Acta Neurochir (2015) 157:1313-1319
DOI 10.1007/s00701-015-2478-5

@ CrossMark

CLINICAL ARTICLE - VASCULAR

Emergent cervical surgical embolectomy for extracranial internal

carotid artery occlusion

Satoshi Kiyofuji' - Tomohiro Inoue' - Akira Tamura’ - Isamu Saito '

Received: 19 March 2015 / Accepted: 10 June 2015 /Published online: 23 June 2015

© Springer-Verlag Wien 2015

Abstract

Background Acute extracranial internal carotid artery (ICA)
occlusion by a huge cardiogenic embolus is rare, but can be
catastrophic.

Methods Seven patients with acute ischemic stroke due to
embolic occlusion of extracranial ICA who underwent
emergent cervical surgical embolectomy were retrospec-
tively reviewed. Diagnosis was made in six patients with
magnetic resonance imaging (MRI) with optional digital
subtraction angiography (DSA), while computed tomog-
raphy (CT) and DSA were used in one patient with an
implanted pacemaker. Clinical outcomes, including recan-
alization rate, recanalization time, complications, modi-
fied Rankin scale (mRS) at 3 months, and National Insti-
tute of Health Stroke Scale (NIHSS) score improvement
at 1 month were evaluated.

Results Complete recanalization was obtained in seven pa-
tients (100 %). Median recanalization time from symptom
onset and from start of surgery was 402 and 40 min, respec-
tively. All seven patients showed severe left ventricular hyper-
trophy (LVH) according to an increased cardiothoracic ratio
(CTR) =50 %. Complications included recurrence of cardio-
embolic stroke with the right middle cerebral artery occlusion,
minimal expansion of infarction, and aggravation of heart
failure, each in one patient, respectively. Four (57.1 %)
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patients had a history or postoperative recurrence of cardio-
embolic stroke. Median NIHSS at 1 month was 2 (range, 0—
30). Median mRS at 3 months was 2 (range, 0-5). Five pa-
tients (71.4 %) had a favorable outcome (mRS2).
Conclusions Cervical surgical embolectomy for acute extra-
cranial ICA occlusion resulted in a high complete recanaliza-
tion rate with an acceptable safety profile. A possible associ-
ation between severe cardiac illness and huge embolus oc-
cluding proximal large artery was suggested.

Keywords Acute ischemic stroke - Atrial fibrillation -
Cardiogenic embolism - Carotid occlusion - Surgical
embolectomy

Introduction

Acute ischemic stroke due to the internal carotid artery (ICA)
occlusion is associated with dense neurological deficits, and
intravenous administration of tissue plasminogen activator
(IV t-PA) often fails to achieve recanalization [6, 21]. Recent-
ly, the effectiveness of a combination of IV t-PA and
endovascular treatments has been reported [7, 8, 12]. Howev-
er, most studies of extracranial ICA occlusion include various
pathophysiologies such as atherosclerosis, dissection, and car-
diogenic embolism. Among them, extracranial ICA occlusion
due to cardiogenic embolism is rare, and a study of numerous
cases is lacking. We present our experience with seven con-
secutive patients of extracranial ICA occlusion due to cardio-
genic embolism, all of whom underwent emergent cervical
surgical embolectomy.
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Materials and methods
Patient selection

Between November 2007 and October 2014, 2382 patients
who suffered ischemic stroke (887 embolic and 1495 athero-
sclerotic stroke) were admitted to Fuji Brain Institute and
Hospital. We defined any cardiogenic embolic ischemia and
major intracranial arterial occlusion by artery-to-artery emboli
from unstable carotid plaque as embolic stroke. We also de-
fined lacunar stroke, atherosclerotic major arterial stroke, and
microembolic spray from unstable carotid plaque as athero-
sclerotic stroke.

We identified seven patients with diagnosis of cardioem-
bolic extracranial ICA occlusion out of 2382 acute ischemic
stroke patients. All the seven patients underwent emergent
cervical surgical embolectomy. Under institutional review
board approval, we retrospectively reviewed the medical
charts of the seven consecutive patients. Clinical and radio-
graphic data were analyzed in detail.

National Institute of Health Stroke Scale (NIHSS) scores
upon initial presentation and 1 month after the ictus were then
evaluated. We proceeded with surgical embolectomy accord-
ing to the magnetic resonance angiography (MRA)-diffusion-
weighted imaging (DWI) mismatch [14]. In a patient with an
implanted pacemaker, occlusion of the extracranial ICA was
confirmed with digital subtraction angiography (DSA) as well
as negative early computed tomography (CT) sign [10]. The
decision to perform cervical surgical embolectomy was based
on a clinical diagnosis of acute embolic occlusion of the ex-
tracranial ICA with a dense focal deficit, such as severe
hemiparesis and severe aphasia, and the absence of acute
hyperintensity on DWI or low density area on CT involving
more than one-third of the middle cerebral artery (MCA) ter-
ritory. Informed consent to undergo cervical surgical embo-
lectomy was obtained from the patient’s family in all cases.

Operation

The actual surgical procedure is described in detail in a case
report [13]. In short, an S-shaped curvilinear skin incision was
made to expose the carotid bifurcation. As soon as the com-
mon carotid artery (CCA) was exposed, we immediately
clamped the proximal portion of the CCA to prevent distal
migration of the embolus. A longitudinal incision was made
to resect the embolus, and a FURUI’s Double-Balloon Internal
Shunt device (Inter Medical Co., Ltd, Japan) was selected.
The arteriotomy was sutured with 6—-0 nylon. Continuous ad-
ministration of heparin 5000 units/day was started immediate-
ly after the admission to the intensive care unit after the pro-
cedure, and warfarin was started on postoperative day 1 with
continuation of heparin 10,000 units/day until the
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prothrombin time-international normalization ratio (PT-INR)
was in the range of 2 to 3.

Postoperative evaluation and follow-up

CT was performed several times to assess for hemorrhagic
events or expansion of ischemic lesions, usually immediately
after the operation, on postoperative days 1, 2, and 7. Follow-
up magnetic resonance imaging (MRI) studies including DWI
and MRA were performed immediately after the operation in
five cases and on day 1 in one case. In a patient with an
implanted pacemaker, we performed CT and DSA immediate-
ly after the procedure instead. Final recanalization status was
assessed according to the Thrombolysis In Myocardial Infarc-
tion (TIMI) scale [9]. Functional outcomes were evaluated at
approximately 1 month with NIHSS score, and at approxi-
mately 3 months via the modified Rankin scale (mRS) after
a review of medical records. Warfarin was continued on an
outpatient basis to all patients achieving a PT-INR at 2-3.

Results

Patient characteristics are summarized in Table 1. The seven
patients included four women and three men with a median
age of 78 years (range, 63—86 years). The median presenting
NIHSS score was 8 points (range, 0-26). A patient with an
initial NIHSS score of 0 presented with monocular blindness
only (patient 5). A detailed clinical description of this case was
reported in a case report [13]. Six of seven patients had atrial
fibrillation (Af). Two patients had a history of cardiac surgery
for atrial septal defect (ASD), one of whom also had an im-
planted pacemaker. One patient required cardiac surgery for
severe valvular disease after discharge (patient 3). All seven
patients showed left ventricular hypertrophy (LVH) in their
chest X-ray as suggested by a cardiothoracic ratio (CTR)
above 50 %. Median CTR was 62 (range, 53—81). All patients
experienced complete recanalization (TIMI 3) as confirmed
by postoperative MRA or DSA. Time to recanalization from
onset varied with a median 0f 402 min (range, 255-1089 min).
Median time from the start of the surgery until the recanaliza-
tion was 40 min (range, 19-131 mins).

There were three instances of major complications (three
cases, 42.9 %): recurrence of infarction by cardiogenic embo-
lism, expansion of infarction, and aggravation of heart failure
(one patient [14.3 %] with each respective complication).
There was no postoperative intracranial bleeding. Patient 1,
who presented with an initial NIHSS score of 26, regained
consciousness without apparent paresis according to bedside
examination, but this patient acutely deteriorated secondary to
recurrent cardiogenic embolism in the right MCA on postop-
erative day 5 despite anticoagulation with warfarin. This pa-
tient had been bedridden (mRS 5), and she died 3 years later
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Table 1  Clinical summary of seven consecutive patients treated with surgical carotid embolectomy for extracranial internal carotid artery occlusion
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
Age (years) 79 63 69 85 78 86 69
Sex F M F M F M
Presenting NIHSS 26 6 3 9 0 16 8
Side Lt Rt Rt Lt Rt Rt Lt
Af + - + + + + +
Other cardiac N/A Aortic valve Severe MR and TR Implanted pacemaker N/A Surgery for -
morbidities replacement necessitating valve and surgery for ASD ASD
(mechanical replacement
valve)
Antithrombotic - Dabigatran Warfarin 1.5 mg Ticlopidine 200 mg Warfarin 2.5 mg  Cilostazol -
medication etexilate (PT-INR 1.44) (PT-INR 1.85) 200 mg
300 mg
CTR (%) 66 62 67 81 53 62 58
TIMI final 3 3 3 3 3 3 3
Symptom onsetto 255 1089 441 376 492 352 402
recanalization
(min)
Start of surgery to 30 53 131 (re-op) 26 19 40 67
recanalization
(min)
Perioperative Recurrence of - Postoperative minute ~ Aggravation of heart - - -
complication embolism with Rt. multiple DWI-high failure requiring
MCA occlusion lesions cardiology admission
Recurrence of + - + + + - -
embolic stroke
NIHSS at | month 30 3 3 0 2 1
mRS at 3 month 5 2 3 1 2 1

Af atrial fibrillation; ASD atrial septal defect; CTR cardiothoracic ratio; /C internal carotid artery; Lt left; MCA middle cerebral artery; MR mitral
regurgitation; mRS modified Rankin scale; N/HSS National Institute of Health Stroke Scale; PT-INR prothrombin time-international normalized ratio;
Rt right; TIMI Thrombolysis In Myocardial Infarction scale; 7R tricuspid regurgitation

due to stomach cancer. Postoperative DWI in patient 3 showed
minute expansion of high-intensity lesions. Patient 4 devel-
oped dyspnea on the night on postoperative day 2. Aggrava-
tion of heart failure necessitated transfer to the cardiology
service.

Four (57.1 %) of seven patients had a previous history or
postoperative recurrence of stroke attributed to cardiogenic
embolism. As described above in patient 1, cardiogenic em-
bolus occluded the right MCA, and resulting symptoms were
severe (mRS 5). Patient 3 had a past history of emergent
surgical embolectomy for right ICA terminus occlusion
17 months prior. Patient 4 had a history of cerebral infarction
20 years previously. Patient 5 also had a three-time history of
cerebral infarction. All of these patients were medicated with
antithrombotic agents when the ictus occurred: three (75 %) of
four patients were medicated with warfarin, and the other pa-
tient was on ticlopidine.

Median NIHSS at 1 month was 2 (range, 0-30). Median
mRS at 3 months was 2 (range, 1-5). Five patients (71.4 %)
had favorable outcomes (mRS<2).

Pathological studies were performed on resected emboli
from five patients. None of the specimens contained the inti-
ma. Three specimens (patients 2, 4, and 6) were observed to be

simple fibrin thrombi. The other two specimens (patients 1
and 5) were fresh mixed thrombus of aggregated platelets,
polymorphonuclear leukocytes, fibrin, and red blood cells
without organization.

Actual case illustration is shown in Figs. 1 and 2.

Discussion
Extracranial ICA occlusion due to cardiogenic embolism

This study showed that cervical surgical embolectomy was
associated with a high TIMI 3 recanalization rate (100 %).
In patients with acute ischemic stroke with proximal vessel
occlusion, recanalization is the strongest predictor of good
outcome [2, 3]. However, a more proximal the site of occlu-
sion is associated with a lower the rate of recanalization in
response to IV t-PA. Indeed, the rate of recanalization in the
proximal or terminal internal carotid artery is less than 10 %
[6, 20]. Especially in the setting of the extracranial ICA oc-
clusion, IV t-PA reduces the proportion of patients dependent
in activities of daily living but also increases the probability of
death and any intracranial bleeding [17]. It is not yet clear
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Fig. 1 Case illustration of patient
4 (a—e). An 85-year-old woman
with a history of surgery for atrial
septal defect, pacemaker
implantation for bradycardia, and
cerebral infarction presented with
National Institute of Health
Stroke Scale (NIHSS) 9.
Computed tomography (CT)
denied massive low-density areas
(a). Digital subtraction
angiography (DSA) shows
occlusion of the left internal
carotid artery (ICA) (b), and fair
collateral flow via the anterior
communicating artery (c).
Postoperative DSA shows
complete recanalization (d).
Postoperative CT shows no
obvious expansion of low-density
areas (e), and she made modified
Rankin scale (mRS)-0 recovery

whether endovascular treatments are superior to IV t-
PA, and neither a combination of endovascular treat-
ments and IV t-PA is [18]. Further, most studies regard-
ing ICA occlusion do not distinguish the treatment or
the results according to whether the pathophysiology is
atherosclerotic or cardioembolic. Acute extracranial ICA
occlusion of cardioembolic origin is quite rare, and
there are only limited studies of carotid recanalization
in patients with cardiogenic emboli [16].

Fig. 2 Case illustration of patient
6 (a—e). An 86-year-old woman
with a history of surgery for atrial
septal defect presented with left
hemiparesis with her NIHSS
score was 16. Magnetic resonance
images (MRI) showed only
minimal diffusion-high lesions
(a), and occlusion of the right
extracranial ICA (b and c).
Postoperative MRI showed
complete recanalization (d) and
no expansion of ischemic lesions
(e). She made mRS-2 recovery
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Association of a huge embolus with a heart disease

In our study, six (85.7 %) of seven patients had a history of Af,
which was detected on electrocardiogram at admission or
which had been described by the medical record or the pa-
tients’ family. The other patient had a history of aortic valve
replacement, and medicated with dabigatran etexilate, both of
which suggested a possibility of cardiogenic embolism. Four
(57.1 %) of seven patients had remarkable cardiac illness,
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such as a history of valve replacement, surgery for ASD, or
severe combined valvular disease that necessitated elective
cardiac surgery. Further, all seven patients had a CTR>
50 %, suggesting the present of severe LVH. Our suggestion
is that more severe heart illness correlates with a larger embo-
lus. This notion is supported by observations from several
studies. Indeed, one echocardiographic study concluded that
the size of the left ventricle is the strongest predictor of left
atrial appendage thrombus [4]. Such thrombus could have
migrated to the carotid arteries in our series. In the diagnosis
and treatment of patients with Af and LVH, clinicians should
consider whether intracardiac emboli may have occluded the
carotid arteries. In their study of cardioembolic stroke due to
non-valvular atrial fibrillation, Sadahiro et al. reported that
patients with distal artery occlusion had a significantly higher
rate of detection of left atrial thrombus than those with more
proximal main trunk occlusion [19]. They concluded that frag-
mental embolization is associated with distal artery occlusion,
and therefore, remnant emboli in the left atrium are more
commonly detected. Their findings are consistent with our
assumption that larger embolus is less likely to have been
fragmented and can lodge in more proximal, large arteries.
Indeed, intracardiac thrombus was detected in nobody in the
present study, implying no fragmentation of the thrombus. All
of the patients in our study had severe heart illness, as dem-
onstrated by their CTR, which may be associated with giant
embolus that can lodge in the extracranial ICA.

Association of recurrence of cardiogenic embolic stroke
with heart disease

The present series showed a high rate of stroke recurrence
(four patients; 57.1 %). Moreover, all four of these patients
had been taking antithrombotic agents when the recurrence
occurred (warfarin, n=3; ticlopidine, n=1). Although unsatis-
factory achievement of therapeutic PT-INR might have led to
stroke recurrence, the recurrence rate even under
anticoagulation therapy is quite high compared with previous
studies (1-22 %) [1]. Generally, risk factors for cardioembolic
stroke recurrence include alcohol abuse, hypertension with
valvular heart disease, Af, nausea and vomiting, and previous
cerebral infarction [1]. Especially in a study of Af patients
without mitral stenosis or prosthetic valves, female sex, un-
derlying heart disease, and left atrial size greater than or equal
to 4.0 cm were associated with an increase in the risk of em-
bolization, including cerebral and peripheral embolic events
[5]. Left atrial enlargement is a pathophysiologic response to
volume and pressure overload that is associated with various
cardiovascular disorders leading to left ventricular dysfunc-
tion [15]. Thus, excessive LVH as evaluated with significant
increase in CTR accompanying Af may be a strong predictor
for cardioembolic stroke recurrence.

Possible advantages of surgical embolectomy compared
to endovascular treatments

Endovascular treatment with proximal protection should be an
adequate alternative treatment for extracranial ICA occlusion,
but no study has focused on endovascular embolectomy in the
extracranial ICA. Some studies of endovascular recanalization
of extracranial ICA occlusion report that successful recanali-
zation was obtained in 77.3-94 % [7, 11, 12]. Simple compar-
ison of these recanalization rates with that of the present study
is not suitable for at least two reasons. First, most of these
studies included various stroke pathophysiology types (e.g.,
atherosclerosis, dissection, or cardiogenic embolism). Further,
recanalization endpoints in these studies often included both
partial and complete recanalization.

Nevertheless, we obtained satisfactory results compared to
that of endovascular treatments from the standpoints of high
rate of complete recanalization and patients’ favorable out-
come possibly for the following reasons. First, surgical embo-
lectomy could be advantageous in obtaining complete recan-
alization than endovascular treatments because rigid and swift
clamp of the proximal portion without touching the more dis-
tal emolus-related dangerous part can prevent distal migration
or fragmentation of the embolus more safely. Successful com-
plete recanalization without distal embolism might have con-
tributed to higher proportion of the favorable outcome of the
patients. Second, these seven patients might have had satis-
factory collaterals to endure ischemia until the treatment and
recanalization. Indeed, head MRA or DSA of all the patients
demonstrated the MCA in the diseased side, implying fair
collateral blood flow via the anterior communicating artery
and/or the posterior communicating artery.

Meanwhile, endovascular treatments might be advanta-
geous when compared with open embolectomy from the
standpoint of time, as treatments can be done as soon as the
diagnosis is made. Either open embolectomy or endovascular
treatments should be considered according to the circum-
stances of man power, endovascular staff, and so on.

Limitations of the present study

This study has several limitations. For example, this is a ret-
rospective study, but extracranial ICA occlusion due to car-
diogenic embolus is quite rare, making it difficult to perform a
randomized controlled study. Due to the same reason, a simple
comparison between open embolectomy and endovascular
treatments is unrealistic.

Conclusions

Emergent cervical embolectomy in extracranial ICA occlu-
sion was feasible in seven patients with a satisfactory
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complete recanalization rate (100 %) and an acceptable safety
profile (no intracranial hemorrhage). All the patients demon-
strated severe LVH. A potential association between severe
cardiac illness and proximity of the occluded site and/or car-
dioembolic stroke recurrence is suggested.
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The authors describe the open surgical embolectomy of extra-cranial ICA
after acute occlusion due to cardiac source large embolus. From a large
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cohort of stroke patients, seven patients were selected who met this spe-
cific criteria. They achieved 100 % re-canalization rate and four patients
had recurrent emboli with a median NHISS score of 2 and median mRS
score of 2. Considering the fact that without this intervention, the only
chance of a good outcome in a symptomatic patient is a robust collateral
circulation, this procedure should be considered among the treatment arm
for this particular subset of stroke patients. A direct comparison of

surgical embolectomy to endovascular treatment is difficult due to limited
number of patients in this specific setting but ultimately one could argue
that all of these patients would benefit from a rapid endovascular recan-
alization even in very proximal ICA occlusions.
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