this study no patients had any convincing clinical or radiolog-
ical features of this. In the absence of any primary venous
pathology, however, CSF diversion is more likely to have an
effect on reducing ICP than improving venous outflow. Of
course, further research is required into the exact pathogenesis
of the raised ICP in these patients.

Other possible causes for failure to resolve elevated ICP
with venous sinus stenting is the morphology of the stenosis.
In our series, patient 9 had bilateral transverse sinus stenosis,

and failure to resolve may have been due to an insufficient
increase in venous outflow with unilateral stenting. The ste-
nosis also extended across a greater length of the transverse
sinus. This again may signify the rise in ICP to be generated
from an intraparenchymal pathology rather than a primary
venous abnormality.

Until now, the argument behind venous sinus stenting for
IIH was based on an elimination of the venous pressure gra-
dient associated with variable improvement in symptoms in
these patients. Presence of papilloedema and reduction in

Table 1 Venous and intracranial pressure pre- and post-stenting data

Patient
number

Venous pressure
gradient before
stent

Venous pressure
gradient after
stent

Mean ICP
pre-stent in
24 h

Mean ICP
post-stent in
24 h

Pulse amplitude
pre-stent in 24 h

Pulse amplitude
postsstent in
24 h

ICP spikes >25/
h pre-stent in
24 h

ICP spikes >25/h
post-stent in 24 h

1 16 7 15.4 9.6 8.4 6.4 646 11

2 17 1 12.3 3.1 13.3 6.6 916 15

3 19 2 16.0 7 14.5 7 534 15

4 50 3 23.8 9.5 12.0 4.8 2321 15

5 4 2 7.1 5.6 5.5 4.5 7 1

6 6 3 6.9 5.2 7.5 4.5 3 1

7 11 1 19.7 10.9 6.2 3.9 1216 67

8 23 15 16.3 7.2 8.1 4.5 522 0

9 13 7 15.6 23.2 6.6 3.7 286 639

10 23 5 15.5 11.2 8.6 5.8 325 23

Table 2 Patient characteristics

Patient
number

Age BMI Previous interventions Point of stenosis Time to stenting
from diagnosis

Symptomatic improvement?

1 26 42.6 LP shunt 2010, revision
LP shunt 2014,
previous stent X2

Proximal previous stent 4 years Improvement in symptoms but a subsequent
deteroration and was found to have a further
stenosis at the proximal end of stent. Third
stent inserted

2 48 41.4 No previous surgical
intervention

Left lateral transverse sinus
stenosis

14 months Saw a clinical improvement and a reduction in
headaches

3 43 39.7 No previous surgical
intervention

Bilateral transverse sinus
stenosis

1 month No papilloedema following stent, improvement
in headaches

4 21 29.6 19/5/14 Lumbo- pleural
shunt

Bilateral distal transverse sinus
stenosis

10 months Improvement in vision and headaches post-stent

5 24 35.2 No previous surgical
intervention

Dominant left transverse with
gradual pressure gradient

14 months Good improvement in headaches

6 43 26.9 No previous surgical
intervention

Distal right transverse sinus 15 months Saw a 2-week improvement and then started
deteriorating. No back to baseline symptoms
experienced pre-shunt

7 24 25.4 No previous surgical
intervention

Bilateral stenosis, dominant
right venous drainage

4 years Headaches have reduced from 9/10 to 5–6/10

8 32 36.2 No previous surgical
intervention

Bilateral transverse sinus stenosis 14 months Improvement in headaches

9 26 26.0 No previous surgical
intervention

Bilateral distal transverse sinus 10 months Initial improvement in headaches but symptoms
returned within 2 weeks

10 33 31.2 LP shunt 30/10/14 Bilateral distal transverse
sinus stenosis

2 years 3 months Improvement in headaches.
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reported symptoms of IIH have also been used as measures of
symptomatic improvement [1]. Our study has investigated the
relationship between a reduced venous pressure gradient and
its correlation with ICP. The timing of change in ICP was
previously not known following reduction in venous pressure.
We have demonstrated that the ICP change is immediate and
sustained for at least 24 h.

The time span in which ICP is reduced by venous sinus
stenting has not previously been reported in the literature. The
rapid reduction in ICP seen in these patients may provide a
unique insight into the unanswered question of the relation-
ship between ICP and venous stenosis. If there is an immedi-
ate reduction in ICP, this may suggest that it is the venous
stenosis itself that has lead to a raised intracranial pressure in
that individual. When there is no drop in ICP with stenting it

may be the case that venous stenosis is a secondary phenom-
enon, as seen in patient 9. Studies have shown, using dedicat-
ed MRI imaging techniques, that venous sinus calibre is asso-
ciated with ICP [7]. This adds to the argument that ICP and
venous stenosis are related and proportional. This creates a
cycle, and we believe the key to breaking this cycle is to
understand the pathogenesis behind it.

The prevalence of venous sinus stenosis in patients diag-
nosed with IIH is widely variable in the literature, with rates
ranging from 23 to 80% [4, 13]. Within our own practice, the
incidence of venous sinus stenosis in patients with IIH is cur-
rently 30%; however this only accounts for patients under the
neurosurgical team. Those assessed prior to 2011 were rarely
investigated for venous stenosis. It is likely that the percentage
of IIH patients with venous stenosis is much higher than our
own data would suggest. Investigating patients with CT and
MR venography could offer a successful treatment option for
a significant proportion of patients with IIH.

There is a potential haemorrhagic risk with performing
catheter venous angiography and stenting with an
intraparenchymal ICP bolt in situ as a result of the
heparinisation or intraprocedural IV aspirin that is often re-
quired. This is a theoretical risk but in practice has not been
observed. Our protocol did not necessitate pre-medication
with anti-platelets for this reason. Patients undergoing
endovascular coiling following aneurysmal subarachnoid
haemorrhage are frequently heparinised and have been done
with ICP bolts in situ, with no such complications. A previ-
ously reported complication from venous sinus stenting is an
ipsilateral frontal headache. This is thought to be secondary to
dural stretching from the stent and has been observed in our
patient population. This can be successfully managed with
neuropathic pain medication, such as gabapentin, and we
now use this prophylactically [1].

Stenting procedures are done under general anaesthetic.
The use of sedation and paralysis leads to significantly re-
duced intracranial and venous pressures during the procedure.
For this reason the diagnostic venography should be done
under local anaesthesia to avoid the risk of a false-negative
investigation. A pressure gradient can still be demonstrated
under general anaesthesia and this gradient is reduced once
the stent is deployed.

In the majority of patients with IIH maximal medical ther-
apy and repeated lumbar punctures are enough to control
symptoms. Surgical intervention including CSF diversion, op-
tic nerve sheath fenestration or sub-temporal decompression
has been reserved for patients where maximal medical man-
agement has failed to control their symptoms. First-line surgi-
cal intervention has traditionally been with CSF diversion
therapy (i.e. ventriculo-peritoneal or lumbo-peritoneal
shunting). This is associated with numerous complications
including: shunt migration, dislocation, infection, intracere-
bral haemorrhage and acquired Chiari malformation

Fig. 4 The mean ICP for each patient pre- and post-insertion of the
venous stent

Fig. 5 The pulse amplitude ICP for each patient pre- and post-insertion
of the venous stent
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[25, 28]. Patients frequently require repeated admissions and
further operations for shunt complications. Complications and
shunt failure rates within 6 months have been reported as high
as 64% [23]. Optic nerve sheath fenestration has complication
rates as high as 40% [3]. Venous sinus stenting is a viable
alternative that has repeatedly reported reduced complication
rates [1]. This has been echoed in our own experience by
patient choice; every patient that was offered venous stenting
in this study consented to this over surgical intervention.

Within our patient cohort, two patients (5 and 6) had pre-
operative ICP readings of 7.1 and 6.9 mmHg respectively.
Pre-operative ICP was considered high if mean ICP after
24 h of monitoring was greater than 4.5 mmHg. The value
of 4.5 mmHg is derived from our experience of elective ICP
monitoring in over 400 patients, and furthermore recently
published data have shown that a 24-h period of monitoring
using this protocol gives an accurate representation of ICP

and pulse amplitude when compared to longer periods of
monitoring [26].

More recent studies have shown that in elective ICP mon-
itoring in mobile patients (who spend much of the day in the
upright position and ambulatory), the mean ICP is often much
lower over 24 h when compared to supine patients undergoing
ICP monitoring or ICP as derived from lumbar puncture. This
has resulted in fewer patients returning to theatre [16]. For
patients 5 and 6, we still see a reduction in mean ICP as well
as pulsitility. The decision to treat required a multidisciplinary
team approach and consideration of symptoms in conjunction
with ICP.

The monitoring of ICP in a repeated fashion is essential in
the assessment of many neurosurgical disorders [2]. Current
views on raised ICP and what is considered ‘normal’ are based
almost entirely on data in supine patients [17]. Furthermore,
ICP has been traditionally derived from lumbar punctures or
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intracranial ICPmonitoring in hospital [22]. These patients are
invariably supine when it seems clear that posture clearly
plays a role in altering ICP. This has been elucidated in studies
on patients with head injury in neuro-intensive care [18] as
well as in patients with shunts [14] or undergoing intracerebral
surgery [12]. The relationship between ICP and posture, how-
ever, has rarely been considered in patients with IIH or normal
controls. Current studies on the management of IIH still large-
ly derive their ICP from lumbar punctures.

Conclusion

Nine out of ten patients with IIH who completed the full as-
sessment process showed a decrease in their ICP measure-
ments immediately following stenting of a venous sinus ste-
nosis. This was sustained over a further 24 h of monitoring.
This reduction in ICP shows that eliminating a venous sinus
pressure gradient in patients with IIH immediately reduces the
intraparenchymal pressure in the short term. The ability to
reproduce the effect of immediate reduction in ICP following
venous stenting in a series of patients has not been previously
reported in the literature and provides insights into the patho-
physiology of the condition.
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