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ABSTRACT

Introduction Endovascular treatment (EVT) for tandem
occlusion (TO) of the anterior circulation is complex but
effective. The effect of extracranial internal carotid artery
(EICA) lesion severity on the outcomes of EVT is unknown.
In this study we investigated the effect of EICA lesion
severity on the outcomes of tandem occlusion EVT.
Methods A multicenter retrospective TITAN
(Thrombectomy In TANdem lesions) study that included
18 international endovascular capable centers was
performed. Patients who received EVT for atherosclerotic
TO with or without EICA lesion intervention were
included. Patients were divided into two groups

based on the EICA lesion severity (high-grade

stenosis (=90% North American Symptomatic Carotid
Endarterectomy Trial) vs complete occlusion). Outcome
measures included the 90-day clinical outcome (modified
Rankin Scale score (mRS)), angiographic reperfusion
(modified Thrombolysis In Cerebral Ischemia (mTICI) at
the end of the procedure), procedural complications, and
intracranial hemorrhage at 24 hours follow-up.

Results A total of 305 patients were included in the
study, of whom 135 had complete EICA occlusion and
170 had severe EICA stenosis. The EICA occlusion group
had shorter mean onset-to-groin time (259+120min vs
305+202 min; p=0.037), more patients with diabetes,
and fewer with hyperlipidemia. With respect to the
outcome, mTICl 2b—3 reperfusion was lower in the EICA
occlusion group (70% vs 81%; p=0.03). The favorable
outcome (90-day mRS 0-2), intracerebral hemorrhage
and procedural complications were similar in both
groups.

Conclusion Atherosclerotic occlusion of the EICA in
acute tandem strokes was associated with a lower rate of
mTICl 2b—3 reperfusion but similar functional and safety
outcomes when compared with high-grade EICA stenosis.

INTRODUCTION

Anterior circulation tandem occlusions (TO) repre-
sent 15-20% of ischemic strokes due to large vessel
occlusions.'™ TO is typically refractory to intrave-
nous thrombolysis (IVT) and requires endovascular
treatment (EVT).*® EVT for TO is complex because
of the involvement of two large artery occlusions. It
is clear that mechanical thrombectomy is the best
approach for intracranial occlusions; in contrast,
there is no consensus on the best treatment
approach for extracranial internal carotid artery
(EICA) lesions. Treatment of intracranial lesions
requires advancing the thrombectomy catheters
through the stenotic (or occluded) EICA. There-
fore, one can hypothesize that the severity of the
EICA lesion may affect the success of the EVT.

In this study we aimed to investigate the effect of
the EICA lesion severity on the outcome of the EVT
by comparing patients with TO who presented with
atherosclerotic EICA high-grade stenosis with those
with complete EICA occlusion.

METHODS

Study design and population

We used the TITAN (Thrombectomy In TANdem
lesions) registry for this study. The TITAN registry
gathered data on consecutive patients with ante-
rior TO who underwent EVT at 18 participating
international centers between January 2012 and
September 2016. Detailed materials have been
previously reported.®® The study was approved
by the local Institutional Review Boards. In the
present analysis, only patients with atherosclerotic
TO were included to ensure homogeneity of our
study cohort. TO was defined as EICA occlusion or
high-grade stenosis (=90% NASCET (North Amer-
ican Symptomatic Carotid Endarterectomy Trial))
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with a proximal intracranial occlusion (distal internal carotid
artery and/or proximal middle cerebral artery). All intracranial
occlusions were treated with modern mechanical thrombectomy
devices such as contact aspiration or a stent retriever. Intracranial
thrombectomy was performed either immediately after the EICA
treatment ‘Neck-First” or before the EICA treatment ‘Head-
First’. The order of treatment differed between operators. There
were three treatment options for the EICA: (1) EICA stenting;
(2) EICA balloon angioplasty; and (3) no treatment. The choice
of EICA treatment was left to the discretion of the operator. For
the purpose of this study, patients were divided into two groups
based on the EICA lesion severity (occlusion vs stenosis).

Definition of outcomes

The two primary endpoints were the 90-day functional outcome
and the degree of reperfusion at the end of EVT. Functional
outcome was assessed using the modified Rankin Scale (mRS)

score at 90 days, which was obtained either from face-to-
face interviews or from telephone conversations. A favorable
outcome was defined as mRS 0-2 at 90 days. Degree of reper-
fusion was assessed by the modified Treatment in Cerebral Isch-
emia (mTICI) score at the end of the EVT. Successful reperfusion
was considered as mTICI 2b-3. mTICI was recorded by each
local operators. The safety endpoints included symptomatic
intracranial hemorrhage (sICH), procedural complications, and
90-day all-cause mortality. sSICH was defined as any intraparen-
chymal, subarachnoid, or intraventricular hemorrhage with an
increase of =4 points in the National Institute of Health Stroke
Scale (NIHSS).”

Statistical analysis

Comparison of baseline characteristics and outcome between
the occlusion and stenosis groups was performed using
the Student’s t-test for continuous variables (variables expressed

Table 1  Baseline characteristics
Extracranial ICA lesion
Occlusion Stenosis
Variable N (135) (170) P value
Age (years) 305 68 (10) 67 (11) 0.90
Female 304 49 (36) 57 (33) 0.58
Smoker 274 36 (33) 49 (29) 0.56
Baseline NIHSS 305 16 (6) 16 (6) 0.66
ASPECTS =7 278 87 (77) 130 (79) 0.72
Intracranial occlusion 305 0.23
ICA 36 (27) 56 (33)
MCA 99 (73) 114 (67)
Onset-to-groin time (min) 207 259 (120) 305 (202) 0.037
Thrombolysis 305 77 (57) 108 (64) 0.24
Diabetes 283 27 (24) 21(12) 0.01
Hypertension 282 58 (65) 114 (67) 0.12
Hyperlipidemia 283 28 (34) 79 (47) 0.03
General anesthesia 305 84 (62) 84 (49) 0.02
Puncture to recanalization (min) 300 81 (73) 84 (64) 0.70
EICA treatment 0.92
Stenting 305 90 (67) 115 (68)
Angioplasty 305 18 (13) 24 (14)
No treatment 305 27 (20) 31(18)
Thrombectomy technique 289 0.453
Stent retriever 105 (83) 141 (86)
ADAPT 21(17) 22 (14)
Order of treatment 289 <0.001
Head-First 61 (48) 46 (28)
Neck-First 65 (52) 117 (72)
Peri-procedural antiplatelet 305 0.35
0 41 (34) 45 (27)
1 38(32) 58 (34)
2 41 (34) 67 (39)

Values are n (%) or mean (SD) or median.

X2 test was used for categorical variables, Student's t-test was used for parametric variables, Mann-Whitney test was used for non-parametric variables.
ADAPT, A Direct Aspiration first Pass Technique; ASPECTS, Alberta Stroke Programme Early CT Score; EICA, extracranial internal carotid artery; MCA, middle cerebral artery; mRS,

modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.
Statistically significant values are in bold.
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Table 2 Comparison of outcome measures between the two groups

Extracranial ICA lesion

Occlusion Stenosis
Variable N (135) (170) P value OR (95% CI)*t P value*
mTICl 2b-3 305 95 (70) 137 (81) 0.03 0.57 (0.32 t0 0.99)% 0.049
mTICI 3 305 37 (27) 68 (40) 0.02 0.56 (0.34 t0 0.92)f 0.023
90-day mRS 0-2 300 67 (51) 87 (52) 0.95 0.91 (0.51 to 1.64)§ 0.76
90-day mortality 300 13(9.6) 19(11.2) 0.66 0.73(0.29 t0 1.81)§ 0.492
Procedural 296 21 (16) 19 (11) 0.24 1.41 (0.59 to 2.98) 0.35
complications
sICH 305 5(3) 10 (6) 0.38 1.45(0.36t0 5.7) ** 0.6
PH1-PH2 269 14 (12) 24 (16) 0.32 1.2 (0.47 t0 3.12) ** 0.7

Values are n (%) or mean (SD) or median.

X2 test was used for categorical variables, Student's t-test was used for parametric variables.

*Calculated after handling missing outcomes and covariates using multiple imputation.
tStenosis is used as a reference group.

tAdjusted for age, onset-to-groin time, smoking, IV tPA, admission NIHSS, ASPECTS, location of occlusion.

§Adjusted for age, smoking, hyperlipidemia, diabetes, admission NIHSS, ASPECTS, location of intracranial occlusion, stenting of ICA, onset-to-groin time, and puncture-to-

recanalization time.

IAdjusted for age, smoking, admission NIHSS, ASPECTS, number of antiplatelets used, onset-to-groin time, and puncture-to-recanalization time.
**Adjusted for age, hypertension, NIHSS, IV tPA, ASPECTS, heparin use, onset-to-groin time, number of antiplatelets, and puncture-to recanalization time.
mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral Ischemia; PH, parenchymal hemorrhage; sICH, symptomatic intracerebral hemorrhage.

Statistically significant results are in bold.

as mean=*SD), the Mann—Whitney test for non-Gaussian contin-
uous or ordinal variables (variables expressed as median (IQR)),
and the % test for categorical variables (variables expressed as
N (%)). Missing data were handled with multiple imputations
(n=10). Multivariate analysis was performed using mixed
logistic regression models which included the center as a random
variable. Independent models were performed for successful
reperfusion (logistic), complete reperfusion (logistic), 90-day
favorable outcome (logistic), 90-day mortality (logistic), and
sICH (logistic). In addition to the stenosis versus occlusion vari-
able (stenosis used as reference), variables were included in each
model based on univariate analysis with p<0.1. Rubin’s rule
was applied for pooling of estimates from all imputations and to
calculate final adjusted ORs. Statistical analyses were performed
using SPSS v. 24

RESULTS

A total of 305 patients with atherosclerotic TO were included
in the study, of whom 135 patients had complete EICA occlu-
sions and 170 had EICA high-grade stenosis. Table 1 summa-
rizes the baseline characteristics of the two groups. There was
no difference in age, sex, admission NIHSS, ASPECTS (Alberta
Stroke Programme Early CT Score), and intracranial occlusion
locations. The EICA occlusion group had shorter mean onset-to-
groin time (259+120min vs. 305+202min; p=0.037). More
patients in the EICA occlusion group had diabetes (24% vs 12%;
p=0.01) and fewer patients had hyperlipidemia (34% vs 47%;
p=0.03). In addition, more patients in the EICA occlusion group
had general anesthesia (62% vs 49%; p=0.02). With respect to
the procedural variables, intracranial EVT was performed using
a stent retriever in most cases with no difference between groups.
EICA stenting was performed in 67% and 68% in the occlusion
and stenosis groups, respectively (p=0.92). Other treatment
options included angioplasty and no treatment (table 1). The
order of treatment differed between groups, with ‘Head-First’
being more common in the occlusion group than in the stenosis
group (48% vs 28%; p<0.001).
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The rate of successful reperfusion was lower in the occlusion
group (70% vs 81%; p=0.03) and the rate of mTICI 3 reper-
fusion was lower in the EICA occlusion group (27% vs 40%;
p=0.02). Conversely, unsuccessful reperfusion (mTICI 0-2a) was
more common in the occlusion group (30% vs 19%; p=0.038).
The difference remained significant after adjusting for multiple
confounders (mTICI 2b-3, OR=0.57; p=0.049; mTICI 3,
OR=0.56; p=0.023) (table 2 and figure 1). The 90-day favor-
able outcome was achieved in similar proportions in both groups
(51% vs 52%; p=0.95). There was no difference in the rate of
sICH, parenchymal hemorrhage, and 90-day mortality between
the two groups (table 2). With respect to procedure-related
complications, emboli to new territories was the most common
complication and was numerically higher in the occlusion group
than the stenosis group (13% vs 6.6%; p>0.05) (see online
supplementary table e1)

DISCUSSION

In the present study including 305 patients with acute ischemic
stroke due to atherosclerotic TO, we found that EICA occlu-
sion was associated with a lower rate of successful and complete
reperfusion at the end of the endovascular procedure. However,
we found no differences in the functional outcome or the safety
endpoints between the two groups.

EVT of TO is complex and more challenging than non-TO
due to involvement of more than one large vessel. Despite its
complexity, successful reperfusion can be achieved in 60-80%
of cases using modern mechanical devices.'®'® Data from the
ESCAPE trial demonstrated a comparable rate of successful
reperfusion between TO and non-TO large vessel occlusions.'®
Thrombectomy is the standard of care for intracranial occlusions;
in contrast, there is no consensus on the best treatment approach
for extracranial lesions, with growing evidence supporting
stenting for EICA lesions.® A future prospective randomized
controlled TITAN trial will evaluate the safety and efficacy of
emergent stenting of the EICA lesion in addition to intracranial
thrombectomy compared with intracranial thrombectomy alone.

Most of the previous studies did not differentiate between
carotid stenosis or occlusion, so the difference in the outcome of
EVT between the two groups is poorly understood. Post-hoc anal-
ysis of the Interventional Management of Stroke III study (IMS-III)
showed that severe carotid stenosis was associated with a longer
time to reperfusion but not with the functional outcome or the
safety endpoints.!” We found here that EICA occlusion was associ-
ated with a lower rate of angiographic reperfusion compared with
EICA stenosis, a finding that is similar to a previous report.'® The
lower reperfusion rate in the occlusion group can be attributed
to the difficulty of accessing the intracranial occlusion and the
higher thrombus burden at the level of the atherosclerotic plaque.
Another explanation could be related to the higher risk of distal
intracranial thrombus migration after the first pass of the EICA
lesion with endovascular devices in cases of complete occlusion.

EVT remarkably improved the outcome of TO. In a study
of 44 patients with TO treated with intravenous thrombolysis,
only 8 (18.2%) were independent (mRS 0-2) at 90 days.* In
contrast, functional independence was achieved in 40-50% of
patients treated endovascularly.!’ ™ In our study, around 50% of
our cohort achieved functional independence with no significant
differences between the two groups. Reperfusion is an important
predictor of functional outcome.* ' Thus, an argument can be
made that a lower successful reperfusion rate should be trans-
lated to a worse functional outcome in the occlusion group. In
the case of EICA occlusion, anterior circulation flow is mainly
dependent on collateral flow; therefore, poor collateral flow

and acute carotid occlusion will likely result in a large volume
infarct deeming patients not to be candidates for EVT. As such,
we postulate that the carotid occlusion group likely had a robust
collateral flow and therefore achieved a similar functional
outcome despite lower successful reperfusion rate.

Another potential explanation is the difference in the baseline
characteristics between the two groups; however, adjusting for
the baseline characteristics did not change our results. Finally,
it is possible that our study was underpowered to detect the
difference in functional outcome between the two groups. Intra-
cerebral hemorrhage is a potential complication of EVT, espe-
cially in cases of TO, giving the need for antiplatelet therapy in
the acute phase of stroke. In our cohort the incidence of sSICH
was ~5%,which is similar to that reported in the HERMES
meta-analysis.”’ The rate of sSICH did not differ between groups.

Despite the remarkable advances in carotid revascular-
ization techniques, the need for adjuvant techniques is not
uncommon.?! The wire escalation technique was suggested as a
possible adjuvant technique in cases of carotid occlusion with no
clear entry point or heavily calcified occlusions.?! In this tech-
nique, navigation using regular guidewires with a microcatheter
is first attempted. If unsuccessful, guidewires with stiffer tips are
sequentially used to navigate through the occlusion. In the case
of large clots, suction thrombectomy using a balloon guide cath-
eter (BCG) and/or a large-bore shuttle sheath can be performed
before stent retriever thrombectomy.?? In addition, BCG use in
TO could reduce intracranial thrombus migration during EVT.?

Study limitations

Our study has multiple shortcomings derived mainly from its
retrospective non-randomized design. The degree of stenosis
was reported by the local operators with no core laboratory
assessment. Similarly, the final reperfusion score (mTICI) was
reported by local operators, which raises concerns of overesti-
mation. Finally, the EICA treatment strategies differed between
centerswhich may have affected the reperfusion rate;.Notably,
there was no difference in the rate of carotid stenting between
the two groups.

CONCLUSION

EICA occlusion was associated with lower rates of successful
reperfusion and complete reperfusion at the end of the EVT
procedure when compared with EICA stenosis. However, EICA
status (stenosis vs occlusion) was not associated with the 90-day
functional outcome or the safety endpoints.
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