Chapter 32

In Patients with Carotid Artery Dissection, Is
Stenting Superior to Open Repair to Improve
Clinical Outcomes?

Reshma Brahmbhatt and Ravi R. Rajani

Abstract Carotid artery dissection is a rare but potentially devastating entity.
Clinical sequale can include stroke, cranial nerve dysfunction, carotid stenosis, and
pseudoaneurym formation. Anticoagulation is the mainstay of treatment, but in
patients who fail anticoagulation or have contraindications to anticoagulation, sur-
gical therapy is often considered. Open surgical repair had historically been the
traditional therapy of choice, but percutaneous therapy with stent placement has
become increasingly commonplace. No randomized trials exist regarding optimal
surgical management of carotid artery dissection. Current literature supports both
open and endovascular treatment as safe and effective for carotid artery dissection.
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Introduction

Arterial dissection is defined as a disruption or tear in the intimal layer, which
allows blood to create false flow lumens within the layers of the arterial wall. The
resultant intramural hematoma propagates distally, causing stenosis and possible
occlusion of the true flow lumen. Additionally, the weakening of the arterial wall
can lead to aneurysmal changes with a potential to become a thromboembolic
source. Dissection of the carotid artery can potentially lead to significant complica-
tions such as stroke, cranial nerve dysfunction, and aneurysm formation. Carotid
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Table 32.1 PICO table for operative approach to carotid artery dissection

C (Comparator | O (Outcomes
P (Patients) I (Intervention) group) measured)
Patients with Carotid artery Endovascular Open surgery Stroke, death, cranial
dissection and failed medical stenting nerve injury, patency
management

dissection is estimated to be the contributing etiology in 2 % of patients who have
suffered an index stroke. This is particularly true in younger patients with stroke,
where a dissection is identified in as many as 22 % of cases [1-3].

Medical management is the mainstay for uncomplicated carotid dissection. A
2003 Cochrane Database Review found no randomized trials evaluating antiplatelet
vs. anticoagulant therapy or either intervention vs. controls [4]. A more recent meta-
analysis also noted the lack of randomized data regarding antiplatelet and antico-
agulant treatment in carotid artery dissection. However, their results suggested
antiplatelet therapy should be given precedence over antcoagulation [S]. The
Cervical Artery Dissection in Stroke Study trial (CADISS) is a currently ongoing
randomized trial comparing antiplatelet therapy to anticoagulation in cervical artery
dissection. Recent publication of their non-randomized arm revealed no difference
in 3 month outcomes (stroke, transient ischemic attack, major bleeding, or death)
between the two treatment modalities [6]. Despite controversy on whether antiplate-
let treatment or anticogulation is ideal, medical management remains the mainstay
of treatment for carotid artery dissection. Surgical treatment is reserved only for
patients who have a contraindication to anticoagulation (active bleeding, other inju-
ries requiring surgical management, etc.) or for those who fail medical manage-
ment. Failure of medical management can be described as fluctuating or worsening
neurologic symptoms while on medical therapy, severely compromised blood flow,
aneurysmal degeneration, and symptomatic aneurysm (including cranial nerve defi-
cit). With the emergence of endovascular techniques for carotid interventions, it is
unclear if endovascular approaches improve clinical outcomes when compared to
traditional open surgical management (Table 32.1).

Search Strategy

A literature search of English language publications in PubMed, Embase, and
Cochrane Evidence Based Medicine databases from inception-2014 was used to
identify literature on surgical management of carotid artery dissection. Terms used in

LEIT3 CLINTS

the query were “carotid artery dissection”, “cerebrovascular injury”, “cerebrovascu-
lar dissection”, “carotid injury” AND “stent”, and “surgery”. Articles were then indi-
vidually examined and excluded if they did not include a surgical approach to
management, did not pertain to the extracranial carotid artery, described thromboly-
sis only, or were not available online or at a medical library. A total of 65 eligible

papers were identified: 45 describing endovascular management, 13 describing open
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surgical management, and 7 systematic reviews on overall management. There were
no randomized trials. Of the 45 articles on endovascular management, there were 11
retrospective reviews, 5 results of prospective cohorts, and 29 case series. Additionally,
there were five general review articles regarding the management of carotid artery
dissection and appropriate recommendations. The data was subsequently classified
based on the GRADE level of recommendation.

Results

Outcomes After Open Repair

Thirteen articles were identified describing results after open surgical therapy —
three retrospective reviews and ten case reports (Table 32.2). Overall, 87 patients
are included. The majority of the currently selected articles were published before
1999 [7-19]. While there are a variety of specialties that have reported on this sub-
ject, vascular surgery and neurosurgery are most represented. The etiology of dis-
section was primarily spontaneous or traumatic, though there is one reported
iatrogenic injury [8]. Medical management was initially attempted in only 5 of the
13 articles [7, 9, 10, 12, 19]. The most commonly used repair technique was saphe-
nous vein interposition graft, though other techniques such as bypass, endarterec-
tomy, and ligation are also described. Most patients clinically improved following
revascularization. While follow-up information is limited, most interposition and
bypass grafts appear to have been patent at the time of publication. The largest sin-
gle series is a retrospective review of 50 patients with symptomatic carotid dissec-
tion published in 2000 by Muller et.al. 40 patients underwent saphenous vein
interposition grafting, five underwent ligation of the internal carotid artery, three
underwent endarterectomy, and two underwent gradual dilation with patch angio-
plasty. There was one death and 4 strokes (2 from occluded grafts) in the population.
There was also a 38 % incidence of cranial nerve injury [19].

Overall, open surgical reconstruction for carotid artery dissection appears to be
safe in selected patients based on small case series. There is insufficient evidence to
compare standard medical therapy with open surgical reconstruction.

Outcomes After Endovascular Repair

In contrast to the data on open surgical repair of carotid dissection, the majority of
data published on carotid stenting for dissection has been published after 2000.
Again, there are no randomized trials. The 45 identified manuscripts represent 29
case reports/series, followed by 11 retrospective reviews and 5 reports of prospec-
tive cohorts (Table 32.3) [20-64]. Overall, 390 patients are included. Vascular sur-
gery, neurosurgery, and neurointerventional radiology represent the most common
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Table 32.3 Endovascular stent placement in carotid dissection
Medical Type of study (grade of

Study Patients (n) | Mechanism management evidence)

Schulte et al. 7 Traumatic, Failed or Prospective cohort (low)
(2008) [37] iatrogenic contraindicated

Cohen et al. 12 Traumatic Failed or Prospective cohort (low)
(2005) [48] contraindicated

Cohen et al. 10 Traumatic Failed or Prospective cohort (low)
(2005) [49] contraindicated

Cothren et al. 46 Traumatic Failed or Prospective cohort (low)
(2005) [47] contraindicated

Bassi et al. 7 Traumatic, Failed Prospective cohort (low)
(2003) [55] spontaneous

Asif et al. 22 Traumatic, Failed (aspirin Retrospective series (low)
(2014) spontaneous and plavix)

Seth et al. 47 Traumatic Failed or Retrospective series (low)
(2013) [23] contraindicated

Ahlhelmetal. |7 Traumatic, Failed or Retrospective series (low)
(2013) [26] spontaneous, contraindicated

iatrogenic

Yin et al. 33 Traumatic, Failed or Retrospective series (low)
(2011) [28] spontaneous contraindicated

Edgell et al. 7 Spontaneous Failed or Retrospective series (low)
(2005) [46] contraindicated

Kansagraetal. |2 Traumatic, Unknown Retrospective series (low)
(2014) [64] iatrogenic

Cohen et al. 23 Traumatic Failed or Retrospective series (low)
(2012) [27] contraindicated

DiCoccoetal. |50 Traumatic Failed or Retrospective series (low)
(2011) [32] contraindicated

Ohta et al. 43 Traumatic, Failed or not Retrospective series (low)
(2011) [30] spontaneous attempted

Chandraetal. |1 Spontaneous Failed Retrospective series (low)
(2007) [42]

Edwards etal. |4 Traumatic Failed Retrospective series (low)

(2007) [41]

specialties represented in the selected literature. The procedures were performed for
traumatic, spontaneous, and iatrogenic dissections. Most descriptions report symp-
tomatic improvement with a low periprocedural complication rate. While follow-up
data is limited, most series report a low incidence of early stent thrombosis.

The indications for stent placement continue to be poorly defined. Thirty-one of
the selected series report failure or contraindication to medical management as the
primary reason for endovascular management. However, the type and duration of
attempted medical therapy remain unclear in most reports. Twelve studies did not
attempt medical management at all prior to intervention. It remains undefined what
truly constitutes failure of medical therapy.
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Several large series have demonstrated that stenting appears to be a safe proce-
dure for selected cases of carotid dissection. A large retrospective review in 2013
evaluated the outcome of 53 self-expanding stents placed for symptomatic trau-
matic carotid dissection. The authors found that 6.4 % of patients had transient post-
operative symptoms, 2.1 % had luminal narrowing or a new aneurysm on follow up,
and 2 % had asymptomatic stent occlusion on follow up. In all, 4.3 % of patients
required some form of reintervention. Overall, they concluded that carotid stenting
for traumatic cervical carotid dissection was safe and effective [23]. Similarly, a
large single-center experience with stenting for traumatic carotid dissection in 2012
concluded that stenting appeared to be safe in selected patients. Twenty-three
patients underwent stenting; 70 % had improved symptoms after the procedure and
26 % had stable symptoms. There was one death in their study from unrelated trau-
matic injuries. All stents were patent at follow up [27]. A 2011 retrospective review
examining stents placed for both traumatic and spontaneous carotid dissection
reported no postoperative stenosis or major cardiovascular events in their 33
patients. One patient did have a recurrent TIA after the procedure, but there was no
permanent neurologic deficit. The authors’ conclusion was that stenting is a safe
treatment option in selected cases of carotid dissection [28].

While there are no studies that compare open repair to endovascular repair, there
are some retrospective studies that evaluate anticoagulation alone versus endovascu-
lar management. Unfortunately, many of the studies have a limited number of patients,
making drawing conclusions difficult. For example, a 2007 single-center experience
with spontaneous carotid dissection included 12 patients, only one of which under-
went revascularization. That patient underwent bilateral carotid stent placement, but
unfortunately suffered postoperative intracranial hemorrhage. The authors concluded
that anticoagulation was safer than stent placement as none of the patients who were
anticoagulated suffered any complications [42]. A 2005 study evaluated 46 patients
with blunt cerebrovascular injury, 23 of whom underwent stent placement. Of the 23
stent patients, 4 had postoperative strokes and 1 developed a subclavian artery dissec-
tion. Eight patients with available follow-up had post-stent occlusion (45 % compared
to 5 % carotid occlusion in the anticoagulation group). The authors concluded that the
risks of carotid artery stenting in this setting outweigh the benefits [47]. Finally, a
large series analyzing 222 trauma patients with blunt cerebrovascular injury included
50 patients treated with carotid stenting. At follow up, the authors saw no difference
in complications or patency between the anticoagulation and stent group, claiming
stents were safe but no better than anticoagulation [32].

There have been two systematic reviews published regarding the role of endovas-
cular management in carotid artery dissection. A 2008 systematic review which
evaluated 13 studies and 63 stents found no mortalities, 100 % patency and 11 %
stroke rate at a 16 month mean follow up period [65]. In 2013, a systematic review
which included 23 studies and 201 patients tabulated a 4 % rate of perioperative
cardiovascular adverse events, as well as a 2.1 % rate of recurrent TIA. The authors
concluded stents are safe for use in carotid dissection [66].

Multiple review articles and management guidelines have also been published
regarding the appropriate management of traumatic carotid dissection and role for
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endovascular management (Table 32.4). The consensus of all of these articles is that
anticoagulation should remain as first line therapy. If patients fail anticoagulation or
are not candidates for anticoagulation, endovascular management remains a safe ther-
apy. It remains undecided what constitutes a true failure of medical therapy [67-71].

Recommendations

Carotid artery dissection is an uncommon, but potentially serious condition that can
lead to significant morbidity and mortality. They can occur spontaneously, or as the
result of trauma or iatrogenic injury. The first line treatment for carotid artery dissec-
tion remains anticoagulation. However, in patients with continued symptoms or
those in whom anticoagulation is contraindicated, revascularization may be war-
ranted. Both open surgical repair and endovascular stent placement have been
described. Both techniques have been reported to have good outcomes (evidence
quality weak). Modern publications have focused mainly on endovascular

Table 32.4 Review articles regarding the management of carotid artery dissection

Type of study

(grade of
Study Title Recommendation evidence)
Fusco and Cerebrovascular Anticoagulation as primary Review article
Harrigan dissections: a review. Part | treatment, endovascular based on low

(2011) [69]

II: blunt cerebrovascular
injury

therapy for refractory patients.
Surgery only for patients who
are not candidates for
endovascular therapy

grade
evidence

Bromberg et al.
(2010) [67]

Blunt cerebrovascular
injury practice
management guidelines:
the Eastern Association for
the Surgery of Trauma

Grade I and II injuries should
be anticoagulated. Grade III
and higher, or symptomatic
patients should be considered
for an intervention

Review article
based on low
grade
evidence

Moulakakis
et al. (2010)
[70]

An update of the role of
endovascular repair in
blunt carotid artery trauma

Anticoagulation as primary
treatment, endovascular
therapy for refractory patients.
Surgery only for patients who
are not candidates for
endovascular therapy

Review article
based on low
grade
evidence

DuBose et al.
(2008) [68]

Endovascular stenting for
the treatment of traumatic
internal carotid injuries

Early results on endovascular
therapies are encouraging, but
data is limited

Review article
based on low
grade
evidence

Redekop
(2008) [71]

Extracranial carotid and
vertebral artery dissection:
areview

Anticoagulation as primary
treatment, consider stent
placement in symptomatic
patients or acute hemodynamic
instability

Review article
based on low
grade
evidence
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techniques, which have been shown to have minimal postoperative complications
and good patency rates at follow up (evidence quality weak). Based on the available
data, we make a weak recommendation for endovascular carotid stent placement in
symptomatic carotid artery dissection following failure of attempted medical
therapy.

Personal View of the Data

There is ample data supporting anticoagulation as first-line therapy in patients with
carotid artery dissection, but no clear consensus duration of treatment or what con-
stitutes failure. Open repair has become increasingly rare. There are no randomized
trials and all of the data for either open surgical or endovascular management is of
weak quality. However, data supports both types of surgical intervention as safe and
effective in appropriately selected patients. Due to the relatively rare incidence of
carotid artery dissection and good reported outcomes with both techniques, there is
unlikely to be a head-to-head trial between open repair and endovascular stent
placement. Future endeavors should continue to define what constitutes true failure
of medical therapy, as well as identifying patients who may be considered for pro-
phylactic stenting while still asymptomatic.

Recommendations

* Anticoagulation remains the first-line therapy for carotid artery dissection
(evidence quality moderate, strong recommendation)

» For patients who fail or are not candidates for anticoagulation, both open
surgical repair and endovascular stent placement represent equally safe and
effective management (evidence quality low, weak recommendation)
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