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Abstract
Several techniques have been reported to address different endovascular device failures. We report the case of a premature deployment of a covered balloon mounted stent during endovascular repair of a post-traumatic carotid-cavernous fistula (CCF). A 50-year-old male suffered a fall resulting in loss of consciousness and multiple facial fractures. Five weeks later, he developed decreased left visual acuity, proptosis, chemosis, limited eye movements and cranial/orbit bruit. Cerebral angiography demonstrated a direct left CCF and endovascular repair with a 5.0 mm × 19 mm covered stent was planned. Once in the lacerum segment, increased resistance was encountered and the stent was withdrawn resulting in premature deployment. A 3 mm × 9 mm balloon was advanced over an exchange length microwire and through the stent lumen. Once distal to the stent, the balloon was inflated and slowly pulled back in contact with the stent. All devices were successfully withdrawn as a unit. The use of a balloon to retrieve a prematurely deployed balloon mounted stent is a potential rescue option if leaving the stent in situ carries risks.
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Core tip: Increasingly complex neurovascular lesions are now amenable to endovascular therapy due to the development of new devices and techniques. However, malfunction or failure of these devices remains a potential hurdle to a successful treatment. Consequently, a growing body of reports describing rescue and salvage techniques have emerged. In this report, we discuss the endovascular retrieval of a prematurely deployed covered stent during the treatment of a traumatic carotid-cavernous fistula.

INTRODUCTION
Increasingly complex neurovascular lesions are now amenable to endovascular therapy due to the development of new devices and techniques. However, malfunction or failure of these devices remains a potential hurdle to a successful treatment. More commonly, endovascular device malfunction has been reported in the setting of intracranial aneurysm coil embolization or stent placement. Consequently, a growing body of reports describing rescue and salvage techniques has emerged[1-6]. In this report, we discuss the endovascular retrieval of a prematurely deployed covered stent during an attempted treatment of a traumatic carotid-cavernous fistula (CCF).

Clinical presentation

A 50-year-old right-handed man was repairing an elevator when he sustained a 20-foot fall, resulting in loss of consciousness. He was taken to a local hospital where a left wrist, multiple rib and craniofacial fractures were discovered. All fractures were managed conservatively. By the end of his five-week hospital stay, he began to experience a roaring tinnitus that was only mainly audible at night, horizontal diplopia, decreased visual acuity, chemosis and proptosis of the left eye.

One week later, the patient was referred to our institution to address his worsening left ocular sym​ptoms. On initial examination, we noted a cranial and orbital bruit, decreased left visual acuity (20/100), left afferent papillary defect, proptosis, chemosis and limited eye movements in all directions. The remainder of his neurological examination was unremarkable. Computerized tomography of the head demonstrated fractures of the left zygomatic arch, left lateral orbital wall, a prominent left superior ophthalmic vein, and a left parietal hypodensity consistent with a subacute ischemic infarct. A conventional diagnostic cerebral angiogram demonstrated a left CCF in the horizontal cavernous segment of the left intracranial cavernous angiomas (ICA) (barrow type A)[7] with angiographic steal from the intracranial circulation and flow reversal into the cavernous sinus tributary veins.

CASE REPORT

Intended treatment

Due to the symptoms of the patient and concerns for visual loss conservative management was not considered. Given the lack of established guidelines in the treatment of CCFs and our previous successful experience in the treatment of CCFs with a covered stent, it was decided to use a covered stent in the left cavernous ICA at the site of the fistula. In our experience previous cases of CCFs treated at our institution were mainly performed with coil embolization of the cavernous sinus but often requiring several procedures, recently we had a success with the use of a covered stent. Prior to the procedure, emergent internal review board consent was obtained for the off label use of a covered stent. Through a 7 French (Fr) introducer sheath (Cordis, Miami, FL) in the right femoral artery, a 7 Fr Brite Tip multipurpose catheter (Cordis, Miami, FL) was advanced into the distal cervical segment of the left ICA. We navigated a microcatheter (Excelsior SL-10, Boston Scientific, Natick, MA) into the proximal left middle cerebral artery and exchanged it over a microwire (Luge Wire, Boston Scientific, Natick, MA) for the covered stent delivery system. With the microwire positioned in the distal M2 division, we advanced intracranially a 5 mm × 19 mm covered stent (Graft-Master JoStent, Abbott Laboratories, Abbott Park, IL) over the microwire.

Once the stent delivery system was in the proximal vertical segment of the left cavernous ICA, we noted increased resistance and difficulty in advancing the system past the posterior genu of the cavernous segment. The guide catheter was pushed back proximally as the resistance increased, therefore we determined that the covered stent could not be delivered through our system and it had to be withdrawn. Upon withdrawal of the devices, we noted the stent was no mounted on the balloon. Fluoroscopy demonstrated that the stent had been prematurely deployed into the lacerum segment of the ICA (Figure 1) and the un-inflated balloon of the stent system was not abating the wall of the vessel.

Covered stent retrieval

Under roadmap guidance, a 3 mm × 9 mm Maverick balloon (Boston Scientific, Natick, MA) was advanced over a 0.014 microwire (Transcend, Boston Scientific, Natick, MA) through the lumen of the stent. The distal end of the microwire was positioned in the left A1. Once the balloon was distal to the stent, the balloon was inflated to a subnominal pressure and pulled back in contact with the distal end of the stent (Figure 2). The stent was dragged back over the wire to the distal end of the guide catheter. Ensuring the stent was trapped between the guide catheter and the balloon all the devices were withdrawn at once (Figure 3). 

Clinical outcome

The patient in the same procedure underwent trans​venous coil embolization of the cavernous sinus, however it was required to keep the patient intubated and be brought back the next day to achieve complete embolization of the fistula (coil length of 390 cm). At follow up a few weeks later, the proptosis, chemosis and bruit resolved along with improvement in the extraocular movements and visual acuity.

DISCUSSION
There is a growing body of literature focused on salvage techniques for neuroendovascular complications, and the operator must be prepared to manage intraprocedural complications including those related to device failure. Effective and successful rescue maneuvers unique to each device should be reported.

The successful use of covered stents in the treatment of CCF has been reported[8-12], but their poor navigability in the intracranial circulation is also well-described. Factors that contribute to a difficult stent delivery into the intracranial circulation include tortuous vascular anatomy, unstable positioning of the guide catheter, and poor stent navigability. The Graft-Master JoStent (Abbott Laboratories, Abbott Park, IL) is composed of a polytetrafluoroethylene sheet fixed between two stainless steel stents, mounted on a semi-compliant balloon that requires a ≥ 7 Fr guide catheter and ≤ 0.014 inch wire for device delivery. This design results in inherent stiffness and poor navigability of the device. Excessive application of force may not overcome the poor navigability and may lead to proximal herniation of the guide catheter or premature deployment of the stent. Our patient did not appear to have prominent tortuous vessels, consequently, we believed that we could advance the covered stent to the cavernous segment with minimal resistance. Although large series are lacking, failure to deploy a covered stent has been previously reported[13]. A better proximal support by having a telescoping system with the guide catheter supported by an additional long sheath may have helped with navigation and prevented premature deployment of the stent. A shorter covered stent (12 mm) could have been easier to advance, however we were not convinced that its length would properly have covered the fistulous point. 

The prematurely deployed stent was noted after the removal of the stent delivery microcatheter and its guide wire. In addition, this resulted in loss of access to the lumen of the stent and posed the challenging task to pass a wire back through the stent. Nevertheless, we were concerned that leaving a stent not abating the wall of the vessel could increase the risk of thromboembolic complications with or without stent migration, therefore we chose to attempt the stent retrieval. 

The retrieval of misplaced or malfunctioning devices in neuroendovascular procedures have been performed using snares[1], the Alligator retrieval device (Chestnut Medical, Menlo Park, CA)[3] or the Merci retriever (Concentric, Mountain View, CA)[6]. In coronary procedures however, the reported incidence of coronary stent loss or premature stent-balloon separation resulting in embolism is reported to be in the range of 0.27%-3.4%[14,15]. The retrieval in this setting often involves the use of a small distal balloon, loop snare, two wires around the stent or biopsy forceps[14-19]. This migration or premature deployment in neuroendovascular procedures is a relatively uncommon complication since most commercially available intracranial stents are self-expandable[20,21]. 

The technique of passing a balloon within the lumen of the stent is a well described technique in interventional cardiology for the retrieval of migrated stents[14-16,22,23]. The balloon is used to drag the stent proximally to the tip of the guide catheter. Once all are in contact (balloon-stent-guide catheter), the entire system is removed in one unit. Although in this case the rescue was successful, we acknowledge that the rescue might have carried additional challenges such as failure of retrieval and arterial dissection.  

The retrieval of an early deployed balloon mounted stent is possible. The use of a balloon to drag the stent back into the guide catheter is a potential rescue option if leaving the stent in situ carries risks.

COMMENTS
Case characteristics
Blurred left eye vision, double vision and tinnitus developed after a fall. 

Clinical diagnosis

Chemosis, proptosis of the left eye, an orbital bruit was noted. 

Differential diagnosis

An arteriovenous fistula was suspected and demonstrated with neuroimaging.
Imaging diagnosis

A conventional angiogram demonstrated a direct carotid-cavernous fistula (CCF). 

Treatment

Failure of a stent placement led to the definitive transvenous coil embolization. 

Related reports

Unforeseen device failure occurs. Experiences in this regard should be reported.

Term explanation 

Covered-stent: No flow is allowed within the struts of the stent, impermeable. 

Experiences and lessons

Tortuous vasculature may prevent smooth navigation of rigid devices. 

Peer-review

This was described as an interesting manuscript that reviews treatment options of a CCF, and limitations when a covered stent is planned to be used. The authors’ experience in the retrieval of a prematurely deployed covered stent may help the reader if facing a similar case.  
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Figure Legends
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Figure 1  Anteroposterior view of left internal carotid injection (early arterial phase) showing the carotid cavernous fistula and prematurely deployed stent in the petrous segment (arrowheads).
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Figure 2  Anteriorposterior fluoroscopic view, that demonstrates the microwire in the left anterior cerebral artery and the balloon markers (arrow) distal to the stent (arrowheads) in preparation for the stent retrieval.
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Figure 3  Balloon-catheter, stent, balloon and microwire following retrieval. 
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