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Purpose This study aimed to identify independent predictors of favorable outcomes associat- Byung Hyun Baek

ed with emergent carotid artery stenting (CAS) in patients with acute anterior circulation https://
stroke. orcid.org/0000-0002-8657-1052

. . . . . Seul Kee Kim
Materials and Methods This study included 93 patients with acute stroke who underwent https://
emergent CAS to treat stenoocclusive lesions in the cervical internal carotid artery (ICA) within orcid.org/0000-0002-1508-5057
6 hours of the onset of the associated symptoms. Data were compared between patients with E‘:t” Y‘;y”g Lee

S:
and without favorable outcomes. The independent predictors of a favorable outcome were de- orc?d.org /0000-0002-1200-9462
termined via logistic regression analysis (modified Rankin Scale 0-2 at 90 days). Hyo-Jae Lee
Results Intracranial tandem occlusion was noted in 81.7% of patients (76/93) among which httPS://
X . L . _ orcid.org/0000-0001-7770-6800

(76/93), 55 of whom underwent intracranial recanalization therapy. Intracranial reperfusion was Woong Yoon
successful in 74.2% (69/93) and favorable outcomes were noted in 51.6% of patients (48/93). The https://

mortality rate was 6.5% (6/93). In logistic regression analysis, diffusion-weighted imaging-Alberta orcid.org/0000-0002-8598-3127

Stroke Program Early CT Score [odds ratio (OR), 1.487; 95% confidence interval (Cl), 1.018-2.173,
p = 0.04], successful reperfusion (OR, 5.199; 95% Cl, 1.566-17.265, p = 0.007), and parenchymal
hemorrhage (OR, 0.042; 95% Cl, 0.003-0.522, p = 0.014) were independently associated with a fa-
vorable outcome.

Conclusion Baseline infarct size, reperfusion status, and parenchymal hemorrhage were inde-
pendent predictors of favorable outcomes after emergent CAS to treat stenoocclusive lesions in
the cervical ICA in patients with acute anterior circulation stroke.
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INTRODUCTION

The clinical course of cervical internal carotid artery (ICA) occlusion varies from asymp-
tomatic to devastating stroke depending on collateral status and presence or absence of tan-
dem occlusion of intracranial arteries (1-3). It has been reported that cervical ICA stenooc-
clusive lesions could be detected in 13-29% of patients with acute anterior circulation stroke
(4-7). Acute stroke attributable to tandem extracranial and intracranial occlusions is usually
associated with the risk of major stroke and poor clinical outcomes (1-3, 8, 9). However, the
optimal treatment strategy for patients with acute ischemic stroke (AIS) caused by occlusion
or high-grade stenosis of cervical ICA has not been established yet (10, 11).

Intravenous thrombolysis using recombinant tissue plasminogen activator (r-tPA) has been
associated with poor response in patients with cervical ICA occlusion with respect to recana-
lization and clinical outcome (12-16). Emergent carotid artery stenting (CAS) for acute steno-
occlusive lesions in the cervical ICA improve intracranial perfusion, prevent further artery-
to-artery embolism, and decrease long-term recurrent stroke rate. Previous studies reported
feasibility and efficacy of endovascular therapy for acute stroke due to cervical ICA occlu-
sion, such as emergent CAS with or without concomitant intracranial reperfusion therapy
(17-27). However, prognostic factors for clinical outcome after emergent CAS in acute stroke
patients with cervical ICA stenoocclusive lesion have not been adequately investigated to
date. Therefore, the aim of this study was to evaluate clinical outcomes and to investigate in-
dependent predictors for favorable outcome after emergent CAS in patients with acute stroke
caused by occlusion or high-grade stenosis of cervical ICA.

MATERIALS AND METHODS

PATIENTS
From July 2007 to June 2017, a total of 93 consecutive patients who presented with AIS due

to atherosclerotic occlusion or high-grade stenosis of the cervical ICA underwent emergent
CAS with or without intracranial reperfusion therapy. The clinical and radiologic data from
these 93 patients were prospectively collected into our stroke database and retrospectively
analyzed. On admission, neurologic assessment based on the National Institutes of Health
Stroke Scale (NIHSS) was performed by a stroke neurologist. All patients underwent an initial
imaging protocol including nonenhanced brain CT scan and multimodal MR imaging before
endovascular therapy. MR imaging examinations were performed using a 1.5-T unit (Signa
HDxt; GE Medical Systems, Milwaukee, WI, USA). Multimodal MR imaging sequence includ-
ed diffusion-weighted imaging, gradient echo imaging, fluid attenuation inversion recovery
sequence, and 3-dimensional time-of-flight MR angiography. This study was approved by the
Institutional Review Board, and requirements for informed consent were waived on the basis
of the study design (IRB No. CNUH-2017-054).

ENDOVASCULAR TREATMENT

The inclusion criteria for endovascular therapy were as follows: 1) femoral artery puncture

started within 6 hours of symptom onset, 2) no intracranial hemorrhage detected on brain
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CT or MR imaging, 3) infarct volume on diffusion-weighted image (DWTI) or nonenhanced CT
less than one-third of middle cerebral artery (MCA) territory, and 4) angiographically proven
complete occlusion or high grade (> 90%) stenosis with distal flow limitation in the cervical
ICA. Cervical ICA steno-occlusive lesion was classified into atherosclerotic disease or dissec-
tion. Atherosclerotic steno-occlusion was determined when the lesion was present in the ICA
bulb, involved short segment, and ICA segment distal to the lesion was patent on catheter
angiogram. Dissection was defined when a false lumen or an intimal flap was detected on
catheter angiogram (27). Eligible patients received intravenous r-tPA before endovascular
therapy.

All endovascular procedures were conducted under local anesthesia. After passage of a
microcatheter through the carotid stenoocclusive lesion, microcatheter injection was per-
formed to assess intracranial circulation. Then, a distal embolic protection device (Em-
boshield Nav6, Abbott Vascular, Santa Clara, CA, USA or SpideRX, ev3, Inc, MN, USA) was de-
ployed in the distal cervical ICA. Pre-stenting angioplasty was performed with a balloon
catheter (Sterling, Boston Scientific, Marlborough, MA, USA) with a diameter of 5 or 6 mm.
After angioplasty, CAS was performed using a RX Acculink carotid stent (Abbott Vascular).
Post-stent balloon dilatation was limitedly performed when residual stenosis was greater
than 50% according to the North American Symptomatic Carotid Endarterectomy Trial crite-
ria (28). For intracranial reperfusion, mechanical thrombectomy using a stent-retriever was
primarily used. Additional clot aspiration thrombectomy using an intermediate catheter
were performed when stent retriever thrombectomy failed. In the early study period, intra-
arterial urokinase infusion was performed as an intracranial reperfusion therapy. In patients
with tandem occlusions, all intracranial reperfusion therapy was performed after perform-
ing emergent CAS. The details of the techniques about mechanical thrombectomy were pre-
viously described (29). Immediate post-treatment nonenhanced CT was performed in all pa-
tients. If post-treatment CT showed no intracranial hemorrhage, aspirin (100 mg/d) and
clopidogrel (75 mg/d) were administered through nasogastric tube. The dual antiplatelet regi-
men continued for at least 3 months after procedure. Glycoprotein IIb/IIIa inhibitor was not
given during or after the procedure. Follow-up neck and brain CT angiography was per-
formed before discharge, if the patient’s condition permitted.

OUTCOME MEASURES
DWI-Alberta Stroke Program Early CT score (ASPECTS) was assessed on pretreatment DWI

by two neuroradiologists who were blinded to clinical information. Conclusions were reached
by consensus. The ‘time to procedure’ was defined as the time from symptom onset to groin
puncture. The ‘procedure time’ was defined as the time from groin puncture to final angio-
gram. And the ‘time to reperfusion’ was defined as the time from symptom onset to final angio-
gram. Intracranial reperfusion status was assessed on final angiogram according to modified
Treatment In Cerebral Ischemia (m-TICI) scale (30). The successful reperfusion was defined as
an m-TICI grade of 2b or 3. Post-treatment intracranial hemorrhage was assessed on a nonen-
hanced CT or gradient echo MR images. Hemorrhagic transformation was classified as hemor-
rhagic infarction or parenchymal hemorrhage based on the European Cooperative Acute
Stroke Study II criteria (31). Symptomatic hemorrhage was defined as any intracranial hemor-
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rhage that caused neurological deterioration (= 4 points increase in the NTHSS score or a dete-
rioration of 1 point in the level of consciousness on NIHSS). Clinical outcome was evaluated by
stroke neurologists by using a modified Rankin Scale (mRS) score after 3 months during outpa-
tient visit. If patients were unable to visit, outcomes were obtained via telephone interview. A

favorable clinical outcome was defined as an mRS score of 0-2.

STATISTICAL ANALYSIS

Continuous variables are presented as medians and interquartile ranges. Categorical vari-
ables are presented as numbers and percentages. First, clinical and procedural characteristics
were compared between patients with favorable outcome and those with unfavorable out-
come. The y? test or Fisher exact test was used for categorical variables as appropriate. The
Mann-Whitney U test was used for continuous variables. Second, binary logistic regression
analysis was performed to determine independent predictors of favorable outcome. The in-
clusion cutoff value for variables tested in the binary logistic regression analysis was p < 0.05
in a univariate analysis. A significance was determined as p value of < 0.05. All statistical anal-
yses were performed with SPSS software (Version 21.0; IBM Corp., Armonk., NY, USA).

RESULTS

Ninety-three patients underwent emergent CAS within 6 hours of AIS onset. The median
age was 72 years, ranging from 47 to 92 years. The median baseline NIHSS score on admis-
sion was 11, ranging from 6 to 19. Fifty-four patients (58.1%) received intravenous r-tPA be-
fore endovascular therapy. Seventy-six patients (81.7%) had a tandem intracranial occlusion:
intracranial ICA in 15 patients, M1 segment of MCA in 39, M2 segment of MCA in 18, M3 seg-
ment of MCA in 4. Eight patients had concomitant anterior cerebral artery occlusion.

Overall, intracranial successful reperfusion was achieved in 74.2% (69/93) of patients. Un-
derlying intracranial stenosis was found in 3 of 93 patients (3.2%) and these patients were
treated with intracranial angioplasty. Procedural complications occurred in 5 patients (5.4%).
Four patients had an embolization to new territories. Carotid cavernous fistula developed in
one patient after balloon angioplasty. The procedure was terminated prematurely and the fi-
nal m-TICI score was 0. This patient eventually died on postprocedure day 3 due to massive
hemispheric infarction. On post-treatment CT, subarachnoid hemorrhage was detected in 3
patients (3.2%). Eighty-four patients (90.3%) received antiplatelet medication after endovas-
cular therapy. During hospitalization, parenchymal hemorrhage occurred in 8 patients
(8.6%) and symptomatic hemorrhage in 6 (6.5%). Seventy-seven patients underwent follow-
up neck CT angiography before discharge. The remaining 16 patients could not undergo
neck CT angiography due to their poor health status. In-stent thrombosis occurred in 6 of 77
(7.8%) patients who underwent follow-up neck CT angiography. All of these 6 patients re-
ceived dual antiplatelet medication after endovascular therapy and did not undergo second-
ary recanalization therapy for acute stent occlusion. At 3 months, favorable outcome was
achieved in 51.6% of patients (48/93). The 90-day mortality rate was 6.5% (6/93).

Of 76 patients with tandem occlusions, 21 patients did not undergo intracranial recanaliza-

tion therapy because of following reasons: achievement of successful intracranial reperfu-
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sion after CAS (n = 14), failure to access to intracranial occlusive lesion (n = 1), termination of
procedure due to intra-procedural complication (n = 1), or according to operator’s discretion
(n =5). Of 55 patients who received intracranial reperfusion therapy, 44 patients received me-
chanical thrombectomy only, 7 patients received intraarterial urokinase infusion only, and 4
patients received both thrombectomy and urokinase infusion. DWI-ASPECTS was signifi-
cantly lower in patients with tandem intracranial occlusion compared with those without it
(median value 7 vs. 8, p = 0.013). For 55 patients who received intracranial reperfusion thera-
py, successful reperfusion was achieved in 70.9% (39/55) and favorable outcome in 45.5%
(25/55). Successful reperfusion occurred more frequently in patients treated with mechanical
thrombectomy compared with those treated with intraarterial urokinase only (77.1% vs.
28.6%, p = 0.018). The rate of favorable outcome was not different between the two groups
(45.8% vs. 42.9%, p = 1.000).

Table 1 shows comparisons in baseline and procedural characteristics between the pa-
tients with favorable outcome and those with unfavorable outcome. Table 2 presents com-
parisons in treatment outcomes between the two groups. For the entire cohort, following
variables was associated with a favorable outcome: age, baseline NIHSS score, DWI-AS-
PECTS, tandem intracranial occlusion, concomitant anterior cerebral artery occlusion, suc-
cessful reperfusion, parenchymal hemorrhage and symptomatic hemorrhage in univariate
analysis. For the patients who underwent follow-up CT angiography (n = 77), favorable out-
come was less frequent in patients with in-stent thrombosis compared to those without it (0%
vs. 55.2%, p = 0.011). In multivariate logistic regression analysis adjusted for potential con-
founders (age, baseline NTHSS, DWI-ASPECTS, tandem intracranial occlusion, successful re-
perfusion, and parenchymal hemorrhage) (Table 3), DWI-ASPECTS [odds ratio (OR), 1.487;
95% confidence interval (CI), 1.018-2.173, p = 0.04], successful reperfusion (OR, 5.199; 95%
CI, 1.566-17.265, p =0.007), and parenchymal hemorrhage (OR, 0.042; 95% CI, 0.003-0.522, p =

0.014) were independent predictors of a favorable outcome at 90 days.

DISCUSSION

In this retrospective single center study, we found that emergent CAS resulted in a high
rate of 90-day favorable outcome (51.6%) and low rates of mortality (6.5%) and procedural
complication (5.4%) in patients with acute stenoocclusive lesion in the cervical ICA. There
have been several studies dealing with emergent CAS and combined intracranial thrombec-
tomy for treating acute stroke caused by cervical ICA occlusion (19-27). In previous studies,
the rate of intracranial successful reperfusion was reported to be 52-79%, favorable clinical
outcome rate 33-56%, and mortality rate 8-21%. The mortality rate (6.5%) of the present
study was quite lower than that of previous studies, while the rate of favorable outcome was
comparable to that of previous studies.

In the current study, pretreatment DWI-ASPECTS, successful intracranial reperfusion, and
parenchymal hemorrhage were found to be independent predictors for favorable outcome
after emergent CAS. This result confirms previous notion that the baseline infarct size, final
reperfusion status, and hemorrhagic complications are major determinants of clinical out-

come in patients with acute anterior circulation stroke. Few studies have investigated inde-
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Table 1. Comparison of Baseline and Procedural Characteristics between Patients with and without Favor-
able Outcomes after Emergent Carotid Artery Stenting

Favorable Outcome Unfavorable Outcome
(n=48) (n=45) P
Age, years 70 (64-74) 74 (69-79) 0.014
Sex, male 43(89.6) 38 (84.4) 0.460
Risk factors
Hypertension 32 (66.7) 30 (66.7) 1.000
Diabetes mellitus 15(31.3) 14 (31.1) 0.988
Dyslipidemia 24 (50.0) 17(37.8) 0.235
Smoking 33(68.8) 29 (64.4) 0.660
Atrial fibrillation 3(6.3) 7(15.6) 0.189
Coronary artery disease 5(10.4) 4(8.9) 1.000
Congestive heart failure 1(2.1) 2 (4.4) 0.609
Previous stroke or TIA 11 (22.9) 8(17.8) 0.539
Intravenous thrombolysis 29 (60.4) 25 (55.6) 0.635
Baseline NIHSS score 10 (6-14) 12 (9-16) 0.010
DWI-ASPECTS 8(7-9) 7(6-8) 0.002
Cervical ICA lesion type
Stenosis 24 (50.0) 16 (35.6) 0.160
Occlusion 24 (50.0) 29 (64.4) 0.160
Tandem intracranial occlusion 34(70.8) 42(93.3) 0.007
ICA 5(10.4) 10(22.2) 0.122
MCA 29 (60.4) 32(71.1) 0.278
Concomitant ACA 1(2.1) 7(15.6) 0.027
Underlying intracranial stenosis 1(2.1) 2(4.4) 0.609
Time to procedure, min 252 (191-305) 260 (210-330) 0.319
Procedure time, min 32 (24-46) 40 (28-51) 0.054
Time to reperfusion, min 281 (216-342) 298 (251-367) 0.180
Use of embolic protection device 31(64.6) 27 (60) 0.648
Intracranial thrombectomy 22 (45.8) 26 (57.8) 0.249

Values are presented as n (%) or median (interquartile range).

ACA = anterior cerebral artery, ASPECTS = alberta stroke program early CT score, DWI = diffusion-weighted
image, ICA = internal carotid artery, MCA = middle cerebral artery, NIHSS = National Institutes of Health
Stroke Scale, TIA = transient ischemic attack

Table 2. Comparisons in Treatment Outcomes between Patients with and without Favorable Outcomes

Favorable Outcome Unfavorable Outcome
(n=48) (n=45) P
Successful reperfusion 42 (87.5) 27 (60.0) 0.002
Subarachnoid hemorrhage 0 3(6.7) 0.109
Parenchymal hemorrhage 1(2.1) 7(15.6) 0.027
Symptomatic hemorrhage 0 6(13.3) 0.011

Values are presented as n (%).
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Table 3. Univariate and Multivariate Binary Logistic Regression Analysis for Predictors of a Favorable 90-Day

Outcome
Unadjusted OR (95% Cl) p Adjusted OR (95% Cl) p
Age, per 1-year increase 0.950 (0.904-0.999) 0.044 - -
Baseline NIHSS score,
L. 0.880 (0.796-0.972) 0.012 - -
per 1-point increase
DWI-ASPECTS,
o 1.631(1.189-2.238) 0.002 1.487(1.018-2.173) 0.040
per 1-pointincrease
Tandem intracranial occlusion 0.173 (0.046-0.654) 0.010 - -
Successful reperfusion 4,667 (1.645-13.240) 0.004 5.199 (1.566-17.265) 0.007
Parenchymal hemorrhage 0.116 (0.014-0.980) 0.048 0.042 (0.003-0.522) 0.014

ASPECTS = Alberta Stroke Program Early CT Score, Cl = confidence interval, DWI = diffusion-weighted image,
NIHSS = National Institutes of Health Stroke Scale, OR = odds ratio

pendent predictors of clinical outcome after endovascular therapy in patients with anterior
circulation tandem occlusions. These previous studies have found that age, baseline NIHSS,
time from symptom onset to carotid recanalization, successful intracranial reperfusion, and
baseline ASPECTS were independent predictors of clinical outcome (4, 19, 32, 33). Our study
is different from previous studies in that the current study had large sample size and includ-
ed not only patients with tandem occlusions but also those without intracranial arterial oc-
clusion. In addition, all endovascular therapy was started within 6 hours of symptom onset
in the present study. Of note, post-treatment parenchymal hemorrhage was identified as one
of the independent predictors for functional outcome in our study. The risk of intracranial
hemorrhage might be expected after emergent CAS because antiplatelet and/or anticoagula-
tion therapies are needed for preventing acute stent thrombosis (15, 21). Additional use of in-
travenous 1-tPA, intra-arterial urokinase, or intra-arterial glycoprotein IIb/IIla inhibitor dur-
ing procedure may further increase the risk of intracranial hemorrhage (34). In the present
study, 58.1% of patients received intravenous r-tPA before endovascular procedure, 11.8% re-
ceived intraarterial urokinase infusion, and 90.3% received aspirin and clopidogrel after en-
dovascular procedure. Glycoprotein IIb/IIIa inhibitor was not administered in our patients.
In the present study, the rates of parenchymal hemorrhage (8.6%) and symptomatic hemor-
rhage (6.5%) were comparable to those of previous reports, which range 0-18% for parenchy-
mal hemorrhage, and 0-11% for symptomatic hemorrhage (19-27, 35).

Stent thrombosis is rare, but critical complication after elective CAS (4, 36). The risk of peri-
procedural or delayed stent thrombosis may be higher in the setting of emergent CAS than
the elective CAS, because premedication of antiplatelet agents is not possible in the emergent
setting. Several studies reported the occurrence of stent thrombosis after emergent CAS,
with the incidence of 0-19.1% (4, 36-38). Pop et al. (38) observed delayed stent thrombosis
within 1-5 days in a 19.1% (14/73) of patients and found that stent thrombosis was an inde-
pendent predictor of unfavorable outcome in patients treated with emergent CAS for acute
stroke with tandem lesions. Similarly, all patients with stent thrombosis showed unfavorable
outcome (mRS 3-6) in our study. There is no consensus regarding optimal antithrombotic
therapy in acute stroke patients receiving emergent CAS. Eker et al. (33) reported that stent
thrombosis occurred within 7 days in 10.3% (10/98) of patients after emergent CAS. In their
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study, patients received 250 mg bolus of aspirin intravenously before stenting and then 75 mg
clopidogrel was administered after the procedure if there was no hemorrhage on follow-up
CT scan. Pop et al. (38) reported that stent occlusion rate was significantly higher in patients
received IV aspirin (250 mg) alone that those received IV aspirin and oral clopidogrel (300
mg) (28.2% vs. 8.8%, p =0.04). In our study, patients received low dose oral aspirin plus clopi-
dogrel after the procedure. Despite the nonuse of antiplatelet agents before or during the en-
dovascular procedure, the incidence of stent thrombosis (7.8%, n = 6/77) was relatively low.
In our study, all cases of stent thrombosis were found on day 3 CT angiography and these pa-
tients did not receive further treatment for stent thrombosis. The optimal antithrombotic
regimen for patients who are undergoing emergent CAS for acute cervical ICA stenoocclu-
sive disease should be determined in further studies.

Our study showed that concomitant anterior cerebral artery occlusion was significantly as-
sociated with unfavorable outcome: 87.5% of patients (7/8) with concomitant anterior cere-
bral artery occlusion had unfavorable outcome. This finding is consistent with that of a re-
cent study by Chalumeau et al. (39) They reported that procedural anterior cerebral artery
embolism was significantly associated with a lower rate of favorable outcome and a higher
mortality in patients with anterior circulation stroke. Concomitant anterior cerebral artery
occlusion negatively impacts collateral circulation and may offset the effect of successful re-
perfusion after thrombectomy.

The present study had several limitations including single center-based, retrospective and
non-randomized study design. All patients with tandem occlusions were treated with proxi-
mal to distal approach (CAS first then intracranial reperfusion therapy). In addition, intracra-
nial recanalization therapy was not consistent throughout the study period. Although me-
chanical thrombectomy with stent retriever was the primary endovascular method,
intraarterial urokinase infusion was performed in the early study period.

In conclusion, the present study suggests that emergent CAS within 6 hours after symptom
onset seems effective and safe for treating acute stroke attributable to occlusion or high-
grade stenosis of cervical ICA. Intracranial reperfusion status, age, initial infarction severity,
and posttreatment parenchymal hemorrhage were independent predictors of favorable out-
come in this patient group.
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