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Abstract

Introduction: Evidence regarding the benefit of endovascular therapy (EVT) in patients with acute ischemic stroke
(AIS) due to isolated cervical internal carotid artery occlusion (c-ICA-O) is lacking. We assessed the outcomes and
safety of EVT in patients with isolated c-ICA-O.

Methods: Retrospective multicenter cohort study of patients with an AIS due to isolated c-ICA-O, within 24-h since
last-seen-well. Comparisons were made between EVT and best medical therapy (BMT). The primary outcome was
3-months modified Rankin Scale (mRS) ordinal shift. Secondary outcomes included 3-month favorable outcome (mRS
0-2, or return to pre-stroke mRS), symptomatic intracranial hemorrhage (sICH) and any parenchymal hemorrhage.
Outcomes were compared combining inverse probability of treatment weighting with regression models and propensity
score matching (PSM) as sensitivity analysis.

Results: We analyzed 998 patients (66.2% male, mean age 71.1 = 13.2years). 487 (48.8%) patients received EVT and
511 (51.2%) received BMT. Patients receiving EVT had a higher admission NIHSS [13 (7—18) vs 5 (2—13)] compared to
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BMT. There was no difference between EVT and BMT groups in 3-month mRS shift (adjusted common odds ratio [OR],
1.01 [95% CI 0.76—1.34]) and favorable outcome (adjusted OR [aOR] I.16 [95% Cl 0.84—1.60]). No patient (0%) in the
BMT group had sICH versus |.6% in the EVT group. Parenchymal hemorrhage was numerically higher in EVT patients
(2.7% vs 0.6%; aOR 3.85 [95% CI 0.98—15.23]). PSM analysis revealed similar results.

Discussion and conclusion: In patients with isolated c-ICA-O, EVT was associated with similar odds of disability
and intracranial bleeding compared to BMT. Randomized-controlled clinical trials in patients with isolated c-ICA-O are

warranted.
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Introduction

Isolated cervical internal carotid artery occlusion (c-ICA-
O) comprise approximately 2.5%—4% of acute ischemic
stroke (AIS) patients treated with an arterial occlusion.'?
The optimal treatment of isolated (c-ICA-O), that is, with-
out associated intracranial artery occlusion, in AIS is
unknown.>*

In contrast to patients with anterior circulation tandem
lesions, patients with isolated c-ICA-O were not included
in any of the randomized-controlled clinical trials (RCTs)
assessing safety and efficacy of endovascular treatment
(EVT) in anterior circulation AIS.> In tandem occlusion,
immediate EVT of the extracranial occlusion may be safe
and associated with better clinical outcomes.®!* In ¢c-ICA-
O, early neurological deterioration is seen, even if patients
present initially with mild or remitting deficits, and these
patients have unfavorable outcomes under best medical
treatment (BMT).!!"13

Previous smaller observational studies suggested that in
patients with isolated c-ICA-O, EVT was feasible, while it
remained to be shown whether EVT is associated with
improved clinical outcomes and safety.>!'*!7 Lack of con-
trol patients, small sample sizes, or significant imbalance in
baseline characteristics between treatment groups have
limited the conclusions of previous studies.>'*"'7 For these
reasons, the question whether EVT is effective and safe in
patients with isolated c-ICA-O remains unanswered. We
assessed the outcome and safety of EVT in patients with
isolated c-ICA-O in comparison to BMT.

Methods
Study design and population

The Endovascular Treatment for Isolated Cervical Internal
Carotid Artery Occlusion (ETIICA) study was an investi-
gator-initiated, retrospective, multinational, cohort study
conducted at 42 sites in Europe and North America.
The study included consecutive patients with AIS and

ipsilateral isolated c-ICA-O admitted to the participating
hospitals from January 2018 to December 2022. All patients
that presented with c-ICA-O within 24 h of last-seen-well
were screened for eligibility by the contributing centers.
C-ICA-O had to be clinically symptomatic (any acute,
focal, neurological deficit attributable to the ipsilateral cer-
ebral hemisphere) and located exclusively in the carotid
bulb and/or ascending cervical carotid segment. Patients
not receiving EVT were considered as BMT group. Patients
receiving EVT regardless of other medical interventions
were included in the EVT group. Consequently, use of IVT
was allowed in both treatment groups.

Patients who received emergent carotid endarterectomy
were not included in the study.

All investigators were requested to review admission
vessel imaging of eligible patients to confirm the presence
of an isolated c-ICA-O. Patients with concomitant intracra-
nial ICA or other vessel occlusions were excluded. In addi-
tion, patients were excluded if initial digital subtraction
angiography (DSA) series showed an intracranial ICA
occlusion despite initial diagnosis of c-ICA-O (carotid
pseudo-occlusion on initial imaging),'® or high-grade cervi-
cal stenosis instead of complete occlusion. To achieve rig-
orous exclusion of patients without isolated c-ICA-O, the
following instructions were sent to all participating centers:
(1) In patients with isolated c-ICA-O there is usually an
abrupt cut-off opacification at the proximal ICA. This con-
trasts with “pseudo-occlusions” where there is usually a
gradual contrast decline, sometimes with a flame-shaped
appearance that can mimic the pattern of a carotid artery
cervical dissection.!®?® (2) Patients not receiving DSA,
must be excluded, if (a) occlusion was located in the termi-
nal segment of the internal carotid artery, (b) the ICA siphon
presented with a hyperdensity in non-contrast CT (hyper-
dense vessel sign) or hypointensity on gradient echo or
susceptibility-weighted MRI (susceptibility vessel sign).
All additional available imaging performed during hospital
admission (e.g. Doppler ultrasound) had to be reviewed to
confirm the isolated c-ICA-O.
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For all patients, decisions regarding IVT and immediate
antithrombotic regimen were made according to local
standards and treating physician’s decision. In EVT
patients, decisions regarding treatment techniques, device
selection, modality of anesthesia, and periprocedural medi-
cation were made as deemed appropriate by the treating
physicians.

Imaging modality (CT or MRI) on admission followed
local standard operating procedures and/or was at the dis-
cretion of the treating physician. The reporting of this study
follows the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.?!

Study variables

All sites initially received information about inclusion and
exclusion criteria, study variables, and study-specific defi-
nitions. Data was checked for consistency and complete-
ness (J.P.M). After the first review, queries were sent as
needed to confirm data accuracy and validity.

Study variables included demographics (age, sex, and
pre-stroke modified Rankin Scale (mRS)), vascular risk
factors and comorbidities, pre-existing medication, stroke
severity at admission and at 24 h (assessed by the National
Institutes of Health Stroke Scale (NIHSS)), lateralization
(left vs right hemisphere), admission systolic and diastolic
blood pressure, admission blood glucose, initial imaging
modality, and baseline Alberta Stroke Program Early CT
Score (ASPECTS). In patients with ASPECTS assessed by
MRI one point was added.’> We assessed the following
time metrics: Last-seen-well (LSW) to hospital admission,
hospital admission to start of acute treatment (door-to-nee-
dle and door-to-puncture time where applicable) and hospi-
tal admission to reperfusion. Additionally, data on
24-t0-36-h follow-up imaging (presence of hemorrhagic
transformation/intracranial hemorrhage), stroke etiology,
mortality and mRS at 3 months were collected. In patients
receiving BMT, the immediate antithrombotic regimen was
assessed. In patients receiving EVT, use of general anesthe-
sia, stenting procedure, distal embolization, final intracra-
nial modified treatment in cerebral infarction (mTICI)
score, and carotid patency at the end of procedure (occluded,
stenosis >70%, no stenosis or stenosis<<70%) were
recorded. Data completeness for each variable is docu-
mented in Supplemental Material — Table 1.

Outcome measures

The primary outcome was the distribution of the mRS score
at 3months (ordinal shift analysis), assessed either at the
outpatient stroke clinic or by structured telephone inter-
view, by mRS-certified medical personnel. Secondary
outcomes included favorable outcome (mRS 0-2 or
return to pre-stroke mRS), dependency with unassisted
ambulation (mRS 0-3), mortality at 3 months, and early

neurological improvement at 24 h defined as an improve-
ment in 4 or more points on the NIHSS from admission or
a NIHSS of 0-1. Safety outcomes were symptomatic
intracerebral hemorrhage (sICH) according to the SITS-
MOST definition: a Type 2 parenchymal hemorrhage
with deterioration in NIHSS increase =4-points or
death),?® presence of parenchymal hemorrhage (Type 1
and 2 parenchymal hemorrhage) and presence of any hem-
orrhagic transformation (petechial hemorrhagic transfor-
mation or parenchymal hemorrhage).?*

Ethics

Participating centers were requested to anonymize their
data before sending it to the coordinating center (Department
of Neurology, Charité-Universititsmedizin Berlin and
Center for Stroke Research, Berlin Institute of Health,
Berlin, Germany). According to the local ethics committee
regulations and national laws, each center was responsible
for obtaining ethical approval for data collection and data
sharing. Informed consent was waived because of the retro-
spective nature of this study. The study was conducted
according to the principles of the Declaration of Helsinki.
The statistical analysis was performed on anonymized data
by a statistician (P.G.) not participating in data collection or
interpretation.

Statistical analysis

We presented the mean, standard deviation (SD), median,
and interquartile range for continuous variables, depending
on the distribution, and absolute numbers and percentages
for categorical variables. We compared baseline character-
istics between the EVT and BMT groups using a chi-square
test for categorical variables and an independent #-test or
Mann-Whitney U test for continuous variables, as appropri-
ate. We applied the inverse probability of treatment weight-
ing (IPTW) method for handling unbalanced baseline
characteristics between the EVT and BMT groups. The
weighted propensity scores were estimated from a logistic
regression model, including clinically preselected variables
as follows: age, sex, pre-stroke mRS, admission NIHSS,
time from LSW to hospital admission, ASPECTS, stroke
etiology, and IVT. The balancing of baseline characteristics
before and after adjustment for IPTW was evaluated using
the standardized differences approach and standardized dif-
ferences < +0.1 were considered to indicate an adequate
balance between the EVT and BMT groups (Supplemental
Material Figure 1).2° For assessing the 3-month mRS
between EVT and BMT groups, we performed a shift anal-
ysis (ordinal logistic regression) using inverted mRS as an
ordinal outcome. For the remaining outcomes, we per-
formed binary logistic regression analyses. Subgroup anal-
yses were conducted for the 3-month mRS by testing an
interaction between subgroup variables (IVT treatment [yes
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vs no], time from LSW-to-admission [<6h vs =6h],
admission NIHSS [=10 vs <10] and atherosclerotic stroke
etiology [yes vs no] and treatment modality (BMT vs EVT).
All models were adjusted using IPTW. Additional adjust-
ments were made for unequally distributed factors, includ-
ing dyslipidemia, statins, current smoking, and first imaging
modality.

As a sensitivity analysis, a propensity score matching
analysis was conducted. A nearest-neighbor matching algo-
rithm was used to create matched pairs between the EVT
and BMT groups. The balance of matching variables was
assessed using standardized differences (see Supplemental
Table 2). Out of the 487 EVT cases, only 266 (54.6%) could
be matched with 266 out of 511 BMT cases (52.0%). This
resulted in 532 patients matched into pairs with similar pro-
pensity score values. Mixed-effects ordered logistic regres-
sion was applied to compare the mRS ordinal outcomes
between the groups, accounting for matched cases.
Additionally, mixed-effects logistic regression was used to
compare binary outcomes between EVT and BMT groups.
Statistical testing was done within an exploratory frame-
work at a two-sided significance level of a=0.05; there-
fore, no multiple correction was done. We performed
statistical analyses and graphics with Stata MP/18
(StataCorp, 2023, College Station, TX, USA).

Results

We included a total of 998 patients from 42 centers in
Europe and North America. The mean age was 71.1 (SD
13.2) years, 661 (66.2%) patients were male, median stroke
severity was moderate [NIHSS 9; IQR (3—17)] and 860
(86.2%) patients were previously independent (pre-stroke
mRS 0-2). In our study, 487 (48.8%) patients received EVT
and 511 (51.2%) patients received BMT.

Patients receiving EVT had higher prevalence of atrial
fibrillation and heart failure, and lower prevalence of dys-
lipidemia, current smoking and previous stroke or TIA,
than those receiving BMT. Patients receiving EVT had
shorter time from LSW to hospital admission, higher
admission NIHSS [13 (7-18) vs 5 (2—-13)] and lower pro-
portion of MRI as first imaging modality. Cardioembolism
and undetermined stroke etiology were more common in
patients receiving EVT, while large artery atherosclerosis
was more common in patients receiving BMT.

IVT was performed in 202 (41.5%) patients in the EVT
group and in 144 (28.2%) patients receiving BMT. Door-to-
needle times did not differ between groups (Table 1).

In BMT patients not receiving IVT (n=367), 172
(46.9%) received single antiplatelet therapy within the first
24-h, 82 (22.3%) dual antiplatelet therapy, and 88 (24.0%)
therapeutic anticoagulation (including 27 patients with con-
comitant single antiplatelet therapy).

In the EVT group, median door-to-puncture time was
116 (61-204)min, and median door-to-reperfusion time

was 195 (125-280) min. While in 399 patients (81.9%) the
decision to perform EVT was made upon initial clinical and
imaging evaluation, in 88 patients (18.1%), the decision to
perform EVT was made only after clinical worsening.

General anesthesia was performed in 191 (39.2%)
patients. Acute carotid stenting and isolated ballon angio-
plasty were performed in 235 (48.3%) and 33 (6.8%)
patients, respectively. At the end of the procedure, 91
(18.7%) patients remained with the carotid occluded, 22
(4.5%) patients had a carotid stenosis=70% and 374
(76.8%) patients had no stenosis or stenosis < 70%. A total
of 143 patients (29.4%) had distal embolization during the
procedure. Among those, final mTICI 2b-3 was achieved
in 129 (90.2%) patients. Carotid endarterectomy or endo-
vascular stenting within 3months (after the qualifying
event) were performed in 54 patients (5.4%), hereof 33 in
the BMT and 21 in the EVT group.

In univariate analysis, patients in the EVT group had
worse 3-month functional outcome (Figure 1). Also, they
had lower odds of achieving favorable outcome and
dependency with unassisted ambulation at 3-months, and
higher rates of 3-month mortality, parenchymal hemor-
rhage or any hemorrhage. No patient in the BMT group had
a sICH versus 8 (1.6%) in the EVT group (Table 2).

After adjustment for IPTW baseline characteristics were
well balanced between groups (Supplemental Material
Figure 1). Multivariable analysis showed no differences
were between groups regarding 3-month functional out-
comes (adjusted common OR 1.01 [95% CI 0.76—1.34]).
Furthermore, no differences were found in favorable out-
come, dependency with unassisted ambulation and mortal-
ity at 3-months. Rates of parenchymal hemorrhage were
numerically higher in EVT patients, although not statisti-
cally significant (2.7% vs 0.6%; aOR 3.85 [95% CI, 0.98—
15.23]). Presence of any hemorrhage was higher in the
EVT group (15.3% vs 5.2%; aOR 3.07 [95% CI 1.73-5.42])
(Table 2).

In subgroup analyses, adjusted ordinal shift results
remained similar depending on IVT treatment, LSW-to-
door, admission NIHSS and atherosclerotic etiology
(Figure 2).

With regard to the presence of intracranial bleeding
complications, we found no difference depending on IVT
treatment for both parenchymal hemorrhage (p-value inter-
action: 0.370) or any hemorrhagic transformation (p-value
interaction: 0.256).

In the sensitivity analysis using propensity score match-
ing, 532 patients were matched in a 1:1 ratio (266 EVT, 266
BMT). After matching, no significant differences were
observed between groups in baseline NIHSS [median
NIHSS in the EVT group of 9 (5-15) vs median NIHSS in
the BMT of 8 (3—17); standardized mean difference —0.050;
p=0.690], as in age, pre-stroke mRS, large artery athero-
sclerosis stroke etiology and IVT (Supplemental Material
— Table 2). No differences were found between groups
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Table |. Baseline characteristics, imaging, and treatment data.

Variables Total (n=998) EVT (n=487) BMT (n=511) p-Value
Demographics
Age, years 71.1 (13.2) 71.3 (13.5) 70.9 (12.9) 0.640
Female sex 337 (33.8%) 172 (35.2%) 165 (32.3%) 0.310
Pre-stroke modified Rankin Scale 0.540
0-2 860 (86.2%) 423 (86.9%) 437 (85.5%)
3-5 138 (13.8%) 64 (13.1%) 74 (14.5%)
Vascular risk factors and comorbidities
Arterial hypertension 742 (74.4%) 360 (73.9%) 382 (74.5%) 0.760
Diabetes mellitus 265 (26.6%) 129 (26.5%) 136 (26.6%) 0.960
Dyslipidemia 510 (51.1%) 224 (46.0%) 286 (56.0%) 0.002
Current smoking (or stopped < 2years) 311 (31.2%) 125 (25.7%) 186 (36.4%) <0.001
Atrial fibrillation 265 (26.6%) 147 (30.2%) 118 (23.1%) 0.011
Heart failure 168 (16.8%) 104 (21.4%) 64 (12.5%) <0.001
Coronary artery disease 192 (19.2%) 98 (20.1%) 94 (18.4%) 0.490
Previous stroke or TIA 225 (22.6%) 92 (18.9%) 133 (26.0%) 0.007
Treatment at stroke onset
Oral anticoagulants 148 (14.8%) 73 (15.0%) 75 (14.7%) 0.890
Antiplatelets 334 (33.4%) 153 (31.4%) 181 (35.4%) 0.180
Statins 374 (40.4%) 169 (37.2%) 205 (43.4%) 0.054
Stroke characteristics
Admission NIHSS 9 (3-17) 13 (7-18) 5(2-13) <0.001
Left hemisphere stroke 536 (53.7%) 270 (55.4%) 266 (52.1%) 0.280
Admission systolic BP (mmHg) 152.5 (27.8) 153.7 (28.6) 151.3 (27.1) 0.180
Admission diastolic BP (mmHg) 83.0 (16.4) 82.5 (16.9) 83.4 (15.9) 0.430
Admission blood glucose (mmol/l) 7.49 (3.05) 7.58 (3.01) 741 (3.08) 0.380
Acute imaging
ASPECTS 10 (9-10) 10 (9-10) 10 (8-10) 0.150
First imaging modality <0.001
CcT 871 (87.3%) 439 (90.1%) 432 (84.5%)
MRI 122 (12.2%) 43 (8.8%) 79 (15.5%)
Direct to angiography 5 (0.50%) 5(1.0%) 0 (0.0%)
Stroke etiology
Large artery atherosclerosis 675 (67.6%) 281 (57.7%) 394 (77.1%) <0.001
Cardioembolism 226 (22.7%) 133 (27.3%) 93 (18.2%) <0.001
Dissection 108 (10.8%) 60 (12.3%) 48 (9.4%) 0.140
Other determined cause 16 (1.6%) 5 (1.0%) Il (2.2%) 0.160
Undetermined 45 (4.5%) 30 (6.2%) 15 (2.9%) 0.014
Time metrics and intravenous thrombolysis
Time from last-seen-well to hospital admission (min) 180 (76—456) 168 (74-390) 190 (80-535) 0.030
Intravenous thrombolysis 346 (34.7%) 202 (41.5%) 144 (28.2%) <0.001
Time from hospital admission to IVT — “door-to-needle” 38 (25-52) 36 (25-52) 43 (28-51) 0.077
(min)
Time from hospital admission to puncture — “door-to- - 116 (61-204) - -
puncture” (min)
Time from hospital admission to reperfusion (min) - 195 (125-280) - -
Technical outcome
Carotid patency at the end of EVT
Occluded 91 (18.7%)
Stenosis =70% - 22 (4.5%) - -

No stenosis or stenosis < 70%
Distal embolization during the procedure

Successful intracranial reperfusion after embolization
(mTICI 2b-3)

274 (76.8%)
143 (29.4%)
129/143 (90.2%)

EVT: endovascular treatment; BMT: best medical treatment; TIA: transient ischemic attack; Min: minutes; NIHSS: National Institutes of Health

Stroke Scale; BP: blood pressure; ASPECTS: Alberta Stroke Program Early CT score; CT: computed tomography; MRI: magnetic resonance imaging;
IVT: intravenous thrombolysis; mTICl: modified treatment in cerebral ischemia.
Values are presented as mean (standard deviation), as median (interquartile range) or as numbers (proportions).
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Modified Rankin Scale Score

Death
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Figure |. Modified Rankin Scale at 3 months according to treatment groups.
Table 2. Outcome results.
Outcome Total (n=998) EVT (n=487) BMT (n=511)  Unadjusted OR Adjusted OR
(95% Cl) (95% Cl)
3-month mRS 0.63 (0.51-0.79¢ 1.01 (0.76—1.34)><
0 171(17.5%) 63(13.4%) 108(21.2%)
| 131(13.4%) 51(10.8%) 80(15.7%)
2 142(14.5%) 74(15.7%) 68(13.4%)
3 131(13.4%) 64(13.6%) 67(13.2%)
4 102(10.4%) 58(12.3%) 44(8.6%)
5 83(8.5%) 35(7.4%) 48(9.4%)
6 220(22.5%) 126(26.8%) 94(18.5%)
3-Month favorable outcome 483(49.3%) 204(43.3%) 279(54.8%) 0.63 (0.49-0.81) 1.16 (0.84-1.60)
3-Month dependency with 575(58.7%) 252(53.5%) 323(63.5%) 0.66 (0.51-0.86) 1.14 (0.83-1.57)
unassisted ambulation
3-Month mortality 220(22.5%) 126(26.8%) 94(18.5%) 1.61 (1.19-2.18) 1.04 (0.72-1.51)
Symptomatic intracranial 8(0.8%) 8(1.6%) 0(0.0%) b b
hemorrhage
Parenchymal hemorrhage 16(1.7%) 13(2.7%) 3(0.6%) 4.26 (1.21-5.05) 3.85 (0.98-15.23)
Any hemorrhage 98(10.3%) 74(15.3%) 24(5.2%) 3.32 (2.06-5.37) 3.07 (1.73-5.42)
Early neurological improvement 428 (43.15%) 212(43.89%)  216(42.44%) 1.06 (0.83—1.36) 1.08 (0.79-1.47)

EVT: endovascular treatment; BMT: best medical treatment; OR: odds ratio; Cl: confidence interval; mRS: modified Rankin Scale.
Values are presented as numbers (proportions). Eighteen patients with missing mRS (16 in the EVT group; 2 in the BMT group). For the 3-month
mRS shift analysis, comparing EVT = IVT versus IVT-only, the adjusted OR was 1.07 (95% Cl: 0.68—1.63, p=0.805), with IVT serving as the refer-

ence.
2Adjusted common odds ratio.

With zero observations in BMT group odds ratio were not calculated.
‘Inverted mRS was used as an ordinal outcome in the shift analysis.
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Figure 2. Forest plot for interaction analysis.

regarding 3-month functional outcomes (adjusted common
OR 1.17 [0.86—1.58]), and for the secondary outcomes, the
odds ratios were consistent with those reported in the IPTW
analyses (Supplemental Material — Table 3).

Discussion

AIS with ¢c-ICA-O can be associated with a poor prognosis
and optimal treatment is yet to be defined. Given the
expanding indications of EVT in the recent decade, endo-
vascular reperfusion therapy could also be a therapeutic
option in this specific patient subgroup. To our knowledge,
this is the largest international multicenter cohort study
assessing the outcomes and safety of EVT in IS patients
with isolated c-ICA-O. Our study includes individual data
of almost 1000 patients.

The key findings of our study were that EVT was associ-
ated with similar odds of disability at 3-month functional
outcome compared to BMT. However, EVT was potentially
associated with a higher risk of intracerebral bleeding when
compared to BMT. Baseline imbalances in patients’ charac-
teristics between treatment groups, particularly admission
NIHSS, need to be considered when interpreting these
results. However, our findings were consistent across sev-
eral sensitivity analyses employing multiple statistical
approaches, including ITPW and PSM.

Our results corroborate previous, smaller studies in
which EVT was also associated with similar odds to achieve
good functional outcomes.>!®!” Of note, in our study,

3-month functional outcomes in patients receiving EVT
were in general less favorable than previously reported
(favorable outcome in 43.3% of patients vs 50%—73% in
the literature).>'*!7 This finding may reflect different base-
line characteristics of the studied populations. In our study,
patients receiving EVT were older, had higher pre-stroke
dependency and more severe strokes when compared to
previous reports.'+17 Altogether, our data may represent a
better estimate of real-world data including a broader het-
erogeneity of stroke patients, since we present a much
larger and more diverse study multinational sample.

While our data does not support the widespread use of
EVT for c-ICA-O, the poor prognosis of patients with iso-
lated c-ICA-O receiving BMT needs to be recognized.
Some reports describe that only 1 in 3 patients with isolated
c-ICA-O achieves favorable outcome at 3months. 241617
Reports vary, though, as the definition of BMT is heteroge-
neous, with several studies only including patients that
received IVT,*!¢ while others did not restrict BMT to IVT
use.>!7 Given these inconsistencies and the importance of
improving outcomes in isolated c-ICA-O patients, our
study highlights that RCTs are needed to clarify whether
EVT impacts clinical outcome in individuals with isolated
c-ICA-O. Recently, the first RCT on EVT in patients with
c-ICA-O was initiated in France (https://clinicaltrials.gov/
study/NCT05832762).

Mortality was high in both groups and higher than previ-
ously reported in patients with isolated c-ICA-O. As sug-
gested above, patients’ baseline characteristics are likely
explanations for this finding.>'*!'” However, mortality was
even higher than in our study in a multicenter study describ-
ing similar baseline characteristics on EVT patients with
isolated c-ICA-0.%¢

Technical outcomes reflect the particular difficulty
involved in isolated c-ICA-O. Recanalization of the cervi-
cal ICA was achieved in 81.3% of patients, suggesting that
EVT is feasible, but with room for improvement. Our find-
ings are concordant with previous studies, reporting carotid
recanalization rates between 78% and 82% of patients.>?’

With respect to safety outcomes, no patient in the BMT
group had a sICH in comparison with 2.3% in EVT patients.
Rates of sICH in patients receiving BMT for isolated
c-ICA-O are generally low, ranging from 0% to 4%.%!%7
This finding likely results from the fact that most patients
with isolated ¢-ICA-O receiving BMT did not receive IVT
(28% in our study, 15%44% in previous studies).>!” The
low admission NIHSS in BMT patients may further con-
tribute to low rates of ICH. In patients receiving EVT, prior
reports have shown rates of sICH ranging from 0% to
7%, 214151726 consistent with our results.

Of note, BMT patients had a higher rate of large artery
atherosclerosis as stroke etiology which may signal bias
by indication. The treating physicians’ may have assumed
that patients with marked carotid bifurcation atherosclero-
sis or calcification had chronic lesions, which might be
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difficult to pass. Also, the anticipation of a more challeng-
ing technical procedure such as stenting combined with
the necessity of more aggressive antithrombotic regimens,
along with the knowledge that patients had a patent intrac-
ranial circulation, may have deterred clinicians from con-
sidering EVT. Finally, atherosclerotic carotid occlusions
perceived as chronic can lead clinicians to understand the
stroke mechanism as “hemodynamic,” and to favor medi-
cal interventions such as lying-flat head position, fluid
administration and/or or use of vasoactive drugs. Previous
studies also raised the question about treating sympto-
matic chronic c-ICA-O,%®? with one study showing a suc-
cessful recanalization rate of 58.7%.%° Recanalization of
symptomatic chronic occlusion was associated with an
increased risk of sICH but with lower long-term risk of
ipsilateral stroke.?’

The differences found between groups regarding risk
factors, with higher prevalence of dyslipidemia and current
smoking in the BMT group, and higher prevalence of atrial
fibrillation and heart failure in the EVT group likely trans-
lates the differences in stroke etiology mentioned above.

Prespecified subgroup analyses were performed since
previous studies have described that the benefits of EVT in
isolated c-ICA-O could depend on stroke severity quanti-
fied by admission NIHSS,'7 or that stroke etiology can
impact EVT outcome in patients with large-vessel intracra-
nial occlusions.’® However, no differences were found in
our population as with other pre-treatment variables,
namely IVT and time to hospital admission. As such, other
subgroups of interest will need further assessment, as well
as the impact of different treatment strategies.

Although no differences were found between treatment
groups, we cannot exclude that it may be reasonable to
offer medical therapy and close observation, with interven-
tion if the patient deteriorates because of collateral failure
or subsequent intracranial embolization. As such, predic-
tors of clinical deterioration need to be defined and applied
for a more patient-centered approach.’!-3

The large number of patients across multiple countries,
the rigorous statistical analysis incorporating sophisticated
adjustments and subgroup analyses all form strengths of
our study.

The retrospective design of our study has limitations.
First, selection bias is evident, as reflected by the higher
stroke severity and IVT rates in the EVT group. To mitigate
this bias, we performed both IPTW and PSM analyses,
along with subgroup analyses based on stroke severity and
IVT use. Nonetheless, residual confounding may remain.
This also applies to baseline imbalances in medical comor-
bidities, with patients in the EVT group having a higher
prevalence of heart failure and atrial fibrillation.

Second, patients’ outcomes were assessed locally by
unblinded adjudicators. Consequently, misclassification
bias cannot be excluded. Third, differentiation of acute

extracranial from intracranial carotid occlusion can be chal-
lenging on CTA and MRA.* Rigorous measures were
implemented to reduce the risk of misclassification. All
baseline images had to be reviewed and specific recom-
mendations to improve diagnostic accuracy were applied.
While in patients undergoing DSA the risk of misdiagnosis
is expected to be minimal, we cannot exclude misdiagnosis
in the BMT.

Additional data regarding the patency and anatomical
configuration of the circle of Willis, relevant to collateral
capacity, could further help interpret our results. Moreover,
we cannot exclude that small distal branch occlusions may
have been missed and these may influence clinical out-
comes. Nevertheless, the rate of “initially undiagnosed”
distal branch occlusions are unlikely different between
treatment groups and thus, probably a minor confounder.
The lack of data on the use of distal protection devices and
location of distal embolization, limits the interpretation of
the risk and clinical impact of this complication. While
patients with emergent carotid endarterectomy were
excluded from our study, 5.4% of patients received carotid
endarterectomy or stenting within 3 months, which might
have impacted clinical outcomes. Finally, our study does
not report outcomes beyond 3 months. Treatment modality
might impact stroke recurrence not only in the early period,
but also in the following course of months or even years.
Thus, long-term follow-up would be a crucial element in
future clinical trials.

Conclusion

In patients with isolated cervical internal carotid artery
occlusion, endovascular treatment was associated with sim-
ilar odds of disability and mortality, but potentially higher
risk of intracranial bleeding. Baseline imbalances in
patients’ characteristics between treatment groups, particu-
larly admission NIHSS, need to be considered when inter-
preting these results, although our findings remained
robust across different subgroups and several statistical
approaches. Randomized-controlled clinical trials are war-
ranted to establish optimal treatment for c-ICA-O.
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