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Abstract

Background: |diopathic intracranial hypertension (IIH) is characterized by an elevated intra-
cranial pressure without any identifiable causative factor such as an intracranial mass. Dural
venous sinus stenosis (DVSS) has been suggested to be associated with IIH. Objective: We
performed an updated systematic review and meta-analysis to determine clinical outcomes
as well as stent survival and stent-adjacent stenosis rates in patients undergoing DVSS for the
management of medically refractory IIH. Methods: We searched PubMed, Embase, and Co-
chrane databases to identify prospective or retrospective cohorts or case series of patients
with [IH treated with DVSS between 2000 and 2017. Results: A total of 473 patients were in-
cluded from 24 studies. Headache was present in 429 (91.8%) patients and resolved or im-
proved in 319/413 (77.2%) after the procedure. Headache, papilledema, visual acuity, and
tinnitus improved in 256/330 (77.6%), 247/288 (85.8%), 121/172 (70.3%), and 93/110 (84.5%)
patients following DVSS at the final follow-up (mean of 18.3 months). In a meta-analysis of
395 patients with available follow-up data on stenting outcome (mean of 18.9 months), the
stent survival and stent-adjacent stenosis rates were 84% (95% confidence interval [Cl] 79—
87%) and 14% (95% Cl 11-18%), respectively. The rate of major neurological complications was
less than 2%. Conclusion: Stent-adjacent stenosis is an important complication following ve-
nous stenting in patients with DVSS and IIH. Further studies are needed to identify determi-
nants of stent-adjacent stenosis and stent nonsurvival. © 2018 S. Karger AG, Basel
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Introduction

Refractory idiopathic intracranial hypertension (IIH) is a syndrome of increased intra-
cranial pressure (ICP) without any mass lesion in the brain, mainly affecting obese women of
childbearing age, that is unresponsive to medical therapy [1]. Common associated clinical
findings include headache, pulse-synchronous tinnitus, visual field disturbances, papille-
dema, and possible visual loss because of chronic papilledema.

Currentsurgical treatments of refractory [IH including cerebrospinal fluid (CSF) diversion
(shunting) and optic nerve fenestration are associated with high rates of complications (7.6
and 32.3%, 1.5 and 16.4% major and minor complications, respectively) and recurrence of
[IH-related symptoms [2]. Furthermore, it is thought that in cases where dural venous sinus
stenosis (DVSS) is present both shunting and optic nerve sheath fenestration are providing
only a temporary relief to the physiological problem at hand. More recently, there has been a
growing body of evidence on the role of DVSS in the etiology of IIH [2]. Whether the DVSS is
the cause or a consequence of increased ICP is still debated [3]. However, venous sinus
stenting has been proposed as a surgical treatment associated with good clinical outcomes in
several retrospective cohorts and case series.

The long-term rates of stent survival as well as determinants of stent failure in patients
who undergo venous sinus stenting are not well established. Prior reports have suggested
varying rates of stent-adjacent (proximal or distal) stenosis as a main reason for treatment
failure after DVSS [4-22] as well as different clinical outcomes [4-26]. In this analysis, we
aimed to provide an updated systematic review of DVSS outcomes and to determine overall
stent survival and stent-adjacent stenosis rates based on available evidence.

Methods

Literature Search

This review was conducted in accordance with PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines. The database search including PubMed, Embase, and Cochrane was
performed by two of the authors. The search terms were (“idiopathic intracranial hypertension” OR “pseu-
dotumor cerebri”) AND (“venous sinus stenting”). After eliminating duplicates and irrelevant articles, full-
textreports were reviewed. Subsequently, we performed a hand search of all included studies until no further
relevant studies were identified. Disagreements between the two reviewers were resolved by the third
reviewer. The electronic search was last updated on December 20, 2017. Studies were included if there were
more than 3 patients treated with venous sinus stenting and main clinical outcomes reported for patients
treated with venous stenting.

Data Extraction and Outcomes

Demographic and baseline information, treatment, and clinical and safety outcomes were extracted
from eligible studies.

Clinical outcomes included improvement in headache, tinnitus, visual changes, and papilledema. The
main stent-related outcomes were stent nonrevision rates (stent survival) and stent-adjacent stenosis. Stent
survival was defined as patients not undergoing any type of procedural treatment following the initial
stenting as a result of persistency of symptoms, in-stent stenosis, stent-adjacent stenosis, or contralateral
venous sinus stenosis. Major safety outcomes included ischemic or hemorrhagic complications.

Statistical Analysis

Clinical outcome improvement rates for DVSS were calculated. Stent-related outcomes were assessed
by meta-analysis using R for statistical programming. Fixed- or random-effects models were used for meta-
analysis as appropriate.
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Results

We identified 473 patients from 24 studies for inclusion in our systematic review. The
study followed the PRISMA guidelines for systematic reviews. Our results demonstrated that
86% of patients were females and the average BMI and lumbar puncture opening pressure
were 34.8 and 38.6, respectively (Table 1). Headache, papilledema, visual acuity, and tinnitus
were present in 91.8, 86.8, 72.7, and 48.9% of patients, respectively. Overall, 368 patients
were followed clinically on a long-term basis (mean follow-up 18.3 months). Symptomatic
improvement in patients with available long-term follow-up data was 77.6% for headache
(256/330), 85.8% for papilledema (247/288), 70.3% for visual acuity (121/172), and 84.5%
for tinnitus (93/110). A total of 395 patients were radiographically followed using com-
puterized tomography venography, magnetic resonance venogram, or digital subtraction
angiogram (mean follow-up 18.9 months). Also, atotal of 79 patients (4 studies) were followed
up with cerebral angiograms for long-term assessment of the pressure gradient. The initial
pressure gradient before stenting was 20.0 mm Hg, and the average final pressure gradient
after stenting was 3.2 mm Hg (mean follow-up 7.9 months) (Table 2). Major neurological
complications were noted to be less than 2%. In a meta-analysis of 395 patients with follow-
up data on stenting outcome, stent survival was 84% (95% confidence interval [CI] 79-87%)
ata mean of 20 months of follow-up (Fig. 1). Overall, 14% (95% CI 11-18%) of patients expe-
rienced stent-adjacent stenosis over the same time period (Fig. 2).

Discussion

The annual incidence of IIH is around 1 per 100,000 in the general population in the US,
and as high as 20 per 100,000 in overweight women between the ages of 20 and 44 years.
Interestingly, DVSS has been commonly reported in 50-90% of patients with IIH, most of
whom are responsive to medical therapy and weight loss [27]. This rate may be up to 100%
in patients with refractory IIH. The diagnosis is made according to the modified Dandy Criteria
and can be due to different underlying pathophysiological mechanisms including DVSS. Once
medical therapy has failed, surgical optic nerve sheath fenestration, shunting, and venous
stenting remain options.

The pathogenesis of IIH is multifactorial. Drugs and high estrogen levels are known causes
of ITH, the pathogenesis being an increased CSF production. On the other hand, an impairment
in CSF absorption can also be the inciting factor leading to IIH. The relationship between DVSS
and IIH has been the subject of inquiry. There are two types of stenosis associated with IIH.
The first is a long tapering stenosis with normal appearance of arachnoid granulations on the
vascularimaging (e.g., magnetic resonance venogram). The second type is a more focal stenosis
asaresultofhypertrophy of arachnoid granulations, focal fibrosis, septations, or fatty deposits.
In the study by Ahmed et al. [7], 5 out of the 6 patients that underwent re-stenting had a long
tapering type of venous sinus stenosis. Stent failures in these patients were all accompanied
by stent-adjacent stenosis. A positive feedback mechanism could explain how increased ICP
will ultimately result in DVSS whereby worsening ICP. This results in worsening extrinsic
compression and worsening of the venous sinuses which in turn could impede CSF outflow
resulting in further increase in ICP. Venous sinus stenting in these patients may reduce this
positive feedback loop and could theoretically relieve symptoms of IIH. However, further
compression of venous sinuses outside the area of stenting may continue to be present as the
inciting factor leading to IIH has not been corrected. In contrast, relieving the focal stenosis
seen in the intrinsic type of DVSS would likely not result in stent-adjacent stenosis as venous
sinus stenting relieves the primary cause of IIH in these patients.
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Study Events Total Proportion Weight Weight
(95% Cl) (fixed), % (random), %
T
Higgins [4], 2003 10 12 | 0.83 (0.52, 0.98) 34 34
Owler [5], 2003 4 4 ! 1.00 (0.40, 1.00) 0.9 0.9
Donnet [6], 2008 10 10 ——+— 1.00(0.69, 1.00) 1.0 1.0
Ahmed [7], 2011 46 52 —+—+—  0.88(0.77,0.96) 10.8 10.8
Albuquerque [8], 2011 13 14 —1—=+— 0.93(0.66, 1.00) 1.9 1.9
Fields [9], 2011 13 15 ——+—— 0.87 (0.60, 0.98) 35 35
Kumpe [10], 2012 15 16 ———— 0.94(0.70, 1.00) 1.9 1.9
Radvany [20], 2013 10 12 0.83 (0.52, 0.98) 34 34
Teleb [22], 2012 12 18 : 0.67 (0.41,0.87) 8.2 8.2
Ducruet [11], 2014 18 23 _— 0.78 (0.56, 0.93) 8.0 8.0
Goodwin [12], 2014 15 18 ——— 0.83(0.59,0.96) 5.1 5.1
Elder [13], 2015 3 4 0.75 (0.19, 0.99) 1.5 1.5
Liu [14], 2017 8 10 : 0.80 (0.44, 0.97) 33 33
Smith [21], 2017 13 17 . 0.76 (0.50, 0.93) 6.2 6.2
Dinkin [15], 2017 12 13 ——L—+— 0.92(0.64, 1.00) 1.9 1.9
Kumpe [29], 2017 30 39 - 0.77 (0.61, 0.89) 14.1 14.1
Lenck [16], 2016 20 21 — +—+— 0.95(0.76, 1.00) 19 19
Aguilar-Pérez [17], 2017 41 48 — - 0.85 (0.72, 0.94) 12.2 12.2
Asif [18], 2017 37 41 ———+— 0.90(0.77,0.97) 74 74
Satti [19], 2017 9 11 ! 0.82 (0.48, 0.98) 33 33
I
Fixed-effects model 398 <:> 0.84 (0.79, 0.87) 100.0 -
Random-effects model <|> 0.84 (0.79, 0.87) - 100.0
Heterogeneity: > = 0%, 7> = 0,p = 0.78 | : : - :
0.2 0.4 0.6 0.8 1.0

Fig. 1. Venous sinus stent survival rate.

We observed high rates for improvement of signs and symptoms associated with re-

fractory IIH following venous stenting similar to another large meta-analysis [2]. Tinnitus and
papilledema were symptoms associated with the highest likelihood of response to venous
stenting. Reductions in pressure gradients were significantly correlated with resolution of
symptoms. Venous stenting was associated with a significant reduction in pressure gradient
across the site of stenosis and CSF pressure before and after the procedure. Overall, stent
failure and stent-adjacent stenosis rates were low after dural venous sinus stenting.

Manometry during venography has demonstrated considerable pressure gradients
across the stenotic segments with elevated venous pressures proximal to the stenosis. Al-
though it is not clear whether DVSS is the cause or consequence of refractory IIH, our results
indicate that lowering the venous system pressure via stenting of the stenotic vein could be
an effective approach in resolution of clinical signs and symptoms. In fact, decreasing the
intraluminal pressure in the venous system can promote CSF absorption in venous arachnoid
granulations, thus reducing ICP. Furthermore, the venous system has been shown to act as a
Starling resistor and thus raised ICP does restrict venous outflow, especially at the level of
cortical veins, and helps maintain the balance between blood inflow and CSF outflow. Although
stenting of the venous sinus stenosis has been shown to resolve the pressure gradient, the
effect on ICP remains inconclusive. Only few studies reported ICP changes following venous
stenting. Future studies should consider ICP measurements before and after venous stenting
as well as during follow-up of these individuals.

Potential major complications following dural venous sinus stenting include intracranial
hemorrhage, venous thrombosis with secondary ischemic complications, as well as proce-
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Study Events Total Proportion Weight Weight
(95% Cl) (fixed), % (random), %
T
Higgins [4], 2003 0 12 — 0.00 (0.00, 0.26) 1.2 1.2
Owler [5], 2003 1 4 : 0.25 (0.01, 0.81) 1.9 1.9
Donnet [6], 2008 0 10 e 0.00 (0.00, 0.31) 1.2 1.2
Ahmed [7], 2011 6 52 — 0.12 (0.04, 0.23) 13.3 13.3
Albuquerque [8], 2011 1 14 —— 0.07 (0.00, 0.34) 2.3 2.3
Fields [9], 2011 0 15 7t 0.00 (0.00, 0.22) 1.2 1.2
Kumpe [10], 2012 1 16 ———— 0.06 (0.00, 0.30) 2.3 23
Radvany [20], 2013 2 12 t 0.17 (0.02, 0.48) 42 42
Teleb [22], 2012 0 18— 0.00 (0.00, 0.19) 1.2 1.2
Ducruet [11], 2014 5 23 —)— 0.22 (0.07, 0.44) 9.8 9.8
Goodwin [12], 2014 2 18 —— 0.11 (0.01, 0.35) 45 45
Elder [13], 2015 1 4 ; 0.25 (0.01, 0.81) 1.9 1.9
Liu [14], 2017 2 10 : 0.20 (0.03, 0.56) 40 40
Smith [21], 2017 5 14 : 0.36 (0.13, 0.65) 8.1 8.1
Dinkin [15], 2017 1 13 — 0.08 (0.00, 0.36) 2.3 23
Kumpe [29], 2017 7 39 —_— 0.18 (0.08, 0.34) 14.4 14.4
Lenck [16], 2016 1 21 ——— 0.05 (0.00, 0.24) 2.4 2.4
Aguilar-Pérez [17],2017 7 48 — 0.15 (0.06, 0.28) 15.0 15.0
Asif [18], 2017 2 41 - 0.05 (0.01,0.17) 4.8 4.8
Satti [19], 2017 2 11 | 0.18 (0.02, 0.52) 4.1 4.1
I
Fixed-effects model 395 <§ 0.14 (0.11,0.18) 100.0 -
Random-effects model <> 0.14 (0.11, 0.18) - 100.0
Heterogeneity: # = 0%, 7> = 0, p = 0.51 | . : : ,
0 0.2 0.4 0.6 0.8

Fig. 2. Stent-adjacent stenosis rate.

dural complications. In our systematic review, these major complications were seen in less

than 2% of procedures.

The novel results from our analysis are an estimation of stent survival and stent-adjacent

stenosis in 24 studies. A major reason for stenting failure or the need for stent revision is
stenosis proximal or distal to the stent (juxta-stent stenosis). As mentioned previously, the
cause of such juxta stenosis could be related to elevated ICP or pressure gradients, continued
extrinsic compression, floppy sinuses, or uncontrolled endothelialization as it seems to occur
notimmediately. One study noted sigmoid stent stenosis at 6 months after stenting for venous
hypertension, and intravascular ultrasound revealed intimal proliferation that improved
upon angioplasty. These findings also fit with the higher-pressure gradients as increased
turbulence could result in greater shear stress in stents. Endothelial cells in veins compared
to arteries are noted to be shorter and wider, compared to their long and narrow arterial
counterparts, in addition normal levels of shear encountered by veins are typically a 10th of
the arterial side. Looser intercellular junctions in veins are also noted compared to arteries
[28]. In-stent stenosis was seen in a small number of patients with DVSS which is similar to
rates reported for venous sinus stenting in other patient populations. Venous sinuses are low-
pressure systems and, therefore, are thought to be associated with a lower risk of in-stent
stenosis and atherosclerosis compared to the arterial system. However, the low-pressure
sinuses are more prone to compression when ICP is high. Some studies have suggested that
longer stents or the use of more than 1 stent may reduce the risk of juxta-stent stenosis after
venous stenting, especially in the setting of extrinsic compression or very high-pressure
gradients [7]. A recent study by Asif et al. [18] reported similar stent survival rates of 87% at
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120 days. However, complications were slightly higher at 4.9% and efficacy for reduction of
papilledema was lower (63% reduction) than in our study. However, future studies will be
needed to further characterize the patient population at an increased risk of juxta-stent
stenosis, as well as optimal management approaches for affected individuals, which will likely
include additional stent placement or shunting. The most common antithrombotic regimen
included dual anti-platelet therapy (aspirin and clopidogrel) for 6 days before the procedure
and for 6 months after the procedure, followed by aspirin lifelong.

Limitations

The number of treated patients is still small. Criteria for enrollment of eligible patients
were not similar in all studies. Most included studies were case series or had a small number
of participants. Publication bias is a major concern given the fact that series with less desirable
surgical outcomes may be less likely to be reported and/or published. Additionally, most
studies did not report CSF pressures after venous stenting or at follow-up visits.

Conclusions

In patients with refractory IIH and DVSS with an elevated pressure gradient across the
site of stenosis, venous sinus stenting is associated with a significant reduction of venous
pressure gradient, ICP, and improvement in clinical signs and symptoms of IIH. Stent survival
rates are acceptable, and juxta-stent stenosis is the major reason for stent revisions. Future
studies are needed to identify determinants of stent-adjacent stenosis and stent nonsurvival.
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