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      Abstract


      Introduction: Recently a subset of patients with Benign Intracranial hypertension has been identified that have cerebral dural venous stenosis. Recent studies have demonstrated that venous sinus stenting can result in normalization of these pressures and resultant resolution of ophthalmologic findings.


      Methods: Twenty-six patients were referred to a single institution for optic nerve swelling due to Benign Intracranial hypertension and found to have cerebral dural venous sinus stenosis. These patients subsequently underwent cerebral venous sinus stenting. Ophthalmic manifestations were evaluated pre and post procedure as well as intravascular pressure measurements and pressure gradients before and after the stenting procedure. The pre and postoperative ophthalmologic findings were tabulated as well as the pre and post procedure pressure measurements before and after stenting.


      Results: The average preprocedural pressure gradient measured 13.8 mmHg and was reduced to 1.3 mmHg after the stenting procedure. 25 of 26 patients had improvement in their papilledema after the stenting procedure. No complications occurred during or after the procedure.


      Conclusion: Endovascular Dural Venous sinus stenting is a safe and effective treatment modality for the ophthalmic manifestations of Benign Intracranial Hypertension in those patients found to have cerebral venous sinus stenosis.


      Introduction


      Idiopathic intracranial hypertension (IIH) is well known but poorly understood condition that can have devastating consequences on patients. It is a disorder in which the intracranial pressure (ICP) is abnormally increased in the absence of an underlying mass lesion. IIH, formerly known as pseudotumor cerebri, classically affects women of childbearing age with increased BMI. Symptoms of IIH include headaches, tinnitus, and visual problems. Papilledema can develop in severe cases and is associated with progressive vision loss [1]. The visual loss can even occur despite medical and surgical intervention. The elevated intracranial pressures can cause pressure on and swelling of the prelaminar optic nerve resulting in papilledema and subsequent visual loss [1]. Ophthalmologic studies have demonstrated the association of optic nerve swelling with elevated intracranial pressures [2]. Ophthalmic evaluation of the patient with Idiopathic Intracranial hypertension includes visual acuity assessment, funduscopic evaluation and frequently retinal photography, automated perimetry for peripheral visual field assessment, and occasionally Optical Coherence Tomography (OCT). OCT is a newer methodology that delineates the thickness of the retinal nerve fiber layer (RNFL) which may be increased in acute cases of IIH or demonstrate thinning with chronic cases of IIH [3,4]. Thinning of the RNFL has been correlated with visual changes on automated perimetry testing [5]. These findings frequently occur in the setting of a patient with retrobulbar pain with or without subjective visual changes.


      Symptomatically, Benign Intracranial Hypertension can cause debilitating headaches. These headaches may or may not be responsive to medical therapy. Medical therapy with Carbonic Hydrase inhibitors such as Acetazolamide has variable success in relieving the elevated intracranial pressure, the papilledema and the subjective complaints of visual disturbances and even headache. Other well recognized treatment modalities include cerebral shunting procedures (VP and LP shunt) and Optic nerve sheath fenestration (ONSF) [6].


      The pathogenesis of IIH is poorly understood and likely multifactorial, but it is known that hypertrophied arachnoid granulations can exert mass effect on the Dural venous sinus lumen and cause a focal stenosis. [7,8]. These focal stenoses can cause venous outflow obstruction which leads to increased intracranial venous pressure, increased ICP, and ultimately papilledema [8-10]. The goal of endovascular dural venous sinus stenting (DVSS) in select IIH patients is to eradicate these focal stenoses, correct their intracranial pressure, and resolve their symptoms. Endovascular DVSS is becoming a more commonly accepted treatment for IIH [8-11]. We describe our institutional experience and findings with associated with endovascular dural venous sinus stenting.


      Materials


      Institutional IRB approval was obtained prior to the study from Baylor University Medical Center's IRB panel. Patients were selected based on referrals from Ophthalmologists that identified IIH patients with papilledema and possible cerebral dural venous sinus stenosis. All patients were evaluated neuroradiologically at Baylor University Medical Center. 26 patients (25 females, 1 male) with evidence of papilledema secondary to idiopathic intracranial hypertension presented to a single center between 3/2016-5/2019 for dural venous sinus stenting. These patients had an average age of 35.4 (range 18-53) with papilledema on initial fundoscopic examination. MR or CT venogram was then performed demonstrating dural venous sinus stenosis. The patients were then referred to the radiology department for catheter venogram and dural venous sinus stenting. Venous pressure measurements were taken proximal to and distal to the stenosed section before and after stent deployment. All procedures were performed at a single center in a biplane neuro-interventional suite. Initial and follow-up ophthalmic evaluations and fundoscopic examinations were performed by the referring clinician.


      Results


      Mean pre-treatment pressure gradient across the stenosed section was 13.8 mmHg (range 7-28 mmHg). Mean post-treatment pressure gradient section was 1.3 mmHg (range 0-4), with a reduction in the mean pressure gradient by 12.0 mmHg. No major or minor complications were reported during or after the procedures. Follow up fundoscopic examination demonstrated interval resolution of papilledema in 25 of 26 patients. Two patients had late recurrence (months) of their papilledema; repeat venography on these patients demonstrated stenoses distal to the existing stent and were re-treated with angioplasty and stenting with ultimate resolution of their optic nerve swelling.


      The average BMI of our patient population was 36.5 (range 20.2 to 62.1). If the patient had a history of prior Dural venous sinus thrombosis, web formation often occurred which necessitates angioplasty prior to stent deployment. The authors note that if angioplasty is not performed in those patients with history of dural venous sinus thrombosis, the deployed stent will often have a narrow waist which prevents complete stent expansion without angioplasty.


      Discussion


      Idiopathic intracranial hypertension most likely is a symptom manifestation of a variety of conditions that result in elevated intracranial pressure resulting in the typical symptomatology associated with the condition. This study highlights the possibility that the underlying etiology may indeed be related to an anatomic condition - narrowing of the cerebral venous sinus'. This may exacerbate the fluid dynamics in the brain resulting in ever increasing intracranial pressures and worsening stenosis [12]. Therefore, MR or CT venogram should be considered in all patients that present with a constellation of findings of optic nerve swelling, elevated intracranial pressures and stigmata of IIH. In these patients, dural venous sinus stenting is a safe and effective treatment for papilledema in appropriately selected patients with idiopathic intracranial hypertension and Dural venous sinus stenosis. This single-center study demonstrates a decrease in both mean trans-stenosis pressure gradient and papilledema after stent deployment across the stenosed dural venous sinus. Dural venous sinus stenting has a critical role in IIH management which necessitates a multidisciplinary approach. Further research in DVSS along with inclusion of criteria such as headache and visual outcomes is warranted to better treat this potentially debilitating condition.
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