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CLINICIAN’S CORNERCLINICAL CROSSROADS
CONFERENCES WITH PATIENTS AND DOCTORS

A 70-Year-Old Man
With a Transient Ischemic Attack
Review of Internal Carotid Artery Stenosis
Louis R. Caplan, MD, Discussant

DR BURNS: Mr V is a 70-year-old man with a history of
coronary artery disease, including coronary angioplasty
with stent placement to the left circumflex coronary
artery in February 2006, peripheral vascular disease, gas-
trointestinal bleeding attributed to clopidogrel, hyperten-
sion, and hyperlipidemia. Mr V presented with acute
onset of slurred speech and left facial droop. He has
Medicare and Medicaid insurance.

Mr V was well until 4 hours before his presentation to
the hospital emergency department. He had taken an
afternoon nap and when he awoke an hour later, his wife
noted that he had a left facial droop and garbled speech.
On presentation to the emergency department, his initial
vital signs were stable, including a blood pressure of
130/77 mm Hg. His speech was initially quite garbled
but resolved within 5 minutes and he had a left facial
droop and 1� left arm drift. His National Institutes
of Health Stroke Scale score was 2. A computed tomogra-
phy (CT) scan without contrast showed old infarctions
in the left caudate nucleus and cerebellum, but no acute
infarction was seen. A CT angiogram of the neck was
also performed and showed a very high-grade, rela-
tively smooth, long region of right internal carotid artery
(ICA) stenosis (FIGURE 1). A magnetic resonance
imaging (MRI) scan was performed later that evening
and showed multifocal areas of infarction in the right
middle cerebral artery territory with ischemic areas in the
right frontal and posterior parietal/occipital lobe border
regions and acute brain infarction in both the frontal and
parietal regions (FIGURE 2). T2*-weighted gradient echo
images showed a thrombus in a middle cerebral artery
branch.

Mr V was not considered a candidate for intravenous
or intra-arterial tissue plasminogen activator, given the
improvement of his symptoms and minimal deficits. He

was thought to have an acute infarction in the right tem-
poral lobe that likely represented an embolic event from
the right ICA. He was admitted and received a heparin

CME available online at www.jamaarchivescme.com
and questions on p 120.

Mr V, a man with severe coronary, aortic, and peripheral
artery disease, had an episode of brain ischemia caused
by severe preocclusive carotid artery disease in the neck.
The major treatment options for his symptomatic ca-
rotid artery disease are optimizing medical treatment, ca-
rotid endarterectomy, and carotid artery stenting. Selec-
tion of treatment must take into consideration his severe
symptomatic coronary artery disease as well as Mr V’s
concerns about surgery. Carotid endarterectomy pre-
sents a risk of myocardial infarction unless his coronary
disease is treated effectively before surgery. Carotid stent-
ing is problematic because the severity of the preocclu-
sive arterial narrowing makes passing a protective de-
vice beyond the stenosis difficult without first performing
potentially hazardous angioplasty. Optimizing medical
treatment may be the best option for his severe sys-
temic atherosclerosis. Treatment decisions in complex pa-
tients like Mr V require weighing the particular risks and
benefits of available options, and the patient’s own wishes
and fears. These decisions, in this and other complex pa-
tients, often cannot be directly informed by results from
randomized trials.
JAMA. 2008;300(1):81-90 www.jama.com
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drip with a plan to transition him to warfarin while an
inpatient. He continued to take aspirin, 325 mg/d. During
his admission he had a transthoracic echocardiogram that
revealed a preserved ejection fraction without an intra-
cardiac source of emboli. He was discharged home with
prescriptions for atorvastatin, 40 mg/d; pantoprazole, 40
mg/d; aspirin, 325 mg/d; metoprolol, 1⁄2 25-mg tablet
daily; warfarin, four 1-mg tablets daily; and nitroglycerin,
0.3 mg sublingual if needed for chest pain.

Following discharge, he did well, without any new mo-
tor or sensory changes. He can walk for several hours a day
without difficulty, although he has occasional chest pain at
rest that lasts for a few minutes and resolves spontane-
ously. He also notes calf pain bilaterally only when walk-
ing fast that is relieved with rest but that has been stable for
30 years.

He was seen in consultation by a vascular surgeon and
an interventional cardiologist. The surgeon thought that
the ICA stenosis was too severe to pass a filter device. He
suggested an EMPIRE flow reversal system as part of a
clinical trial or an open carotid endarterectomy.1-3 The
cardiologist encouraged Mr V to pursue revascularization
of some form and, given his cardiac history, suggested
carotid stenting.

Mr V was uncertain how to proceed and requested a ca-
rotid ultrasound to see if there had been any change in the
stenosis. The ultrasound revealed velocities on the right ca-
rotid of 415 cm/s, consistent with a greater than 80% ca-
rotid stenosis. A CT angiogram was also performed and re-
vealed extensive plaque throughout the coronary arteries
and a calcium score of 2235 Agatston. The patency of the
coronary stent could not be completely assessed, though there
was no perceivable flow past the stent, suggesting occlu-
sion. Mr V also had a repeat CT angiogram at another in-
stitution that revealed a mural thrombus involving the de-
scending thoracic aorta and the right common iliac artery,
which was aneurysmal.

Mr V lives with his wife. He has a 46-pack-year smoking
history but quit about 18 months ago. He does not drink alco-
hol. He trained as a mechanical engineer but has worked as
an accountant after moving to the United States 15 years ago.

He remains uncertain how to proceed. He is quite cer-
tain that he will die during a carotid endarterectomy given
his underlying cardiac disease and does not know how a stent
can be placed given the presence of a thrombus.

MR V: HIS VIEW
My mouth was drooped a little and I had some changes in
my voice. My wife saw this—I didn’t even recognize it—

Figure 1. Views of a Computed Tomography Angiogram in Mr V

A B

A, Anteroposterior view. B, Lateral view. The internal carotid artery lumen is se-
verely narrowed (arrowheads).

Figure 2. Mr V’s Diffusion-Weighted and T2*-Weighted MRI Scan

A B C

Diffusion-weighted magnetic resonance imaging (MRI) shows white hyperintense foci (restricted diffusion) that represent infarction (arrowheads) in the cerebral cor-
tex of the right frontal lobe (A) and the parietal lobe (B). C, T2*-weighted MRI shows a cylindrical dark region that represents a thrombus in a middle cerebral artery
branch (arrowhead).
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and decided to take me to the hospital. They checked me
with the CT first and then with an MRI. The diagnosis was
acute embolic stroke. I am lucky that I didn’t have a big stroke
and I didn’t have any disability.

At the hospital, they found that my carotid was severely
blocked. They gave me Coumadin, but they said that it’s not
enough. They suggested I have the carotid surgery.

I saw a vascular surgeon first. He thought that I have 2
options. First, he thought I could have the surgery, but
only if my heart problems were minimal. I did the CT
angiogram to test the heart and lungs, and it showed a lot
of heart problems. Second, he suggested I do the stent, but
only with a new protection device. He is doing a study
with reverse flow. I don’t want to do the study because I
can’t believe in it.

I got a second opinion from a cardiologist. He said that
he is ready to do the stent. But he has his own study, with
almost new devices, with an absolutely new stent. The stent
was FDA [US Food and Drug Administration]-approved
January 24, 2007. And the protective device was FDA-
approved in June 2006.

I read a lot about my risks factors, and I know it can hap-
pen any day. In 1 year, it’s about 12%. In 5 years it’s like
25%, maybe even 40%, because I have very severe block-
age. I’m 100% sure that I should clean the artery, but I don’t
see a way I can do it.

The most important thing is that I had heart catheteriza-
tion in April and it was a very bad experience. I’m afraid to
do more catheterization because after the catheterization I
had a thrombus.

If I have the surgery I’m afraid I will die during the op-
eration. I almost sure that it will happen. If I have a stent
thrombosis, which they’re almost sure I will have, I will die
definitely.

I wonder if Dr Caplan can suggest more medication, even
vitamins and supplements or alternative treatment.

AT THE CROSSROADS:
QUESTIONS FOR DR CAPLAN
What is the epidemiology and pathophysiology of tran-
sient ischemic attacks (TIAs) and when should carotid
artery disease be suspected? How should a patient with a
TIA and suspected carotid artery disease be evaluated?
What are the treatment options, risks, and benefits of
medical management? What are the risks and benefits of
stenting and should a protective device be included? What
are the risks and benefits of surgical management? How do
you evaluate treatment options for an individual patient
and what tools are available to guide your decision? What
do you recommend for Mr V and why? What does the
future hold?

DR CAPLAN: Mr V had an episode of brain ischemia caused
by severe preocclusive stenosis of his right ICA in the neck.
He also has severe coronary and peripheral artery athero-
sclerotic disease. How should this situation be managed?

Carotid artery disease is a common, important, and treat-
able cause of brain ischemia. Atherosclerosis of the ICA in
the neck is especially common in white men and is less com-
mon in blacks and Asians and in women who do not smoke
or have diabetes.4,5 The risk factors for development of ICA
disease are similar to those for coronary artery disease and
include hypertension, smoking, diabetes, and hypercholes-
terolemia. Mr V has hypertension, hypercholesterolemia, and
coronary and peripheral vascular disease.

Pathology and Pathophysiology

Atheromas form in the distal common carotid arteries and
extend into the first few centimeters of the internal and ex-
ternal carotid arteries, almost always more severely narrow-
ing the ICA. Atheromatous plaques enlarge and may gradu-
ally narrow the ICA lumen. Ulceration, attachment of
platelets and thrombi to crevices in plaques, and hemor-
rhage into plaques become more common as the arterial lu-
men becomes increasingly narrowed. Plaques contain a lipid
core and fibrous cap. When there is a break in the fibrous
cap, contact of the lipid core with the luminal contents ac-
tivates platelets and can activate the coagulation cascade,
promoting the deposition of white and red thrombi onto the
surface of plaques.6,7 These thrombi can detach from the ar-
terial wall and embolize to distal vessels, causing transient
or prolonged brain and eye dysfunction. Reduction in blood
flow in the ICA can cause periodic insufficiency in distal
perfusion and reduced clearance (washout) of emboli.8,9

Clinical Findings

The major symptoms are those due to transient or persis-
tent brain and eye ischemia. Since the ophthalmic artery is
the first branch of the ICA (FIGURE 3), the single most im-
portant clue to carotid artery localization is an attack of tran-
sient brief monocular loss of vision. Often, the visual loss
is described as a dimming, darkening, or obscuration. Epi-
sodes of brain ischemia referable to the cerebral hemi-
sphere supplied by the diseased ICA occur and are also of-
ten brief. Headaches, unusual for the patient, may also occur
when the carotid narrowing is severe.10(pp165-198)

In some patients, as in Mr V, an embolus arising from the
ICA causes a sudden-onset stroke due to occlusion of a ma-
jor intracranial branch of the ICA, most often the middle
cerebral artery. Mr V suddenly developed left face and arm
weakness and slurred speech caused by an embolus from
his stenotic right ICA to middle cerebral artery branches. A
thorough physical and neurological examination can de-
tect signs of eye and brain involvement and can yield clues
to the presence of important ICA disease. Signs that sug-
gest the presence of carotid artery disease are noted in
BOX 1.10(pp165-198),16

Laboratory and Imaging Evaluation

Testing is aimed at defining the presence, nature, and se-
verity of ICA disease, and of any concurrent cervicocranial
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occlusive disease. Other potential causes of stroke (mostly
cardiac and hematological) that might affect treatment de-
cisions should also be sought.10(pp51-113) Brain imaging and
eye examination are important to detect biological activity
of the ICA lesion even when patients report no symptoms.

Trials and anecdotal reports have customarily divided pa-
tients with ICA disease into 2 groups, symptomatic and
asymptomatic. Many patients have evidence of complica-
tions of their ICA disease without acknowledged symp-
toms. Spouses present during history-taking may remind pa-
tients of symptoms that they did not recall themselves or
may have noticed symptoms the patient was unaware of, as
was the case for Mr V. In other “asymptomatic” patients,
neurological examination may show leg weakness or a
Babinski sign, abnormalities referable to the hemisphere sup-
plied by a stenotic ICA. Brain imaging and ophthalmos-
copy can also indicate the presence of end-organ damage.
In other fields of medicine, especially oncology, physicians
search for clinically silent evidence of organ involvement
to assess biological activity. This strategy is also useful for
patients with ICA disease, rather than restricting classifica-
tion to symptomatic or not. Evidence of biological activity
is listed in BOX 2.

Brain imaging consists of CT or MRI. Diffusion-
weighted, fluid-attenuated inversion recovery and T2*-
weighted MRI images often show more than a plain T2-
weighted basic MRI. In Mr V, MRI studies showed the
presence of acute brain infarction in both the frontal and

parietal regions (Figure 2, A and B). T2*-weighted gradi-
ent echo images showed a thrombus in a middle cerebral
artery branch (Figure 2, C). Brain infarction in the cerebral
hemisphere ipsilateral to a stenotic ICA is evidence of em-
bolism from the ICA.

Vascular imaging is performed using ultrasound, CT
angiography, MR angiography, and dye-contrast catheter
angiography. Ultrasound is a noninvasive, convenient way
to image brain-supplying arteries in the neck and head.
The most commonly used technology is Duplex scanning,
which combines a B-mode picture and Doppler curves of
blood-flow velocities. Duplex scanning is accurate in
assessing the degree of luminal narrowing and in showing
ulcerations and surface-wall characteristics of the ICAs.17,18

Sequential monitoring using Duplex ultrasound monitors
progression of disease and the effects of treatments such as
statins.19 In Mr V, Doppler ultrasound showed a peak sys-
tolic velocity of 415 cm/s in the right ICA, consistent with
more than 80% stenosis. Left ICA narrowing was estimated
to be less than 40%. The impact of ICA narrowing on
blood flow in the major intracranial arterial branches can
be studied using transcranial Doppler ultrasound, a tech-
nique that can also be used to monitor for emboli arising
from the ICA, although sensitivity and specificity have not
been determined.20-22

Magnetic resonance and CT angiography provide useful
images of the ICAs and the other neck and intracranial ar-
teries. The location and extent of arterial stenosis and char-

Figure 3. Anatomy of Internal Carotid Artery and Intracranial Branching

Common carotid arteries

A N T E R I O R
S U P E R O L AT E R A L  V I E W
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acteristics such as smoothness, irregularity, and ulcer-
ations can be factors in deciding on treatment, as discussed
later. Magnetic resonance angiography is a functional ex-
amination that creates an image of flow. Unlike contrast in-
jection angiograms, the images do not show anatomy. When
arterial blood flow is reduced, the vessel may appear more
narrowed than shown by catheter angiography.23,24 Mag-
netic resonance angiography may overestimate the sever-
ity of stenosis but is a useful screening technique with the
advantage of not requiring contrast and being performed with
brain MRI. Newer MRI techniques are now sometimes used
to analyze atheromatous plaque characteristics.25 Com-
puted tomography angiography uses intravenous contrast
to create excellent images of the ICA. Mr V’s CT angiogram
showed a very high-grade, relatively smooth, long region
of right ICA stenosis (Figure 1, A and B).

Treatment Considerations

Atherosclerosis is a systemic disease, so that medical treat-
ment should be optimized in all patients with documented
carotid atherosclerotic plaques. The therapeutic choices in
Mr V are optimal medical treatment alone, medical treat-
ment plus carotid artery surgery, or medical treatment plus
carotid artery stenting. Medical therapy is aimed at reduc-
ing embolism and preventing an increase in atheroscle-
rotic plaque development. Surgery and stenting increase
blood flow, thus improving brain perfusion and clearance
of emboli.8,9

Optimizing Medical Treatment

Because of their pleiotropic effects in stroke and vascular
disease prevention, 3-hydroxy-3-methylglutaryl coenzyme
A reductase inhibitors (statins) are essential in patients like
Mr V. Statins not only reduce cholesterol levels but also re-
duce coronary artery disease-related events and mortality,
even in patients with average levels of cholesterol.26,27 Analy-
ses of randomized trials of statins show a clear and dra-
matic reduction in the incidence of stroke.28-33 In the Stroke
Prevention by Aggressive Reduction in Cholesterol Levels
(SPARCL) trial, patients who had prior strokes or TIAs in
whom low-density lipoprotein cholesterol levels were re-
duced by more than 50% (from a baseline mean of about
133 mg/dL) by 80 mg/d of atorvastatin had a 31% reduc-
tion in stroke risk.32 Statins have also been shown to slow
the progression of carotid artery atherosclerotic plaques.33,34

Aggressive therapy with high doses of statins (equivalent
to 80 mg/d of atorvastatin) has been shown to be more ef-
fective than lower doses in patients with coronary artery dis-
ease (plaque growth of 0.6 [SD, 5.1] mm vs 1.9 [SD, 4.9]
mm with placebo)27 and in preventing strokes in patients
who had had TIAs or strokes (5-year absolute risk reduc-
tion, 1.9% [from 13.1% to 11.2%]).29,30 I recommend in-
creasing Mr V’s atorvastatin dose to 80 mg/d.

Antiplatelet therapy has also been used widely to treat
patients with coronary and carotid artery disease. Mr V

had a gastrointestinal bleed attributed to clopidogrel. He
now takes aspirin, 325 mg/d. A combination of 325 mg/d
of aspirin and modified-release dipyridamole has been
shown in randomized trials to be more effective than aspi-
rin alone in preventing strokes in patients with prior TIAs
or mild strokes35,36 but has not been tested in trials to treat
coronary or carotid artery disease. Warfarin has the poten-
tial to inhibit the formation of red erythrocyte-thrombin
clots that form in very stenotic arteries. Use of warfarin in
patients with severe ICA stenosis has not been studied in
randomized trials but has considerable theoretical effec-
tiveness in patients with severe stenosis, such as Mr V. He
is now taking warfarin with an international normalized
ratio target of 2 to 3.

While no data exist that address his particular clinical situ-
ation, I suggest continuing the warfarin if Mr V does not
have surgery or stenting. A combination of 325 mg of as-
pirin and modified-release dipyridamole could be used in-
stead of warfarin after surgery or stenting.10(pp37-138)

Angiotensin-converting enzyme (ACE) inhibitors and an-
giotensin receptor blockers also have theoretical advan-
tages in patients with hypertension and occlusive vascular
disease. They are posited to have endothelial actions that
reduce atherosclerotic plaque development37,38 but their ef-
fectiveness in reducing stroke in patients with ICA disease
has not been adequately studied in therapeutic trials. Mr V
is now taking a �-blocker, metoprolol, 25 mg/d. Some
consideration might be given to adding an ACE inhibitor
depending on his blood pressures when home. It is not
currently possible to quantify the benefit of adding an ACE
inhibitor or angiotensin receptor blocker to the present
regimen.

Box 1. Signs of Internal Carotid Artery Disease

Neck

High-pitched, focal, long bruit at the internal carotid artery
origin

Face

Increased angular, brow, cheek (ABC) pulses10,11

Frontal artery sign12

Increase in size and pulsations in the ipsilateral superficial
temporal artery

Retina

Cholesterol crystals13

Platelet thromboemboli14

Retinal infarctions

Reduced caliber of arteries

Less-severe hypertensive changes

Venous stasis retinopathy15,16

Reduced retinal artery pressure
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Carotid Endarterectomy
Carotid endarterectomy has been shown to be clearly more
effective than best medical therapy in patients with neuro-
logically symptomatic, severe (70% luminal narrowing) ICA
stenosis.39-44 The medical therapy tested in trials was aspi-
rin and not warfarin. In the North American Symptomatic
Carotid Endarterectomy trial (NASCET), in patients with
high-grade stenosis, the relative risk reduction for surgery
vs medical therapy at 2-year follow-up for any ipsilateral
stroke was a striking 65%, and the absolute risk reduction
was 17% (number needed to treat to prevent ipsilateral stroke
over 2 years was 6).39 Endarterectomy not only removes the
obstructing lesion, dramatically augmenting flow, but also
removes the source of intra-arterial emboli. Endarterec-
tomy has also been shown to be moderately effective (num-
ber needed to treat of 15 to prevent 1 ipsilateral stroke in
NASCET) in selected patients with luminal stenosis in the
50% to 69% range.40-44 Patients must be carefully chosen in
relation to their risks because neurological and cardiac mor-
bidity and mortality are significant risks, and much de-
pends on the experience and morbidity/mortality record of
the operating surgeon.

The Carotid Endarterectomy Trialists Collaboration ana-
lyzed pooled data from the carotid endarterectomy random-
ized trials and reinforced the impressive benefit of surgery
in symptomatic patients with severe stenosis when oper-
ated on early after development of symptoms.43,44 Their analy-
sis showed that to prevent 1 ipsilateral carotid territory stroke
and operative stroke or death at 5 years, only 5 patients need
be treated, and only 14 need to be operated on to prevent 1
fatal or disabling ipsilateral stroke or operative stroke or death
at 5 years.43,44

In patients with very severe stenosis (sometimes called
“pseudo-occlusion”) or thrombi, surgical risk is much higher
and the benefit less.43-45 Mr V’s stenosis is very severe and
preocclusive.

The most important complications are ipsilateral stroke,
accelerated hypertension, hyperperfusion syndrome with
brain hemorrhage and edema after surgery, and myocar-
dial infarction. The location and nature and extent of the
carotid and other vascular disease also are factors in deter-
mining surgical risk, as are the presence of hypertension,
diabetes, smoking, chronic pulmonary disease, and con-
gestive heart failure.46 The stroke or death rate in the
pooled data collection of Rothwell et al43,44 was 7.1% at 30
days. The stroke and death rate of carotid endarterectomy
in series of symptomatic patients usually ranges between
5% and 10%.47 Mr V’s risk would fall at the high end,
nearer 10%, because of his coronary artery disease and pre-
occlusive lesion.

Endarterectomy of a tightly stenotic vessel results in a sud-
den large increase in blood flow. Capillaries, small arteri-
oles, and neurons are often damaged during ischemia. When
flooded with blood under high pressure, these vessels then
may bleed or leak fluid. The carotid sinus is also impaired
during endarterectomy, leading to failure of the carotid si-
nus reflex, and accelerated hypertension can develop in the
hours and days after carotid endarterectomy.48-51 Elevated
blood pressure and flooding of damaged vessels can lead to
brain hemorrhage and edema after carotid endarterec-
tomy.50,51 Blood pressure of patients undergoing carotid end-
arterectomy must be carefully monitored during the post-
operative period.

Carotid Artery Stenting

Although coronary artery angioplasty began much earlier,
Kerber et al52 reported the first endovascular treatment of
the carotid artery with balloon angioplasty in 1980.53 By
1995, a review of worldwide experience among 523
patients claimed favorable results: 96.2% technical success,
2.1% morbidity, 6.3% transient minor complications, and
no deaths.54 Operator experience influenced the technical
success and treatment outcomes: centers with limited
experience (�50 cases) reported nearly twice the rate of
complications (5.9% vs 2.6%) than those with more sub-
stantial experience.53-55 Since then, technology has contin-
ued to change, with stenting preferred to simple angio-
plasty, and a variety of emboli protection strategies being
used. Methods to prevent cerebral embolization during
carotid instrumentation include (1) temporary balloon
occlusion of the ICA distal to the stenosis followed by
aspiration or lavage of the treatment area; (2) placement of
a filter distal to the treatment zone that permits passage of
blood components but not particles or debris; and (3) flow
reversal by temporary occlusion of the ICA proximal to
the treatment zone, encouraging retrograde blood flow
away from the brain. Reviews show that patients with dis-
tal protection devices during carotid angioplasty/stenting
have better outcomes reported than those treated without
these devices, but no randomized trials have been per-
formed.56,57

Box 2. Criteria for Biological Activity of a Carotid
Artery Lesion*

A clinical episode of transient or persistent brain or eye
ischemia

Neurological signs referable to the appropriate cerebral hemi-
sphere

An ipsilateral brain infarction on computed tomography or
magnetic resonance imaging

Ophthalmoscopy showing a Hollenhorst plaque, other reti-
nal emboli, or retinal infarctions

Transcranial Doppler ultrasound showing microemboli
in the intracranial branches of the stenotic internal
carotid artery

*Based on author’s clinical experience.
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Carotid Endarterectomy vs
Carotid Angioplasty/Stenting
In addition to stent registries, 5 randomized trials58-63 have
compared surgery and endovascular treatment (TABLE). The
Carotid and Vertebral Transluminal Angioplasty Study (CA-
VATAS) was a large, prospective, randomized, multicenter
trial that compared carotid endarterectomy with carotid an-
gioplasty in patients with a symptomatic stenosis of at least
70%.58,59 Patients “unsuitable for endarterectomy” were ran-
domized to receive angioplasty with or without stenting or
best medical treatment. Among 504 patients randomized to
surgery or angioplasty during 5 years, the rate of any stroke
lasting more than 7 days or death within 30 days of first treat-
ment was 10% to 12% in both the surgical and angioplasty
groups and the rate of disabling stroke or death within 30
days of first treatment was 6% in both groups. Stents were
used in only 22% of patients. The rate of restenosis in the
endovascular group was twice that in the surgical cohort
(18% vs 9%, respectively).56

The Carotid Revascularization Using Endarterectomy or
Stenting Systems (CARESS) trial compared carotid endar-
terectomy with carotid stenting with protection devices in
patients with carotid stenosis of at least 50% if sympto-
matic and at least 75% if asymptomatic.60 The study en-
rolled 439 patients (254 with surgery and 143 with stent-
ing). More than 90% of patients had more than 75% stenosis;
approximately one-third were symptomatic. The 30-day com-
bined all-cause mortality and stroke rate did not differ by
Kaplan-Meier estimate between surgery (2%) and stenting
(2%), and combined 30-day all-cause mortality, stroke, and
myocardial infarction did not differ significantly between
surgery (3%) and stenting (2%).60

The Stenting and Angioplasty With Protection in Pa-
tients at High Risk for Endarterectomy (SAPPHIRE)61 trial
compared carotid stenting using an embolic protection de-
vice with endarterectomy in 334 surgically “high-risk” pa-
tients with more than 50% symptomatic stenosis or more
than 80% asymptomatic stenosis. Only 30% of patients en-
rolled were symptomatic. “Clinical equipoise” (stent or sur-

gery) was required for randomization. The authors con-
cluded that stenting with distal embolic protection was not
inferior to endarterectomy (P=.004 for noninferiority). More-
over, the results narrowly missed the mark for statistical su-
periority of stenting (P=.05). Overall the risk of stroke, death,
or myocardial infarction at 30 days was 39% lower with stent-
ing. The risk of ipsilateral stroke or death was 7.9% lower
with stenting at 1 year. Fewer patients with stents required
a second procedure than those who had endarterectomy.61

However, the small differences did not persist. The results
of 3 years of follow-up demonstrated no significant differ-
ences between the 2 groups.64

SAPPHIRE was the first trial to show the efficacy of dis-
tal embolic filtration protection during stent-supported an-
gioplasty. The SAPPHIRE study was limited by the exclu-
sion from randomization of 55% of patients who were
considered poor surgical candidates, a number that ap-
pears high to surgeons.65 Additionally, more than 20% of
patients in each group had recurrent stenosis following a
prior endarterectomy, a condition that potentially favors en-
dovascular treatment. Myocardial infarction was included
in the composite end point but was not included in other
trials.

The SPACE trial included 1183 German, Austrian, and
Swiss patients with symptomatic eye or brain ischemia and
more than 50% ipsilateral carotid artery stenosis who were
randomized to carotid surgery (n=599) or carotid artery
stenting (n=584).62 Choice of protection devices, predila-
tation, balloon size, and stents was left up to the interven-
tionalists. Only 27% of patients with stents had protection
devices, but end points did not differ among those treated
with and without protective devices. The rate of death or
ipsilateral ischemic stroke at 30 days was 6.34% with sur-
gery and 6.84% with stenting, a clinically and statistically
nonsignificant difference. Older patients and women tended
to do worse with either treatment.62

In a French trial of carotid endarterectomy vs stenting
(EVA-3S), the stroke and death rates were higher in the stent
group than in the surgical group.63 The stroke or death fre-

Table. Selected Results of Carotid Endarterectomy (CEA) vs Carotid Angioplasty/Stenting (CAS) Trials

Source No. of Participants Entry Criteria Operator Criteria
30-Day Outcome

of Stroke and Death, %

CAVATAS,58,59 2001 CEA: 246
CAS: 240

(22% had stents)

Symptomatic: �70% stenosis
CAS if unsuited for surgery

Not stated CEA: 10
CAS: 10

CARESS,60 2003 CEA: 254
CAS: 193

Symptomatic: �50% stenosis
Asymptomatic: �75% stenosis

(32% were symptomatic)

CEA: 50 surgeries per 3 y,
�6% stroke and death

CAS: 20 stents,
�6% stroke and death

CEA: 2
CAS: 2

SAPPHIRE,61 2004 CEA: 167
CAS: 167

Symptomatic: �50% stenosis
Asymptomatic: �80% stenosis

(30% were symptomatic)

CEA: 30 surgeries per y
CAS: Reviewed by committee

(Including myocardial infarction)
CEA: 20.1
CAS: 12.2

SPACE,62 2006 CEA: 595
CAS: 605

Symptomatic: �50% stenosis CEA: 25 surgeries
CAS: 25 surgeries

CEA: 6.34
CAS: 6.84

EVA-3S,63 2006 CEA: 259
CAS: 261

Symptomatic: �60% stenosis CEA: 25 surgeries
CAS: 5 surgeries

CEA: 3.9
CAS: 9.6
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quency at 30 days was 3.9% in the endarterectomy group
and 9.6% in the group receiving stents.66 Five different stents
and 7 different protection devices were used; in about 20%
of instances (mostly at the beginning of the trial), protec-
tion devices were not deployed. The requirements for prior
experience of the interventionalists who performed the stent-
ing were less restrictive than in other trials.63

Complications and adverse events have been tabulated
after stenting procedures. Hoffman and colleagues re-
viewed the risk scores for peri-interventional complica-
tions of carotid artery stenting derived from a prospective
registry of 606 consecutive patients treated at a “secondary-
care hospital” in Austria.57 The acute stroke rate was 3% (in-
cluding 13 minor and 5 major periprocedural nonfatal
strokes), and the death rate was 1.3%, including 4 fatal
strokes. Diabetes with poor glycemic control, age older than
80 years, ulceration of the carotid artery, and a severe con-
tralateral carotid artery stenosis were the major risk factors
for periprocedural complications. Patients treated with dis-
tal protection devices fared better than those who did not
have protection devices.57

A large, ongoing multicenter trial, the Carotid Revascu-
larization Endarterectomy vs Stent Trial (CREST), sup-
ported by the National Institute of Neurological Disorders
and Stroke, recruited patients in the United States and Eu-
rope, but the results have not yet been analyzed.67

Reflections on the Trials and Suggestions for Mr V

Unfortunately, the results of the trials reviewed, as is true
in many neurological conditions,68-70 do not yield much help
in choosing treatment for complex individuals such as Mr
V. The field of carotid artery angioplasty/stenting is a mov-
ing target, with new stents, protection devices, and tech-
niques added annually. There is a significant learning curve
for individuals performing the procedure. Outcomes of both
carotid endarterectomy and angioplasty/stenting depend on
patient selection, nature of the ICA lesions, presence, loca-
tion, and severity of other vascular occlusive disease, and
on the training, experience, and skill of the individual per-
forming the procedure. In my experience, the location of
the carotid lesion, its length, whether the lesion is smooth
or irregular, calcified, echolucent (implying a soft, active
plaque), or echodense (implying a calcified, inactive plaque)
and whether there is any accompanying ulceration or throm-
bus is important in estimating the efficacy and risk of sur-
gery and interventional treatments. None of the therapeu-
tic trials analyzed results regarding the nature of the carotid
artery lesions other than the severity of stenosis.

It is naive to think that one treatment fits all, that 1 of
the 2 treatments is always superior. Each procedure might
be better suited for certain carotid and cerebrovascular
lesions in patients with certain neurological situations and
certain comorbidities. I posit that patients with long
lesions, smooth lesions, and very high bifurcations, espe-
cially those with coronary artery disease, might better be

treated using interventional stent techniques. Patients with
focal irregular ulcerated lesions, especially those without
important coronary artery disease, might better be treated
surgically. Surgeons now learn both direct surgical and
interventional techniques so that they can fit the preferred
technique for an individual patient to the lesion and the
patient.

Mr V’s ICA lesion is relatively long and extends high
into the artery, necessitating disarticulation of the jaw to
reach the full plaque surgically. Moreover, he has severe
coronary artery disease and is very fearful of surgery. Sur-
gery is not a good solution for him. The risk of ipsilateral
stroke, myocardial infarction, or death probably is in the
range of 10%. Carotid artery stenting also has problems.
The lesion, although relatively smooth, creates a severe
preocclusive stenosis, so that passage of a protective device
past the lesion poses a problem without first dilating the
artery. Flow reversal protection is an option, but the tech-
nique is relatively new and untested. His peripheral artery
disease and potential aortic atherosclerosis might make
arterial access difficult and risky. The right brachial artery
could provide access to the right ICA. Stent placement
would require prolonged intensive antiplatelet therapy, a
possible problem with his past gastrointestinal bleed. I
would depend on the opinion of the potential interven-
tionalist as to the risks of an angioplasty/stenting proce-
dure in Mr V.

Aggressive medical treatment is a viable option. Increas-
ing his statin treatment to 80 mg/d and adding an ACE in-
hibitor or angiotensin receptor blocker should be consid-
ered whether or not he has a procedure to open the ICA. If
medical treatment alone is decided on, I favor continuing
warfarin to prevent a red thrombus from forming in the ste-
notic ICA and embolizing to the brain. If surgery is de-
cided on, treatment of his coronary artery disease, if fea-
sible, should be performed before surgery to lessen the
operative risk.

QUESTIONS AND DISCUSSION
QUESTION: How should patients with no evidence of active
disease be evaluated?

DR CAPLAN: I participated in a Clinical Crossroads 12
years ago concerning management of asymptomatic
carotid artery disease.71 Since then, more information is
available about prognosis. The risk of stroke in patients
with asymptomatic carotid stenosis is about 2% to 2.5% a
year.72 Even when the artery occludes, many patients have
no symptoms. When symptoms occur, they are often in
the form of 1 or more TIAs. Many patients with severe
carotid artery disease have serious comorbidities, includ-
ing coronary artery disease, and the risk of surgery equals
or exceeds the natural history. Asymptomatic patients by
definition do not feel better after surgery. If they have a
complication of the surgery, such as stroke or myocardial
infarction, it occurs at that time, whereas their risk of
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developing a stroke occurs over the course of years. A
postsurgical stroke at age 75 years is very different from a
naturally occurring stroke 10 years later at age 85 years. I
do not advocate aggressive surgical treatment of asymp-
tomatic patients. I attempt to optimize medical treatment,
as discussed for Mr V.

QUESTION: The Asymptomatic Carotid Atherosclerosis
Study, often used to justify treatment of asymptomatic pa-
tients,73 shows that operating on those patients, even if they
have relatively high-grade stenosis, reduces the risk of TIA
but does not reduce the occurrence of major strokes. So there
really is not a strong rationale for operating on those pa-
tients, even if you find a lesion at 70%. For that reason, I
question whether individuals should even be studied by ul-
trasound.

DR CAPLAN: The options are either to not do anything
interventional for anybody who has no symptoms or to
choose among asymptomatic patients those who are at high-
est risk. This might be done by looking at the nature of the
lesion. Echolucent, irregular, heterogeneous lesions are more
biologically active. The presence of microemboli detected
by transcranial Doppler ultrasound or brain infarction are
posited to increase risk. It is probably wrong to never in-
terventionally treat any asymptomatic patients. But it is also
wrong to treat all of them.
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