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Abstract

Background and purpose: An early understanding of stroke mechanism may improve
treatment and outcome in patients presenting with large vessel occlusion stroke (LVOS)
treated with mechanical thrombectomy (MT). We aimed to investigate whether spon-
taneous external carotid artery (ECA) embolism detection during MT is associated with
stroke etiology and clinical outcome.

Methods: We retrospectively reviewed our prospectively maintained institutional data-
base including consecutive patients with anterior circulation LVOS treated with MT be-
tween January 2015 and August 2020.

Results: An ECA embolus was detected in 68 of 1298 patients (5.2%). The kappa coef-
ficient for interobserver agreement was 0.89 (95% confidence interval [CI] 0.82-0.95).
ECA embolism was significantly associated with intracranial internal carotid artery (ICA)
occlusion (p <0.001), cardioembolic etiology (p <0.001) and a lower clot burden score
(p <0.001). Day-1 variation of National Institutes of Health Stroke Scale score (adjusted
odds ratio [OR] -2.7, 95% Cl -4.9 to 0.3; p =0.021) and delta Alberta Stroke Program
Early Computed Tomography Score (adjusted OR0.9, 95% CI 0.2 to 1.5; p =0.004) were
worse among patients with ECA emboli. There was no significant difference in 90-day
functional outcome between groups (adjusted OR0.8, 95% Cl 0.42 to 1.52; p =0.50).
Conclusion: In patients with anterior circulation LVOS treated with MT, ECA embolism
was significantly associated with cardioembolic etiology, high thrombus burden and prox-
imal intracranial ICA occlusions. This underexplored angiographic pattern might provide a
valuable etiologic clue to the underlying cause of anterior circulation LVOS and may also

help determine the appropriate revascularization strategy.
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INTRODUCTION

Since the publication of major randomized controlled trials, mechan-
ical thrombectomy (MT) has been a first-line treatment for anterior
circulation large vessel occlusion stroke (LVOS) [1]. Major prognostic
factors of early clinical improvement and good functional outcome
at 3 months include successful and rapid recanalization [2].

Early identification of the occlusion mechanism is critical in de-
cision making during endovascular treatment [3, 4]. In particular, the
ability to distinguish embolic stroke from underlying arterial wall
disease, such as large artery atherosclerosis or dissection, could
be important in determining the best endovascular strategy since
these stroke causes should be managed using the appropriate ad-
juvant mechanical and/or pharmacological approach [5-7]. Digitally
subtracted angiography (DSA) performed during MT might identify
stroke etiology by assessing occlusion topography and cervical ar-
tery patency. Early stroke etiology identification also improves de-
cision making in secondary antithrombotic prevention strategies [8].
During MT, an embolus in the external carotid artery (ECA) may be
identified. As previously described in two case reports, this finding
may be associated with high clot burden and suggests the LVOS has
a cardioembolic origin [9, 10]. However, the literature on ECA em-
bolus frequency, underlying causes and consequences remains very
limited to date.

While ECA embolus is asymptomatic and not considered a thera-
peutic target thanks to the bilateral ECA's, rich anastomotic network
detection of an ECA embolus might be a helpful clue in determining
stroke etiology. The aim of this study was to investigate whether
the presence of ECA embolus, detected during endovascular ther-

apy (EVT), is associated with stroke etiology and clinical outcomes.

METHODS
Study population

We retrospectively analyzed data from our prospectively collected
database of consecutive patients presenting with LVOS treated
with MT in our center between January 2015 and August 2020.
Exclusion criteria were posterior circulation LVOS and unavailable
or non-analyzable DSA images of the ECA (cervical DSA run not
performed, motion artefacts, insufficient ECA opacification; see
study flowchart, eFigure 1). Each DSA scan of the endovascular
procedure was centrally and independently reviewed by two inter-
ventional neuroradiologists: one senior (more than 10years’ experi-
ence) and one junior (1year's experience). Readers were blinded to
all other imaging and clinical information. ECA embolus was defined
as any formally identified flow arrest within the ECA artery and/or
its branches (main ECA trunk, lingual artery, facial artery, maxillary-
temporal trunk, middle meningeal artery, internal maxillary artery,

occipital artery and superficial temporal artery). Stenosis or vasos-
pasm of the ECA were not recorded as ECA emboli. The DSA explo-
ration protocol during EVT for anterior LVOS consisted of two first
DSA runs: one focused on the cervical carotid bifurcation region
and the second on the intracranial area. Only the initial DSA run
was analyzed to minimize the risk of iatrogenic ECA thrombus after
repeated endovascular maneuvers. Patients were classified into
two groups according to the detection or not of an embolus within
the ECA region. Disagreements between the two readers were
resolved through consensus after a third DSA analysis by a senior
reader (7 years' experience in neuroradiology). Among patients with
angiographically confirmed ECA emboli, initial non-invasive imag-
ing was also retrospectively reviewed to explore their detectability
prior to MT.

Collected data

Clinical, therapeutic and imaging data were prospectively col-
lected at baseline and during follow-up. Stroke cause was deter-
mined according to the TOAST (Trial of ORG 10172 in Acute Stroke
Treatment) classification system. The final etiology was based on
follow-up and a panel of assessments including baseline imaging,
computed tomography (CT) and magnetic resonance (MR) angiog-
raphy or Doppler ultrasonography of the cervical arteries, biological
samples, 48-h electrocardiogram recording in the stroke unit, tran-
sthoracic or transesophageal echocardiography and any additional
explorations if needed.

Outcomes were assessed using modified Rankin Scale (mRS)
score at 3 months by vascular neurologists or trained research
nurses during face-to-face interview or telephone interviews with
the patient, their relatives or their general practitioner. Favorable
and excellent outcomes were defined as 90-day mRS scores 0-2 and
0-1, respectively (or return to pre-stroke mRS score). Successful,
near-to-complete and complete reperfusion were defined as modi-
fied Thrombolysis In Cerebral Infarction (mTICI) scores 2b-2¢-3, 2¢-3
and 3, respectively. Clot burden score (CBS) was assessed on initial
imaging [11]. First pass effect was defined as achieving a successful
recanalization (mTICI score 2b-2c-3) with a single MT device pass.
Early neurological (24-h variation of National Institutes of Health
Stroke Scale [NIHSS] score) and imaging (24-h delta Alberta Stroke
Program Early Computed Tomography Score [ASPECTS]) changes
were recorded. Intracerebral hemorrhage (ICH) was evaluated using
the European Cooperative Acute Stroke Study (ECASS)-II classifica-
tion. Symptomatic ICH was defined as a neurological deterioration
(NIHSS score worsening of 24 points) along with ICH. Initial, proce-
dural and Day-1 imaging data were assessed and recorded in the pro-
spectively maintained database by trained senior neuroradiologists.
The data that support the findings of this study are available from
the corresponding author upon reasonable request.
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TABLE 1 Main patient and treatment characteristics, overall and according to presence or absence of external carotid artery embolism

External carotid artery embolism

Characteristic Overall (n = 1298) No (n = 1230) Yes (n = 68) SD
Age, years, mean+SD 71.5+£13.9 71.3 +14.0 74.8 £13.5 25.0
Men 645/1298 (49.7) 624/1230 (50.7) 21/68 (30.9) -411
Medical history
Hypertension 790/1273 (62.1) 743/1205 (61.7) 47/68 (69.1) 15.7
Diabetes mellitus 217/1266 (17.1) 210/1199 (17.5) 7/67 (10.4) -20.5
Hypercholesterolemia 423/1268 (33.4) 397/1201 (33.1) 26/67 (38.8) 12.0
Current smoking 304/1266 (24.0) 295/1199 (24.6) 9/67 (13.4) -28.8
Previous stroke or TIA 209/1230(17.0) 194/1163 (16.7) 15/67 (22.4) 14.4
Previous antithrombotic medications
None 695/1256 (55.3) 663/1189 (55.8) 32/67 (47.8) 23.2
Antiplatelets alone 289/1256 (23.0) 275/1189 (23.1) 14/67 (20.9)
Anticoagulants alone 231/1256 (18.4) 213/1189 (17.9) 18/67 (26.9)
Antiplatelets and anticoagulants 41/1256 (3.3) 38/1189 (3.2) 3/67 (4.5)
Current stroke event
Pre-stroke mRS score
0 897/1238(72.5) 854/1173(72.8) 43/65 (66.2) 29.0
1 175/1238 (14.1) 167/1173 (14.2) 8/65(12.3)
2 83/1238(6.7) 77/1173 (6.6) 6/65 (9.2)
3 65/1238 (5.3) 60/1173 (5.1) 5/65(7.7)
>3 18//1238 (1.5) 15/1173 (1.3) 3/65 (4.6)
Admission NIHSS score, median (IQR)? 16 (11-20) 16 (11-20) 19 (16-23) 58.8
Admission ASPECTS, median (IQR)° 8(7-9) 8(7-9) 8(6-9) -9.5
Directly admission in a comprehensive stroke 672/1281 (52.5) 638/1213 (52.6) 34/68 (50.0) -5.2
center
Initial cerebral imaging
MRI 795/1296 (61.3) 753/1128 (61.3) 42/68 (61.8) -0.9
CT scan 501/1296 (38.7) 475/1128 (38.7) 26/68(38.2)
Occlusion site
M1-MCA 663/1298 (51.1) 642/1230 (52.2) 21/68(30.9) 121.3
M2-MCA 224/1298 (17.3) 222/1230(18.0) 2/68(2.9)
Intracranial ICA 218/1298 (16.8) 183/1230 (14.9) 35/68 (51.5)
Tandem 168/1298 (12.9) 158/1230 (12.8) 10/68 (14.7)
Extracranial ICA 24/1298 (1.8) 24/1230 (2.0) 0/68 (0.0)
Others 1/1298(0.1) 1/1230(0.1) 0/68(0.0)
Clot burden score 8(6-8) 8(6-8) 6(4-7) 84.2
Onset to imaging
Unknown time of onset 410/1234 (33.2) 378/1168 (32.4) 32/66 (48.5) 33.6
<6h 783/1234 (63.5) 751/1168 (64.3) 32/66 (48.5)
>6h 41/1234 (3.3) 39/1168 (3.3) 2/66(3.0)
LVOS etiology
Large artery atherosclerosis 213/1298 (16.4) 212/1230(17.2) 1/68 (1.5) 90.6
Cardioembolic 698/1298 (53.8) 639/1230 (52.0) 59/68 (86.8)
Dissection 69/1298 (5.3) 69/1230 (5.6) 0/68 (0.0)
Others/Undetermined 318/1298 (24.5) 310/1230(25.2) 8/68 (11.8)
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TABLE 1 (Continued)

External carotid artery embolism

Characteristic Overall (n = 1298) No (n = 1230) Yes (n = 68) SD
Treatment
Intravenous thrombolysis 738/1298 (56.9) 710/1230(57.7) 28/68 (41.2) -33.6
General anesthesia 122/1282 (9.5) 105/1125 (8.6) 17/67 (25.4) 45.7
Early recanalization on initial DSA run 82/1298 (6.3) 80/1230 (6.5) 2/68(2.9) -154
At least one MT device pass 1181/1298 (91.0) 1115/1230(90.7) 66/68(97.1) 26.1
First-line thrombectomy
Contact aspiration 758/1127 (67.3) 709/1062 (66.8) 49/65 (75.4) 36.7
Stent-retriever 63/1127 (5.6) 63/1062 (5.9) 0/65 (0.0)
Stent-retriever + contact aspiration 302/1127 (26.8) 286/1062 (26.9) 16/65 (24.6)
Others 4/1127 (0.3) 4/1062 (0.4) 0/65 (0.0)
Second-line thrombectomy
Contact aspiration 56/232 (24.1) 53/213(24.9) 3/19 (15.8) 66.5
Stent-retriever 30/232(12.9) 28/213(13.1) 2/19 (10.5)
Stent-retriever + contact aspiration 144/232 (62.1) 130/213 (61.0) 14/19 (73.7)
Others 2/232(0.9) 2/213(0.9) 0/19 (0.0)
Adjuvant therapy
None 1144/1296 (88.3) 1078/1128 (87.8) 66/68(97.1) 374
Pharmacological 41/1296 (3.2) 41/1128 (3.3) 0/68 (0.0)
Mechanical 66/1296 (5.1) 65/1128 (5.3) 1/68 (1.5)
Both 45/1296 (3.5) 44/1128 (3.6) 1/68 (1.5)

Note: Values are n/N (%), unless otherwise indicated.

Abbreviations: ASPECTS, Alberta Stroke Program Early Computed Tomography Score; CT, computed tomography; DSA, digitally subtracted
angiography; IQR, interquartile range; MRI, magnetic resonance imaging; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke
Scale; MT, mechanical thrombectomy; SD, standard deviation; TIA, transient ischemic attack.

257 missing values (embolus group, n = 2).
b91 missing values (embolus group, n = 2).

Endovascular treatment

The indications for MT were based on standard guidelines, imag-
ing data and patient comorbidities after multidisciplinary team
discussion. MT was performed by trained neuroradiologists under
local anesthesia and conscious sedation or general anesthesia
depending on patient status, comorbidities and stroke severity.
The MT strategy (stent-retriever, contact aspiration or combined)
and choice of adjuvant therapy, including pharmacological (anti-
platelet therapy, anticoagulant, thrombolytic, vasodilator) and/or
mechanical treatment (intracranial or cervical angioplasty and/or
stenting), were left to the discretion of the operator depending
on suspected stroke etiology. Three angiography suites were used
during the study period: biplane Innova 3131 (GE Healthcare), bi-
plane Artis Q (Siemens) or monoplane Allura Xper FD20 (Philips
Healthcare).

Statistical Analysis

See Supplemental Material.

RESULTS

During the study period, a total of 1611 patients with acute is-
chemic stroke attributable to LVOS were consecutively admitted
to our center for EVT. Among these, 313 patients were excluded
from analysis for the following reasons: posterior circulation LVOS
(n = 166) and unavailable or not analyzable initial DSA run (n = 147,
eFigure 1). The final analysis included 1298 patients: 5.2% (n = 68,
95% confidence interval [Cl] 4.0%-6.5%) presented with at least one
embolus in the ECA (eFigure 1). As shown in eTable 2, agreement
between the two independent readers for the retrospective diagno-
sis of ECA embolism was excellent, with a kappa coefficient of 0.89
(95% Cl, 0.82-0.95).

The main patient and treatment characteristics for the overall
study cohort and for the cohort stratified according to diagnosis or
not of ECA embolus are reported in Table 1. As shown in Table 2,
the three predefined occlusion characteristics differed significantly
between patients with and without ECA thrombi. Compared to pa-
tients without ECA embolus, unadjusted analysis in patients with
ECA embolus showed a higher proportion of intracranial internal
carotid artery (ICA) artery occlusion (51.5% vs. 14.9%; p <0.001 [see
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TABLE 2 Comparison of main thrombus characteristics according to presence or absence of external carotid artery embolism

External carotid artery embolism

Effect size

LVOS characteristics No (n = 1230) Yes (n = 68) p value (95% Cl)
Intracranial ICA occlusion 183/1230 (14.9) 35/68 (51.5) <0.001 0.84

(0.59-1.10)
Cardioembolic etiology 639/1230 (52.0) 59/68 (86.8) <0.001 0.82

(0.56-1.07)
Clot burden score®, median (IQR) 8(6-8) 6(4-7) <0.001 -0.84(-1.10to

-0.58)

Note: Values are n/N (%), unless otherwise indicated.

Abbreviations: Cl, confidence interval; ICA, internal carotid artery; IQR, interquartile range; LVOS, large vessel occlusion stroke.

2123 missing values (embolus group, n = 7). Effect size is reported as standardized difference, calculated on rank-transformed value for clot burden
score. A value of 0.8 (or- 0.8 regarding the direction of difference) is interpreted in the literature as a large difference.

FIGURE 1 |Initial digitally subtracted angiography lateral views of three patients presenting with internal carotid artery occlusions
associated with various locations of external carotid artery emboli (white arrows): (a) internal maxillary artery, middle meningeal artery and
facial artery; (b) maxillary-temporal trunk and facial artery; and (c) main external carotid artery trunk

illustrative cases, Figure 1]), alower CBS (median [interquartile range]
6 [4-6] vs. 8 [6-8]; p <0.001) and a higher proportion of final diag-
nosis of cardioembolic stroke etiology (86.8% vs. 52.0%; p <0.001).
All differences were interpreted as large based on standard differ-
ences greater than 0.8 (absolute value). Regarding cardioembolic
stroke etiology, detection of an ECA embolus was associated with
a sensitivity of 8.5% (59/698, 95% Cl 6.5%-10.8%), a specificity of
98.5% (591/600, 95% Cl 97.1%-99.4%), a positive predictive value of
86.8% (59/68; 95% Cl 76.3%-93.8%) and a negative predictive value
of 52.0% (639/1230; 95% Cl 45.2%-50.9%).

Inthe ECA embolism group, the causal embolic heart disease was
already known at the time of stroke onset in 40 patients (58.8%).
ECA thrombus was finally also detectable on initial non-invasive

imaging in 36 patients (52.9%). Details regarding cardioembolic eti-
ology in the ECA embolism group are provided in eTable 3; atrial
fibrillation was the most represented etiology (42 patients, 71.2%).

As shown in Table 3, patients with ECA embolism less often had
a favorable outcome (unadjusted odds ratio [OR] 0.56, 95% CI 0.32-
0.99), had a lower decrease in NIHSS score (baseline-adjusted mean
difference in NIHSS score change -2.6, 95% Cl -5.0 to -0.2) and a
higher decrease in ASPECTS at 24 h (baseline-adjusted mean differ-
ence in ASPECTS change 0.9, 95% Cl 0.3-1.6). After prespecified ad-
justment for age, admission NIHSS score and ASPECTS and onset to
imaging time, only the difference in favorable outcome disappeared
(adjusted OR 0.80, 95% CI 0.42-1.52). Similar results were found
when 90-day mRS score was analysed as the ordinal variable (shift
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TABLE 3 Clinical outcomes according to presence or absence of external carotid artery embolism
External carotid artery embolism Unadjusted Adjusted®
Outcomes No (n = 1230) Yes (n = 68) Effect size (95% Cl) p value Effect size (95% Cl)  p value
Clinical outcomes
90-day favorable outcome 460/1051 (43.8) 18/59 (30.5) 0.56 (0.32-0.99)° 0.048 0.80(0.42-1.52) 0.50
90-day excellent outcome 298/1051 (28.4) 11/59 (18.6) 0.58(0.29-1.13)° 0.11 0.81(0.39-1.64) 0.55
90-day mortality 218/1051 (20.7) 17/59 (28.8) 1.55(0.86-2.78)? 0.14 1.09 (0.59-2.00) 0.77
24-h change in NIHSS score® 3.5(29to 4,0)b 0.8(-1.5to 3.2)b -2.6 (-5.0to -0.2)° 0.031 -2.7 (-4.9 to -0.3)° 0.021
24-h change in ASPECTSf 1.0(0.9 to 1.2)° 2.0 (1.4-2.6)° 0.9 (0.3-1.6)° 0.001 0.9 (0.2-1.5)¢ 0.004
Any ICH 664/1121 (59.2) 43/63 (68.3) 1.48 (0.85-2.55)% 0.16 1.31(0.73-2.36) 0.36
Parenchymal hematoma 153/1116 (13.7) 15/63(23.8) 1.97 (1.07-3.60)? 0.028 1.73(0.90-3.30) 0.097
Symptomatic ICH 94/1121 (8.4) 8/63(12.7) 1.59 (0.73-3.44)% 0.24 1.39 (0.60-3.22) 0.44

Note: Values are n/N (%), unless otherwise indicated.Favorable outcome defined as 90-day mRS 0-2 or equal to pre-stroke mRS; excellent outcome

defined as 90-day mRS 0-1 or equal to pre-stroke mRS.

Abbreviations: ASPECTS, Alberta Stroke Program Early Computed Tomography Score, Cl, confidence interval; ICH, intracerebral hemorrhage; NIHSS,

National Institutes of Health Stroke Scale; ICH, intracerebral hemorrhage.
20dds ratio.
bMean (95% Cl) of change from baseline adjusted for baseline values.

“Mean between-group difference in change from baseline (95% Cl) adjusted for baseline values.

dCalculated after handling missing values by multiple imputation and after adjustment for age, admission NIHSS score and ASPECTS, and onset to
imaging time (treated as three-level categorical variable: unknown time of onset, <6 h, >6 h).

€131 missing values (embolus group, n = 9).

f197 missing values (embolus group, n = 8). Missing data were not excluded but they were replaced using a multiple imputation method (see

Statistical Analysis).

analysis), with unadjusted and adjusted common ORs (indicating the
odds of improvement of 1 point on the mRS score) of 0.50 (95% CI
0.31-0.80) and 0.70 (95% Cl 0.43-1.15), respectively. Regarding
haemorrhagic complications, only higher odds of parenchymal he-
matoma was observed in patients with ECA thrombi, with a non-
significant difference in multivariate analysis (adjusted OR 1.73, 95%
Cl10.90-3.30).

After excluding patients with early recanalization before any MT
pass, among the patients with persisting proximal occlusion at the
time of MT (1115 patients without and 66 with ECA emboli), several
angiographic outcomes differed significantly according to presence
or not of ECA thrombi (eTable 1). Patients with ECA thrombus less
often had successful reperfusion (adjusted OR 0.45, 95% Cl 0.24-
0.84) and first pass effect (adjusted OR 0.46; 95% Cl 0.25-0.85) and
required a higher number of MT device passes (adjusted OR 1.37,
95% Cl 1.15-1.62).

DISCUSSION

Our study demonstrated that, in anterior LVOS, ECA embolism was
strongly associated with cardioembolic etiology, high clot burden
and proximal intracranial ICA occlusions. Among patients with per-
sisting intracranial occlusion at the time of EVT, the initial detec-
tion of an embolus within the ECA was significantly associated with
lower rates of successful reperfusion and first pass effect and with
a higher number of MT passes. Poorer early clinical (Day-1 NIHSS

score) and imaging (Day-1 ASPECTS) outcomes were observed in
patients with ECA thrombi. However, no difference was detected
regarding clinical outcomes (90-day mRS score and mortality rate)
between the two groups.

To the best of our knowledge, this is the first study investigat-
ing the prevalence of emboli within the ECA and their association
with LVOS etiology and outcomes in a large cohort of consecutive
patients with anterior LVOS treated with MT. Previous publications
suggested a link between ECA embolism and cardioembolic etiol-
ogy but these studies consisted of case reports involving only a
very limited number of patients (two patients and one patient, re-
spectively) [9, 10].

Early recognition of stroke mechanism may allow management
to be adapted accordingly, avoiding unnecessary time-consuming
or harmful endovascular maneuvers and potentially improving pa-
tient outcome. In many cases, LVOS etiology can be suspected at
the very acute phase of the stroke (for example, in cases of known
history of atrial fibrillation, identified large artery atheroscle-
rosis or presence of other infarcts in distinct arterial territories).
Nevertheless, in emergency circumstances, LVOS cause remains
frequently unidentified at the time of MT, and final etiological di-
agnosis may not be made until a few days or months after the cere-
brovascular event [12].

In the acute phase, awareness of stroke mechanism should favor
appropriate choice of EVT strategy. In particular, a major issue in MT
practice is the detection of underlying arterial wall disease, either
cervical or intracranial (large artery atherosclerosis, dissection, or
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in exceptional cases, vasculitis of toxic, radiation-induced or auto-
immune causes). Underlying atherosclerosis or dissection requires
specific endovascular and pharmacological adjuvant therapies, such
as stenting or acute antiplatelet therapy. An appropriate EVT ap-
proach results in improved rates of intracranial recanalization and
hastens cerebral reperfusion [13-17]. Ruling out these etiologies is
of great benefit as cardioembolic LVOS is usually efficiently treated
with standard MT approaches (stent-retriever, contact aspiration or
combined approaches). Consequently, identifying an ECA embolus
on the initial DSA runs should help to exclude a cervical ICA under-
lying the disease and encourage use of a standard MT technique.
This angiographic finding can be especially useful in the setting of
terminal intracranial ICA occlusions, which are frequently difficult to
distinguish from true tandem occlusions (Figure 1). In addition, ac-
curate identification of stroke etiology is important for the selection
and initiation of the most appropriate therapy for secondary stroke
prevention [18].

External carotid artery embolism was markedly associated with
direct and indirect markers of high clot burden. The significant as-
sociation with intracranial ICA occlusion topography and low CBS
are obviously linked to larger thrombus burden [19]. After restrict-
ing the analysis to patients without recanalization at the time of MT,
we observed that lower successful reperfusion and first pass effect
rates and higher number of MT passes were also significantly asso-
ciated with ECA embolism. These last points should be a prompt to
choose an EVT strategy appropriate for high clot burden. Indeed,
previous studies identified that a combined approach (contact as-
piration combined with stent-retriever) may improve recanalization
rate in cases of ICA terminus occlusions and/or lower CBS [20, 21].
With this in mind, detecting ECA emboli might encourage selec-
tion of an MT approach particularly adapted to larger clot burden.
Moreover, first pass effect, an identified predictive factor of better
functional outcome, is less likely to be achieved in ICA terminus
occlusions [22].

In our study, a cardioembolic stroke origin was finally assumed
in most of our patients with ECA embolus. Cardioembolic stroke eti-
ologies encompass a wide range of heart diseases including atrial
fibrillation, patent foramen ovale, aortic arch atheroma, prosthetic
heart valve dysfunction, infective or aseptic endocarditis, cardiac
tumors and other exceptional causes [23]. The detection of an oc-
clusion within the ECA may be an important clue to help determine
stroke etiology. The rate of cryptogenic stroke in our study, how-
ever, was similar to previously published data showing uncertain
etiology in up to 30% of stroke cases [24]. Our results showed that,
in a smaller fraction of patients in the ECA embolism group, there
was no final identified stroke source. These findings suggest that
embolic strokes of undetermined cause, classified as cryptogenic
after complete diagnostic workup, may be of cardioembolic origin
[25, 26]. ECA embolism may be a valuable clue in stroke etiology
investigation and justify extensive etiologic explorations to detect
paroxysmal atrial fibrillation or other hidden cardioembolic causes.
Nevertheless, our study is not sufficient to clarify the complex issue
of embolic stroke of unknown origin. In addition, it should be noted

that one patient in the ECA embolism group was classified as having
stroke caused by large artery atherosclerosis. In this specific case,
we identified a proximal ECA thrombus due to local extension from
the ICA bulb atherosclerotic occlusion.

The implications of the close link between ECA embolism and
cardioembolic stroke origin for secondary prevention and early ini-
tiation of anticoagulant treatment are also interesting. However,
further prospective investigations may be required to confirm our
findings and to further investigate the initiation of anticoagulant
therapy for secondary prevention after ECA occlusion detection;
until then, this should be a discussion point only.

In this study, we also found evidence of poorer clinical prog-
nosis. We observed that Day-1 ASPECTS and NIHSS score were
worse in the ECA embolism group. These factors are reported to
be associated with poor long-term outcome [27]. However, no sig-
nificant influence on 90-day outcome nor mortality was noted in
our study, although the statistical analysis may lack power given
the relative rarity of ECA embolism and the relatively low number
of patients in this group (n = 68). The main reason for the poorer
early outcomes could be the higher clot burden in the ECA em-
bolism group. To a lesser extent, despite presenting no direct
ischemic risk owing to the ECA's rich anastomotic network, ECA
emboli may limit collateral flow, preventing ophthalmic artery
reversal. However, this phenomenon might be anecdotal and a
less prevalent cause of poor outcome than the direct role of high
thrombus burden.

Despite rare variations in ECA anatomy, identification of embo-
lism in the ECA during endovascular treatment is fast and simple,
providing that an initial DSA run exploring the carotid bifurcation
region and the ECA territory is performed. In our study, inter-
reader agreement was high, even with one reader having only
short experience in interventional neuroradiology. Our data sup-
port the strong reliability of this angiographic marker and its sim-
ple detection.

These findings emphasize the diagnostic role of an endovascular
procedure for LVOS. Indeed, we believe that, in addition to its obvi-
ous and important revascularization purpose, MT also has an import-
ant role to play in etiological diagnosis. Several specific angiographic
patterns can be observed during the EVT which are sometimes only
noticeable at this point. Cervical artery atherosclerosis or dissection,
carotid web or intracranial underlying stenosis are important angio-
graphic findings necessitating specific endovascular and long-term
therapeutic strategies. Accordingly, ECA emboli should be included
in the angiographic invesigation and may constitute a new marker to
be integrated into the etiological evidence.

Our study had some limitations. It was a single-center ret-
rospective study and had limited statistical power because it
included only a small number of patients with ECA embolism, a
relatively rare condition. In some cases, ECA angiogram was miss-
ing or of poor quality, resulting in missing data; however, this ap-
plied to only a few cases in our cohort. Also, distal ECA thrombi
may have been missed because it is difficult to investigate dis-
tal branches and occlusion beyond the field of view. The imaging
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endpoints were not core laboratory-adjudicated. Nevertheless,
imaging data were prospectively collected by a trained senior neu-
roradiologist. Furthermore, a systematic and appropriate method-
ology was used for the DSA analysis to identify ECA embolism
(see Methods section). In addition, the possibility that a propor-
tion of ECA emboli identified were iatrogenic cannot be excluded,
due to catheterization of supra-aortic trunks; however, we believe
that this possibility remains negligible. latrogenic embolism during
cervical artery catheterization is rare thanks to device improve-
ments over recent decades. Moreover, the study was performed
in a high-volume comprehensive stroke center with experienced
operators. Common carotid artery atherosclerosis or dissection
are conceivable alternative causes of ECA embolism. Nonetheless,
these arterial diseases are rare. We did not identify any isolated
symptomatic common carotid atherosclerosis or dissection in our
study population. Lastly, we only investigated this angiographic
pattern on DSA. The extrapolation of this observation to non-
invasive brain imaging (CT and MR angiograms) remains to be
explored.

In conclusion, ECA embolism is a strong marker of high throm-
bus burden and cardioembolic etiology. This singular angiographic
feature might be useful in making the decision to adapt MT strategy
to high clot burden and in excluding underlying arterial wall disease
such as atherosclerosis or dissection at the time of the endovascu-
lar procedure, especially in cases of intracranial ICA occlusion an-
giographic patterns. ECA embolism may also constitute emerging
evidence to be included in etiological investigations for anterior cir-
culation LVOS.
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