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Abstract: Idiopathic Intracranial Hypertension (IIH) is a debilitating disorder characterised

by raised intracranial pressure (ICP), papilloedema with the potential risk of permanent

visual loss, and headaches that are profoundly disabling and reduce the quality of life. The

first consensus guidelines have been published on investigation and management of adult IIH

and one key area of uncertainty is the utility of dural venous sinus stenting for the manage-

ment of headache and visual loss. There are an increasing number of series published and to

help understand the successes and complications. During a patient physician priority setting,

the understanding of the best type of intervention to treat IIH was assigned to the top 10 of

most desired research questions for the disease. Ultimately randomised clinical trials (RCTs)

in neurovascular stenting for IIH would be instructive, as the literature to date may suffer

from publication bias. Due to the increasing incidence of IIH, there is no better time to

systematically investigate interventions that may reverse the disease process and achieve

remission. In this review we discuss the pathophysiology of IIH in relation to venous sinus

stenosis, the role of venous sinus stenting with a review of the relevant literature, the

advantages and disadvantages of stenting compared with other surgical interventions, and

the future of stenting in the treatment of IIH.
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Introduction
Idiopathic intracranial hypertension (IIH) is a disorder of unknown aetiology,

primarily affecting women of childbearing age with raised body mass index

(BMI), characterised by signs and symptoms of raised intracranial pressure

(ICP).1 IIH is a diagnosis of exclusion, typically made using the modified Dandy

criteria,2 requiring the presence of raised ICP (>25 cm H2O on lumbar puncture,

performed in the lateral decubitus position), with papilloedema typically present,

and normal cerebrospinal fluid (CSF) profile and neuroimaging. In a retrospective

case review, the incidence of IIH was reported as 1.56 per 100,000 in the general

population, increasing to 11.90 per 100,000 in obese young women.3 A recent paper

highlighted the growing epidemic of IIH, most notably in areas of social depriva-

tion (thereby mirroring trends in obesity); over their 14-year study period, incidence

in the general UK population increased by greater than 100% to 4.7 per 100,000.4

With more and more patients presenting, there is an unmet management need in

IIH, namely safe and effective therapies.
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The major risk factor for IIH is obesity,5 with truncal fat

mass being associated with lumbar puncture opening

pressure.6 Hence, management strategies focus on disease

modification through weight loss, although this by lifestyle

alone is difficult to achieve. The underlying aetiology is not

fully understood1,5 but neuroendocrine metabolic pathways

are being studied,7 and recently a unique signature of andro-

gen excess in IIH has been implicated and provides evidence

that androgens can modulate CSF secretion via the choroid

plexus.8 Intriguingly, women with IIH appear to have

a 2-fold increase in the cardiovascular disease risk, over

and above age, gender and BMI matched controls, providing

further evidence that this may well be a neurometabolic

disease.9

The clinical presentation varies but symptoms classically

include headache; however, our understanding of the tradi-

tional phenotype of raised ICP headache has progressed and

often those with IIH have headaches that fulfil the criteria for

migraine.10,11 Other common symptoms include pulse syn-

chronous tinnitus, transient visual obscurations, double vision

(from unilateral or bilateral 6th nerve palsy), reduction in

visual acuity or visual field, and neck pain1,12 Previously

termed as benign intracranial hypertension, IIH was renamed

to reflect the fact that the condition may be associated with

severe morbidity, most commonly permanent visual loss,

affecting up to 24% of patients in early studies13 and

a reduced quality of life which is linked to headache

morbidity.14

Following the success of collaborative patient-clinician

research15 and the clinical uncertainty highlighted in

managing IIH,16 the patient group founded a James Lind

Alliance Priority Setting Partnership for adult IIH.17

Understanding of the best type of intervention to treat

IIH was placed within the top 10 priorities for research17

highlighting the interest in modern intervention such as

dural venous sinus stenting for IIH.

Medical Management Of IIH
Consensus guidance published in 2018 stated uncertainties in

all aspects of IIHmanagement.16 Indeed, a Cochrane review of

interventions for IIH18 judged the literature in medical man-

agement of IIHwith acetazolamide, the preferred drug, to be of

low quality, despite two randomised controlled trials

(RCT).19,20 However, it has been observed that management

with weight loss was effective in the treatment of IIH. For

example, a prospective study21 has demonstrated that a very

low-calorie diet resulting in significant weight loss (15.3±7.0%

of body weight) significantly lowered ICP and led to

a significant improvement in papilloedema, vision and head-

ache outcomes. There is an ongoing multicentre, randomised

controlled trial22 designed to assess if weight loss through

bariatric surgery is a more effective sustainable treatment for

IIH than lifestyle modification through a community weight

management program.

Medical management to reduce ICP is typically with

acetazolamide, a carbonic anhydrase inhibitor, which is

thought to act by reducing CSF secretion at the choroid

plexus. Two RCTs have been carried out to study the effect

of acetazolamide versus placebo (with both groups receiving

weight-reduction diet and lifestyle modification) for the treat-

ment of IIH. Ball et al19 showed a small benefit for the use of

acetazolamide at 12 months, with a reduction in headache,

vision loss, transient visual obscurations, and improvement in

contrast sensitivity. They did not find evidence of reduction in

papilloedema, headache severity, improvement in visual

acuity, or visual field parameters. Wall et al20 showed (in the

treatment group at 6 months) an improvement in visual field,

papilloedema, quality of life, weight loss, and CSF opening

pressure. The authors of a Cochrane review based on these

two RCTs were however unable to recommend or reject

acetazolamide for the treatment of IIH.18 One study suggested

non-inferiority of topiramate, an anti-epileptic and migraine

prophylaxis, versus acetazolamide.23 The proposed advantage

of this drug is its combined effects of carbonic anhydrase

inhibition, migraine prophylaxis, and appetite suppression.

A recent in vivo study investigated the commonly cited

medications for IIH at both clinical (single equivalent human

dose) and high (daily equivalent human dose) namely, sub-

cutaneous acetazolamide 1 g and 4 g; Topiramate 50 mg and

200 mg; and oral preparations of Topiramate 200 mg and

Acetazolamide 4 g. At clinical and high doses, subcutaneous

administration of topiramate significantly lowered ICP over

2 hrs to 68.6 ± 2.0% of baseline which was a 32% reduction

(p < 0.001) and by 79.2 ± 7.5% of baseline, which was a 21%

reduction (p < 0.05), respectively, compared to the control.

Of note, there was no significant reduction in ICP noted with

equivalent to human doses of acetazolamide, amiloride, fur-

osemide, or octreotide. Oral administration of topiramate

lowered ICP, and over the first two hours, topiramate sig-

nificantly reduced ICP compared to baseline (22% reduction,

p < 0.05). Compared to placebo, acetazolamide did not sig-

nificantly lower ICP over the same study period.24 Human

physiological studies would be further informative in asses-

sing ICP levels in response to the common medications used.

On the horizon may be more medical options, including 11β-
Hydroxysteroid Dehydrogenase Type 1 inhibitors.25
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Surgical Management For IIH
In less than 10% of IIH4 present with rapidly progressive loss

of visual function (termed fulminant IIH) and in whom an

acute reduction in ICP is required to preserve vision, surgical

interventions are necessary.16,26 Such options include CSF

diversion with the commonest surgeries being

a ventriculoperitoneal shunt or lumboperitoneal shunt, or

optic nerve sheath fenestration (ONSF).

The disadvantages of any intervention are that they can be

invasive, carry inherent risks to the patient andmay not relieve

headache symptoms. Shunt revision surgeries are very com-

mon, with a third of patients requiring multiple revision

surgeries.27 Ventriculo-peritoneal shunts are preferred16,26

due to the reported lower revision rates compared to lumbo-

peritoneal shunts (1.8 versus 4.3 revisions per patient,

respectively).28 It is important to counsel patients that ventri-

culo-peritoneal shunt insertion leads to a temporary driving

restriction in some countries such as the UK.16

ONSF surgery is another option, particularly for asym-

metric papilloedema or when visual symptoms predomi-

nate. It carries the risk of severe complications such as loss

of vision, as well as diplopia and pupillary dysfunction.29

Dural Venous Sinus Stenting
Venous sinus stenting was first described by Higgins et al30 in

2002, with the technique of inserting a catheter into the

internal jugular vein to direct a self-expanding stent over

a guidewire across a venous sinus stenosis. In this seminal

case, the dural venous pressure gradient reduced from 18

mmHg pre-procedure to 3 mmHg post-procedure, with the

patient reporting an improvement in their headache. Since

then it has been added to the surgical armamentarium, in

some centres, for IIH. Several studies (Table 1) have demon-

strated seemingly good efficacy and favourable safety

profile.30–49 In this paper, we discuss the pathophysiology

of IIH in relation to venous sinus stenosis, the rationale and

role of venous sinus stenting with a review of the relevant

literature, the advantages and disadvantages of stenting com-

pared with other surgical interventions, and the future of

stenting in the treatment of IIH.

Pathophysiology Relating To Venous Sinus

Stenosis
The precise pathogenesis of IIH is still not fully under-

stood, but clinical signs and symptoms point to raised ICP

in the absence of hydrocephalus or ventriculomegaly.

Therefore, the primary mechanisms are proposed to be

CSF hypersecretion, CSF outflow obstruction and, more

recently, venous sinus hypertension. Other contributing

factors are thought to include cerebral oedema, obesity,

hormonal factors, as well as important secondary causes

(for example, corticosteroids, certain antibiotics, and vita-

min A) and associated disorders (such as anaemia,

obstructive sleep apnoea, and renal failure).5,16

Dural venous sinus occlusion, most commonly occur-

ring in the superior sagittal sinus (SSS) or transverse sinus

(TS) secondary to thrombosis or a compressive lesion, is

known to cause raised ICP and clinical features synon-

ymous with IIH. However, partial occlusion or stenosis

with resultant venous sinus hypertension is now increas-

ingly recognised in patients with IIH. It has been hypothe-

sised for some time that patients with IIH have

anatomically different dural venous sinuses.50 A link

between venous sinus hypertension and IIH was demon-

strated by King et al51 in 1995 when manometry was

performed on nine patients with IIH. Raised pressure in

the SSS and proximal TS was found in all of them, with

a mean pressure gradient of 13.3 mmHg. The reported

incidence of venous sinus stenosis in patients with IIH

ranges from 30% to 93%38 compared with 6.8% among

the general population.52 One imaging study50 noted bilat-

eral venous sinus stenosis in 93% of IIH patients, com-

pared with 7% of controls. As such, our understanding

about the importance of dural venous haemodynamics in

the pathophysiology of IIH has greatly increased in recent

years; indeed, venous sinus hypertension has been

hypothesised by some to be the cause of IIH.13 However,

there is still debate as to whether dural venous sinus

stenosis is the cause or consequence of refractory IIH.

CSF absorption occurs primarily via the arachnoid villi

of the SSS and is determined by the following equation:

CSF absorption = (PCSF–PSSS)/RO, where PCSF is the CSF

pressure, PSSS is the SSS pressure, and RO is the resistance

across the arachnoid villi.53 This implies that CSF absorp-

tion (and thus ICP) are governed by the venous pressure in

the SSS.31 To facilitate CSF drainage via the arachnoid

granulation, CSF pressure must be higher than venous

sinus pressure. The walls of the venous sinuses must

therefore be rigid in order to maintain patency when sur-

rounded by higher CSF pressure.

An alternative theory reverses this mechanistic rela-

tionship, suggesting that rather than being causative,

venous sinus stenosis may occur in susceptible regions of

the sinuses as a result of raised ICP. Evidence to support

this includes studies showing reversal of venous sinus
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hypertension, stenosis, and trans-stenotic pressure gradient

with reduction in ICP.54–56 Conflicting evidence of persist-

ing venous sinus stenosis despite normalisation of ICP57

suggests more than one mechanism is at play.

To resolve these seemingly opposing mechanisms, it is

now thought that two distinct types of venous sinus ste-

nosis exist in association with IIH:

● The first, thought to occur in the majority of

patients, is due to extrinsic compression as

a consequence of raised ICP, with a long tapering

stenosis and normal arachnoid granulations on

neuro-imaging. This type of stenosis is reversible

with normalisation of ICP (Figure 1). This has also

been termed non-venogenic and is thought to be

due to abnormal CSF absorption mechanisms.31

● The second, less common type, is due to intrinsic

focal venous sinus stenosis (Figure 2), typically

due to arachnoid granulation hypertrophy, fibrosis,

or deposition. This “venogenic” type may be due to

primary venous pathology (such as thrombosis or

vasculitis) or anatomical variation.31 It is thought

that this type may initially be pre-symptomatic,

requiring a “second hit” such as weight gain or

altered CSF dynamics to result in raised ICP. This

is supported by evidence from a study which found

bilateral venous sinus stenosis in a group of

patients with no papilloedema or symptoms of

raised ICP.58 This type of stenosis is unresponsive

to changes in ICP.

It could be argued that dural venous sinus stenting has no

role in a patient with extrinsic venous sinus compression

associated with IIH. However, as evidence exists to the

contrary, a positive feedback loop, the so-called “collap-

sible model theory”. A mild increase in ICP causes

a degree of venous sinus stenosis in a compressible

region, resulting in impaired CSF outflow causing

a further rise in ICP with more venous sinus compres-

sion, and a resultant increase in the trans-stenotic pres-

sure gradient.59 This has been likened to a so-called

Starling resistor whereby raised ICP restricts venous out-

flow, maintaining equilibrium between blood inflow and

CSF outflow. Dural venous sinus stenting in these

patients is theorised to increase vessel rigidity, reduce

compression and collapse, and therefore interrupt this

positive feedback loop. There is still debate as to what
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initiates this chain of events, but there is evidence of

a positive correlation between BMI, mean intracranial

venous pressure, and trans-stenotic pressure gradient in

patients with IIH suggesting that weight-gain may be the

inciting event.60

Role Of Neuro-Imaging In Venous Sinus

Stenosis
The choice of neuro-imaging modality is important both in

pre-procedure patient evaluation and post-procedure mon-

itoring for the detection of re-stenosis. By using specific

imaging protocols to grade venous sinus stenosis, one

study reported a sensitivity and specificity of 93% for

identifying IIH using MRV.50 It is recognised that the

sensitivity of MRV is dependent on technical factors. In

order to achieve an acceptable yield when investigating

dural venous sinus pathology, neuroimaging should

include the whole area from the SSS to the jugular bulb.

There is ongoing research into the role of computer-

assisted detection to create venous sinus “normograms”

in control patients in order to better characterise the

sinus changes in patients with suspected IIH.61 Other

research suggests that time-of-flight MRV is a reliable

representation of endoluminal dural venous sinus dimen-

sions, whereas contrast-enhanced MRV tends to overesti-

mate endoluminal sinus dimensions compared with

intravascular ultrasound.62 Conventional cerebral arterio-

graphy is associated with small risk of stroke and has been

A B

C D

Figure 1 Radiological changes seen following lumbar puncture in IIH. MRI head imaging coronal T2- weighted image showing improvement in the caliber of the venous

sinuses, particularly the left transverse sinus pre-lumbar puncture (A) to post-lumbar puncture (B). MRI head imaging sagittal T1-weighted image showing a partially empty

sella (arrow) (C); MRI head sagittal T1-weighted image showing resolution of the partially empty sella following lumbar puncture within 10 days (arrow) (D).
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shown to miss some venous sinus lesions in patients with

IIH.63 Direct retrograde cerebral venography (DRCV) is

more sensitive and has fewer risks, but alone can also miss

lesions.51 A gold standard of neuro-imaging has therefore

been proposed which combines both DRCV and dural

venous manometry.31

When it comes to estimating venous sinus pressure gra-

dients, non-invasive imaging is not thought to be suitable for

ruling out clinically significant venous sinus stenosis; one

study which aimed to correlate angiographic venous sinus

measurements to physiological venous outflow obstruction

determined by venous manometry, calculated a sensitivity for

detecting a significant trans-stenotic pressure gradient with

non-invasive magnetic resonance venography (MRV) or

computerised tomography venography (CTV) to be 42%,

with a negative predictive value of 22%.64 This compared

unfavourably to invasive imaging modalities such as venous

phase arteriography (sensitivity 81%, specificity 91%) and

venography (sensitivity 92%, specificity 73%). Intravascular

ultrasound provides 360° visualization with accurate mea-

surements and information regarding the type of stenosis

(intrinsic versus extrinsic).46

There is evidence that quantitative MRV may be

a useful tool in post-stenting surveillance; using this ima-

ging modality, venous outflow increases after venous sinus

stenting and correlates with significantly improved sinus

venous pressure.65 More recently, contrast-enhanced MRV

has been shown to be a reliable first-line investigation for

monitoring patients following venous sinus stenting, with

one group reporting 100% sensitivity and 100% negative

A B

C D

Figure 2 Intrinsic stenosis resolved by stent. This is an example of intrinsic stenosis of the right transverse-sigmoid sinus junction. Angiographic evidence of the stenosis

(arrow) (A) followed by imaging during the opening of the stent in the venous sinus (B). Unsubtracted image of the stent released in the sinus (C) followed by evidence of

relief of the stenosis and patency of the Labbé vein and the superficial middle cerebral vein (small arrowheads) (D).
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predictive value for detection of recurrent dural venous

sinus stenosis.66 The obvious advantage of MRV is that it

is non-invasive and avoids exposing patients to ionising

radiation or contrast medium. Changes in optical coher-

ence tomography imaging parameters have been shown to

correlate with visual improvement, and therefore may be

used as an objective, anatomical measure of outcomes in

patients following venous sinus stenting.67

Establishing A Role Of Venous Sinus

Stenting In IIH
One key question is where does venous stenting sits in the

management algorithm for IIH, given that currently there

is no class 1 evidence for its use in IIH: for example,

should it be reserved for those requiring emergency treat-

ment for fulminant disease? Or those refractory to medical

management? As outlined above, it is now accepted that

venous sinus stenosis and hypertension may play a role in

the pathophysiology of IIH. Therefore, it can be argued

that when a dural venous stenosis is identified in a patient

and where emergency surgical treatment is required, the

most appropriate intervention is one that acts directly on

venous sinus haemodynamics, namely venous sinus stent-

ing. They argue that other surgical options such as ONSF

and CSF diversion procedures act to reduce CSF pressure;

they do not act directly on venous sinus haemodynamics

and therefore may not modulate the underlying cause.

Similarly, in deciding on the next course of action for an

individual with a suboptimal response to weight loss and

medical management, it may be important to establish the

degree of venous sinus stenosis. One approach is to perform

cerebral digital subtraction venography to establish if

a stenotic venous sinus is present with a high trans-stenotic

pressure gradient (e.g. ≥10 mmHg). If this is the case, treat-

ment with venous sinus stenting may be appropriate. If

stenosis is not present, or the trans-stenotic pressure gradient

is sufficiently low to be clinically insignificant, one of the

treatments to lower ICP may be more appropriate. One

proposed set of criteria for dural venous sinus stenting in

IIH is given in Table 242 and an overview of the current

surgical technique is described by Cappuzzo et al.47

Advantages Of Venous Sinus Stenting
There is growing evidence in the literature of the efficacy

of venous sinus stenting. A recent systematic review and

meta-analysis identified 473 patients from 24 studies con-

cluded that in patients with refractory IIH and venous

sinus stenosis with elevated pressure gradient, venous

sinus stenting is associated with a reduction in pressure

gradient and ICP, improvement in signs and symptoms of

IIH, and acceptable stent survival rates.68 Venous sinus

stenting appears to be equally effective as both a primary

or secondary procedure, following CSF diversion.48

Another meta-analysis of 8 studies including 136 patients

showed headache improvement in 83%, papilloedema

improvement in 97%, and visual acuity improvement in

78%.69 Transient visual obscurations and diplopia, when pre-

sent, resolved in 76% and 92%, respectively.70 The mean

pressure gradient reduced from 20.6 mmHg (pre-stent) to 2.7

mmHg (post-stent).69 A systematic review comparing head-

ache and visual outcomes in IIH following ONSF, lumboper-

itoneal shunt (LPS), ventriculoperitoneal shunt (VPS), or

venous sinus stenting showed a similar improvement in visual

outcomes across all modalities but a modest improvement in

headache following CSF diversion in combination with

venous sinus stenting.71 It is generally accepted however that

improvement in headache is not a good proxy for improve-

ment in ICP. There is evidence that venous sinus stenting in the

appropriate patient is also associated with a trend towards

shorter duration of medical treatment with acetazolamide.72

Longer term survival seems to compare favourably with CSF

diversion. One study reported 120-day survival of 87.8%

following venous sinus stenting.48 Even more convincing

was a meta-analysis of 395 patients with a mean follow up

of 18.9 months, in which stent survival in 84%was reported.68

Table 2 Proposed criteria for dural venous sinus stenting in IIH

adapted from Teleb et al42

Major Criteria (all required for qualification)

o Failed MMT for at least one month or Fulminant course refrac-

tory to medical treatment with rapidly worsening vision.

o Presence of pressure gradient across the stenosis ≥10 mmHg.

o Pressure ≥25 mmHg.

o Pulsatility seen on manometry that is attenuated post-stenosis.

o Visual changes, papilledema, or other focal objective neurological

symptoms. Headaches only if severely disabling.

o No contraindications to dual antiplatelet therapy.

Minor Criteria (one required for qualification)

o Intolerance to repeated lumbar puncture or lumbar drain.

o Diagnosis of DSS ≥50% on CT or MR venogram or catheter

angiography.

o Failed surgical shunting procedure or Failed optic nerve fenestration.

o Patient preference.

Note: Reproduced from Teleb et al., Stenting and Angioplasty for Idiopathic

IntracranialHypertension: A Case Series with Clinical, Angiographic, Ophthalmological,

Complication, and Pressure Reporting. John Wiley and Sons. Copyright © 2013 by the

American Society of Neuroimaging.
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High BMI has been correlated with worse outcomes in

IIH, and there is also a positive correlation between BMI

and intracranial venous pressure. Recent evidence suggests

venous sinus stenting results in an even greater reduction

in venous pressure for these “at risk” patients with higher

BMI.60 There have been concerns that the effect of venous

sinus stenting may not be fast enough to be useful in

fulminant IIH. However, there is growing evidence of

good efficacy even in patients with acute, severe loss of

vision either following high-volume lumbar puncture46 or

in conjunction with temporary CSF diversion.52 This is

supported by the results of a review in which only 8% of

patients with papilloedema at presentation developed optic

atrophy, suggesting the speed of ICP normalisation was

generally sufficient to prevent irreversible damage.70

Indeed, venous sinus stenting has been shown to result in

immediate alteration of the dural venous sinus pressure

measurements in patients with IIH.73

Comparing Venous Sinus Stenting To

ONSF And CSF Diversion
The efficacy and safety profile of venous sinus stenting

also seems to compare favourably to the other surgical

treatment options in IIH, namely ONSF and CSF diver-

sion. ONSF is typically used in patients with medically

refractory IIH in whom severe visual loss rather than

headache is the primary morbidity or where there is asym-

metric papilloedema. The procedure involves creating slits

in the optic nerve sheath which are thought to modulate

CSF flow either directly via a dural fistula or indirectly by

inducing fibrosis and blocking CSF flow between the sub-

arachnoid space around the optic nerve and the intracranial

optic nerve.74 However, major complications such as orbi-

tal or retrobulbar haematoma, orbital cellulitis and trau-

matic optic neuropathy can occur in 1.5% of patients.75

There is also some evidence of progressive visual decline

despite ONSF.75 Regarding CSF diversion, a large meta-

analysis showed 86% improvement in headache, 70%

improvement in papilloedema, and more modest improve-

ment in vision. However, in this meta-analysis, there were

major complications in 7.6% of patient, with shunt infec-

tion, subdural haematoma, tonsillar herniation, and CSF

fistula occurring.69 Overall, CSF diversion is associated

with significant morbidity and high revision rate;27 and up

to 43% of patients require additional interventions after

CSF diversion, such as shunt revision.1

Disadvantages Of Venous Sinus Stenting
The most common adverse event reported in the literature

was transient post-procedure headache, typically lasting

days, ipsilateral to the side of stenting which is thought

to be secondary to dural stretch. These headaches have

been reported in one review to occur in around 30% of

patients.70 The rate of serious complications (such as

intracranial haemorrhage and venous sinus thrombosis)

has been reported as less than 2% in a number of systema-

tic reviews68,76 and around 5% in a large case series.48

Serious complications following venous sinus stenting

include subdural haemorrhage,34 intracranial dural arterio-

venous fistula formation,77,78 occlusion of the contralateral

transverse sinus,79 severe cerebellar haemorrhage.80

Impaired drainage of the ipsilateral vein of Labbé (VOL)

has a reported incidence of 13% in one study.81 This is

thought to occur when the stent is placed across the trans-

verse and sigmoid sinuses, covering the VOL ostium with

potentially severe consequences including cerebral

oedema, venous cerebral ischaemia, and cerebral haemor-

rhage. Procedure-related complications include femoral

pseudo-aneurysm, contrast extravasation, and anaphylaxis.

In relation to potential thrombotic complications of venous

sinus stenting, there is considerable variation in the use of

antiplatelets and anticoagulants before and after venous

sinus stenting. Most commonly, dual anti-platelet therapy

(with aspirin and clopidogrel) is started as a pre-procedure

and continued for at least 6 months to allow for epithelia-

lisation of the stent to occur. Further research in this area

will hopefully lead to a more standardised approach, and

a reduction in the rate of thrombotic complications. In one

review, the overall rate of serious complication following

venous sinus stenting (2.9%) was higher than following

ONSF (1.5%) but significantly lower than following CSF

diversion (7.6%).69

The most common cause of failure is re-stenosis, which

can occur in or adjacent to an existing stent. In-stent throm-

bosis may occur secondary to suboptimal placement of the

original stent with residual thrombosis proximal to the

stent.49 The mechanism of stent-adjacent stenosis (SAS) is

poorly understood, but it is recognised as the main reason

for stent revision. Postulated mechanisms are raised ICP or

pressure gradient, floppy sinuses, uncontrolled endothelia-

lisation, or ongoing extrinsic compression beyond the

stented area which continues to incite the pathological

positive feedback loop.68 This last point is supported by

evidence from Ahmed et al34 where 5 of the 6 patients who
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required re-stenting had the long tapering stenosis and all of

these had SAS. The pattern of change in the trans-stenosis

venous pressure gradient may be predictive of SAS.82 The

rate of re-stenosis varies in the literature. A meta-analysis of

395 patients with a mean follow-up of 18.9 months esti-

mated the rate of SAS to be 14%.68 Asif et al48 reported the

re-stenosis rate to be at least 20% at 120 days. Satti et al69

reported the rate of repeat procedures for re-stenosis to be

10.3%, with conversion to CSF diversion in 2.2%.

Research into the potential predictors for re-treatment

has shown possible evidence that raised BMI and African-

American race is associated with higher retreatment

rates.83 Haemodynamic failure was strongly associated

with female gender and pure extrinsic compression of the

transverse-sigmoid junction.84 Patient presenting with

highly raised opening pressures and those with persisting

papilloedema post-procedure are at increased risk of stent

failure.85 It is thought there may be a subgroup of IIH

patients who are refractory to venous sinus stenting, in

whom permanent CSF diversion is still required for dis-

ease control.

Conclusion
Our knowledge of IIH is advancing rapidly and a modern

approach to the disease entity is emerging.7,9,86 Interventions

for those who have precipitous visual loss needs to be inves-

tigated in a systematic way to provide a high level of con-

fidence that vision will be preserved or improved. It seems

apparent that venous sinus stenting does have a role in the

management of IIH. However, clear study outcomes are

required to systematically study its placement, and as such

as validated trial outcomes are now required which should

include both headache and visual outcomes. Although tradi-

tionally the primary surgical treatment of medically refrac-

tory IIH has been with CSF diversion, the efficacy and low

complication rate associated with dural venous sinus stenting

is appealing. As the evidence for venous sinus stenting is so

far based on retrospective or uncontrolled prospective stu-

dies, there is a need for a more robust evidence base to inform

practice in this area. Prospective head-to-head trials such as

the VISION trial87 comparing venous sinus stenting versus

CSF diversion procedure will be of great benefit. Despite

good evidence of the effect of stenting on the venous sinus

pressure gradient, the effect on CSF pressure is less clearly

understood. Recent evidence however shows a significant

decrease in CSF opening pressure that is maintained at 3

months post procedure, independent of weight loss or med-

ical therapy.88 Unfortunately, CSF pressure post-stenting and

at subsequent follow-up is often not reported in published

studies. Further studies specifically measuring CSF pressure

before and after stenting will improve our knowledge of this

relationship. In order to compare the results from future

studies, some authors have suggested angiography to confirm

stenosis and pressure gradient.69 There needs to be standar-

dised collection of data relating to patient characteristics, pre-

and post-stenting headache metrics, neuro-ophthalmic visual

examination, CSF studies, and quality of life measures.

Long-term follow-up of clinical features and stent patency

also need to be reported.
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