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INTERVENTIONAL
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Flow-Limiting Carotid Artery Dissections in Acute Ischemic

Stroke Intervention with Multiple Tandem Stents
X S.A. Ansari, X A.L. Kühn, X A.R. Honarmand, X M. Khan, X M.C. Hurley, X M.B. Potts, X B.S. Jahromi, X A. Shaibani, X M.J. Gounis,

X A.K. Wakhloo, and X A.S. Puri

ABSTRACT

BACKGROUND AND PURPOSE: Although most cervical dissections are managed medically, emergent endovascular treatment may
become necessary in the presence of intracranial large-vessel occlusions, flow-limiting and long-segment dissections with impending
occlusion, and/or hypoperfusion-related ischemia at risk of infarction. We investigated the role of emergent endovascular stenting of
long-segment carotid dissections in the acute ischemic stroke setting.

MATERIALS AND METHODS: We retrospectively studied long-segment carotid dissections requiring stent reconstruction with multiple
tandem stents (�3 stents) and presenting with acute (�12 hours) ischemic stroke symptoms (NIHSS score, �4). We analyzed patient
demographics, vascular risk factors, clinical presentations, imaging/angiographic findings, technical procedures/complications, and clinical
outcomes.

RESULTS: Fifteen patients (mean age, 51.5 years) with acute ischemic stroke (mean NIHSS score, 15) underwent endovascular stent
reconstruction for vessel and/or ischemic tissue salvage. All carotid dissections presented with �70% flow limiting stenosis and involved
the distal cervical ICA with a minimum length of 3.5 cm. Carotid stent reconstruction was successful in all patients with no residual stenosis
or flow limitation. Nine patients (60%) harbored intracranial occlusions, and 6 patients (40%) required intra-arterial thrombolysis/throm-
bectomy, achieving 100% TICI 2b–3 reperfusion. Two procedural complications were limited to thromboembolic infarcts from in-stent
thrombus and asymptomatic hemorrhagic infarct transformation (7% morbidity, 0% mortality). Angiographic and ultrasound follow-up
confirmed normal carotid caliber and stent patency, with 2 cases of �20% in-stent stenosis. Early clinical improvement resulted in a mean
discharge NIHSS score of 6, and 9/15 (60%) patients achieved a 90-day mRS of �2.

CONCLUSIONS: Emergent stent reconstruction of long-segment and flow-limiting carotid dissections in acute ischemic stroke interven-
tion is safe and effective, with favorable clinical outcomes, allowing successful thrombectomy, vessel salvage, restoration of cerebral
perfusion, and/or prevention of recurrent thromboembolic stroke.

ABBREVIATIONS: AIS � acute ischemic stroke; ELVO � emergent large-vessel occlusion; IA � intra-arterial

Cervical carotid or vertebral artery dissections are a common

cause of acute ischemic stroke (AIS) in middle-aged and

young adults.1-3 The prognosis of cervical dissections is favorable,

with the standard of care being medical management as the ma-

jority of patients respond to anticoagulation/antiplatelet ther-

apy.4,5 Delayed endovascular stenting of cervical dissections is

reserved for patients presenting with recurrent ischemic symptoms

and/or thromboembolic strokes refractory to medical management,

progression of dissection-related stenosis, or symptomatic/enlarging

dissecting pseudoaneurysms. Emergent endovascular treatment may

also be required for cervical dissections presenting with concomitant

intracranial thromboemboli/emergent large-vessel occlusion

(ELVO), flow-limiting and long-segment lesions with impending

occlusion, and/or hypoperfusion-related ischemia at risk of cerebral

infarction.

Multiple randomized controlled trials have proved endovas-

cular thrombectomy the standard of care in the treatment of

ELVO.6-8 Since superimposed extracranial carotid or intracranial
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atherosclerotic disease and dissections are often an etiology of

ELVO, recent studies have evaluated endovascular angioplasty/

stenting techniques combined with intracranial thrombectomy.

Adjunctive angioplasty/stenting techniques may be valuable in

tandem carotid-intracranial occlusions secondary to acutely rup-

tured carotid atherosclerotic plaques, underlying intracranial ath-

erosclerotic disease at risk for rethrombosis, or severe flow-limit-

ing cervical/intracranial dissections. Furthermore, extracranial

carotid stent placement may be necessary in emergent settings to

provide distal access for intracranial thrombectomy, vessel sal-

vage, or revascularization in hypoperfusion ischemic syndromes

without sufficient intracranial collaterals. Several investigators

have demonstrated the feasibility of emergency ICA stenting

combined with intracranial thrombectomy for tandem ICA–

MCA occlusions with acceptable rates of successful recanaliza-

tion, complications, and clinical outcomes.9-14 In two of the

recent multicenter trials that demonstrated a benefit of endovas-

cular thrombectomy for AIS, carotid artery stent placement was

necessary in 8.6%–12.9% of patients.6,7

Few studies have focused on the endovascular management of

spontaneous cervical dissections with or without tandem intra-

cranial ELVOs in the AIS setting, often limited to small sample

sizes because most dissections can be managed medically post-

thrombectomy.15-17 We report on a unique cohort presenting for

AIS intervention secondary to long-segment and flow-limiting

carotid dissections requiring multiple tandem stents for endovas-

cular reconstruction, irrespective of intracranial ELVO or suc-

cessful thrombolysis/thrombectomy.

MATERIALS AND METHODS
Patients
Patients presenting with spontaneous carotid artery dissections

that underwent stent reconstruction between January 2011 and

January 2015 were identified at the University of Massachusetts

Medical Center or Northwestern University affiliated hospitals by

using their neurointerventional databases. Institutional review

board (IRB) approvals were acquired for a collaborative retro-

spective study. Emergent off-label use of Humanitarian Device

Exemption (HDE) intracranial stents for the treatment of carotid

dissections was reported to the respective IRBs and manufacturers

as required. Medical record and PACS imaging data sharing was

conducted under Health Insurance Portability and Accountabil-

ity Act (HIPAA) guidelines. We included patients who were

treated emergently in the AIS intervention window (�12 hours

from symptom onset) with symptomatic (NIHSS � 4) and long-

segment carotid dissections requiring multiple tandem stents (�3

stents) for endovascular reconstruction.

All patients had baseline CT/CTA and/or MRI/MRA available

as components of AIS imaging protocols to exclude patients with

intracranial hemorrhage and large ischemic infarcts of more than

one-third of the MCA distribution and to identify suspected in-

tracranial thromboembolic occlusions. CT/MR perfusion and

MR diffusion-weighted imaging were not uniformly used, but

were performed in 6/15 patients to estimate salvageable ischemic

tissue and infarction volumes before intervention. If eligible, pa-

tients received IV tPA prior to attempted intra-arterial (IA)

thrombolysis/mechanical thrombectomy of ELVOs and/or stent

reconstruction of carotid dissections.

Procedures
All endovascular procedures were performed with the patient un-

der monitored anesthesia care (n � 4) or general anesthesia (n �

11) with hemodynamic monitoring. Transfemoral access and ret-

rograde advancement of 6F guide sheaths into the common ca-

rotid arteries, proximal to the dissections, provided guide sheath

support. Microcatheter/microwire access was obtained across the

dissection flaps with contrast injections confirming true lumen

catheterization and opacification of the distal intracranial vascu-

lature. Intravenous heparin anticoagulation was used in 14/15

cases with activated clotting time (ACT) monitoring (200 –250

seconds). ELVOs were targeted with intra-arterial thrombolysis

by using tPA and/or mechanical thrombectomy via direct aspira-

tion or stent-retriever techniques. Due to persisting neurologic

symptoms and/or severe flow limitations into the anterior circu-

lation, carotid dissections were repaired using tandem stent re-

construction with partial overlapping techniques to prevent un-

covered gaps across the stent constructs. Self-expanding or

balloon-expanding stents were advanced and deployed over

0.014-inch exchange microwires, maintaining distal access across

the length of the carotid dissections. Specific types of intracranial/

carotid self-expanding stents (Wingspan/Neuroform intracranial

stents; Stryker Neurovascular, Kalamazoo, Michigan; Precise ca-

rotid stent; Cordis, Fremont, California; Xact carotid stent; Ab-

bott Laboratories, Abbott Park, Illinois) or peripheral/coronary

balloon-expanding stents (Xience everolimus-eluting coronary

stent; Abbott Laboratories; Express SD; Boston Scientific, Natick,

Massachusetts; Resolute Integrity zotarolimus-eluting coronary

stent; Medtronic, Minneapolis, Minnesota) were used at the dis-

cretion of the treating neurointerventionalist. Carotid stent re-

construction was performed serially to secure the distal intimal

flap and proximal dissection inflow zone.

During carotid stent-placement procedures, intraoperative

antiplatelet loading doses were administered with either orogas-

tric/rectal aspirin 325– 650 mg (n � 5), dual aspirin 325– 650 mg,

and clopidogrel 300 – 600 mg (n � 5), or intravenous glycopro-

tein IIb/IIIa inhibitors (eptifibatide 0.18 mg/kg, n � 3). The re-

maining two patients previously on dual aspirin/clopidogrel or

warfarin/aspirin therapy were bridged to aspirin/clopidogrel. Pa-

tients who received intraoperative IIb/IIIa inhibitors or aspirin-

only loading doses were subsequently loaded with clopidogrel

300 – 600 mg, within 12 hours postprocedure. All patients re-

mained on dual aspirin 81–325 mg/clopidogrel 75 mg antiplatelet

therapy for �6 months.

Clinical and Imaging Data Analysis
We studied patient demographics, vascular risk factors, presenta-

tions, NIHSS scores on admission, initial and follow-up imaging/

angiographic findings, technical efficacy and safety, procedural

complications, and clinical outcomes at discharge (NIHSS and

mRS scores) and at 90 days (mRS). All carotid dissections were

classified according to the Modified Carotid Artery Injury Grad-

ing Scale on DSA and were measured for the length of vessel

involvement on initial CTA/MRA studies.18 Final post-proce-
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dural DSA studies after carotid stent reconstruction and adjunc-

tive IA thrombolysis/thrombectomy techniques were evaluated

for residual cervical segmental stenosis (significance �50% by

NASCET criteria),19 flow limitation, and cerebral reperfusion ac-

cording to the modified TICI scale.

Follow-up imaging with noncontrast CT head studies post-

procedure and at 24 –72 hours was assessed for any intracranial

hemorrhagic (reperfusion or infarct transformation) complica-

tions according to the European Cooperative Acute Stroke Study

(ECASS) criteria20 and evolving infarction. Symptomatic intra-

cranial hemorrhage was defined as an association with any clinical

deterioration or increase in the NIHSS score of �4. Delayed ca-

rotid Doppler ultrasound and CTA and/or conventional angio-

graphic follow-up studies at 3– 6 months post-procedure were

evaluated to assess midterm carotid and stent patency.

All retrospective clinical and imaging data analysis was agreed

upon by two senior neurointerventionalists at each site. Statistical

analysis was limited to mean and standard deviation calculations

for patient age, NIHSS score, and mean dissection lengths, and

median calculations for the number of stent constructs and mRS

scores.

RESULTS
We retrospectively identified 15 patients (11 men: 4 women;

mean age 51.5 years) who underwent endovascular stent recon-

struction with �3 stents for long-segment and symptomatic

(mean NIHSS score 15) carotid dissections in the AIS setting

(�12 hours from symptom onset). Baseline demographics data,

presenting signs and symptoms, and precipitating risk factors are

presented in the Table. Procedural data regarding pretreatment

IV tPA thrombolysis, IA recanalization of concurrent intracranial

occlusion, anatomic extent of dissections, length and degree of

flow limitation, number/type of stents for carotid reconstruction,

complications, and clinical outcomes are noted in the On-line

Table.

All carotid dissections were classified as at least grade 2b le-

sions (�70% stenosis with flow limitation) per the Modified Ca-

rotid Artery Injury Grading Scale18 with a minimum lesion length

of 3.5 cm (mean 6.7 cm; range 3.5–9 cm) and involved the distal

cervical segment; 10/15 dissections extended past the skull base

into the petrous-cavernous segments of the ICA without intracra-

nial extension. Additionally, 5 (33%) patients presented with as-

sociated dissecting pseudoaneurysms (grade 3b), and 4 (27%)

patients had progressed to an acute cervical carotid occlusion

(grade 4), requiring extracranial thromboaspiration in a single

case for revascularization across the occluded vessel. Multiple

stents were utilized, with a median of 5 stent constructs per pa-

tient, including self-expanding peripheral/carotid stents (13/15

patients), coronary balloon-expanding stents (4/15 patients), and

self-expanding intracranial stents (12/15 patients) for distal cer-

vical and skull base pathology. Long-segment carotid stent recon-

struction was technically successful in all patients with no signif-

icant (�50%) residual stenosis/occlusion or flow limitation,

immediate reduction in subintimal inflow, and contrast stasis vi-

sualized in associated pseudoaneurysms on post-procedure DSA

analysis.

Nine patients (60%) also presented with intracranial throm-

boemboli, either proximal large-vessel (n � 5) or distal small-

vessel (n � 4) occlusions. Additional endovascular intracranial

interventions were performed in 6/15 (40%) patients, consisting

of IA tPA thrombolysis (n � 3) and/or thrombectomy with

thromboaspiration (n � 1) or stent-retriever (n � 3) techniques.

TICI 2b/3 reperfusion was achieved in all patients (100%) post-

thrombolysis/thrombectomy and carotid stent reconstruction.

Interventions were relatively safe with procedural complica-

tions limited to a single patient (patient 6) developing multifocal

thromboembolic infarcts in the left middle cerebral artery distri-

bution secondary to in-stent thrombus. Subsequent clinical dete-

rioration and a poor clinical outcome at discharge resulted in

overall procedural morbidity of 1/15 (7%). Although no symp-

tomatic intracranial hemorrhages occurred to suggest reperfusion

complications, a left temporal lobe intraparenchymal hemor-

rhage without neurologic sequelae was consistent with hemor-

rhagic infarct conversion (HI-2 grade by ECASS criteria) on fol-

low-up CT head studies. There was no procedure-related

mortality at discharge or at 90-day follow-up.

Rapid improvement in post-procedural clinical outcomes was

observed from a mean NIHSS score of 15 � 8 on admission to

NIHSS 6 � 5 on discharge. On clinical follow-up, most patients

obtained further functional independence from a median mRS of

2 at discharge to an mRS 1 at 90-day follow-up, with 9/15 patients

(60%) achieving an mRS of �2 at discharge and 90-day follow-up

as noted in the On-line Table. There were no interval recurrent

ischemic symptoms, TIAs, or strokes during the course of clinical

follow-up.

Follow-up carotid Doppler ultrasound and CTA/DSA studies

at 3– 6 months were available in 14/15 patients, with 12 patients

demonstrating stent patency, complete restoration of carotid ar-

tery caliber, and no evidence of in-stent thrombosis or signifi-

cant stenosis. Two patients exhibited either mild persisting

vessel irregularity/tapering or intimal hyperplasia causing

�20% segmental in-stent stenosis. In addition, no new or per-

sisting carotid pseudoaneurysms were identified, with interval

thrombosis/healing of dissecting aneurysms in all 5 patients,

suggesting successful stent-associated flow diversion and inti-

mal flap reconstruction.

Patient demographics and presentations
Demographics/Presentations
Age (mean) (yr) 51.5 (range 37–79 years)
Sex (F/M) 4/11
Presenting symptoms (No.) (%)

Hemiplegia/hemiparesis 12 (80)
Aphasia 6 (40)
Headache 4 (26.7)
Facial droop 4 (26.7)
Sensory deficit 3 (20)
Hemineglect 2 (13.3)
Visual deficit 2 (13.3)

Risk factors (No.) (%)
Hypertension 7 (46.7)
Dyslipidemia 5 (33.3)
Diabetes mellitus 1 (6.7)
Fibromuscular dysplasia 1 (6.7)
No significant risk factor 6 (40)
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Illustrative Case
A 45-year-old man (patient 13) presented to the emergency de-

partment with acute onset of aphasia, right hemineglect, hemipa-

resis, and left-sided gaze deviation with an NIHSS score of 20.

CT/CTA studies identified a 9-cm-long-segment left ICA dis-

section from the carotid bifurcation to the petrous segment

and a distal thromboembolic occlusion of the left M1 segment

(Fig 1A–C). CT brain perfusion studies confirmed a large left

hemispheric perfusion abnormality, suggesting an ischemic pen-

umbra and salvageable tissue (Fig 1D, -F). Following IV tPA in-

fusion with no neurologic improvement, the patient was placed

under general anesthesia in the neurointerventional suite with

hemodynamic vasopressor support to augment pial collaterals.

Following 6F guide sheath placement in the left common carotid

artery, DSA studies confirmed a severe �80% flow-limiting cer-

vical left ICA dissection and distal M1 segment thromboembolus/

ELVO (Fig 2A, -B). A Penumbra aspiration coaxial catheter sys-

tem (Penumbra, Alameda, California) was advanced over a

Transend EX 0.014-inch microwire (Stryker), which enabled ac-

cess across the true lumen of the ICA dissection into the M1 seg-

ment of the left MCA, confirmed on intermittent microcatheter

angiograms (Fig 2C). Intra-arterial tPA (5 mg) infusion and me-

chanical thrombectomy with vacuum aspiration techniques re-

sulted in complete recanalization of the left MCA distribution

consistent with TICI 2b reperfusion. Since the long-segment left

ICA dissection remained at risk for re-thrombosis/occlusion

due to persisting flow limitation despite intracranial throm-

bectomy (Fig 2D), we initiated tandem and partially overlap-

ping stent reconstruction of the left ICA from the petrocavern-

ous junction to the proximal cervical segment (Fig 2E�G).

The patient received eptifibatide 10.8 mg intravenously during

carotid vessel wall reconstruction. With deployment of multiple

tandem intracranial and carotid stents, the left ICA normalized in

caliber with no evidence of a residual intimal flap, pseudoaneu-

rysm, in-stent thrombosis/stenosis, or flow limitation into the

intracranial circulation, consistent with TICI 3 reperfusion. After

a post-procedure CT head study excluded reperfusion hemor-

rhage or hemorrhagic infarct conversion, the patient was loaded

with dual-antiplatelet therapy (aspirin 325 mg and clopidogrel

600 mg). The patient made an excellent neurologic recovery with

a discharge NIHSS score of 0 and functionally independent clin-

ical outcome with a discharge and 90-day mRS 0.

DISCUSSION
We present a rare series of long-segment and flow-limiting ca-

rotid artery dissections with or without associated ELVO, pre-

senting as a primary AIS etiology and requiring endovascular

stent reconstruction with multiple stents due to hemodynamic

FIG 1. Illustrative case (patient 13). A, NCCT axial image demonstrates no large regional infarction or intracranial hemorrhage, but a hyperdense
left MCA sign suggestive of a large vessel occlusion. Coronal (B) and axial (C) CTA head/neck images demonstrate a long-segment left ICA
dissection involving the proximal cervical-to-horizontal petrous segment with an associated distal M1 segment left MCA occlusion. D, CT brain
perfusion study with preserved relative cerebral blood volume, markedly elevated relative mean transit time (E), and mildly decreased relative
cerebral blood flow (F), consistent with severe hemodynamic impairment and hypoperfusion-related ischemia in the left cerebral hemisphere.
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insufficiency. We performed adjunctive IA thrombolysis/throm-

bectomy in 40% of patients with tandem intracranial ELVO, and

all patients achieved �TICI 2b reperfusion on the final angio-

graphic assessment. Low complication, symptomatic intracranial

hemorrhage, and morbidity (7%) rates translated into favorable

clinical outcomes (60%, mRS � 2). Although not always neces-

sary as noted in prior studies,15,16 stent reconstruction can salvage

acutely occluded carotid dissections and confer an ability to nav-

igate larger guide or intermediate catheters for the management

of associated extra- and intracranial ELVOs. Moreover, re-estab-

lishing robust cervical antegrade flow can be inherently thrombo-

lytic for small-vessel intracranial occlusions, prevent recurrent

thromboemboli or reocclusion after successful cervical recanali-

zation/intracranial thrombectomy, and provide hemodynamic

augmentation to pial collaterals supplying any residual ischemic

tissue. Even in the absence of ELVO or distal small intracranial

thromboemboli (40% of patients in our study), severe flow-lim-

iting cervical dissections without adequate circle of Willis or pial

collateral supply can present with profound hypoperfusion-re-

lated ischemia, requiring emergent endovascular stent recon-

struction and cerebral reperfusion to salvage the ischemic

penumbra.

Multiple published studies have described internal carotid ar-

tery stent placement for the endovascular management of com-

plicated dissections for various indications and using multiple

stents to treat long-segment cervical dissections,21-23 but the max-

imum number of stents or the length of the dissection pathology

was not reported. Biondi et al24 and Coric et al25 also had individ-

ual case reports about treating complicated long-segment carotid

dissections with multiple stents, presenting with refractory isch-

emic symptoms after the failure of medical management. In our

series, we did not use a precise definition of “long-segment” but

included dissections that required the use of multiple (�3) tan-

dem stents to cover the entire dissection flap, which nearly always

involved the distal cervical segment of the ICA. Therefore, we

selected severely symptomatic, flow-limiting dissections (�2b

Modified Carotid Artery Injury Grading Scale) that required

emergent intervention. Additionally, these lesions presented with

characteristic long-segment (�3.5 cm) and distal cervical/skull

base involvement of the vessel wall, perhaps due to unrestrained

subintimal extension or spiral dissection. Recent developments in

intravascular ultrasound optical coherence tomography, and

high-resolution, vessel wall MR imaging techniques may improve

the cross-sectional assessment of intramural pathology for more

accurate diagnosis and treatment planning.26,27

Furthermore, we limited our study to flow-limiting carotid

FIG 2. Illustrative case (patient 13). A and B, Lateral DSA images demonstrate a tapered and severely narrowed left ICA dissection with flow
limitation that extends across the cervical segment into the skull base. C, Anteroposterior DSA image of an aspiration thrombectomy catheter
navigated across the left ICA cervical dissection and placed just proximal to the M1 segment thromboembolus. D, Lateral DSA image demon-
strates successful thrombolysis/thrombectomy, resulting in complete recanalization and eventual TICI 3 reperfusion of the left MCA distribu-
tion. E–H, Serial anteroposterior DSA images demonstrate stent reconstruction of the long-segment left ICA dissection after MCA thrombec-
tomy, distal to the petrocavernous junction into the proximal cervical left ICA, resulting in near-normal vessel caliber, with no residual stenosis
or flow limitation. Note spontaneous thrombosis of the carotid pseudoaneurysm (arrow) and no residual subintimal contrast in the midcervical
segment after stent-induced apposition of the intimal flap.
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dissections that presented with severe, acute ischemic symptoms

(mean NIHSS score of 15) within �12 hours from symptom on-

set, requiring emergent multiple tandem stent reconstructions

with or without adjunctive IA thrombolysis/thrombectomy.

Other than a few case reports,28,29 limited series have been pub-

lished to suggest the technical and clinical efficacy of stent place-

ment in cervical dissections in the AIS setting. In the larger trau-

matic carotid dissection series by Cohen et al,23 14/23 patients

presented with AIS and underwent carotid stent placement with

16/23 patients having severe or flow-limiting dissections (suboc-

clusive grade IV/occlusive grade V). Although they reported ex-

cellent clinical outcomes (92.3%, mRS 0 –3 at 90 days), this series

focused on traumatic carotid dissections, a separate pathology

with often delayed presentations, unclear intervention times from

symptom onset (�17 hours) in the AIS subgroup, and only 2

patients with ELVO that required tandem IA thrombolysis/

thrombectomy.23 Lavallée et al17 compared 6 patients with tan-

dem ICA/MCA occlusions who underwent endovascular stent

placement of underlying carotid dissections and intracranial me-

chanical thrombectomy versus 4 patients who received IV tPA

alone. Endovascular treatment was associated with markedly im-

proved ICA/MCA recanalization rates and correlated directly

with independent functional outcomes, mRS 0 –2 (100% versus

25%). Fields et al16 reported a small cohort of 8 ICA and 1 verte-

bral artery dissections and tandem intracranial occlusions from

the mechanical thrombectomy Merci registry, but carotid/verte-

bral stent placement was needed in only 5/9 patients. This rela-

tively young cohort (mean age, 48 years) obtained 60% TICI �2b

reperfusion rates, without significant complications or symptom-

atic intracerebral hemorrhage, and excellent clinical outcomes

(80%, mRS � 2). More recently, Marnat et al15 reported their

experience with 20/258 patients (7.6%) from the prospective

RECOST (Prognostic Factors Related to Clinical Outcome Fol-

lowing Thrombectomy in Ischemic Stroke) Study, who presented

with tandem carotid artery dissections and anterior circulation

ELVOs with severe AIS (mean NIHSS score 17) within 6 hours of

symptom onset. In comparison to patients with isolated ELVO,

they identified a statistically younger population; prolonged in-

terventional procedure times; no difference in TICI 2b/3 recana-

lization, complications, or symptomatic intracerebral hemor-

rhage rates; and equivalent-to-better clinical outcomes (70%,

mRS � 2) in this cohort. However, 15/20 (75%) carotid dissec-

tions were managed medically in this series with no need for en-

dovascular stent reconstruction after angiographic confirmation

of an adequate circle of Willis (anterior/posterior communicating

arteries) and �2-second venous phase delay in the affected cere-

bral hemisphere.15

Multiple case reports and case series have demonstrated the

successful technical use of self-expanding carotid or peripheral

stents and covered stent grafts in the endovascular reconstruction

of cervical dissections and dissecting aneurysms. In fact, after

stent realignment of the intimal flap, acute dissecting aneurysms

will often undergo spontaneous thrombosis due to flow diversion

and reduced inflow into the false aneurysm lumen, as observed in

all 5 associated pseudoaneurysms in our series. Long-segment ca-

rotid dissections may extend into the distal cervical, petrocavern-

ous, and even intracranial segments, requiring off-label applica-

tions of lower profile balloon-expanding coronary stents or

flexible/navigable self-expanding intracranial stents, as seen in

nearly all our patients.30 Although intracranial stents are highly

trackable and accommodating to the tortuous distal cervical vas-

culature with adequate radial force for the treatment of cervical

dissections, this application is considered an off-label use of an

HDE device, requiring institutional review board and manufac-

turer notification. Alternatively, balloon-expanding coronary

stents can be advantageous in severe dissection-related stenoses

with focal intramural hemorrhage, spiral dissections, or in the

constrained osseous compartment of the petrous carotid canal,

provide greater angioplasty-dependent radial force and precise

placement for vessel reconstruction. Mechanical thrombectomy of

tandem ICA�MCA occlusions has been described by several au-

thors, including a proximal-to-distal approach with carotid stent

placement to re-establish antegrade flow and access to the intracra-

nial circulation for thrombectomy.9-14 Despite this being necessary

in acutely occluded or severe atherosclerotic carotid stenoses,

acute cervical dissections can usually be traversed with distal-ac-

cess catheter technology to target distal ELVOs, first with either

direct aspiration and/or stent-retriever thrombectomy for rapid

cerebral reperfusion. In our experience, the use of proximal bal-

loon-guide catheters was deferred in preference to lower profile

and distal-access aspiration catheters with or without stent re-

trievers to prevent further injury to the cervical carotid wall dur-

ing thrombectomy. Subsequently, tandem stent reconstruction of

cervical dissections was performed as described from a distal-to-

proximal approach, maintaining access across the true lumen and

securing the distal extension of the flap to the proximal inflow

zone.

Although stent reconstruction of long-segment cervical le-

sions avoids anticoagulation use in the AIS setting, dual anti-

platelet therapy is mandatory with preoperative or intraoper-

ative loading preferred to prevent intraprocedural in-stent

thromboembolic/occlusion complications. Deployment of mul-

tiple tandem stents with extensive vessel wall exposure to foreign

metallic material increases the risk of platelet aggregation and

thromboemboli. However, even antiplatelets may be contraindi-

cated or used with trepidation in the AIS setting after IV tPA

thrombolysis and/or mechanical thrombectomy, especially if

there is a high risk of reperfusion hemorrhage or hemorrhagic

infarct transformation. We used several different antiplatelet

strategies in this precarious setting, but in a few patients, we pro-

vided an intravenous glycoprotein IIb/IIIA inhibitor (eptifi-

batide, 0.18 mg/kg) during carotid stent reconstruction. Several

advantages of IIb/IIIa inhibitors include immediate antiplatelet

protection without the need for oral aspirin/clopidogrel loading

and a reduced time to reach peak platelet inhibition (minutes

versus hours depending on dose and class of oral thienopyri-

dines). As a reversible competitive inhibitor with a short half-life,

eptifibatide rapidly decays with normalizing platelet function

over hours, providing time to initiate aspirin/clopidogrel loading

or terminate antiplatelet therapy if hemorrhagic complications

are suspected. If CT head findings are equivocal or concerning,

clopidogrel loading can be delayed until a repeat follow-up CT

head study definitively excludes evolving intracranial hemor-

rhage. New dual-energy CT applications may assist with the ear-
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lier diagnosis of contrast staining versus hemorrhagic infarct

transformation after endovascular stroke interventions; hence, al-

lowing confident initiation of dual-antiplatelet therapy and pro-

tection from stent-related thromboembolic complications in the

AIS setting.31

Our study had several limitations as a retrospective and non-

randomized study of a small cohort that lacked a control popula-

tion for comparison. Variable carotid stent placement protocols,

equipment preferences, and antiplatelet management could not

be standardized in our study design. However, severe flow-limit-

ing and long-segment carotid dissections are rare pathologies in

the setting of AIS, and it would be difficult to conduct a large

cohort study without multicenter involvement. Even the Merci

registry of 980 patients yielded only 5 patients with cervical dis-

sections requiring stent reconstruction with intracranial throm-

bectomy.16 Furthermore, severe acute presentations in this pop-

ulation warrant intervention, at least for associated intracranial

ELVO and hypoperfusion-related ischemia at risk for infarction

in the absence of sufficient intracranial collaterals. However, if

sufficient flow across an acute cervical dissection is re-estab-

lished after ELVO thrombectomy or adequate intracranial col-

laterals are present with a neurologic response and symptom-

atic improvement, this population could potentially be

studied, comparing emergent stent reconstruction versus con-

servative medical management using an early transition to an-

ticoagulation therapy.

CONCLUSIONS
In this series, we demonstrate the technical feasibility, safety, and

clinical efficacy of multiple tandem stents to reconstruct long-

segment and flow-limiting carotid dissections presenting in the

AIS setting. As an independent or adjunctive methodology to IA

thrombolysis/thrombectomy, it is a valuable technique in AIS in-

tervention. Carotid stent reconstruction of severe flow-limiting

dissections may prevent further dissection propagation, carotid

occlusion, recurrent thromboembolic complications, and/or per-

fusion-dependent ischemia/infarction. Although midterm tech-

nical and clinical efficacy is promising, diligent antiplatelet man-

agement and further validation with larger multicenter studies

and long-term outcome assessment are required.
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