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Abstract
Purpose Non-stenotic (<50%) carotid disease may play an important etiological role in ischemic stroke classified as
embolic stroke of undetermined source (ESUS). We aimed to assess the prevalence of non-stenotic carotid disease and its
association with ipsilateral ischemic stroke.
Methods Data are from ESCAPE-NA1, a randomized controlled trial investigating the neuroprotectant nerinetide in
patients with acute ischemic stroke and large vessel occlusion (LVO). The degree of stenosis of the extracranial internal
carotid artery (ICA) and high-risk plaque features were assessed on baseline computed tomography (CT) angiography. We
evaluated the association of non-stenotic carotid disease and ipsilateral stroke by age-adjusted and sex-adjusted logistic
regression and calculated the attributable risk of ipsilateral stroke caused by non-stenotic carotid disease.
Results After excluding patients with non-assessable imaging, symptomatic >50% carotid stenosis and extracranial
dissection, 799/1105 (72.1%) patients enrolled in ESCAPE-NA1 remained for this analysis. Of these, 127 (15.9%) were
classified as ESUS. Non-stenotic carotid disease occurred in 34/127 ESUS patients (26.8%) and was associated with the
presence of ipsilateral ischemic stroke (odds ratio, OR 1.6, 95% confidence interval, CI 1.0–2.6, p= 0.049). The risk
of ipsilateral ischemic stroke attributable to non-stenotic carotid disease in ESUS was estimated to be 19.7% (95% CI
–5.7% to 39%), the population attributable risk was calculated as 4.3%. Imaging features such as plaque thickness, plaque
irregularity or plaque ulceration were not different between non-stenotic carotids with vs. without ipsilateral stroke.
Conclusion Non-stenotic carotid disease frequently occurs in patients classified as ESUS and is associated with ipsilateral
ischemic stroke. Our findings support the role of non-stenotic carotid disease as stroke etiology in ESUS, but further
prospective research is needed to prove a causal relationship.
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Introduction

Embolic stroke of undetermined source (ESUS) accounts
for up to 25% of all ischemic strokes [1]. Various potential
thromboembolic sources, including cardiac valvular abnor-
malities, covert atrial fibrillation, paradoxical embolism or
arterio-arterial emboli fall under the ESUS rubric [2]. Using
the TOAST criteria, large artery atherosclerosis (LAA) as
the cause of stroke only applies if there is more than 50%
luminal narrowing of the ipsilateral internal carotid artery
[3]; however, non-stenotic carotid disease, defined as <50%
luminal narrowing of the internal carotid artery, can be an
underlying source of emboli and cause of ischemic stroke
and yet these patients are still classified as cryptogenic
stroke or ESUS [4]. A systematic review showed a preva-
lence of non-stenotic carotid disease of 51% in patients
with ischemic stroke [5]. Further meta-analyses of patients
with non-stenotic carotid disease showed a first-ever risk of
stroke or transient ischemic attack (TIA) of 0.5/100 person-
years and a recurrence risk of ischemic events of 2.6/100
person-years [6]. This risk may further increase in the pres-
ence of high-risk plaque features, such as plaque ulceration,
intraplaque hemorrhage or increased plaque thickness [7].
Based on these findings, there has been a recent suggestion
to classify these non-stenotic plaques into a possible, prob-
able, and definite source of ischemic stroke (symptomatic
non-stenotic carotid plaque, SyNC) to increase awareness
of their contribution to stroke etiology [8].

Hypothesizing a relevant role of non-stenotic carotid
disease in stroke etiology, we aimed to assess the preva-
lence of non-stenotic carotid disease in the ESCAPE-NA1
patient sample focusing on patients classified as ESUS.
We furthermore aimed to evaluate the association between
non-stenotic carotid disease and risk of ipsilateral ischemic
stroke and to investigate the influence of high-risk plaque
features on computed tomography angiography (CTA) on
the occurrence of ischemic stroke in patients with ESUS.

Methods

Study Population

ESCAPE-NA1 is a multicenter, international, randomized
controlled trial investigating the effect of the intravenous
neuroprotectant nerinetide vs. placebo in patients with acute
ischemic stroke (AIS) and large vessel occlusion (LVO)
presenting within 12h of symptom onset. Detailed inclu-
sion and exclusion criteria as well as study procedures

have been published previously [9]. Stroke etiology was
determined by the site investigator as either cardioembolic,
large artery atherosclerosis (LAA) with extracranial steno-
sis, LAA with extracranial dissection, LAA with intracra-
nial stenosis, ESUS or undetermined etiology. Ethics ap-
proval was provided by the local ethics boards; patients or
their legal representatives provided informed consent [9].

For this sub-analysis, we stratified patients according to
stroke etiology into patients classified as ESUS and non-
ESUS. Patients with symptomatic carotid stenosis (defined
as >50% stenosis of the extracranial carotid artery and
an ipsilateral ischemic stroke), patients with extracranial
carotid dissection and patients with nonassessable extracra-
nial carotid arteries due to limited imaging availability were
excluded (see patient flowchart, Online resource—Fig. 1).

Fig. 1 Sagittal reformatted (left) and axial (right) images of three ex-
emplary cases (a–c) of extracranial internal carotid arteries with non-
stenotic disease
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Imaging Assessment

The baseline head and neck CT-angiogram was reviewed
by two stroke neurologists (MM, NS) by consensus. Con-
flicts were resolved by a senior neuroradiologist (MG). The
degree of carotid stenosis was assessed on axial source im-
ages and sagittal reformations and scored according to the
NASCET criteria [10]. The inner diameter of the carotid
lumen was measured at the narrowest point of the proximal
internal carotid artery and 1–2cm distal to the carotid bulb
at a point where vessel walls were parallel [11]. Plaque
assessment including evaluation of the presence of high-
risk plaque features (plaque irregularity, plaque ulceration,
plaque thickness, presence of a carotid web, and plaque
calcification) was performed in line with previously pub-
lished methodology [12]. Non-stenotic carotid disease was
defined as one or more plaque in the cervical segment of
the internal carotid artery causing <50% luminal narrow-
ing. Exemplary cases for non-stenotic carotid disease are
given in Fig. 1. Predominantly calcified plaques (defined as
≥50% calcified plaque components on visual inspection)
were excluded from this definition due to previously pub-
lished data suggesting a decreased risk of ischemic stroke
in these patients [13]. The primary outcome parameter was
ischemic stroke which was scored according to the side of
the intracranial vessel occlusion at baseline. As per defi-
nition of the study inclusion criteria in the ESCAPE-NA1
trial, only subjects with proximal vessel occlusions in the
anterior circulation (intracranial ICA, M1 or functional M1,
all M2 branches occluded) were included [9].

Statistical Analysis

The prevalence of non-stenotic carotid disease at a patient
level (i.e., the prevalence of unilateral or bilateral non-
stenotic carotid disease in a patient) and of non-stenotic
carotid disease associated with ipsilateral ischemic stroke
is reported using standard descriptive statistics. Baseline
characteristics (demographic, clinical and imaging vari-
ables) were then compared amongst patients with ESUS
and patients with non-ESUS as well as patients with non-
stenotic carotid disease vs. patients without non-stenotic
carotid disease in the ESUS subgroup using descriptive
statistics (t-test, Wilcoxon rank-sum test and Fisher’s exact
test as applicable). Plaque characteristics (degree of steno-
sis 0%, 1–29%, 30–49%, plaque thickness dichotomized to
</≥3mm, plaque irregularity, plaque ulceration, presence
of a carotid web, focal caliber increase and the combination
of high-risk plaque features) were assessed for each carotid
artery in a patient and compared between carotids with
symptomatic non-stenotic disease (i.e., patients with non-
stenotic carotid disease and ipsilateral stroke) and patients
with non-stenotic carotid disease but no ipsilateral stroke.

Logistic regression modelling adjusted for age and sex
was performed to evaluate the association of non-stenotic
carotid disease with ipsilateral ischemic stroke at a carotid
level; patient-ID was therefore included as random effects
variable in such analysis. The risk of ipsilateral stroke
attributable to the non-stenotic carotid disease (attributable
risk, AR) was calculated by estimating the risk ratio (RR)
using a generalized linear model with log link for the asso-
ciation between non-stenotic carotid disease and ipsilateral
stroke and using the formula AR=RR– 1 /RR. In addition,
the population attributable risk of symptomatic non-stenotic
carotid disease was calculated according to the formula AFp

= [Pe(RR-1)]/[1+Pe(RR-1)], where AFp is the population
attributable fraction and Pe is the exposed population [14].
P-values <0.05 were considered statistically significant.
All analyses were performed using STATA, version 16.0
(StataCorp LLC, College Station, TX, USA).

Results

A total of 1105 patients were enrolled in the ESCAPE-NA1-
trial. Of these 141 were classified as ESUS and of these,
14 had non-assessable carotid imaging, leaving 127 ESUS
patients. After excluding patients with ipsilateral >50%
carotid stenosis/occlusion (n= 220) or carotid dissection
and ipsilateral stroke (n= 20), and non-assessable carotid
imaging (n= 52), there were 672 non-ESUS patients for
clinical comparison. In comparison to non-ESUS patients,
patients with ESUS were younger, less likely to have hy-
pertension but more likely to have a history of smoking and
were treated with intravenous thrombolysis more frequently
(Online resource—Table 1). There was no difference in the
prevalence of non-stenotic carotid disease in patients classi-
fied as ESUS compared to patients classified as non-ESUS
(ESUS: 27.9% vs. non-ESUS 26.1%, p= 0.826; Online re-
source—Table 1).

In the ESUS group, 34 patients (26.8%) had extracra-
nial non-stenotic carotid disease, 13 of whom (10.2% of
the ESUS patients) presented with bilateral non-stenotic
carotid disease. Baseline characteristics of ESUS patients
with vs. without non-stenotic carotid disease are provided
in Table 1. Overall, baseline characteristics were com-
parable between the two groups, except for age (median
age, non-stenotic disease: 67.6 years vs. no non-stenotic
carotid disease: 62.1 years, p= 0.030) and history of prior
stroke/TIA (non-stenotic disease: 29.4% vs. no non-stenotic
disease: 11.8%, p= 0.029). When analyzing the same data
at a carotid level, i.e., 254 carotids from 127 patients with
ESUS, 47 carotids (18.5%) had non-stenotic carotid dis-
ease. Of these, 28 carotids (59.6% of non-stenotic carotids,
11.0% of all carotids) presented with an ipsilateral ischemic
stroke. Imaging features such as plaque thickness, plaque
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Table 1 Baseline characteristics for ESUS patients with non-stenotic carotid disease vs. ESUS patients without non-stenotic carotid disease

ESUS patients with non-stenotic
carotid disease (n= 34)

ESUS patients without non-
stenotic carotid disease (n= 93)

p-value

Age, years, median (IQR) 67.6 (61.0–77.8) 62.1 (52.7–72.6) 0.030

Female sex, n (%) 17 (50.0) 45 (48.4) 1.000

Baseline NIHSS, median (IQR) 18 (14–23) 17 (12–21) 0.191

Medical history

Hypertension, n (%) 23 (67.7) 48 (51.6) 0.157

Diabetes, n (%) 9 (26.5) 14 (15.1) 0.121

Prior stroke/TIA, n (%) 10 (29.4) 11 (11.8) 0.029

Recent stroke/TIA, n (%) 1 (2.9) 7 (7.5) 0.681

Hyperlipidemia, n (%) 17 (50.0) 35 (37.6) 0.227

Smoking, n (%) 18 (52.9) 56 (60.9) 0.541

Imaging characteristics

Baseline ASPECTS, median (IQR) 8 (7–9) 8 (7–9) 0.740

Collaterals

Good, n (%) 4 (11.8) 15 (16.1) 0.160

Moderate, n (%) 30 (88.2) 70 (75.3)

Poor, n (%) 0 (0) 8 (8.6)

Intracranial occlusion location

ICA, n (%) 3 (8.8) 15 (16.1) 0.601

M1, n (%) 29 (85.3) 74 (89.6)

M2, n (%) 2 (5.9) 4 (4.3)

Intravenous thrombolysis, n (%) 24 (70.6) 70 (75.3) 0.650

Statistically significant results are marked in bold
ESUS embolic stroke of undetermined source, NIHSSNational Institutes of Health Stroke Scale, mRSmodified Rankin scale, TIA transient ischemic
attack, ASPECTS Alberta Stroke Program Early CT Score, ICA internal carotid artery, IQR interquartile range

Table 2 Plaque features in non-
stenotic carotid arteries with
vs. without ipsilateral ischemic
stroke in ESUS patients

Ipsilateral stroke
(n= 28)

No ipsilateral stroke
(n= 19)

p-value

Plaque thickness dichotomized,
>3mm n (%)

8 (28.6) 4 (21.1) 0.737

Irregular plaque, n (%) 7 (25.0) 4 (21.1) 1.000

Ulcerated plaque, n (%) 2 (7.1) 1 (5.3) 1.000

Degree of stenosis

0% 2 (7.1)b 0 (0) 0.727

1–29% 21 (75.0) 16 (84.2)

30–49% 5 (17.9) 3 (15.8)

Carotid web, n (%) 3 (10.7) 0 (0) 0.262

>1 high-risk featurea, n (%) 6 (21.4) 3 (15.8) 0.720

ESUS embolic stroke of undetermined source
aHigh-risk plaque features: >29% stenosis, irregular plaque, ulcerated plaque, ≥3mm plaque thickness
bTwo patients presented with a carotid web but an otherwise unremarkable carotid and are therefore labelled
as no stenosis but non-stenotic carotid disease

irregularity or plaque ulceration were not different between
non-stenotic carotids with vs. without ipsilateral stroke
(Table 2).

In logistic regression analysis adjusted for age and
sex amongst ESUS patients, the presence of non-stenotic
carotid disease was associated with ipsilateral stroke (ad-
justed OR 1.6, 95% CI 1.0–2.6, p= 0.049). The risk of
ipsilateral ischemic stroke attributable to the presence of

non-stenotic carotid disease was estimated to be 0.197 (95%
CI –0.057 to 0.390) indicating that in the sample of ESUS
patients with non-stenotic disease and ipsilateral stroke in
this study, approximately 20% of ipsilateral ischemic le-
sions could be attributed to the non-stenotic internal carotid
artery. The population attributable risk was calculated as
0.043, indicating that in a population of ESUS patients
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4.3% of ischemic events can be attributed to symptomatic
non-stenotic carotid disease.

Discussion

In our study population of patients with large vessel is-
chemic stroke classified as ESUS we observed an overall
prevalence of non-stenotic carotid disease of 26.8%. In ad-
dition, we could show a significant association between the
presence of non-stenotic carotid disease and ipsilateral is-
chemic stroke.

The reported prevalence of non-stenotic carotid disease
in patients with ESUS in these data from the ESCAPE-NA1
trial lies within the range of previously reported findings.
A substudy from the INTERRSeCT trial reported a preva-
lence of 39.1% in an ESUS population and was also able to
show a significant association between non-stenotic carotid
disease and ipsilateral stroke [12]. Similarly, a secondary
analysis from the STRATIS registry reported a prevalence
of 22.7% in the ESUS subgroup and a significant associ-
ation with ipsilateral ischemic stroke. As in our study, the
STRATIS registry also consisted of patients with LVO who
received endovascular treatment (EVT) [15]. These results
suggest that a substantial subgroup of patients classified as
having ESUS may potentially have ischemic stroke as a re-
sult of ipsilateral non-stenotic carotid disease. Non-stenotic
carotid disease has also been shown to be present in non-
ESUS patients, such as patients presumed to have a car-
dioembolic source of stroke. Non-stenotic carotid disease
could be a competing etiology in many such patients [16].
Overall, our results provide further evidentiary support for
non-stenotic carotid disease as a relevant stroke etiology,
especially in the subgroup of patients currently classified
as embolic stroke of undetermined source.

A number of patients in our sample presented with bi-
lateral non-stenotic carotid disease. The reported frequency
of bilateral non-stenotic carotid disease of 10.2% in ESUS
patients in our analyses is similar to previous analyses. In
comparison, 8.7% and 9.2% of ESUS patients presented
with bilateral non-stenotic disease in the secondary IN-
TERRSeCT and STRATIS analyses, respectively [12, 15].
In these patients, non-stenotic carotid disease might be
a part of systemic atherosclerosis and a marker of increased
overall cardiovascular risk [17, 18].

Previous studies have identified various high-risk plaque
features associated with an increased risk of ipsilateral
stroke in patients with non-stenotic carotid disease [7, 13];
however, we were unable to determine any relevant imaging
features that might discriminate between the non-stenotic
carotid that is associated with ipsilateral stroke and that
which is not (Table 2). Interestingly, a combination of more
than one plaque feature was numerically slightly more fre-

quent in non-stenotic carotid disease with ipsilateral stroke
without reaching statistical significance. Moreover, the
prevalence of high-risk plaque features was low in our
patient sample and plaque feature assessment was based
on CT imaging. Previous studies investigating high-risk
plaque features in carotid stenosis predominantly assessed
those characteristics on MRI which enable a more detailed
assessment of specific plaque characteristics. A more de-
tailed plaque analysis and characterization may be helpful
for further risk stratification [19–21].

Our study has several limitations. Firstly, our study pop-
ulation was restricted to patients with LVOs which might
constitute a selection bias and limits the generalizability of
our results to an overall population of patients with ischemic
stroke. Secondly, our analysis is based on a retrospective as-
sessment of CT imaging of a randomized controlled trial,
which was not designed to investigate the role of non-
stenotic carotid disease in stroke etiology. A prospectively
followed population combining both large vessel and non-
large vessel occlusion strokes to assess the prevalence of
non-stenotic carotid disease and the risk of ipsilateral stroke
would be a recommendable study set-up to further investi-
gate this condition. Third, stroke etiology was classified by
the site investigator and not by central adjudication, lim-
iting the available information on etiological work-up and
diagnosis of ESUS. Last, the prevalence of ESUS in our
patient sample was small and the analysis therefore likely
underpowered with limited generalizability to larger ESUS
populations. In addition, this might especially affect the
analysis of associations of specific plaque features in non-
stenotic disease with ipsilateral stroke and might have influ-
enced the borderline significance of some of the presented
results. These results, therefore, need to be interpreted cau-
tiously even though they are in line with previously reported
analyses.

In conclusion, a substantial number of patients with is-
chemic stroke classified as embolic stroke of undetermined
source (ESUS) present with non-stenotic (<50% stenosis)
carotid disease. In these patients, non-stenotic carotid dis-
ease is associated with ipsilateral ischemic stroke suggest-
ing a potential role as stroke etiology. Prospective stud-
ies investigating the association of non-stenotic carotid dis-
ease and ischemic stroke are needed to better determine if
a causal relationship exists between these two conditions.
In addition, increased awareness of non-stenotic carotid dis-
ease as a potential stroke etiology especially in patients
with ESUS and additional diagnostic work-up including
dedicated vessel imaging could facilitate improvements in
stroke care for these patients.

Supplementary Information The online version of this article (https://
doi.org/10.1007/s00062-023-01365-0) contains supplementary mate-
rial, which is available to authorized users.
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