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ABSTRACT

Background The optimal management of ipsilateral
extracranial internal carotid artery (ICA) stenosis during
endovascular treatment (EVT) is unclear. We compared the
outcomes of two different strategies: EVT with vs without
carotid artery stenting (CAS).

Methods In this observational study, we included patients
who had an acute ischaemic stroke undergoing EVT and

a concomitant ipsilateral extracranial ICA stenosis of
>50% or occlusion of presumed atherosclerotic origin,
from the Dutch Multicenter Randomized Clinical Trial

of Endovascular Treatment for Acute Ischemic Stroke

in the Netherlands (MR CLEAN) Registry (2014-2017).

The primary endpoint was a good functional outcome

at 90 days, defined as a modified Rankin Scale score

<2. Secondary endpoints were successful intracranial
reperfusion, new clot in a different vascular territory,
symptomatic intracranial haemorrhage, recurrent
ischaemic stroke and any serious adverse event.

Results Of the 433 included patients, 169 (39%)
underwent EVT with CAS. In 123/168 (73%) patients,

CAS was performed before intracranial thrombectomy. In
42/224 (19%) patients who underwent EVT without CAS,

a deferred carotid endarterectomy or CAS was performed.
EVT with and without CAS were associated with similar
proportions of good functional outcome (47% vs 42%,
respectively; adjusted OR (aOR), 0.90; 95% Cl, 0.50 to
1.62). There were no major differences between the groups
in any of the secondary endpoints, except for the increased
odds of a new clot in a different vascular territory in the
EVT with CAS group (aOR, 2.96; 95% Cl, 1.07 to 8.21).
Conclusions Functional outcomes were comparable after
EVT with and without CAS. CAS during EVT might be a
feasible option to treat the extracranial ICA stenosis but
randomised studies are warranted to prove non-inferiority
or superiority.

INTRODUCTION

In general, 10-20% of the patients with an
acute ischaemic stroke due to a proximal
intracranial occlusion of the anterior circu-
lation have a concomitant stenosis >50%
or occlusion of the ipsilateral extracranial
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= The optimal management of concomitant ipsilater-
al extracranial internal carotid artery (ICA) stenosis
during endovascular treatment (EVT) is unclear.

WHAT THIS STUDY ADDS

= In this non-randomised, observational study from
the MR CLEAN Registry, the outcome of carotid ar-
tery stenting (CAS) performed during EVT was com-
parable to EVT without CAS.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= CAS during EVT might be a feasible option to treat
the concomitant ipsilateral extracranial ICA stenosis
but randomised studies are warranted to prove non-
inferiority or superiority.

internal carotid artery (ICA)." * These
concomitant ipsilateral ICA stenosis are asso-
ciated with poor functional outcome after
intravenous thrombolysis and may complicate
endovascular treatment (EVT).? Although
EVT has become standard of care in patients
with an acute ischaemic stroke due to large
vessel occlusion, the optimal treatment
approach of a concomitant ipsilateral ICA
stenosis remains unclear.”"* Some interven-
tionists prefer to perform EVT with carotid
artery stenting (CAS), while others advocate a
more conservative approach without CAS, but
with percutaneous transluminal angioplasty
(PTA) to gain intracranial access, if necessary.
In the latter case, carotid endarterectomy
or CAS are usually considered as a deferred
treatment if a patient shows adequate neuro-
logical improvement and residual high-grade
ICA stenosis is still present.'”

EVT with CAS might reduce the risk
of a recurrent embolic stroke due to new
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thrombus formation and intracranial embolisation.’
However, it could increase the chance of a cerebral hyper-
perfusion syndrome with subsequent intracranial haem-
orrhage.'* ™ Also, with concomitant dual antiplatelet
therapy to prevent in-stent thrombosis, the risk of an
intracranial bleeding may increase.'® It is unclear if these
risks outweigh the potential complications of a deferred
treatment.”" '

In patients where CAS is performed during EVT, it
can be done before or directly after thrombectomy.
It is postulated that the CAS first approach leads to an
immediately improved intracranial collateral circulation,
and consequently increased perfusion during and after
EVT." However, the thrombectomy first approach may
lead to faster intracranial recanalisation and subsequent
improved outcome.'”

We compared clinical, technical and safety endpoints
of EVT with CAS vs EVT without CAS in patients with a
concomitant ipsilateral extracranial ICA stenosis in the
Multicenter Randomized Clinical Trial of Endovascular
Treatment for Acute Ischemic Stroke in the Netherlands
(MR CLEAN) Registry.

METHODS

Study design

This was a non-randomised, observational study of
prospectively collected data from the MR CLEAN Registry
(online supplemental appendix). The MR CLEAN
Registry is a multicentre, observational study in which
all patients who were treated endovascularly for acute
ischaemic stroke in the Netherlands were enrolled from
March 2014 to November 2017. The study design and
patient eligibility criteria have been reported previously."

Participants

Patients with an acute ischaemic stroke due to a proximal
intracranial occlusion of the anterior circulation who
underwent EVT (defined as an intracranial treatment
by mechanical thrombectomy or administration of local
intra-arterial thrombolytics), and who had a concomitant
ipsilateral extracranial ICA stenosis of 250% or occlusion
of presumed atherosclerotic origin, were included. A
stenosis or occlusion was assumed to be of atherosclerotic
origin if other aetiologies (dissection, floating thrombus,
carotid web and pseudo-occlusion) could be excluded.
Exclusion criteria were age under 18 years, EVT in a
non-MR CLEAN centre, initiation of EVT more than 6.5
hours after onset of symptoms, presence of an ICA dissec-
tion, presence of a pseudo-occlusion and a pre-stroke
modified Rankin Scale (mRS) score >2. Dissection was
defined as a narrowing of the ICA above the level of the
carotid bifurcation with distal tapering of the ICA, with
or without a distal occlusion in the ICA segment. Pres-
ence of a dissection was assessed on baseline single-phase
CT angiography (CTA) and/or digital subtraction angi-
ography (DSA) by a core laboratory. Suspected pseudo-
occlusion was defined as filling of the carotid bifurcation

of the ICA with contrast and a gradual antegrade contrast
fading in the ICA, leading to intracranial occlusion. Pres-
ence of a pseudo-occlusion was assessed on single-phase
CTA by a core laboratory.”

Endovascular treatment

Endovascular treatment consisted of arterial catheteri-
sation with a microcatheter to the level of the intracra-
nial occlusion, followed by mechanical thrombectomy,
thrombus aspiration or both, with or without adminis-
tration of a thrombolytic agent. The method of endovas-
cular treatment, the choice for EVT with CAS and the
decision on the type of stent was left to the discretion of
the interventionist. There was no uniform protocol on
antiplatelet regimen during and after CAS, and data on
the periprocedural antiplatelet regimen used were not
systematically recorded in the MR CLEAN Registry."

Data collection

A core laboratory, blinded to the clinical characteris-
tics and outcome, evaluated imaging data on location
of the intracranial occlusion, occlusion side, collateral
score, presence, location and type of a concomitant ipsi-
lateral ICA lesion (including ICA stenosis 250%, occlu-
sion, dissection, floating thrombus, carotid web and
pseudo-occlusion), EVT with CAS, EVT with PTA, time
from onset to recanalisation, extended Thrombolysis In
Cerebral Infarction (eTICI) score before and after EVT,
occurrence of a new clot in a different vascular territory
and presence of symptomatic intracranial haemorrhage
(sICH) within 90 days after EVT.

The presence and type of a concomitant ipsilateral ICA
stenosis was based on core laboratory assessment of the
baseline CTA. In case of missing CTA data, a core labora-
tory evaluation of the concomitant ipsilateral ICA stenosis
on DSA was used. The core laboratory only assessed
whether an ICA stenosis 250% or occlusion was present,
and therefore a distinction in the exact degree of the
stenosis could not be made. Additional re-assessment of
DSA images was performed for the EVT with CAS group
by two neuro-interventionists (MU and RB) to acquire
data on the thrombectomy first approach and CAS first
approach.

Data on possible deferred treatment of patients who
underwent EVT without CAS were obtained from compre-
hensive or peripheral stroke centres. When no deferred
surgical or endovascular revascularisation was performed,
the reasons for withholding treatment were recorded.

The applied EVT technique (ie, whether the thrombec-
tomy attempt was with stent retriever, aspiration, intra-
arterial thrombolytics or a combination of techniques)
during the first thrombectomy attempt was unknown for
a relatively high number of patients in the EVT with CAS
group. We therefore also aimed to complete these data
during the re-assessment of the DSA images.

Collateral filling was assessed on baseline single-phase
CTA imaging using a categorical scale: a collateral score
of 0 indicated absent collaterals, a score of 1 indicated
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collateral filling >0% but <50% of the occluded middle
cerebral artery territory, a score of 2 indicated collateral
filling >50% but <100% and a score of 3 indicated 100%
collateral filling.”'

Endpoints

The primary endpoint was a good functional outcome,
defined as an mRS score of <2 at 90 days after EVI. The
mRS is a categorical scale (0, no symptoms; 6, death) that
reflects the degree of disability after a stroke. A score of
2 or lower reflects independency for activities of daily
living.”?

The secondary technical endpoint was successful
intracranial reperfusion immediately after EVT, which
was defined as an eTICI score of 22B. The eTICI is a
categorical scale (range 0-3; the higher the number,
the greater the degree of reperfusion) that reflects the
degree of reperfusion, and is scored on DSA imaging.* If
the frontal or lateral DSA run immediately after EVT was
unavailable, an eTICI score of 2A was the highest possible
grading." Safety endpoints were occurrence of a new clot
in a different vascular territory, occurrence of sICH within
90 days after EVT, recurrent ischaemic stroke within 90
days after EVT and occurrence of any serious adverse
event within 90 days after EVI. A new clot in a different
vascular territory was defined as a remaining proximal
intracranial occlusion on last DSA run that did not match
the thrombus locations scored on baseline CTA, and had
changed either from one territory to another or from
a distal occlusion location to a more proximal location.
Whether this endpoint could be assessed in the absence
of a frontal or lateral DSA run immediately after EVT,
was left to the discretion of the core laboratory assessor."
An intracranial haemorrhage was considered to be symp-
tomatic if patients died or deteriorated neurologically
(a decline of at least 4 points on the National Institutes
of Health Stroke Scale (NIHSS)) and the haemorrhage
was related to the clinical deterioration (according to the
Heidelberg criteria).** Recurrent ischaemic stroke was
defined as a new ischaemic stroke that was confirmed on
imaging, led to corresponding neurological deficits or
resulted in death. Any serious adverse event was defined
as any untoward medical occurrence or effect causing
mortality, a life-threatening situation, prolonged hospital-
isation or persistent significant disability."

The primary and secondary endpoints were compared
between patients who underwent EVT with and without
CAS. The choice for these groups was based on the treat-
ment decision to be made in the acute phase. To avoid
selection bias, the control group not only consisted of
patients who had undergone deferred treatment but also
of patients who were not treated in the deferred phase
(one of the requirements of a deferred treatment is that
the patient should have a non-disabling stroke, which
increases the chance of a good functional outcome at
90 days. Moreover, during EVT it is difficult to reliably
predict which patients will or will not recover).

Statistical analysis

Baseline characteristics, procedural characteristics and
observed outcomes were presented for the EVT with and
without CAS groups.

To facilitate statistical comparison despite the small
number of observations in some of the categories, the
mRS score and eTICI score were dichotomised into good
and poor functional outcome, and successful and unsuc-
cessful intracranial reperfusion, respectively.

Both univariable and multivariable logistic regres-
sion analyses were performed to analyse the associ-
ation between EVT with CAS and the dichotomous
primary and secondary endpoints. For all endpoints,
a sensitivity analysis was conducted in which patients
who were not treated with intravenous thrombol-
ysis were excluded. An additional subgroup analysis
was performed within the group of patients treated
with CAS during EVT to determine the association
between the CAS first approach and good func-
tional outcome at 90 days. Results were displayed as
(adjusted) OR ((a)OR) with 95% CI. In the multi-
variable analyses, results were adjusted for age, sex,
a medical history of atrial fibrillation, hypercholes-
terolaemia and myocardial infarction, smoking, anti-
platelet use, coumarin use, NIHSS score at baseline,
Alberta Stroke Programme Early CT Score, collateral
score, intravenous thrombolysis, time from onset to
recanalisation and PTA during EVT. In the subgroup
analysis, we only adjusted for age, sex, NIHSS score
at baseline and collateral score due to the limited
sample size. The choice of the covariables was based
on generally known associations related to stroke
and/or cardiovascular outcomes, and on significant
differences that we found between the EVT with and
without CAS groups. Covariables were included in the
multivariable analyses if they increased or decreased
the unadjusted OR with 210%. The covariables that
did not change the OR with 210%, but were consid-
ered relevant because of previous publications, were
still included.”

Missing data were imputed using multiple imputa-
tion by chained equations based on relevant covari-
ables and outcome. Two-sided p values, or one-sided
p values in case of a % test, of <0.05 were considered
statistically significant. Data were analysed using SPSS
Statistics V.23.0 (IBM Corp, Armonk, New Y).

RESULTS

Data selection

Between March 2014 and November 2017, 3637
patients with acute ischaemic stroke received EVT
of whom 3180 patients were included in the analysis
of MR CLEAN Registry. The inclusion and exclusion
criteria of our study were met by 433 of the 3180
patients. EVT with CAS was performed in 169 of
the 433 (39%) included patients. Follow-up data of
40 of the 264 patients who underwent EVT without
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All ive patients treated

(n=3637)

March 18, 2014 - November 1, 2017

Excluded

Age <18 years (n=9)

No MR CLEAN trial center (n=177)
Occlusion in posterior circulation (n=172)

| Included patients MR CLEAN Registry |
=3180)

Onset to groin puncture >390 minutes (n=99)

Excluded
No data on presence of concomitant ipsilateral ICA stenosis 250% or occlusion on CTA or DSA (n=317)
ICA ion on CTA or DSA (n=73)

Analyzed patients
(n=433)

ICA pseudo-occlusion on CTA (n=178)

No concomitant ipsilateral ICA stenosis 250% or occlusion, or stenosis <50% on CTA or DSA (n=2059)
No EVT performed (n=81)

Pre-stroke mRS score >2 (n=39)

EVT with CAS
n=169 (39%)

Data on PTA was missing for 1/169 patient }

| ]

CAS only, no PTA Both CAS and PTA
Nn=90 (54%) n=78 (46%)

EVT without CAS
n=264 (61%)

"""""""""""""""""" 1 Data on PTA was missing for 2/264 patients

PTA
n=50 (19%)

1 Data on deferred treatment was missing for 40/264 patients

Deferred treatment
n=42 (19%)
[

) I Data on type of deferred treatment was missing for 1/42 patient

No treatment
n=182 (81%)

CEA
n=38 (93%)

CAS
n=3 (7.3%)

Figure 1

Flowchart of included patients. CAS, carotid artery stenting; CEA, carotid endarterectomy; CTA, CT angiography;

DSA, digital subtraction angiography; EVT, endovascular treatment; ICA, internal carotid artery; MR CLEAN, Multicenter
Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in the Netherlands; mRS, modified Rankin

Score; PTA, percutaneous transluminal angioplasty.

immediate CAS were missing. Of the remaining 224
patients who had no CAS during EVT, 42 of the 224
(19%) underwent a deferred treatment by carotid
endarterectomy or CAS and 182 of the 224 (81%) had
no deferred treatment (figure 1).

Baseline characteristics

Patients who underwent EVT with CAS were younger,
had a lower prevalence of atrial fibrillation or myocar-
dial infarction, had a higher prevalence of hypercho-
lesterolaemia, were less likely to use coumarins, had a
more favourable collateral filling and were more likely
to receive intravenous thrombolysis compared with
patients who underwent EVT without CAS (table 1).

Procedural characteristics

For patients who underwent EVT with and without
CAS, procedural characteristics were essentially equal,
with the exception of PTA (46% vs 19%, respectively,
p<0.001). A procedural stent occlusion occurred in
7/111 (6.3%) patients (table 2).

In the EVT with CAS group, 123/168 (73%)
patients received CAS before intracranial thrombec-
tomy. Time from stroke onset to recanalisation was
comparable between the CAS and thrombectomy first
approaches (median time, 272 min (IQR, 213-328)
and 253 min (IQR, 208-343), respectively, p=0.75).

In the EVT without CAS group, 182/224 (81%)
patients did not receive a deferred treatment. Reasons
for withholding carotid endarterectomy or CAS were
the absence of an ICA stenosis 250% during follow-up
(n=45/141, 32%), an ICA occlusion (n=25/141, 18%)
or a poor functional status (n=71/141, 50%).

Outcome

Primary endpoint

The proportion of patients with a good functional
outcome was comparable between EVT with and
without CAS groups (47% vs 42%, respectively; OR,
1.32; 95% CI, 0.88 to 1.98, figure 2). After adjustment
for possible confounders, the odds of good functional
outcome was still similar between the EVT with and
without CAS groups (aOR, 0.90; 95% CI, 0.50 to 1.62)
(online supplemental table S1). Exclusion of those
patients treated without intravenous thrombolysis
did not change the direction of the results (online
supplemental table S2).

Secondary endpoints

Between patients who underwent EVT with and
without CAS, no significant differences were found in
the rate of successful intracranial reperfusion (62%
vs 64%, respectively), new clot in different vascular
territory (9.1% vs 5.4%, respectively), SICH (4.7% vs
7.6%, respectively), recurrent ischaemic stroke (1.8%
vs 0.8%) and any serious adverse event (43% vs 38%,
respectively) (table 3). In the group of patients who
received a deferred treatment, 1/42 (2.4%) patient,
who was treated with carotid endarterectomy, devel-
oped a recurrent ischaemic stroke. In 60/420 (14%)
patients, the intracranial reperfusion status was
scored with a maximum eTICI score of 2A due to
unavailability of a final frontal or lateral DSA run.
The proportion of patients with a missing final two-
directional DSA run was comparable between the
EVT with and without CAS groups (26/165 (16%)
vs 34/255 (13%); p=0.49). After adjustments, EVT
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Table 1 Baseline characteristics of EVT with and without CAS patients

Characteristics EVT with CAS (n=169) EVT without CAS (n=264) P value
Age - years 70 (63-77) 72 (64-79) 0.04
Male 120/169 (71) 166/264 (63) 0.08
Medical history

Atrial fibrillation 11/168 (6.5) 45/261 (17.2) <0.01

Diabetes mellitus 22/167 (13.2) 40/260 (15.4) 0.53

Hypercholesterolaemia 64/167 (38.3) 71/249 (28.5) 0.04

Hypertension 83/166 (50.0) 139/259 (53.7) 0.46

Myocardial infarction 12/166 (7.2) 44/260 (16.9) <0.01

Peripheral artery disease 25/167 (15.0) 32/261 (12.3) 0.42

Previous stroke 20/168 (11.9) 38/261 (14.6) 0.43
Current smoker 65/140 (46.4) 69/190 (36.3) 0.06
Current medication use

Antiplatelet 44/166 (26.5) 81/260 (31.2) 0.30

DOAC 2/168 (1.2) 4/259 (1.5) >0.99

Coumarin 8/168 (4.8) 34/262 (13.0) 0.01

Heparin 0/167 (0) 6/259 (2.3) 0.09

Antihypertensive medication 81/166 (48.8) 145/256 (56.6) 0.11

Statin 58/165 (35.2) 94/258 (36.4) 0.79
Pre-stroke mRS score >0 28/165 (17.0) 56/255 (22.0) 0.21
Left hemisphere 86/169 (50.9) 145/264 (54.9) 0.41
Ipsilateral extracranial ICA lesion

Carotid stenosis 50-99% 68/169 (40.2) 130/264 (49.2) 0.07

Carotid occlusion 101/169 (59.8) 134/264 (50.8) 0.07
NIHSS score 16 (11-19) 16 (12-19) 0.68
ASPECTS 8 (7-10) 9 (7-10) 0.87
Collateral filling <0.01

Absent collaterals 3/161 (1.9) 22/255 (8.6)

<50% of occluded territory 48/161 (29.8) 99/255 (38.8)

50-99% of occluded territory 73/161 (45.3) 94/255 (36.9)

100% of occluded territory 37/161 (23.0) 40/255 (15.7)
Intravenous thrombolysis 150/168 (89.3) 214/262 (81.7) 0.03
Pre-intervention DBP - mm Hg 82+16 83+15 0.92
Pre-intervention SBP - mm Hg 154+26 154+23 >0.99

Data are presented as n (%), mean+SD or median (IQR). The data in this table are based on the data set before imputation. For some
variables, the denominators are smaller than the number of patients included due to missing data.

ASPECTS, Alberta Stroke Programme Early CT Score; CAS, carotid artery stenting; DBP, diastolic blood pressure; DOAC, direct oral
anticoagulants; EVT, endovascular treatment; ICA, internal carotid artery; mRS, modified Rankin Scale; NIHSS, National Institutes of Health

Stroke; SBP, systolic blood pressure.

with CAS was associated with the occurrence of a new
clot in a different vascular territory (aOR, 2.96; 95%
CI, 1.07 to 8.21). The risk of successful intracranial
reperfusion, sICH, and any serious adverse event
were comparable between the EVT with and without
CAS groups. For recurrent ischaemic stroke, the aOR
could not be reliably determined due to the limited
number of observations (table 3; online supple-
mental tables S3-7). The directions of the results did

not change after exclusion of those patients treated
without intravenous thrombolysis (online supple-
mental table S2).

Within the EVT with CAS group, the proportion of
good functional outcome was essentially equal for the
CAS first approach and thrombectomy first approach
(48% vs 48%; OR, 1.05; 95% CI, 0.52 to 2.12 and aOR,
1.03; 95% CI, 0.48 to 2.22) (online supplemental table
S8).
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Open access

I

Table 2 Procedural characteristics of EVT with and without CAS patients

Characteristics EVT with CAS (n=169) EVT without CAS (n=264) P value
EVT technique, first attempt 0.07
Stent retriever 80/169 (47.3) 174/264 (65.9)
Aspiration 52/169 (30.8) 69/264 (26.1)
Intra-arterial thrombolytics 0/169 (0) 1/264 (0.4)
Unknown 37/169 (21.9) 20/264 (7.6)
EVT technique, second attempt 0.28
Stent retriever 16/43 (37.2) 26/61 (42.6)
Aspiration 20/43 (46.5) 31/61 (50.8)
Intra-arterial thrombolytics 7/43 (16.3) 4/61 (6.6)
PTA performed 78/168 (46.4) 50/262 (19.1) <0.001
Stenting before EVT 123/168 (73.2) N/A
Procedural stent occlusion 7/111 (6.3) N/A
Time from onset to arterial puncture - min 190 (141-242) 195 (155-245) 0.55
Time from onset to recanalisation - min 268 (212-330) 260 (213-315) 0.42

Data are presented as n (%) or median (IQR). The data in this table are based on the data set before imputation. For some variables, the
denominators are smaller than the number of patients included due to missing data.
CAS, carotid artery stenting; EVT, endovascular treatment; N/A, not applicable; PTA, percutaneous transluminal angioplasty.

DISCUSSION

Clinical, technical and safety outcomes were compa-
rable for EVT with and without CAS in this large, non-
randomised, observational, multicentre study among
patients who had an acute ischaemic stroke with a
concomitant ipsilateral extracranial ICA stenosis of
presumed atherosclerotic origin. In addition, the odds
of good functional outcome was essentially equal for the
CAS first and thrombectomy first approach.

Several studies showed discrepant results regarding
the effect of EVT with CAS on functional outcome at 90
days. In a retrospective, observational study of the Throm-
bectomy in Tandem Lesions (TITAN) Registry, the rate
of good functional outcome was found to be higher in
patients who underwent EVT with CAS (58%) than in
patients who underwent EVT without CAS (42%). After
adjustment for confounders, an association between EVT

EVT with CAS &

EVT without CAS

with CAS and good functional outcome did however no
longer exist. Compared with our study, a stronger associ-
ation could have been expected between EVT with CAS
and functional outcome in the TITAN Registry due to
the stricter criteria used to define an ipsilateral extracra-
nial ICA stenosis (=50% vs 290%). This was however not
reflected in the adjusted results, possibly because, as in
our study, a proportion of patients in the EVT without
CAS group underwent deferred treatment.’ In a pooled
analysis of the Endovascular Treatment in Ischemic
Stroke (ETIS) and TITAN registries,26 and in the System-
atic Evaluation of Patients Treated With Neurothrom-
bectomy Devices for Acute Ischemic Stroke (STRATIS)
Registry,' good functional outcome was observed more
frequently in patients who underwent EVT with CAS
than in patients who underwent EVT without CAS (57%
vs 45% and 68% vs 42%, respectively). In these studies,

mRS
m0

L ]|
m2
m3
w4

0 25

50 75 100

Patients (%)

Figure 2 Functional outcome at 90 days of EVT with and without CAS patients. The data in this figure are based on the data
set before imputation. CAS, carotid artery stenting; EVT, endovascular treatment; mRS, modified Rankin Scale.
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Table 3 Secondary endpoints in EVT with and without CAS patients

EVT with CAS EVT without CAS
Endpoint (n=169) (n=264) OR 95% ClI aOR* 95% CI
Successful intracranial reperfusiont 101/164 (61.6) 164/256 (64.1) 091 0.60to 1.36 0.73 0.43t01.23
New clot in different vascular territoryf 14/154 (9.1) 13/241 (5.4) 1.81 0.84 to 3.92 296 1.07 to 8.21
Symptomatic intracranial haemorrhage§  8/169 (4.7) 20/264 (7.6) 0.61 0.26to 1.41 0.783 0.23t02.37
Recurrent ischaemic strokef| 3/169 (1.8) 2/264 (0.8) 237 0.39to0o 1432 *
Any serious adverse eventtt 72/169 (42.6) 99/264 (37.5) 1.24 0.83t01.83 1.27 0.76to 2.11

Data are presented as n (%). The data in this table are partly based on the data set before imputation (number of patients). For some
variables, the denominators are smaller than the number of patients included due to missing data.

*Results were adjusted for age, sex, a medical history of atrial fibrillation, hypercholesterolaemia and myocardial infarction, smoking,
antiplatelet use, coumarin use, National Institutes of Health Stroke Scale score at baseline, Alberta Stroke Programme Early CT Score,
collateral score, intravenous thrombolysis, time from onset to recanalisation and percutaneous transluminal angioplasty during endovascular

treatment.

TSuccessful intracranial reperfusion was defined as extended Thrombolysis In Cerebral Infarction score of >2B.
FNew clot in a different vascular territory was defined as a remaining proximal intracranial occlusion on last digital subtraction angiography
run that did not match the thrombus locations scored on baseline CT angiography, and had changed either from one territory to another or

from a distal occlusion location to a more proximal location.

§An intracranial haemorrhage was considered to be symptomatic if patients died or deteriorated neurologically (a decline of at least 4 points
on the National Institutes of Health Stroke Scale) and the haemorrhage was related to the clinical deterioration (according to the Heidelberg

criteria).

YIRecurrent ischaemic stroke was defined as a new ischaemic stroke that was confirmed on imaging, led to corresponding neurological

deficits or resulted in death.

**The aOR could not be reliably determined due to the limited number of observations of recurrent ischaemic stroke.
TTAny serious adverse event was defined as any untoward medical occurrence or effect causing mortality, a life-threatening situation,

prolonged hospitalisation or persistent significant disability.

(@)OR, (adjusted) OR; CAS, carotid artery stenting; EVT, endovascular treatment.

the association between EVT with CAS and good func-
tional outcome remained in the multivariable analyses.**°
The analyses of the TITAN® and STRATIS® registries were
included in a systematic review and meta-analysis,” in
which an association between EVT with CAS and a more
favourable outcome at 90 days was found. No definite
recommendation on the treatment of concomitant ipsi-
lateral ICA stenosis could however be given, as the review
mainly consisted of observational studies due to the lack
of randomised controlled trials.? Thus, to overcome issues
such as confounding and selection bias, a randomised
controlled trial seems warranted. A randomised pilot
study has already shown the feasibility of this next step.'’

Unlike previous reported studies, we focused on the
patients who underwent EVT without immediate CAS.
Only 19% of the patients within this group received a
deferred treatment by means of a carotid endarterec-
tomy or CAS. The most common reason for withholding
carotid endarterectomy or CAS was a poor functional
status. This may suggest that some patients underwent
EVT with CAS who would not have qualified for carotid
endarterectomy or CAS in case of a deferred treatment.
Other important reasons to withhold deferred treatment
were an ICA stenosis <50% or complete occlusion during
follow-up imaging. Two causes may account for these
differences between baseline and follow-up. First, baseline
assessments between the interventionist and core labora-
tory may have varied due to the different imaging modal-
ities that were used to diagnose a stenosis or occlusion
(baseline CTA vs DSA) and due to inter-rater variability.

Second, the degree of the stenosis may have reduced
to a stenosis <60% due to the effect of PTA only. These
patients may benefit from a prolonged follow-up, as the
ICA stenosis or occlusion was not treated more definitely.

Contrary to our findings, EVT with CAS was associated
with successful intracranial reperfusion in the pooled
analysis of the ETIS and TITAN registries.”® A possible
explanation for this discrepancy is that in the MR CLEAN
Registry, an eTICI score of 2A was the highest possible
grading if the frontal or lateral DSA run immediately
after EVT was unavailable.' Although the distribution
of patients with a missing final two-directional DSA run
seemed comparable between the EVT with and without
CAS groups, we did find a numerical difference at the
expense of the EVT with CAS group. The rate of patients
with successful intracranial reperfusion might therefore
have been underestimated in the EVT with CAS group,
however, we doubt that this had a significant impact.
Another explanation for these discrepant results might
be new embolisation due to stentrelated thrombosis.
Although EVT with CAS could prevent recurrent emboli-
sation from the concomitant ipsilateral ICA stenosis and
consequently poor reperfusion rates, one of its complica-
tions is in-stent thrombosis. As in-stent thrombosis might
also increase the risk of new intracranial embolisation, an
association between EVT with CAS and successful intra-
cranial reperfusion might disappear. The incidence of
in-stent thrombosis was not mentioned in previous studies
and could therefore not be compared with the incidence
found in our study.
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No major safety concerns were observed after EVT with
CAS, despite an association with the occurrence of a new
clot in a different vascular territory. A reliable conclu-
sion regarding this possible complication could not be
drawn due to the small number of observations. More
importantly, this increased risk did not translate into a
lower chance of good functional outcome. Furthermore,
the rate of sICH was not found to be higher in the EVT
with CAS patients, even though a substantial part (89%)
received intravenous thrombolysis before EVT. This is
important, because increased bleeding risks are a feared
complication of EVT with CAS. Our findings on risk of
SsICH are in line with other studies.*®'®

This study has limitations. First, owing to the retrospec-
tive study design, no selection criteria for EVT with CAS
and no standardised intervention techniques were main-
tained. Despite our best efforts to adjust for confounders,
treatment preference, personal experience and patient
selection of the interventionists may have influenced our
results. Second, no data were available on antiplatelet
regimes after EVT with CAS. Therefore, influence of treat-
ment characteristics such as type, dosage and number of
antiplatelet agents, as well as duration of therapy on func-
tional outcome could not be determined. Third, we could
not analyse the effect of stenosis characteristics (such as
the exact stenosis grade and the stenosis composition)
on patient outcomes and treatment decisions. Patients
with an ipsilateral carotid stenosis of 50-70% may have
diluted the treatment effect of CAS during EVT. There-
fore, future clinical trials among patients with a stenosis
grade >250% should be sufficiently powered to stratify the
data by stenosis grade (50-70%, 70-90% and 90-99% or
complete occlusion). An alternative would be to include
only patients with a stenosis grade of 70-90%. This
approach would however hamper a direct comparison
with other grades (50-70%, 90-99% or complete occlu-
sion), and in the current guidelines the threshold for
treatment with deferred elective carotid endarterectomy
or CAS starts at a stenosis grade >50%.%” *® Fourth, the
underlying reasons for CAS and PTA during EVT (eg, to
gain access to remove the distal intracranial occlusion)
were unknown. Fifth, the study lacked periprocedural
carotid endarterectomy/CAS data and detailed follow-up
data of the patients who had undergone deferred treat-
ment. This may have hampered further understanding
of the results. Finally, 6.2% of the patients were lost to
follow-up for unknown reasons. This may have biased our
results in unpredictable ways, although the rate of drop-
outs was comparable for the EVT with and without CAS
groups.

To conclude, in our non-randomised analysis, clinical,
technical and safety endpoints were comparable for EVT
with and without CAS in patients who had an acute isch-
aemic stroke with a concomitant ipsilateral extracranial
ICA stenosis of presumed atherosclerotic origin. Optimal
management of a concomitant ipsilateral extracranial ICA
stenosis in patients who had an acute ischaemic stroke
remains however uncertain. Phase 3 randomised trials are

urgently warranted to prove non-inferiority or superiority
of CAS during EVT, taking the degree of carotid artery
stenosis into account.
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