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Abstract

Background Symptomatic isolated carotid artery occlusions (ICAO) can lead to disability, recurrent stroke, and mortality,
but natural history and best therapeutic management remain poorly known. The objective of this study was to describe our
cohort of ICAO patients with an initial medical management.

Methods We conducted a retrospective study including consecutive patients admitted to our Comprehensive Stroke Center
for ICAO within 24 h after stroke onset between January 2016 and September 2018. Patients with immediate endovascular
therapy (EVT) were excluded. Medical treatment was based on anticoagulation (delayed by 24 h if intravenous thrombolysis
was performed). ‘Rescue’ EVT was considered if first-week neurological deterioration (FWND) occurred.

Results Fifty-six patients were included, with a median National Institutes of Health Stroke Scale (NIHSS) of 3. Eleven
patients (20%) had FWND during the first week, four benefited from rescue EVT. A mismatch volume >40 cc on initial
perfusion imaging and FLAIR vascular hyperintensities were associated with FWND (p =0.007 and p =0.009, respectively).
Thirty-eight patients (69%) had a good outcome (modified Rankin Scale mRS 0-2) at 3 months, 36 (69%) had an excellent
outcome (mRS 0-1). Seventeen patients (38%) had carotid patency on 3-month control imaging. Recurrences occurred in
six (13%) of the survivors (mean follow-up: 13.6 months).

Conclusion Our results suggest that the prognosis of patients with acute ICAO was favorable with a medical strategy, albeit
a substantial rate of FWND and recurrence. FWND was well predicted by a core-perfusion mismatch volume > 40 cc. Ran-
domized controlled trials are necessary to assess the benefit of EVT in ICAO.

Keywords Brain ischemia - Carotid artery - internal - Treatment outcome - Mechanical thrombectomy - Thrombolysis -
Anticoagulant

Introduction

Internal carotid artery occlusions account for 6-15% of

all acute ischemic stroke (AIS) and 15-25% of AIS in the
carotid territory [1, 2], with atherosclerosis as the leading
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cause, followed by dissection and cardio-embolic sources
[3]. AIS related to carotid occlusion are usually severe at
presentation [4], with a high risk of recurrent in-hospital
AIS, early deaths and poor functional outcome at 3 months
[1-3]. In addition, the annual risk for recurrent stroke is
about 6-10%, and 9.5% for death [1, 2, 5-8].

There are few data on isolated carotid artery occlusion
(ICAO) (without associated occlusion of the circle of Willis,
i.e. without T-shaped, L-shaped or tandem occlusions), as
the diagnosis of carotid occlusion was mainly performed by
cervical Doppler ultrasound, with missing data on the exist-
ence of associated intracranial occlusion. The clinical pres-
entation of ICAO is highly variable (asymptomatic, transient
ischemic attack (TIA), minor or severe stroke, chronic ocular
ischemia) [9], and its prognosis is poorly known. Moreover,
optimal treatment of acute ICAO is unknown.

Intravenous thrombolysis (IVT) has been described as
poorly effective in patients with carotid occlusion [4, 10,
11] but the recanalization rate and clinical outcome could
be higher in ICAO [12]. Since 2015, numerous randomized
controlled trials (RCT) have demonstrated the superiority of
mechanical thrombectomy (MT) compared to best medical
treatment in patients with AIS and intracranial occlusion
in the anterior circulation [13], but there was little data in
ICAO, being an exclusion criteria of the majority of those
RCT. Few observational studies have compared MT to IVT
in patients with ICAQO, with inconclusive results [14, 15]; a
recent study suggested that immediate endovascular treat-
ment (EVT) in patients with initial clinico-imaging mis-
match (CIM) could lead to a high rate of recanalization and
good outcome [16].

The best strategy during the subacute and chronic phases
to prevent early neurologic deterioration and recurrences
is also unknown. Some studies evaluated the interest of
antithrombotic agents with inconclusive results. A RCT
including 229 patients with severe cervical carotid stenosis
or occlusion suggested the superiority of danaparoid versus
placebo [17] on the outcome at 7 days and 3 months, except
in the subgroup with carotid occlusion. In a recent observa-
tional study including 33 patients with symptomatic ICAO
treated by antiplatelets or anticoagulation, early anticoagula-
tion compared to antiplatelets was associated with less recur-
rent strokes within 7 days (6.7% versus 38.9%) and more
carotid recanalization at 1 year (46.2% versus 9.1%) [18].
Intra—extra-cranial bypass has failed to show benefit for the
prevention of recurrent strokes in two large RCTs [19, 20].
Similarly, no study to date has proven the efficacy of EVT
in the prevention of recurrences in ICAO.

The objectives of this cohort study were to describe
the clinical presentation, imaging features and outcome in
patients with recent AIS due to ICAO admitted to a Com-
prehensive Stroke Center (CSC) and treated with an initial
medical strategy, and to assess the factors associated with

first-week neurological deterioration (FWND) and recur-
rences in the acute and subacute phases.

Methods
Study population

We carried out a retrospective study with data extraction
from our prospective clinical registry of consecutive patients
admitted for AIS to our CSC between January 2016 and
September 2018. Patients with symptomatic ICAO were
whether initially admitted to the CSC or transferred from
five primary stroke centers of the Occitanie-Est area without
neuro-interventional radiologists.

Consecutive patients were included if they fulfilled the
following criteria: (i) AIS (hemispheric or retinal TIA,
cerebral infarct) in the anterior circulation with symptom
onset < 24 h before admission, (ii) ipsilateral ICAO with-
out associated ipsilateral intracranial occlusion (T- and L-
shaped occlusions, M1-M2 portions of the middle cerebral
artery (MCA), A1-A2 portions of the anterior cerebral
artery, P1-P2 portions in case of fetal posterior cerebral
artery), confirmed on initial non-invasive vascular imaging
[computed tomography angiography (CTA) or contrast-
enhanced magnetic resonance angiography (MRA)]. Types
of carotid occlusions are represented in Fig. 1.

Exclusion criteria were: (i) immediate EVT (MT and/
or carotid stenting) at admission, due to CIM, defined as a
severe neurologic deficit not explained by the size and/or
the location of the recent cerebral infarct, (ii) ICAO previ-
ously documented, (iii) severe stenosis (> 50%) of M1-MCA
ipsilateral to ICAO, (iv) associated intracranial large vessel
occlusion in another territory (e.g. contralateral M1 or M2
segments, basilar artery).

Patient management

Immediate EVT (MT and/or carotid stenting) was systemati-
cally discussed on admission between the stroke neurolo-
gist and the neuro-interventional radiologist in case of CIM.
Patients treated with immediate EVT were excluded.
Medical strategy during the acute phase was based on: (i)
hospitalization in the CSC for at least 48 h for supine posi-
tion, maintenance of hemodynamic function (objective of
systolic blood pressure > 120 mmHg), and close monitoring
of any neurological worsening, with repeated NIHSS; (ii)
IVT in symptomatic patients before 4.5 h of stroke onset
(or with a FLAIR-negative MRI in case of unknown time of
symptoms onset). Among the patients transferred, IVT was
given before or during the transfer to the CSC, (iii) antico-
agulants in the absence of contraindication (large cerebral
infarct, hemorrhagic transformation, other general bleeding
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Fig.1 Carotid occlusions. This figure shows the different types of
carotid occlusions, with thrombus being represented in red. In this
study, only patients with isolated carotid occlusions represented in a
(short occlusive lesion), b (I occlusion) and ¢ (long occlusive lesion,

risk) by low molecular weight or unfractionated heparin,
associated with aspirin in atheromatous occlusion. This
antithrombotic treatment was delayed by 24 h for patients
treated with IVT. This medical strategy is resumed in Sup-
plementary Figure.

Rescue EVT was discussed during the hospitalization in
the CSC between the neurologist and the neuro-interven-
tional radiologist in case of first-week neurologic deteriora-
tion (FWND), defined by an increase of NIHSS >4 points
[21] or the apparition of relevant symptoms for asympto-
matic patients at admission, despite best medical treatment
during the first week.

Treatment during the subacute phase

In case of carotid revascularization under medical treat-
ment with underlying severe atheromatous carotid stenosis,
carotid stenting or endarterectomy was performed for sec-
ondary prevention. If ICAO persisted under anticoagulation,
this treatment was maintained during the subacute phase for
4-6 weeks after hospital discharge (until follow-up imag-
ing), by low molecular weight heparin or vitamin K antago-
nist. Patients were then treated for long-term secondary pre-
vention depending on the cause of the AIS (anticoagulants
or antiplatelets), following current guidelines [22].

Follow-up

Clinical Patients had repeated neurological examinations
with NIHSS during the first 72 h and at discharge, and a fol-
low-up visit at 3 months with a stroke neurologist to assess
the mRS and recurrences.

ICAO CTA or MRA was systematically performed at
24 h after admission in patients treated by IVT, and within
the five first days for others; most patients had additional
follow-up arterial imaging (ultrasound, MRA, CTA) during
hospitalization. Patients also had a follow-up carotid imag-
ing at 1 to 3 months to evaluate carotid patency.
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i.e. cervical-intracranial occlusion) were included [34]. Patients with
L occlusion (d) and T occlusion (e) were excluded from this study,
because of the existence of associated occlusion of the circle of Willis

Data collection

Patient characteristics, imaging data, treatment, and fol-
low-up were prospectively collected at the comprehensive
stroke center (CSC) by the stroke neurologist:

1. Clinical: age, sex, vascular risk factors (hypertension,
diabetes, hypercholesterolemia, current smoking), his-
tory of ipsilateral acute ischemic stroke (TIA), cerebral
infarct), history of atrial fibrillation, current medication,
admission blood pressure, time delay from symptom
onset or last seen well to admission to the CSC, initial
clinical fluctuation before admission (defined as multi-
ple TIAs or a National Institutes of Health Stroke Scale
(NIHSS) increase >4 points between 2 evaluations);
NIHSS at admission

2. Imaging data: type of initial cerebral and arterial imag-
ing, delay from symptoms onset to imaging, The Alberta
Stroke Program Early CT Score (ASPECTS) on diffu-
sion weighted-magnetic resonance imaging or computed
tomography (CT), cerebral infarct (arterial territory,
watershed infarct, contralateral stroke), localization of
isolated carotid artery occlusion (ICAO), anatomy of the
circle of Willis (existence of anterior and posterior com-
municating arteries), stenosis (>50%) or occlusion of
the contralateral internal carotid artery, FLAIR vascular
hyperintensities (FVH) homolateral to ICAO;

3. Perfusion data when available: MRI or CT imaging were
analysed with RAPID® (iSchemaView Inc, Menlo Park,
CA) or OLEA® (Olea Medical, Canon Medical Systems
Corporation) softwares, which automatically generated
hypoperfusion volumes (area in which Tmax > 6 s),
necrosis volumes (area in which Apparent Diffusion
Coefficient < 620 x 107 mm? on MRI or CBF < 30% on
CT scan) and mismatch volumes. A core-hypoperfusion
mismatch was defined by a mismatch volume >40 mL
[23].
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4. Treatment: initial treatment (intravenous thrombolysis,
anticoagulation, antiplatelet, abstention), rescue endo-
vascular treatment and antithrombotic treatment during
the follow-up;

5. Follow-up during hospitalization: clinical (early neuro-
logical deterioration, NIHSS score at 24 h, complica-
tions of treatments) and imaging between 24 h and Day
5 (ASPECTS, carotid patency, hemorrhagic transforma-
tion according to European Cooperative Acute Stroke
Study (ECASS) classification [24], and after hospitaliza-
tion: occurrence of ischemic recurrences (TIA or AIS),
carotid patency, and 3-month mRS.

6. Etiology of ICAO was defined, according to the TOAST
(Trial of ORG 10172 in Acute Stroke Treatment) clas-
sification [25], as atheromatous, cardio-embolic, dissec-
tion, other cause (radiation-induced vascular disease,
hemopathy, multiple definite causes), and as undeter-
mined when no cause was found despite exhaustive
exploration.

Outcome evaluation

Primary endpoint was functional outcome at 3 months,
assessed by mRS. Outcome was defined as favorable for
mRS <2, excellent for mRS < 1. Secondary endpoints were
treatment complications, FWND, ICA patency rate on fol-
low-up imaging, and recurrences.

Statistical analysis

Continuous variables are presented as mean + SD or median
(IQR), and categorical variables are presented as frequency
and percent. Univariate analysis was performed using the
Wilcoxon rank-sum test for continuous variables, and the
Fisher’s exact test for categorical variables.

The probabilities of favorable and excellent prognosis at
3 months were modeled by multivariate logistic regression.
Variables were selected for multivariate analysis if their
univariate p value was < 0.20, and the final model was built
using a backward selection method (Supplementary Table).
All tests were considered significant for a bilateral @ < 0.05,
and data were analyzed using SPSS Statistics Version 25
(IBM, Armonk, NY, USA) and SAS9.4.

Results

Baseline characteristics

From January 2016 to September 2018, among 1378 patients
admitted to our CSC for acute AIS and large vessel occlu-

sion, 308 had extracranial carotid occlusion, of whom
76 patients presented with ICAO (Fig. 2). Nine patients

(12%) were excluded because of a delay between symptom
onset and admission > 24 h. Eleven (14%) patients were
excluded because of immediate EVT due to a CIM [mean
age 71 £ 11 years, 46% females, median initial NIHSS of 16
(13)]. Four other patients (7%) had a CIM at admission but
did not benefit from immediate EVT due to a rapid spontane-
ous improvement of the NIHSS score (n=2), a pre-stroke
mRS at 4 (n=1) and a medical decision (n=1). These
patients were included in this study.

Overall, 56 patients were included. Baseline charac-
teristics are shown in Table 1. Mean age was 63 years, 13
patients (23%) were female. Median initial NIHSS score was
3 (IQR 0-6).

Forty-four (79%) patients had an acute cerebral infarct,
of whom 31 (70%) had watershed infarcts. Among the 51
patients (91%) with an initial cerebral MRI, 32 (63%) had
FLAIR vascular hyperintensities (FVH) in the carotid terri-
tory. Among the 21 patients (38%) who had perfusion imag-
ing, 12 (57%) had a core-hypoperfusion mismatch > 40 cc.
All these patients with mismatch >40 cc also had FVH,
while five out of nine patients without mismatch > 40 cc had
FVH (with core-hypoperfusion mismatch volumes, respec-
tively, of 3, 19, 30, 33, and 35 mL).

Initial management

Among the 17 patients admitted within 4 h 30 min after
known stroke onset or unknown-onset strokes with absence
of a lesion on FLAIR-imaging, six were treated with IVT
followed by anticoagulation (n=3) or antiplatelet (n=3)
after 24 h. The reasons for not giving IVT were a minor defi-
cit (NIHSS <5, n=8), or a contraindication to IVT (n=23).

Of the remaining 50 patients, 42 (84%) were treated with
anticoagulants (by low molecular weight or unfractionated
heparin), of whom 15 had also antiplatelets. Among the
patients with contraindication to anticoagulants, five were
treated with antiplatelet agents alone; three patients did not
have antithrombotic therapy. Overall, 45 (80%) received
anticoagulation within 24 h after admission.

Eleven patients (20%) had FWND within the first week.
Two of them had initial CIM but were not treated with
immediate EVT because of a rapid neurological improve-
ment in one case and a medical decision for the other one.
The presumed mechanisms for these FWND were embolic
for one patient (T-shaped occlusion on control imaging),
hemodynamic for nine patients (no intracranial occlusions;
presence of a core-hypoperfusion mismatch >40 mL for the
five patients with perfusion imaging), and status epilepticus
for one patient. All but one patient had persistent carotid
occlusion (the latter had subocclusive stenosis). Four of
these 11 patients with FWND had rescue EVT. Four patients
with FWND (36%) died during hospitalization, one after
rescue EVT.
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Fig.2 Flowchart. AIS acute
ischemic stroke, T7A transient
ischemic attack, MCA middle

1378 patients with AIS/TIA secondary
to large vessel occlusion

cerebral artery, ACA anterior
cerebral artery

1070 patients without internal carotid artery occlusion
- 847 patients with occlusion in the anterior circulation
- 826 patients with MCA occlusion

A 4

- 21 patients with ACA occlusion
- 1 patient with isolated common carotid artery
- 182 patients with occlusion in the posterior circulation

occlusion

308 patients with internal carotid artery

227 patients with associated intracranial occlusion
- 114 patients with tandem occlusion
- 109 patients with T-shaped occlusion

v

- 4 patients with vertebrobasilar occlusion
4 patients with known chronic carotid occlusion
1 patient with severe MCA stenosis

76 patients with isolated internal
carotid artery occlusion

9 patients with a a delay between symptom onset
and admission > 24 hours.

A 4

11 patients with endovascular treatment at
admission

56 patients included

After univariate analysis, predictive factors of FWND
were the male sex (p=0.013), no current smoking
(p=0.019), the existence of FVH (p =0.009), and the
existence of a mismatch between ischemic core volume
and T,,,>6 s volume >40 mL (p=0.007). None of the
17 patients without FVH had FWND, while 10 out of 32
patients (31%) with FVH had. None of the 9 patients with
a <40 mL mismatch volume had FWND, while 5 out of 12
patients (42%) with a>40 mL volume did.

Haemorrhages

Among the 56 patients of this study, there was no sympto-
matic cerebral hemorrhage; 6 patients (11%) had asympto-
matic cerebral hemorrhages, after treatment by IVT (n=1),
anticoagulants + antiplatelets (n=2) and antiplatelets
(n=3). After univariate analysis, initial NIHSS (p =0.008)
and ASPECTS scores (p=0.021) were associated with the
occurrence of cerebral haemorrhages.

ICA recanalization

Endpoints are presented in Table 2.

@ Springer

On the first follow-up imaging (available for 53 patients),
7 (13%) patients had ICA recanalization, including the 2
patients who had rescue EVT on day 1. Thus, among the 51
patients with a medical strategy, 5 (10%) had carotid reca-
nalization (1 of the 6 patients treated with IVT, 4 under
anticoagulants).

On the follow-up imaging performed between 1 and
3 months in 45 patients, 17 (38%) had carotid patency,
including 3 patients who had rescue EVT. Overall, among
the 42 patients treated with a medical strategy, 14 (33%)
had carotid recanalization after initial IVT (n=2), antico-
agulants + antiplatelets (n=11), antiplatelets then anticoagu-
lants (n=1). Six patients had complete ICA recanalization
or residual stenosis < 50%, eight patients had residual carotid
stenosis > 50%, of whom two had carotid stenting and two
had endarterectomy, without complications.

3-month mRS

One patient was lost for follow-up. Among the remaining
55 patients, excellent outcome (mRS < 1) at 3 months was
achieved in 36 (66%) and favorable outcome (mRS <2) in
38 (69%). Seven patients (13%) were dead at 3 months, from



Journal of Neurology (2021) 268:346-355 351
Table 1 Baseline characteristics Characteristics Patients
Age, mean+SD 63+16
Female gender 13 (23)
Mothership 46 (82)
History of ipsilateral stroke 9 (16)
Hypertension 36 (64)
Hyperlipidemia 21(38)
Diabetes mellitus 9 (16)
Current smoking 23 (41)
Atrial fibrillation 7(13)
Pre-stroke antithrombotic treatment 17 (30)
Symptoms
Transient monocular blindness 7(13)
Acute monocular blindness 24
Transient neurologic symptoms 11 (20)
Persistent neurologic symptoms 36 (64)
Blood pressure (mmHg): systolic/diastolic, mean +SD 149+28/86+ 18
Imaging modality
Magnetic resonance imaging 24 (43)
Computed tomography angiography 50
Both 27 (49)
Initial perfusion imaging realization 21 (38)
Stroke severity on admission
Admission National Institutes of Health Stroke Scale, median (IQR) 3 (0-6)
Fluctuations before admission 24 (43)
Cerebral infarct on imaging 44 (79)
Watershed infarcts 31 (55)
Alberta Stroke Program Early CT Score (ASPECTS), median (IQR) 9 (8-10)
Radio-clinic mismatch 4(7)
Vessels characteristics
Right side carotid occlusion 33 (59)
Contralateral carotid stenosis (>50%) or occlusion 3(5)
Anterior communicating artery visualization 51 (91)
Homolateral posterior communicating artery visualization 41 (73)

Data are n (%) for categorical variables, and mean + SD or median (IQR) for continuous variables

recurrent AIS (n=4), mesenteric ischemia (n=1), cardio-
genic failure (n=1), status epilepticus (n=1).

In multivariate analysis (Supplementary Table), factors
associated with a bad outcome at 3 months were: higher
initial NIHSS score (p=0.01), lower initial diastolic blood
pressure (p=0.04), and existence of FWND (OR 0.05; 95%
CI10.003-0.79; p=0.03).

Recurrences

Among the 49 survivors, the median follow-up time was 409
(IQR 182-747) days. Six patients (13%) had a recurrence
after hospitalization, of whom five during the first 3 months.
Three patients had neurological deficit (transient, n=1; per-
sistent, n=2) with new cerebral infarct; three had ocular

symptoms without cerebral infarct. All patients with recur-
rence had been treated with initial anticoagulation (associ-
ated with aspirin in two), which was stopped for four patients
within 15 days before recurrence; the other two patients had
transient monocular blindness under anticoagulation treat-
ment. All patients had persistent carotid occlusion at the
time of the recurrences.

Discussion

The objective of this observational study was to focus on the
short-term natural history of symptomatic ICAO in 56 con-
secutive patients treated with initial medical management
in our regional CSC. There are few data about symptomatic
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Table 2 End points and etiology
of the carotid occlusion

Patients, n (%)

During hospitalisation

National Institutes of Health Stroke Scale at Day 1, median (IQR)
Alberta Stroke Program Early CT Score (ASPECTS) at Day 1, median (IQR)

Carotid patency Day 1-5 (n (%))
All haemorrhages (n (%))

First-week neurologic deterioration (n (%))

Recue thrombectomy

At 3 months

mRS

Median (IQR)
Mean +SD
Favorable outcome (n (%))
Excellent outcome (n (%))
Death (n (%))

Carotid patency on control imaging (month 1-3) (n (%))

During follow-up

Time of follow-up for survivals (days), median (IQR)

Recurrence among survivals (n (%))

Carotid occlusion etiology (n (%))
Atherothrombotic
Cardio-embolic
Dissection
Others
Undetermined

1(0-5)
9 (8-10)
7(13)
6(11)
11 (20)
3

1(0-3)
1.6+2.0
38 (69)
36 (66)
7(13)
17 (38)*

409 (182-747)
6 (13)

32 (57)
9 (14)
9 (16)
24
4(7)

4Among those 17 patients, 3 had ‘rescue thrombectomy’ during hospitalization

ICAO. The initial presentation of ICAO patients seems to be
notably different from patients with tandem, but also intrac-
ranial occlusions. Indeed, in our study, almost two-thirds of
the patients presented with a persistent neurological deficit,
20% with a TIA, and 17% with a retinal symptomatology;
many patients (43%) presented with multiple TIAs or clini-
cal fluctuations. The highly heterogeneous presentation of
ICAO could be explained by the variability in collateral flow
supply by the circle of Willis. Interestingly, most patients
had a minor stroke, with a median initial NIHSS of 3. This
is partially explained by the exclusion of the 11 patients
with a CIM on admission, who had a median NIHSS of
16 and underwent immediate EVT. Nevertheless, this low
initial severity in our cohort is comparable with two other
studies including respectively 33 (median NIHSS of 4)
and 133 patients (median NIHSS of 5) with ICAO without
EVT [18, 26]. In another study including 100 patients with
ICAO treated with IVT, the initial median NIHSS was 19,
but comparison with our cohort is unsuitable as probably
most patients had CIM [12].

The optimal acute management of symptomatic ICAO
has not yet been addressed. There are few data on MT in
acute ICAO because it was an exclusion criterion of the
majority of recent RCT focusing on intracranial occlusion
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in the anterior circulation [13], with only few patients
included in the DEFUSE-3 trial [27]. In a recent retro-
spective cohort study with 107 ICAO patients, selected
with an initial CIM or the existence of clinical instability,
the recanalization rate after cervical carotid angioplasty
stenting was high (92% at day 1) and 65% patients had a
favorable prognosis at 3 months [16]. In our CSC, patients
presenting with CIM usually had EVT, and were excluded
for two reasons: first, the objective of this study was to
focus on the natural history of ICAO with a medical strat-
egy, and second, patients treated with medical treatment or
EVT are very different in terms of initial severity.

In our study, the standardized medical strategy during
the acute and subacute phases was mainly based on anti-
coagulants in the absence of contraindication (Supplemen-
tary Figure), and overall, 45 (80%) received anticoagula-
tion within 24 h after admission. Intravenous thrombolysis
was performed in symptomatic patients within 4 h 30 min
after known stroke onset or with a FLAIR-negative MRI in
case of unknown stroke onset. Antiplatelet treatment was
given alone in case of contraindication to anticoagulants,
or in association with anticoagulation for atheromatous
occlusions without high risk of bleeding.
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Only six patients had IVT, with a recanalization rate of
33% at Day 1. IVT has been described as poorly effective
in patients with carotid occlusion, with a low recanalization
rate of 4-26% [4, 10, 11]. However, the rate of recanaliza-
tion could be higher than 50% in ICAO [12]. This has to be
confirmed in further studies.

Few studies have evaluated the occurrence of early neuro-
logical deterioration in ICAO patients, whose main mecha-
nism may be embolic or hemodynamic ischemic injury. In
one study of 96 patients with ICAO treated by IVT, 17%
had neurological deterioration during the first 24 h [28].
In our population treated mainly by anticoagulants, 20%
had neurological deterioration during the first week, quite
similar than the 24% rate reported in one study on 33 ICAO
patients, where early anticoagulation was associated with
fewer recurrent strokes and increased carotid recanalization
than antiplatelets [18]. The mechanism by which patients
with symptomatic ICAO can benefit from anticoagulation
is unclear. Early anticoagulation may help by preventing
ICA clot extension into circle of Willis end-arteries, which
would deprive them of collateral supply from the anterior /
posterior communicating arteries, and also by lowering risk
of stump emboli from the occluded carotid [29]. In one study
[26], among 133 patients with ICAO treated by antiplatelets,
7% of patients had recurrence, occurring within the 9 first
days, presumed to be embolic in 10 cases as patients had
normal cerebral perfusion, and hemodynamic in 5 cases.
One major difference with our study was the low rate of cer-
ebral hypoperfusion, which concerned only 16% of patients.

In our study, almost two-third of patients had FVH,
known to reflect the existence of hypoperfusion [30].
Twenty-one patients were explored with perfusion imaging.

There is no definition of significative core-hypoper-
fusion mismatch for ICAO. Three RCT used perfusion-
imaging—based selection for patients with proximal MCA
or mostly intracranial carotid occlusions [27, 31, 32]. In
DEFUSE-3 and SWIFT-PRIME, an absolute mismatch vol-
ume of at least 15 mL and a mismatch ratio (ratio of the vol-
ume of ischemic tissue on perfusion imaging to infarct vol-
ume) of 1.8 or more was required, and the ischemic core had
to be less than 70 ml in DEFUSE-3 and less than 50 mL in
SWIFT-PRIME trial,but the median mismatch volume was
finally about 100 mL in DEFUSE-3 [13, 31]. In EXTEND-
IA, any evidence of salvageable brain tissue was required,
the median perfusion lesion volume at initial imaging was
116 mL (with a 20 mL ischemic core volume) [32]. In a
recent case—control study focusing on large cerebral infarcts,
EVT was effective for patients with a>40 mL mismatch
[23]. For ICAO, further studies are necessary to evaluate the
most accurate mismatch. In our study, we defined a significa-
tive mismatch as a mismatch volume > 40 mL on initial CT
or MRI. To the best of our knowledge, this is the first study
to show that a core-hypoperfusion mismatch on initial CT

or MRI was associated with the occurrence of neurological
deterioration in ICAO. Moreover, we similarly found that
the presence of FVH was associated with higher risk of
FWND. In line with this result, altered hemodynamic fac-
tors in patients with chronic carotid occlusions was linked
to late recurrences in some studies using different perfu-
sion tools (positron emission tomography [6, 8, 20], single-
photon emission CT, transcranial Doppler, or stable xenon
CT [6]). However, there are only two studies focusing on the
importance of hemodynamic factors investigated at the acute
phase to identify the risk of early neurological deteriora-
tion or late recurrences [12, 26]. Leptomeningeal collateral
status on initial CT was a predictive factor of functional
outcome and mortality in one study on 100 ICAO patients
treated with IVT [12]. Exhausted cerebrovascular reserve
ipsilateral to ICAO, explored by transcranial Doppler, was
associated with recurrent ischemic events at 4.5 months in
one other study [26]. The presence of a core-hypoperfusion
mismatch or FVH at the acute phase could hence identify a
subpopulation of ICAO with minor stroke at higher risk of
deterioration, in which specific management (close monitor-
ing and immediate EVT) should be discussed. This ‘a priori’
defined 40 cc cut-off will however have to be validated in
further studies.

In our center, first-line treatment strategy for patients with
ICAO and no CIM on admission relies on medical manage-
ment, with the possibility of rescue EVT in case of FWND.
Four patients had rescue MT in our study. There are cur-
rently no data on the interest of rescue EVT in ICAO with
minor stroke. However, as up to 20% of ICAO patients expe-
rience FWND making them candidates to rescue EVT, this
strategy has to be evaluated. This problematic is close to the
one of minor strokes secondary to intracranial occlusion in
which the best strategy between immediate and rescue MT
is unknown [33], and currently under investigation in RCT.

In our cohort, one-third of our patients had complete
or incomplete ICA recanalization after 1-3 months under
medical treatment alone. The rate of ICA recanalization was
23% in patients treated by antiplatelets (with de novo dual
antiplatelet therapy associated with higher rate of recanaliza-
tion) in one study [26], and 46% at 1 year in another study
in their subgroup of 15 patients under anticoagulants [18].
Whether anticoagulation therapy can increase recanaliza-
tion rate of ICAO compared to antiplatelet therapy and its
optimum duration remain to be addressed.

In our study, clinical outcome at 3 months was favorable
with two-thirds of patients having an excellent outcome, and
69% being autonomous (mRS0 <2), a higher rate that one
found by Haus (57% at 4 months). On the other hand, this
31% rate of dependence is quite high for one population pre-
senting with a minor stroke, underlining the need to evaluate
predictive factors of deterioration and the interest of EVT
in this population.
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Finally, the 13% rate of recurrences in our study was
higher than two studies among 133 and 33 patients,
respectively, [18, 26], which ranges from 0 to 4%, which
could be secondary to the high proportion of patients with
core-perfusion mismatch in our study.

Our study has several limitations: data analysis is ret-
rospective (even if it was collected from a prospective
record), our sample has small size, and the study is mono-
centric. Another limitation is the small number of patients
with perfusion imaging (38%). Finally, the follow-up was
relatively short (median: 13.6 months), with no informa-
tion on the risk of long-term recurrence.

Conclusion

Our results suggest that in a cohort of consecutive patients
with symptomatic ICAO without initial CIM and treated
according to a standardized medical regional strategy
including close monitoring, anticoagulation, IVT and
‘rescue’ EVT in case of neurological deterioration, most
had good outcome at 3 months. On the other hand, one-
third of patients had early neurological deterioration or
recurrences during follow-up, and two-third of patients
had persistent ICA occlusion at 3 months. We identified
imaging hemodynamic parameters, defined by a mismatch
volume > 40 cc on PWI or presence of FVH, as candidate
risk markers for early neurological deterioration, which
need to be further evaluated.

Our data justify the necessity of a close initial moni-
toring in Stroke Centers with Interventional Neuroradiol-
ogy facilities for ICAO patients to discuss rescue therapy
in case of deterioration and a close outpatient follow-up.
Further rigorous prospective studies are needed to assess
safety and efficacy of best medical and endovascular thera-
peutic strategies (immediate or rescue) during acute and
subacute phase of ICAO.
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