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Abstract

A 62-year-old man and a 44-year-old man with unilateral cervical carotid artery stenosis (less than 50%
with echolucent plaque and ulceration) suffered recurrent ischemic stroke events despite treatment
with antiplatelet and anticoagulation drugs. Carotid endarterectomy (CEA) was performed under trans-
cranial Doppler monitoring for the detection of micro-emboli using a microscope inserted through a
skin incision to minimize pressure on the carotid arteries. The atheroma plaque included an ulcer with
fresh thrombi in both patients. Both patients awoke from anesthesia without new neurological deficits,
and no ischemic stroke events have recurred since CEA. Endarterectomy is an effective method for
preventing stroke in patients with severe carotid stenosis (À70%), but the efficacy of this procedure for
mild carotid stenosis (º50%) remains uncertain, regardless of carotid plaque characteristics. The
present cases suggest that even mild stenosis of the cervical carotid artery may result in ischemic stroke
events that are refractory to medical treatment if the stenosis is associated with echolucent plaque with
ulceration. Endarterectomy is recommended to prevent further stroke in such patients.
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Introduction

The severity of carotid artery stenosis is the factor
most closely related to a high incidence of ischemic
stroke events in patients with cervical carotid dis-
ease.5,10) Certain carotid plaque characteristics, in-
cluding the morphology and surface, are also associ-
ated with a high risk of stroke.1–4,6,7) Endarterectomy
is an effective method for preventing stroke in
patients with severe carotid stenosis (À70%), but the
efficacy of the procedure for mild carotid stenosis
(º50%) remains uncertain, regardless of the carotid
plaque characteristics.9)

We treated two patients by carotid endarterec-
tomy (CEA) for unilateral cervical carotid artery ste-
nosis of less than 50% with plaque ulceration who
suffered from recurrent ischemic stroke events
despite treatment with antiplatelet and anticoagula-
tion drugs.

Case Reports

Case 1: A 62-year-old man with a history of hyper-
tension and hyperlipidemia experienced transient
ischemic attack (TIA) manifesting as left hemipare-
sis and was treated with ticlopidine (200 mg/day).
Five years later, the patient developed angina pec-
toris, and aspirin (100 mg/day) was added to the
medication. Five months later, the patient ex-
perienced minor completed stroke manifesting as
left hemiparesis, and the patient was hospitalized
for further evaluation and treatment.

Diffusion-weighted magnetic resonance (MR) im-
aging revealed cortical infarcts in the right frontal
lobe (Fig. 1 left). MR angiography showed stenosis
of less than 50% with plaque ulceration at the right
common carotid artery (CCA) bifurcation (Fig. 2
left). Warfarin was added to the antiplatelet agents to
maintain the prothrombin international normalized
ratio (PT-INR) at 2.0 to 2.5. However, 3 months later,
the patient experienced recurrent minor completed
stroke manifesting as left hemiparesis, and the
patient was re-hospitalized. The PT-INR obtained 6
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Fig. 1 Case 1. Diffusion-weighted magnetic reso-
nance images showing fresh infarcts in
the cerebral cortex of the right frontal lobe 5
hours after a second ischemic event
manifesting as left hemiparesis (left), and
fresh multiple infarcts in the right cerebral
hemisphere at 7 hours after a third ischemic
event manifesting as left hemiparesis
(right).

Fig. 2 Case 1. Magnetic resonance angiogram af-
ter the second ischemic event (left), and
carotid angiogram with arterial catheteriza-
tion after the third ischemic event (right)
showing 35% stenosis with ulceration at the
right common carotid artery bifurcation.

Fig. 3 Case 1. B-mode ultrasonogram of the right
cervical carotid artery showing echolucent
plaque (arrow).
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hours after stroke recurrence was 2.08. Diffusion-
weighted MR imaging revealed multiple infarcts in
the right cerebral hemisphere (Fig. 1 right). Cerebral
angiography with arterial catheterization showed
35% stenosis with plaque ulceration at the right CCA
bifurcation (Fig. 2 right). No steno-occlusive lesions
were observed in the intracranial arteries. Carotid

echography revealed echolucent plaque in the right
CCA (Fig. 3). Transesophageal echocardiography
and Holter electrocardiography showed no abnor-
mal findings.

The patient underwent right CEA under general
anesthesia. Transcranial Doppler monitoring for de-
tection of micro-emboli was initiated after induction
of anesthesia, and the procedure was performed un-
der the operating microscope inserted through a
skin incision to minimize the pressure on the carotid
arteries during dissection. Dissection of the carotid
arteries from the surrounding tissues was accom-
plished without the development of micro-emboli,
and endarterectomy was performed successfully.
Macroscopic examination of the atheroma plaque
revealed an ulcer with fresh thrombi (Fig. 4), which
corresponded to the ulceration on preoperative an-
giography and echolucent plaque on preoperative
carotid echography.

The patient did not experience any new neurologi-
cal deficits on recovery from anesthesia. Diffusion-
weighted MR imaging performed on the 1st
postoperative day showed no new ischemic lesions.
Ischemic stroke events have not recurred with ad-
ministration of aspirin (100 mg/day) for 3 years after
the surgery.
Case 2: A 44-year-old man with a history of diabetes
mellitus suffered acute myocardial infarction and
underwent percutaneous transluminal coronary an-
gioplasty. He was treated with aspirin (100 mg/day)
and ticlopidine (200 mg/day). Three years later, the
patient presented with right amaurosis fugax. MR
angiography showed stenosis of less than 50% at the
right CCA bifurcation (Fig. 5 left). Oral warfarin was
initiated to maintain the PT-INR at 2.0 to 2.5.
However, 3 months later, the patient experienced
two episodes of TIA manifesting as left hemiparesis,
and was hospitalized for further evaluation and
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Fig. 4 Case 1. Photograph of the surgical speci-
men showing atheroma plaque including an
ulcer with fresh thrombi.

Fig. 5 Case 2. Magnetic resonance angiogram af-
ter the first ischemic event (left), and carotid
angiogram with arterial catheterization af-
ter the second ischemic event (right) show-
ing 40% stenosis at the right common
carotid artery bifurcation and ulceration in
the lesion.

Fig. 6 Case 2. Diffusion-weighted magnetic reso-
nance image showing a fresh infarct in
the white matter of the right cerebral
hemisphere at 8 hours after the last ische-
mic event.

Fig. 7 Case 2. B-mode ultrasonogram of the right
cervical carotid artery showing echolucent
plaque (arrow).

Fig. 8 Case 2. Photograph of the surgical speci-
men showing atheroma plaque including an
ulcer with thrombi (arrow).
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treatment. PT-INR obtained 3 hours after the stroke
recurrence was 2.15.

Diffusion-weighted MR imaging revealed an in-
farct in the white matter of the right cerebral
hemisphere (Fig. 6). Cerebral angiography with ar-
terial catheterization showed 40% stenosis with
plaque ulceration at the right CCA bifurcation (Fig.
5 right). No steno-occlusive lesions were observed in
the intracranial arteries. Carotid echography re-
vealed echolucent plaque in the right CCA (Fig. 7).
Transesophageal echocardiography and Holter elec-
trocardiography showed no abnormal findings.
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The patient underwent right CEA using the same
procedure as described in Case 1. Dissection of the
carotid arteries from the surrounding tissues was ac-
complished without development of micro-emboli,
and endarterectomy was performed successfully.
Macroscopic examination of the atheroma plaque
revealed an ulcer with thrombi (Fig. 8), which cor-
responded with the ulceration on preoperative an-
giography and echolucent plaque on preoperative
carotid echography.

The patient did not experience new neurological
deficits on recovery from anesthesia. Diffusion-
weighted MR imaging performed on the 1st posto-
perative day showed no new ischemic lesions.
Ischemic stroke events have not recurred with ad-
ministration of aspirin (100 mg/day) for 2 years after
surgery.

Discussion

In the present cases, preoperative MR imaging,
cerebral angiography, transesophageal echocardio-
graphy, and Holter electrocardiography suggested
that the ischemic stroke events resulted from artery-
to-artery embolism associated with cervical carotid
stenosis. Subsequently, ischemic stroke events
recurred despite treatment with antiplatelet and an-
ticoagulation drugs. Therefore, endarterectomy was
selected despite the cervical carotid artery stenosis
of less than 50%. Outcomes were good, and ischemic
stroke events have not recurred following CEA.

In addition to the severity of stenosis, certain
plaque characteristics, such as surface and morphol-
ogy, are determinants of the risk of ischemic stroke
events.1–4,6,7) For example, plaque ulceration with
symptomatic high-grade stenosis is associated with
a several-fold increased risk of stroke.4) Although
plaque ulceration is usually detected in large high-
grade carotid lesions, ulcers are sometimes found in
early carotid atheroma (7% of low-grade stenosis).7)

The severity of carotid stenosis and stroke, and
plaque ulceration and stroke are related.7) The stroke
event rate was higher in patients with low-grade ste-
nosis and ulcer (9%) than in those without ulcer
(2%), although there was no statistical significant
difference between the two groups due to the rela-
tively small number of patients studied.7)

Plaque morphology is another factor associated
with increased risk of stroke.1,2,6) For example,
echolucent plaque is significantly more common in
symptomatic patients than in asymptomatic pa-
tients.6) Other studies have also suggested an associ-
ation between echolucent plaque and the subsequent
development of neurologic symptoms.1,2) In the
present patients, preoperative cerebral angiography

and carotid echography revealed ulceration and
echolucent plaque in the affected carotid artery,
which was confirmed by postoperative macroscopic
examination findings of ulcerated plaque with
thrombi. The thrombi may have caused recurrent ar-
tery-to-artery embolism, resulting in medically-
refractory ischemic stroke events in the context of
mild carotid stenosis.

Our two patients underwent MR angiography but
not carotid echography when first hospitalized at
our institution for evaluation of their ischemic
events. Even if carotid stenosis detected on MR an-
giography is mild, subsequent carotid echography
should be performed to evaluate the plaque morphol-
ogy. Inflammation is well known to be associated
with plaque destabilization and eventually plaque
rupture.8) In fact, patients with elevated levels of
high-sensitivity C-reactive protein exhibit increased
risk for adverse cardiovascular outcome attributable
to clinical adverse events associated with progres-
sive atherosclerotic disease.11) Therefore, a patient
with ischemic events due to mild carotid stenosis,
and exhibiting high levels of inflammatory biomark-
ers such as high-sensitivity C-reactive protein in ad-
dition to ulcerated and echolucent plaque, should
undergo CEA before development of further ische-
mic events.

Both our patients had similar surgical risk factors.
Preoperative carotid echography revealed echolu-
cent plaque, suggesting soft plaque, in the affected
carotid artery. Such soft plaque is associated with a
higher risk of artery-to-artery embolism during
manipulation of the carotid arteries during CEA.
Therefore, transcranial Doppler monitoring was em-
ployed intraoperatively for detection of micro-embo-
li, and pressure on the carotid arteries during dissec-
tion was minimized by using a microscope inserted
through a skin incision. If transcranial Doppler
monitoring detects micro-embolic signals before ex-
posing the surgical fields for placing an intraluminal
shunt, the CCA and external carotid artery should be
clamped early to promote reversal of blood flow in
the ipsilateral internal carotid artery and prevent ar-
tery-to-artery embolism.

The present cases show that patients with mild
stenosis of the cervical carotid artery may develop
medically-refractory ischemic stroke events in the
presence of echolucent plaque with ulceration. En-
darterectomy is recommended to prevent further
stroke in such patients.
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