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Background and purpose: Patients with symptomatic internal carotid artery

(ICA) occlusion constitute a small proportion of stroke/transient ischaemic

attack patients who are at increased risk of early stroke recurrence and poor

outcome. The optimal medical treatment for patients with symptomatic ICA

occlusion who are ineligible for thrombolysis or thrombectomy is unknown.

Methods: Consecutive patients presenting at a single center with newly diag-

nosed symptomatic ICA occlusion (not involving the circle of Willis) were ret-

rospectively reviewed. Those treated with intravenous thrombolysis or intra-

arterial thrombolysis/thrombectomy were excluded. Patients were divided into

two groups based on whether they experienced recurrent in-hospital stroke.

Results: The selected study population (n = 33) represented a small (20.4%)

proportion of all newly symptomatic carotid occlusions, who nevertheless had

an elevated risk of recurrent stroke during admission (24.2%). Of the variables

examined (age, gender, admission National Institutes of Health Stroke Scale

score, vascular risk factors, atrial fibrillation, prior stroke/transient ischaemic

attack and anticoagulation within 48 h of presentation), only anticoagulation

was significantly associated with a lower risk of in-hospital recurrent stroke.

Anticoagulated patients showed a decreased incidence of stroke recurrence

within the first week (6.7% vs. 38.9%, P = 0.032) and fewer strokes or deaths

at 1 month (13.3% vs. 47.1%, P = 0.040). Hemorrhagic transformation was

not observed in any patient. On follow-up imaging, ICA recanalization was

significantly more frequent in anticoagulated patients (46.2% vs. 9.1%,

P = 0.047).

Conclusion: Patients with newly diagnosed symptomatic ICA occlusion (not

involving the circle of Willis) represent a small but high risk subgroup of

patients with carotid occlusion. Early anticoagulation was associated with

fewer recurrent strokes and increased ICA recanalization. Larger scale

prospective studies may be justified.

Introduction

Whilst patients presenting with symptomatic carotid

occlusion constitute a relatively small proportion of

stroke admissions, they have a higher risk of recurrent

in-hospital stroke and early death compared with

otherwise undifferentiated acute ischaemic stroke

(AIS) or transient ischaemic attack (TIA) patients. An

analysis of 4144 patients from the Canadian Stroke

Network found symptomatic occlusion of the

extracranial internal carotid artery (ICA) in 6.8% of

patients; this group experienced significantly higher

rates of recurrent in-hospital stroke (6.7% vs. 2.8%)

and death (12.0% vs. 3.8%) [1]. Similar findings were

seen in 4157 AIS/TIA patients presenting to the Ger-

man Stroke Collaboration: 6.5% had symptomatic

extracranial carotid occlusion, with significantly ele-
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vated rates of recurrent stroke within 72 h (7.4% vs.

3.5%) and death within 100 days (21.2% vs. 10.3%)

[2]. Population-based studies (Olmsted County, Min-

nesota, USA) have also shown elevated risks of early

stroke recurrence after symptomatic carotid occlusion:

8% within the first 30 days, nearly half occurring

within the first week of diagnosis [3]. Whilst intra-

venous thrombolysis and endovascular therapy can

help improve outcomes in AIS due to carotid occlu-

sion [4,5], optimal medical treatment of patients ineli-

gible for such interventions is unknown. Factors

associated with lack of in-hospital recurrent stroke in

patients who presented to our institution with a newly

symptomatic isolated carotid occlusion [not involving

the circle of Willis and anterior/middle cerebral arter-

ies (ACA/MCA)] who were deemed ineligible for

intravenous thrombolysis or endovascular intervention

were therefore evaluated.

Methods

This study is a Research Subjects Review Board (the

institutional review board committee) approved retro-

spective analysis of consecutive patients presenting

with a diagnosis of AIS/TIA at a single quaternary

referral center (designated as a Comprehensive Stroke

Center by the Joint Commission) from July 2008 to

April 2014. Clinical charts and imaging of all patients

who had a discharge diagnosis of AIS/TIA were

reviewed. Patients with an acute anterior circulation

AIS/TIA in whom a newly diagnosed (i.e. never previ-

ously documented) ipsilateral ICA occlusion was

found on initial vascular imaging were included. All

isolated ICA occlusions were diagnosed using com-

puted tomography angiography (CTA), magnetic reso-

nance angiography (MRA) and/or conventional

angiography of the head and neck. Patients were

excluded who (a) presented more than 24 h after last

known to be well, (b) received intravenous throm-

bolytic treatment or endovascular intervention at

presentation, (c) had initial CT/MRI showing intrac-

erebral hemorrhage, (d) had initial vascular imaging

showing occlusion of the circle of Willis or intracra-

nial large vessel [defined as the first segment of the

ACA (A1) or first/second segment of the MCA (M1/

M2)] ipsilateral to the symptomatic hemisphere and/or

(e) had initial vascular imaging showing severe symp-

tomatic intracranial stenosis.

Imaging and medical records of patients were

reviewed to abstract relevant information, including

but not limited to demographics, stroke severity [as

measured by the National Institutes of Health Stroke

Scale (NIHSS)], vascular risk factors, in-hospital

treatment with antiplatelets or anticoagulation, and

follow-up imaging to examine the status of the

occluded artery. Anticoagulation consisted of thera-

peutic weight-based dosage of heparin, dalteparin or

enoxaparin (dosages targeting prophylaxis against

venous thromboembolism did not qualify), started

within 48 h of presentation. Choice of anticoagulation

or antiplatelets was at the discretion of the treating

physician. Patients were divided into two groups:

those who suffered recurrent stroke during their

admission (defined as worsening of NIHSS score ≥4
points and new infarct on follow-up imaging in the

territory of the occluded carotid) and those who did

not. Clinical worsening (change in NIHSS score ≥4
points) was investigated as per clinical practice with

CT and/or MRI, and was not attributable to edema

in our series. Occurrence of death, recurrent stroke

and hemorrhagic transformation found on repeat

imaging within 7 days and 1 month was recorded, as

were results of any repeat vascular imaging within

1 year after initial diagnosis of carotid occlusion. Ini-

tial and final infarct volumes on CT/MRI images were

verified and measured (using an automated, validated

algorithm – ITK SNAP software version 3.2.0

www.itksnap.org) by a board-certified neuroradiolo-

gist [6,7]. Univariate analyses were performed using

JMP� (Cary, NC, USA) 11.0.0 statistical software

and a P value <0.05 was considered as significant.

Data are presented as mean � SE unless otherwise

specified.

Results

Of 2670 patients presenting with stroke/TIA during

the study time period, 195 patients (7.3%) were identi-

fied as having an ICA occlusion. Of those 195

patients, 33 patients had known prior carotid occlu-

sion and were excluded. Of the remaining 162 patients

with newly diagnosed ICA occlusion on their initial

neurovascular imaging, patients were excluded who (i)

were last known well ≥24 h (n = 10), (ii) had

received intravenous and/or intra-arterial thromboly-

sis/thrombectomy (n = 20), (iii) had proximal MCA

and/or ACA occlusion in addition to their ICA occlu-

sion (n = 86) and (iv) had severe symptomatic

intracranial stenosis (n = 3) or other exclusion criteria

(hemorrhage on initial imaging, bilateral or posterior

circulation stroke, incomplete imaging; n = 10). A

total of 33 patients met the final inclusion criteria,

none of whom were deemed candidates for intra-arte-

rial thrombolysis/thrombectomy due to lack of

intracranial large vessel occlusion and low NIHSS

score [median of 4, interquartile range (IQR) = 1–9].
A review of initial neurovascular imaging found all

ICA occlusions to begin at or a few centimeters above
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the cervical bifurcation and extend to the intracranial

petrous/cavernous segment, with supraclinoid recon-

stitution proximal to the intracranial ICA terminus.

Acute ischaemic changes were seen in 31/33 patients

on initial neuroimaging (25 on MRI, six on CT where

MRI was not available); the remaining two patients

had mild stroke (NIHSS score 4 and 2), both of

whom underwent CT scan only.

Recurrent stroke was seen in eight (24.3%) of the

included patients during their admission, all of which

occurred within the first week. In univariate analysis

of factors including age, presenting NIHSS score, vas-

cular risk factors and medical treatment (Table 1),

only early anticoagulation was significantly associated

with a lower risk of recurrent in-hospital stroke.

Specifically, there was a significant decrease in the

incidence of stroke recurrence within 1 week in anti-

coagulated patients (6.7% vs. 38.9%, P = 0.032). All

recurrent strokes occurred early (≤7 days), were dur-

ing the same admission and were within the territory

of the occluded carotid artery.

As univariate analysis found only anticoagulation

to be significantly associated with lower risk of recur-

rent in-hospital stroke (Table 1), patients were divided

into those treated with anticoagulation and those who

did not receive anticoagulation, and subsequently dif-

ferences between these two groups were examined

(Table 2). There was no difference in the initial stroke

volume in patients who underwent anticoagulation

versus no anticoagulation (4.3 � 2.2 vs. 9.6 � 3.1 ml,

P = 0.164). Non-anticoagulated patients with recur-

rent stroke showed a significant increase in stroke

volume from that seen on initial imaging (7.2 � 2.0

vs. 68.6 � 25.3 ml, P < 0.02). Hemorrhagic transfor-

mation was not seen in either group. At 1 month, 1/

15 (6.7%) of anticoagulated patients experienced a

recurrent stroke (on day 6 post-stroke) and one died

(day 25 post-stroke); none was lost to follow-up. Dur-

ing the same period, 7/18 patients (38.9%) who were

not anticoagulated developed recurrent stroke (me-

dian 3 days after initial stroke, IQR = 1–4), one died

(day 13 post-stroke) and one was lost to follow-up

(5.6%). Death or stroke at 1 month was significantly

less in anticoagulated patients (13.3% vs. 47.1%,

P = 0.040). Our sample size did not permit further

multivariate analysis. However, univariate analysis did

not reveal any significant difference in other potential

predictors of outcome (age, presenting NIHSS score,

vascular risk factors) between anticoagulated versus

non-anticoagulated patients (Table 2). In patients with

repeat vascular imaging, ICA recanalization was seen

more often in anticoagulated patients (46.2% vs.

9.1%, P = 0.047).

Discussion

Patients with symptomatic carotid occlusion represent

a small but potentially high risk subgroup of AIS

patients [1,2]. In our study, 7.3% of our stroke/TIA

patients presented with newly diagnosed symptomatic

intracranial or extracranial ICA occlusion, similar to

previous studies [1,2]. These prior series found symp-

tomatic carotid occlusion to be associated with more

than double the baseline risk of early stroke recur-

rence [1,2]. Our data suggest an even higher stroke

recurrence rate in patients with isolated symptomatic

carotid occlusion (i.e. not involving the circle of Wil-

lis). This may be due to (i) excluding patients who

were treated with intravenous thrombolysis or

endovascular therapy in our cohort and (ii) including

only patients who did not have concomitant intracra-

nial occlusion affecting the circle of Willis (and thus

had low stroke burden; median NIHSS score 4;

IQR = 1–9). Our study population therefore repre-

sents a more specific and smaller fraction of newly

symptomatic carotid occlusions (20.4%) and of the

general stroke population (1.2%) than prior investiga-

tions, who nevertheless harbor a markedly elevated

risk of early stroke recurrence (24.3%). It is possible

Table 1 Recurrent stroke during the same admission

Variables

Recurrent

stroke (n = 8),

N (%)

No recurrent

stroke (n = 25),

N (%) P value

Demographics

Agea 71.5 (56.3–77.5) 66 (54–83.5) 0.721

Female 3 (37.5) 13 (52) 0.475

White or

Caucasian

8 (100) 24 (96) 0.566

NIHSS score

on admissiona
2 (0–6.3) 4 (1.5–9.5) 0.237

Past medical history

Stroke/TIA 2 (25) 6 (24) 0.954

HTN 7 (87.5) 23 (92) 0.700

HLD 7 (87.5) 15 (60) 0.151

DM 2 (25) 5 (20) 0.763

CAD 2 (25) 5 (20) 0.763

AF 0 (0) 5 (20) 0.170

Current smoker 6 (75) 17 (68) 0.707

Anticoagulation 1 (12.5) 14 (56) 0.032b

Outcomes

NIHSS score

on dischargea
3 (1–11.8) 1 (0–4) 0.148

Hemorrhagic

transformation

0 (0) 0 (0) –

NIHSS, National Institutes of Health Stroke Scale; TIA, transient

ischaemic attack; HTN, hypertension; HLD, hyperlipidemia; DM,

diabetes mellitus; CAD, coronary artery disease; AF, atrial fibrilla-

tion.
aMedian, interquartile range; bsignificant P value.
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that recurrent stroke may be more readily detectable

in these patients (who have a low admission NIHSS

score), and/or clot propagation or stump emboli from

an occluded carotid may pose a graver risk to patients

whose intracranial circulation is initially patent.

Our study suggests that early anticoagulation is

associated with a lower incidence of recurrent stroke

during initial admission and a lower incidence of

death and/or stroke at 1 month in this highly selected

group of AIS patients. In contrast, large randomized

trials of anticoagulation in AIS (including FISS,

TOAST, HAEST and IST) have not shown a signifi-

cant benefit with respect to outcomes at discharge or

stroke related morbidity and mortality [8–12], and a

recent meta-analysis of the five largest acute stroke tri-

als to include heparins also failed to find a subgroup

of AIS patients that might benefit from acute antico-

agulation [13]. However, this meta-analysis (and most

trials) of anticoagulation in AIS has not accounted

for stroke heterogeneity seen on acute vascular imag-

ing (such as CTA or MRA of the head and neck),

which is increasingly obtained at time of presentation

in AIS patients. It is therefore possible that a small

subgroup of AIS patients, defined by their initial vas-

cular imaging, may benefit from early anticoagulation.

For example, subgroup analysis from both the

TOAST and FISS-tris trials suggested a benefit for

anticoagulation in AIS patients with large artery

occlusive disease [9,14].

The mechanism by which patients with acute symp-

tomatic isolated carotid occlusion (not reaching the

circle of Willis) might benefit from anticoagulation is

unclear. It is hypothesized that early anticoagulation

may help (i) by preventing ICA clot extension into circle

of Willis end-arteries (i.e. MCA or ACA), which would

deprive them of collateral supply from the anterior/

posterior communicating arteries, and (ii) by preventing

stump emboli from the occluded carotid [15,16].

It is important to acknowledge that anticoagulation

is not without risk of hemorrhagic transformation. In

Table 2 Characteristics and outcomes of anticoagulated patients

Variables

Anticoagulated (n = 15),

N (%)

Not anticoagulated

(n = 18), N (%) P value

Demographics

Agea 71 (61–83) 58.5 (53.5–80) 0.515

Female 9 (60) 8 (44.4) 0.373

White or Caucasian 14 (93.3) 18 (100) 0.266

NIHSS score on admissiona 4 (1–9) 3.5 (1–9.3) 1.000

Stroke volume on initial imaging (ml) 4.3 (�2.2) 9.6 (�3.1) 0.164

Past medical history

Stroke/TIA 4 (26.7) 4 (22.2) 0.767

HTN 14 (93.3) 16 (88.9) 0.658

HLD 9 (60) 13 (72.2) 0.458

DM 4 (36.7) 3 (16.7) 0.484

CAD 3 (20) 4 (22.2) 0.876

AF 3 (20) 2 (11.1) 0.478

Current smoker 9 (60) 14 (77.8) 0.269

DVT/PE (prior) 0 (0) 1 (5.6) 0.354

DVT/PE (during admission) 0 (0) 0 (0) �
Renal insufficiency 0 (0) 1 (5.6) 0.354

Malignancy 2 (13.3) 5 (27.8) 0.312

Dementia 1 (6.7) 0 (0) 0.266

Outcomes

NIHSS score on dischargea 1 (0–2) 3.5 (0–9.3) 0.071

Hemorrhagic transformation 0 (0) 0 (0) –
Recurrent stroke within 7 daysc 1 (6.7) 7 (38.9) 0.032b

Stroke and/or death at 1 month 2 (13.3) 8 (47.1) 0.040b

(Lost to follow-up at 1 month) 0 (0) 1 (5.6) 0.354

ICA recanalization by 1 yeard 6 (46.2) 1 (9.1) 0.047b

(Lost to follow-up imaging) 2 (13.3) 7 (38.8) 0.100

NIHSS, National Institutes of Health Stroke Scale; TIA, transient ischaemic attack; HTN, hypertension; HLD, hyperlipidemia; DM, diabetes

mellitus; CAD, coronary artery disease; AF, atrial fibrillation; DVT/PE, deep vein thrombosis and pulmonary embolism; ICA, internal carotid

artery.
aMedian, interquartile range; bsignificant P value; call recurrent strokes were during the same initial admission; din patients with repeat carotid

imaging.
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our study, none of the patients in either group experi-

enced hemorrhagic transformation, perhaps due to

low initial stroke burden (median NIHSS score 3–4).
Increased carotid recanalization was noted in anti-

coagulated patients. Prior investigations have reported

spontaneous recanalization following carotid occlu-

sion in 5%–67% [17–21] of cases, and the recent

Dutch Acute Stroke Study (DUST) found early

recanalization in approximately 40% of patients [22].

However, prior series have not excluded patients

undergoing acute thrombolysis or thrombectomy

(54.7% of patients in DUST received intravenous tis-

sue plasminogen activator) [22] and have not differen-

tiated between choice of medical therapy. None of our

patients had undergone intravenous thrombolysis or

thrombectomy, and spontaneous recanalization was

found in 46.2% of anticoagulated patients, versus

9.1% of non-anticoagulated patients (P = 0.047).

A major weakness of our paper is the retrospective,

observational, non-randomized nature of our data. In

particular, the decision to use anticoagulation was dic-

tated by the treating physicians, whose selection bias

could have affected our results by making the two

groups not comparable. No significant difference (such

as age, race, presenting NIHSS score, infarct volume,

deep vein thrombosis and pulmonary embolism

(DVT/PE) during admission, dementia, renal insuffi-

ciency, malignancy) was found between anticoagu-

lated and non-anticoagulated patients, decreasing the

chances that physician selection bias alone may

explain the association between anticoagulation and

decreased stroke recurrence in our patients; however,

unmeasured confounding remains possible. Addition-

ally, none of the patients had known reasons other

than carotid occlusion for anticoagulation (such as PE

or DVT) that could have further biased our results.

Other weaknesses in our data include a lack of pre-

specified intervals for imaging or clinical follow-up

which, whilst similar across both groups, made the

data nevertheless incomplete. Anticoagulated patients

were more likely to undergo repeat vascular imaging,

although this was not significantly different from

patients who were not anticoagulated. Lastly, it was

not possible to confirm the cause or chronicity of ICA

occlusions on initial neurovascular imaging, and study

inclusion was based solely on whether ICA occlusion

was a new diagnosis or not.

Conclusion

Patients with newly symptomatic isolated carotid

occlusion represent a small minority of AIS patients,

yet are at high risk of early stroke recurrence. Antico-

agulation was associated with fewer recurrent strokes

and increased carotid recanalization in our series. Lar-

ger prospective studies for this specific patient popula-

tion may be justified.
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