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Carotid Endarterectomy Plus Medical Therapy or Medical Therapy Alone for
Carotid Artery Stenosis in Symptomatic or Asymptomatic Patients:

A Meta-Analysis
Joanne Guay, MD, FRCPC,* and E. Andrew Ochroch, MD, MSCE†
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Objective: The purpose of this study was to compare ca-

rotid endarterectomy (CEA) plus medical therapy (MT) with

MT alone for symptomatic and asymptomatic patients suf-

fering from carotid artery stenosis in terms of long-term

stroke/death rate.

Design: A meta-analysis of parallel randomized, controlled

trials (RCTs) (blind or open) published in English.

Setting: A university-based electronic search.

Participants: Patients suffering from carotid artery steno-

sis symptomatic or not.

Interventions: Patients were subjected to CEA plus MT or

MT alone.

Measurements and Main Results: For asymptomatic pa-

tients, 6 RCTs comprising 5,733 patients (CEA � 2,853 and

MT � 2,880) were included. CEA did not affect the stroke/

eath risk for asymptomatic patients (risk ratio [RR] � 0.93;
endarterectomy” limited to “English” AND “human” [4,875 hits], (2)

ournal of Cardiothoracic and Vascular Anesthesia, Vol 26, No 5 (October)
or symptomatic patients, 2 RCTs were included. They had

,627 patients (CEA � 3,069 and MT � 2,558) of whom 2,295

atients (CEA � 1,213; MT � 1,082) had severe stenosis

North American Symptomatic Carotid Endarterectomy Trial

NASCET] technique >50% and European Carotid Surgery

rial technique >70%). CEA decreased the stroke/death risk

nly for patients with severe stenosis (RR � 0.69; 95% CI,

.59-0.81; p < 0.001 [random effects model]; I2 � 0% on the

odds ratio and 17% on the RR [benefit or harm side]; number

needed to treat � 11 [95% CI, 8-17]).

Conclusions: CEA is helpful for recently symptomatic pa-

tients with carotid artery stenosis >50% (NASCET tech-

nique) but adds no benefit in terms of stroke/death for

asymptomatic patients.

© 2012 Elsevier Inc. All rights reserved.
5% confidence interval [CI], 0.84 to 1.02; I2 � 0%; p � 0.14). KEY WORDS: carotid endarterectomy, stroke, death
INTRODUCED IN 1954 by Eastcott et al,1 carotid endarter-
ectomy (CEA) has been proposed as the gold standard for the

reatment of carotid artery stenosis in symptomatic patients (eg,
ransient ischemic attack [TIA], nondisabling stroke, or retinal
nfarction within the last 6 months) and asymptomatic patients (eg,
easonable option) provided that the patient has a 5-year life
xpectancy and that the combined stroke/death rate at 30 days is
ower than 6% for symptomatic patients and lower than 3% for
symptomatic patients.2 Asymptomatic is defined as the absence
f symptoms of an ipsilateral stroke or a TIA within the last 6
onths and may include patients with a previous contralateral or

ertebrobasilar stroke or a TIA. Medical therapy (MT) should
onsist of at least antiplatelet drugs for patients with a noncardio-
mbolic ischemic stroke or a TIA associated with carotid athero-
clerosis; treatment of arterial systemic hypertension; statin agents
argeting low-density lipoprotein (LDL) of 100 mg/dL, for those
ith coronary heart disease or symptomatic atherosclerotic disease

nd LDL of 70 mg/dL for very high-risk persons with multiple
isk factors; intensive insulin treatment for type-1 diabetic patients;
nd cessation of smoking.3,4

However, recommendations in favor of CEA plus MT versus
MT alone are based on randomized, controlled trials (RCTs)
only published up to 2004.2 Therefore, it seems appropriate to
challenge these recommendations. The purpose of the present
meta-analysis was to compare CEA plus MT with MT alone for
symptomatic and asymptomatic patients suffering from carotid
artery stenosis in terms of long-term stroke/death (ie, the pa-
tient died of any cause or is alive but suffered from any type of
stroke).

METHODS

A search for all RCTs published in English comparing CEA plus MT
with MT alone in patients with carotid artery stenosis was performed in
the American National Library of Medicine’s PubMed in August 2011
with the following terms: (1) “carotid artery stenosis AND carotid
Randomize* OR Randomized trial* OR Double blind* OR Placebo*
OR Clinical trial* OR Randomized OR Controlled trial[Publication
Type] OR Controlled clinical trial[Publication Type] OR Meta-analysis
OR Review OR Systematic review [1,960,535 hits], and (3) 1 and 2 �
1,779 hits. The references lists of all articles retrieved and the ones of
the recent previous meta-analysis on the topic also were checked.2,3,5,6

When data were published in more than one report, available reports
were consulted, but the study (not the report) was considered the unit;
therefore, no study was considered more than once. As recommended
by the Cochrane Collaboration, the RCTs were judged on the informa-
tion contained in the reports without any assumption of the following:
(1) adequate sequence generation (quasi-randomized studies were re-
jected); (2) allocation concealment (inability of the person who was
recruiting the patient to know in advance to what group the patient
would be assigned); (3) blinding of patients, the personnel, and the
assessor for the 2 outcomes of interest; (4) incomplete outcome data
addressed (clear description of the fate of all patients included in the
study); (5) free of selective reporting (outcomes of interest clearly
available for all patients included in the study); and (6) free of other
bias (any other possible factor that could have influenced the results).
Data were extracted in texts, tables, or figures as required. Only real
data (no estimated figure) were considered. Unless specified otherwise,
stroke included all strokes originating from any cerebral vessels (isch-
emic or hemorrhagic) from any territory (and not just ischemic strokes
originating from the ipsilateral carotid artery). Death included deaths
from any cause. Data were analyzed with RevMan 5 (for the risk of bias
assessment) (Version 5.0; The Nordic Cochrane Centre, Copenhagen,

From the *Department of Anesthesiology, University of Montréal,
Montreal, Quebec, Canada; and †University of Pennsylvania Health
System, Philadelphia, PA.

Address reprint requests to Joanne Guay, MD, FRCPC, Department
of Anesthesia, Maisonneuve-Rosemont Hospital, 5415, L’Assomption
Boulevard, Montreal, Quebec, Canada H1T 2M4. E-mail: joanne.
guay@umontreal.ca

© 2012 Elsevier Inc. All rights reserved.
1053-0770/2605-0014$36.00/0

doi:10.1053/j.jvca.2012.01.044

835, 2012: pp 835-844

mailto:joanne.guay@umontreal.ca
mailto:joanne.guay@umontreal.ca


Table 1. Characteristics of Included Studies for Asymptomatic Patients

Study (Reference) Patients Degree of Stenosis
Type of Anesthesia/Type of

Surgery Medical Therapy Follow-up

ACAS7*
CEA � 825
MT � 834
M � 66%
F � 34%
Mean age � 67 y (range, 40-79);
9% did not receive the assigned

treatment (intention-to-treat)
data collection between
December 1987 and
December 1993

Patient with symptoms within the last 45
days or conditions likely to produce
significant mortality or morbidity or
render follow-up difficult within the 5-y
period are excluded. Side of higher
degree of stenosis taken for the study
(no patient entered twice).

Smoker: CEA � 28% v MT � 24%
Diabetes: CEA � 25% v MT � 21%
HT: CEA � 64% v MT � 64%
MI � 21%
Cancer: CEA � 12% v MT � 10%

�60% stenosis (diameter reduction)
confirmed arteriographically before
surgery but after randomization.
Patients randomized on other
methods and found not operable
after the arteriogram were kept in
their group (1.2% stroke rate from
arteriography). Contralateral
nonoperated symptomatic carotid
lesion CEA � 22% v MT � 27%.

Contralateral occlusion: CEA � 10% v
9%

Not standardized: operated within
2 wks of randomization; 45
local/regional anesthesia and
673 general anesthesia or both;
356 shunted; 240 patch
closures; 12 without
intraoperative coagulation
modifier; 221 intraoperative
EEG monitoring;

Surgeons had to perform at least
12 CEAs/y with combined
neurologic morbidity and
mortality �3% for
asymptomatic patients and 5%
for symptomatic patients

Aspirin, 325 mg daily plus risk
factor-reduction counseling
on hypertension, obesity,
hyperlipidemia, diabetes
mellitus, tobacco or ethanol
abuse, sedentary lifestyle,
use of estrogen compounds,
and polycythemia for both
groups. Compliance
evaluated by pill count.

Median follow-up of
2.7 y. Follow-up
missing for 11
patients of MT and 9
for CEA

ACST-18

ISRCTN26156392
CEA � 1,560
MT � 1,560
M � 66%
F � 34%
Data collection between April

1993 and July 2003.
Intention-to-treat
229 patients randomized to MT

had been operated within 5 y
and 407 had been so within
10 y.

No known illness preventing long-term
follow-up. Excluded if smooth calcified
carotid plaque, major life-threatening
disease other than stroke, recent acute
myocardial infarction, intracerebral
neoplasia or aneurysm, restenosis from
previous CEA.

Diabetes: CEA � 20% v MT � 23%
HT: CEA � 44% v MT � 42%
Cholesterol �250 mg/dL: CEA � 27% v

27% ischemic heart disease
(nondiabetic): CEA � 26% v 27%.

57 patients were operated on more than
once.

Smoking status unknown

Ultrasound evaluation, �60% (diameter
reduction as defined by NASCET†)
uni- or bilateral.

11.3% patients included had prior
ipsilateral carotid artery symptoms
but dating of more than 6 mo before

Contralateral nonoperated symptomatic
carotid lesion CEA � 10% v MT �

9%.
Contralateral occlusion: CEA � 9% v 8%.

Not standardized: surgeons with at
least 50 prior CEAs with a 30-d
stroke/death rate �6%; only
half had surgery within a
month of randomization.

Contralateral CEA during study
time: CEA � 4% v MT � 2.8%

MT for smoking, HT, diabetes,
obesity, hyperlipidemias,
polycythemia and ischemic
heart disease in both
groups. Routine
postoperative antiplatelet
therapy (aspirin mainly).

Mean follow-up of 3.4 y
taken as 3 y.

Follow-up also available
at a median of 9 y.

CASANOVA9

CEA � 204 had uni-or bilateral
(n � 23) surgery depending
on the findings);

MT � 170 with unilateral
stenosis not operated on and
32 patients with bilateral
disease operated on 1 side
only. Intention-to-treat
analysis. 16 patients of CEA
and 52 patients of MT had
further CEA during the study.

Between 1982 and 1988. 99%
followed for the entire study
time.

Exclusion of patients with: 90% degree of
stenosis; prior surgery of carotid
stenosis within the last 3 mo;
myocardial infarction within the last 6
mo; any contraindication to
acetylsalicylic acid; renal failure
(creatinine 1.5 mg%); dementia of any
type; other severe disease limiting life
expectancy (eg, tumor).

HT � 60%
Smoking � 26%
Diabetes � 30%
Hypercholesterolemia � 50%
CHD � 43%
Bilateral stenosis � 15%

Greater than 50% and �90% (ECST
criteria†). Mandatory arteriography
before surgery

Aspirin, 330 mg, and dipyridamole
3 times daily for 3 y in both
groups. Compliance controlled
by urinary tests. Regimen
poorly tolerated by patients,
continued with lower aspirin
doses or dipyridamole alone. At
3 years, 89% are still on
medication, taking at least 1 pill
of aspirin (62%) or
dipyridamole alone (28%).

Surgeons selected in
universities and large
teaching hospitals.

Techniques unspecified.

Follow-up of 3 y
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Table 1. Characteristics of Included Studies for Asymptomatic Patients (Cont’d)

Study (Reference) Patients Degree of Stenosis
Type of Anesthesia/Type of

Surgery MT Follow-up

MACE10‡
CEA � 36 uni- or bilateral

surgery.
MT � 35
Intention-to-treat
April 1988 to December 1990
No lost to follow-up.
9 CEA patients not operated for

various reasons (including
occurrence of stroke in 1) and
2 MT operated

Excluded if: �79 y of age, women of child
bearing age or �18 years old; unstable
angina or myocardial infacrtion within
6 mo; cancer or another illness likely to
be terminal within 3 y; dementia;
nonatherosclerotic carotid disease;
polycythemia, renal insufficiency;
uncontrolled HT or diabetes; and prior
cerebral or retinal ischemic disease or
ipsilateral CEA.

HT: CEA � 63% v MT � 64%
MI: CEA � 14% v 19%
Current smoking: CEA � 31% v MT � 25%
Hyperlipidemia: CEA � 66% v 44%
Diabetes: CEA � 14% v MT � 19%

�50% linear or �75% area on
ultrasound or intravenous digital
substraction angiography but no
occlusion. Most stenotic segment v
normalized above or below.

Mandatory arteriography before
surgery.

EEG monitoring Aspirin, 80 mg/d, in the MT
group only, no aspirin in
CEA group unless
prescribed for known
cardiac disease; compliance
assessed by urine tests for
both groups. Other
antiplatelet drugs or
warfarin allowed and said to
be comparable across the 2
treatment groups.
Treatment of HT,
hyperlipidemia, and
diabetes in both groups.

Mean follow-up 23.6 mo.
Premature termination

by order of the data
and Safety Monitoring
Committee.

VACS11

CEA � 211
MT � 233
men only mean age 64.5 y (64.1

v 64.7)
1983-1991
intention-to-treat
For CEA, 8 patients had staged

bilateral procedures, and 8
were not operated on.

Patients in the MT group
operated on appearance of
symptoms.

Previous CEA, cerebral infarction, high
surgical risks, and life expectancy �5 y
excluded

Current smoker: CEA � 25% v MT � 21%
Diabetes: CEA � 14% v MT � 12%
HT: CEA � 30% v MT � 28%
MI: CEA � 13% v MT � 11%
8 patients of the surgical group have been

included twice in the study.

�50% of diameter (75% cross-sectional
area) (least diameter v place where
the diameter has become uniform)
confirmed arteriographically in both
groups with 14.6% (CEA � 15% and
MT � 14%) previous contralateral
symptomatic carotid lesion

�10 days of randomization
No surgeon criteria selection

Aspirin in both groups; 650 mg
bid (57%) or 325 mg daily
(27%) according to
tolerance.

Compliance assessed by pill
counts at each follow-up
visit. Dose lowered in 27%
and aspirin stopped in 16%.

Mean 47.9 � 27.9 mo
(planned 5 years), taken

as 4 years.
35 lost to follow-up: CEA

� 20 MT � 15

WRAMC12

CEA: 15
MT: 14
Patients of MT group operated

on appearance of symptoms.
In CEA, 2 not operated: 1

developed FV during
arteriography and another
refused arteriography; 1 had
repeated CEA.

Patients judged to be an unacceptable risk
for arteriography/surgery; scheduled
for major operations, contralateral
symptomatic disease; previous CEA
were excluded.

HT: CEA � 30% v MT � 79%
Smoking: CEA � 67% v MT � 79%
Diabetes: CEA � 27% v MT � 0%
Hyperlipidemia: CEA � 13% v MT � 7%

Abnormal neck bruit plus abnormal
OPPG.

Arteriography in CEA group only.

Aspirin, 650 mg twice a day in
the MT only.

Mean follow-up of 3
years

Abbreviations: ACAS, Asymptomatic Carotid Atherosclerosis Study; ACST-1: Asymptomatic Carotid Surgery Trial; CASANOVA, Carotid Artery Stenosis With Asymptomatic Narrowing Operation Vs Aspirin Study; MACE, Mayo
Clinic Trial; VACS, Veterans’ Affairs Cooperative Study; WRAMC, Walter Reed Army Medical Center; CEA, carotid endarterectomy; GA, general anesthesia; HT, hypertension; MI, previous myocardial infarction; MT, medical therapy
alone; OPPG, ocular pneumoplethysmography; RA, regional or local anesthesia; EEG, electroencephalogram; M, male; F, female.

*Study halted by the data Safety and Monitoring Board after a 2.7-year median follow-up because of a projected 5.9% absolute risk reduction at 5 years favoring CEA.
†A NASCET 70% stenosis corresponds to an 82% ECST stenosis (formula: ECST � [0.6 � NASCET] � 40).
‡Recruitment prematurely stopped because of a high rate of myocardial infarction (22%) in the surgical group in whom aspirin was withheld.
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838 GUAY AND OCHROCH
Denmark) and Comprehensive Meta Analysis version 2.2.044 (http://
www.Meta-Analysis.com). Heterogeneity was assessed by the I2 value.
Numbers needed to treat or harm were calculated on the odds ratios
(OR) (http://www.nntonline.net/visualrx/).

RESULTS

Asymptomatic Patients

The search produced 6 RCTs, including 5,733 patients (CEA �
2,853 and MT � 2,880) for asymptomatic patients.7-12 The char-
cteristics of the trials relevant to asymptomatic patients are given
n Table 1. None of the studies had applied a complete medical
reatment as to actual standards. The quality of the studies is
ummarized in Figure 1. The definitions used for the diagnosis of
stroke for each study are given in Table 2. CEA does not affect

he stroke/death risk for asymptomatic patients (risk ratio [RR] �
.93; 95% confidence interval [CI] � 0.84 to 1.02; I2 � 0%; p �
.14; Fig 2). There was no relationship between the year when the
riginal report was published and the effect size (log odds ratio; p
alue of the slope of the meta-regression � 0.81; Fig 3). For these
studies, the overall stroke/death rates for follow-ups between 2

nd 3.4 years were CEA of 29.7% and MT of 28.3%. For the
symptomatic Carotid Surgery Trial (ACST)-1 study, a follow-up
p to 10 years (median � 9 years; interquartile range, 6-11 years)
s available.13 Data for combined stroke/death rates are not pro-
ided. The number of nonperioperative strokes was 39 and 68 for
EA and MT, respectively, for a total number of 56 for CEA and
1 for MT. Half of the strokes were disabling ones (ie, the person
ill require assistance for daily life activities) for the survivors

RR � 0.79; 95% CI, 0.56-1.11; p � 0.18). The total number of
eaths (including the perioperative mortality) was higher for CEA
571 for CEA and 502 for MT; RR � 1.14; 95% CI, 1.03-1.25;
� 0.01).

ymptomatic Patients

For symptomatic patients, the search produced 5 trials.14-18

One study was excluded from the analysis because it included
patients operated on for other vessels than the carotid artery and
stenosis from 30% and higher without the possibility to selec-
tively extract the outcomes of interest (stroke/death rate for
severe [�70%] carotid artery stenosis).15 One trial used a
urgical technique that is no longer in use (ie, femorocarotid
ypass for all patients) and also was excluded.17 For 1 study,

follow-up is available for only 11.9 months.18 Two trials that
included 5,627 patients (CEA � 3,069 and MT � 2,558) were
etained for the analysis (Tables 3 and 4; Fig 4). For a stenosis
50%, adding CEA was either of no benefit or harmful (Fig 5).

or stenosis between 50% and 69%, trying to add the data of
his category from those 2 trials gave a high amount of heter-
geneity (I2 � 94%). The technique of measurement for the

degree of stenosis in those 2 trials was different. The formula
for equivalence was as follows: European Carotid Surgery Trial
(ECST) � (0.6 � North American Symptomatic Carotid End-
arterectomy Trial [NASCET]) � 40. Therefore, a 50% degree
of stenosis in the NASCET trial was equivalent to a 70%
stenosis in the ECST trial. If the group of 50% to 69% of the
NASCET trial was regrouped with the severe stenosis of the
ECST trial, then the RR of this subgroup would be 0.69 (95%

CI, 0.59-0.81; p � 0.001 [random effects model]; I2 � 0% on
the OR and 17% on the RR [benefit or harm side]; Fig 5). This
new subgroup contained 2,295 patients (CEA � 1,213 and
MT � 1,082). The number needed to treat calculated on the OR
is 11 (95% CI, 8-17). The classic fail safe number (ie, the
number of missing negative studies required to bring the p
value to 0.05) is 19. The stroke/death rates at 2 to 2.7 years of
follow-up were 20.9% for CEA plus MT and 30.4% for MT

Fig 1. The quality of the studies relevant to asymptomatic carotid

artery stenosis assessed with the Cochrane Collaboration tool. None

of the studies had applied a complete medical treatment as to actual

standards. For the Asymptomatic Carotid Atherosclerosis Study, re-

sults are only available for a median time of 2.7 years. The red dot at

risk of other bias indicates that longer time results are imputed

instead of measured results. However, for the present meta-analysis,

imputed results were not retained. For ACST-1, only half of the

patients randomized to surgery were operated on within a month,

and the smoking status was not given. By study design, the Carotid

Artery Stenosis With Asymptomatic Narrowing Operation Vs Aspirin

Study (CASANOVA) imposed the surgical risk to a high number of

patients allocated to MT (n � 118). In the Mayo Clinic Trial (MACE)

study, aspirin was withheld from the surgical group, and there was

no restriction on other antiplatelet drugs or antivitamin K and no

systematic intervention to alter blood coagulation in the surgical

group. In the Walter Reed Army Medical Center (WRAMC) study,

aspirin was withheld for the surgical group. (Color version of figure is

available online.)
alone.

http://www.Meta-Analysis.com
http://www.Meta-Analysis.com
http://www.nntonline.net/visualrx/
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DISCUSSION

Results found here differ significantly from the following
American Academy of Neurology’s recommendation: “It is
reasonable to consider CEA for patients between the ages of 40
and 75 years and with asymptomatic stenosis of 60 to 99% if
the patient has an expected 5-year life expectancy and if the
surgical stroke or death frequency can be reliably documented
to be �3% (Level A).”2 Results from the RCTs available
rovide a follow-up between 2 and 4 years, with the exception
f ACST-1, which gives a follow-up of 9 years. When consid-
ring all available data, there is no evidence that CEA provides
ny benefit to the patient in terms of any stroke/death risk. The
enefit of CEA in asymptomatic patients recently has been
uestioned on the basis that an improvement in MT may
vercome the small benefit of CEA added to MT in this
opulation.19 However, in the present meta-analysis, there was
o effect of time on the effect size (Fig 3), implying that the
bsence of benefit from the surgery in asymptomatic patients
annot be imputed to a better use of medical therapy. Some
rior conclusions (eg, those of the Asymptomatic Carotid Ath-

Fig 2. A forest plot for CEA plus MT or MT alone for asymptomatic

Table 2. Definitions Used for Stroke in S

Study (Reference) Stroke

Asymptomatic
ACAS7 Duration of more than 24 h or with new CT cha

was included or not.
ACST-18 Duration of more than 24 h or with new CT cha

was included or not.
Casanova9 Duration of more than 24 h, not clear if retinal i
MACE10 Duration of more than 24 h or with new CT cha
VACS11 Duration of more than 24 h, retinal infarction in

WMARC12 Duration of more than 24 h, retinal infarction in

Abbreviations: ACAS, Asymptomatic Carotid Atherosclerosis Study
Stenosis With Asymptomatic Narrowing Operation Vs Aspirin Stud
WRAMC, Walter Reed Army Medical Center.
a follow-up between 2 and 4 years (p � 0.15).
rosclerosis Study [ACAS]) were based, in part, on imputed
ong-term results extrapolated from medium-term results.7

These assumptions failed to take into account that this popu-
lation has an overall short life expectancy. It could be argued
that only ischemic strokes occurring in the territory of the
operated carotid artery and perioperative death or perioperative
death plus nonperioperative deaths secondary to strokes should
have been considered. However, it was the opinion of the
authors that no matter the reason for the stroke or death, these
events should be included. Indeed, if the study population (ie,
patients suffering from a carotid artery stenosis symptomatic or
not) is at too high of a risk of dying or suffering a stroke of any
nature in any other territory any time soon after the surgery,
then the intervention would be considered an unnecessary risk
for the patient. The number of cardiovascular and cancer deaths
in this population during a 5-year interval may by far exceed
the number of stroke-related deaths whether they are perioper-
ative or not. As an example, in the ACST-1 study, which had
a mean follow-up of 3.4 years only, the number of cardiovas-
cular, cancer, and other deaths was 237 for CEA versus 204 for

nts. Adding CEA does not change the overall stroke/death rate with

s That Included Asymptomatic Patients

Patients With Other Possible Causes of
Emboli Excluded From the Study

not clear if retinal infarction Unclear

not clear if retinal infarction Yes

ion was included or not. Unclear
including retinal infarction. Yes

d. Yes (patients with chronic
anticoagulant therapy
excluded)

d. Unclear

T-1, Asymptomatic Carotid Surgery Trial; CASANOVA, Carotid Artery
CE, Mayo Clinic Trial; VACS, Veterans’ Affairs Cooperative Study;
patie
tudie

nges,

nges,

nfarct
nges,
clude

clude

; ACS
y; MA
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840 GUAY AND OCHROCH
MT in a cohort of 3,120 patients.8 These numbers easily erased
any benefit (short- or long-term) of CEA, which produced 27
perioperative (30-days all causes) and nonperioperative stroke-
related deaths versus 46 for MT.8 At 10 years, mortality was
even higher in the CEA group than in the MT group.13 Al-
hough it was said that smoking counseling would be per-
ormed, the smoking status, which is an important risk factor
or both death and stroke, of the patients included in the
CST-1 study was not published.
The authors also decided not to consider TIAs. A TIA may

erve as a warning sign before proceeding to surgery but will
ot leave any permanent damage to the patient in itself. Previ-
us authors have argued that TIAs are associated with an
ncreased risk of stroke and that therefore reducing them would
e beneficial. However, the present analysis is more definitive
ecause it includes enough patients to be able to eliminate a
ifference in the more important outcomes, those that will last
ie, the number of patients with strokes/deaths). Therefore, it
llows to directly determine an outcome difference in stroke/
eath rather than relying on a surrogate (TIA). All strokes,
inor and major, were entered because even minor strokes may

ffect the quality of life of the patients as measured by the
6-item Short-Form Health Survey at 1 year.20

The 2007 average lifetime cost of a CEA was estimated to be
$35,200, and for carotid artery stenting (CAS) it was $52,000
(not including the cost of clopidogrel, ultrasound examinations,
follow-up visits at clinics, and other indirect costs).21 Accord-
ing to the 2006 Nationwide Inpatient Sample, which includes
20% of all US discharges from nonfederal hospitals, approxi-
mately 90% of interventions were performed on asymptomatic
patients.22 The average rate of these procedures per 1,000

edicare patients in 2007 was estimated to be 2.5 for CEA and
.6 for CAS.23 Thus, for asymptomatic patients, CEA has an

average cost of $79,200 per 1,000 Medicare patients (2.5 �
90% � $35,200), and CAS represents a cost of $28,188 per
1,000 Medicare patients (0.6 � 90% � $52,000). The total cost
f an intervention for asymptomatic carotid artery stenosis
epresented $107,388 per 1,000 Medicare patients ($107.39 per
atient) in 2007. On a national basis, this amounts to $3.7
illion for Canada (Canadian population � 34 million) and

33.4 billion for the United States (US population � 311
illion). Those are substantial amounts of money for interven-
ions for which no definite evidence of benefit can be found in
he present medical literature.

For symptomatic patients, data extraction was limited to a
eriod of 5 years or less because there would not be any benefit
xpected from a CEA on a symptomatic patient beyond 2 to 3
ears.16 This study confirms that recently symptomatic patients
ay benefit from CEA in terms of stroke/death (number needed

o treat � 11; 95% CI, 8-11). Certain conditions are required.
atients included in those studies were recently symptomatic
�6 months). After a certain amount of time, the risk of a

Fig 3. A meta-regression for

asymptomatic patients. There was no

relationship between the year when

the original report was published and

the effect size (log odds ratio); p value

of the slope of the meta-regression �

0.81.

Fig 4. The quality of the studies relevant to symptomatic carotid

artery stenosis assessed with the Cochrane Collaboration tool. The

quality of those 2 studies is excellent. (Color version of figure is
available online.)
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841CAROTID ENDARTERECTOMY FOR CAROTID ARTERY STENOSIS
further stroke after a TIA or a minor stroke decrease with time,
possibly because of some healing of a fragile plaque.14,16 If a

ajor stroke is to be avoided, the patient should go to surgery
s soon as possible as described in those 2 major trials unless,
f course, the patient has progressive neurologic damage.14,16

Finally, to compensate for the initial increased risk associated
with the surgery, the patient has to have a reasonable life
expectancy. Here, the benefit was clear with a 2-year follow-up.
Also, the risks associated with the surgery itself have to be low.
The 30-day stroke/death rates of the 2 trials were 3.7% and
5.6%.14,16 This is consistent with a rate below 4% as in 3 other
ecent major trials.20,24,25 Finally, this study confirmed that a

cutoff in the degree of stenosis is required to make CEA
worthwhile; patients with a low degree of stenosis would have
no benefit and even, potentially, could be harmed by the pro-
cedure (Fig 5). Here, it becomes tricky because the amount of
stenosis varies according to the technique used to measure it. A
50% degree of stenosis would be required to consider the
patient a candidate for CEA if the NASCET technique is used,
whereas a 70% degree is required if the ECST technique is
used.

Some authors have suggested that CEA would be of limited
benefit for symptomatic patients with near occlusion, whereas
others consider that an emergency intervention is required for
preocclusive carotid stenosis or carotid occlusion in patients
with an acute stroke, a stroke in evolution, or a crescendo TIA
(multiple repetitive events within a 24-hour period that do not
respond to antiplatelet therapy).4,6 Among all the possibilities,
this urgent intervention may include CEA for acute stroke
depending on the context.4 Surgery (endarterectomy of the
ommon and external carotid artery with transection and flush
igation of the internal carotid artery) with the addition of oral
nticoagulation also is advocated in patients with occlusion and
ecurrent neurologic or ocular symptoms.4 Immediate operative

re-exploration also is indicated for early postoperative throm-

Fig 5. A forest plot for CEA plus MT or MT alone for symptomatic p

a severe stenosis (NASCET technique >50% and ECST technique >7

0% on the OR and 17% on the RR [benefit or harm side]; number ne
bosis at the endarterectomy site.4 Patients with carotid artery n
cclusion are also at a higher risk of a perioperative cerebro-
ascular accident if they undergo cardiac surgery.4 The present

meta-analysis did not allow any specific conclusion on these
subgroups to be made. For patients with a contralateral occlu-
sion, CEA may be associated with a better outcome if the
surgery is performed under regional anesthesia as opposed to
general anesthesia.26,27 The benefit of CEA for women also has
een questioned by some authors.6 Women and individuals
ith small carotid arteries are at a higher risk of early neuro-

ogic events and late restenosis.4 Because there is some evi-
ence to suggest that carotid patch angioplasty may reduce the
isk of perioperative arterial occlusion and restenosis and
ould appear to reduce the risk of ipsilateral stroke with a
onsignificant trend toward a reduction in any perioperative
troke rate and all-cause case fatality, patch angioplasty may be
he answer to this objection.28 Both the NASCET and the ECST

trials were performed before the widespread use of statins.
However, it is highly improbable that statins could abolish the
effect of CEA in symptomatic patients. In the present meta-
analysis, CEA reduced the stroke/death rate by approximately
10% (ie, from 30.4% to 20.9% after 2-2.7 years). Statins have
no demonstrable effect in terms of risk reduction within the 1st
year of their introduction and will reduce the stroke rate (fatal
and nonfatal) by 1.4% (from 5.7% to 4.3%) and any death by
1.8% (from 14.7% to 12.9%) after 5 years.29

The conclusions that CEA would benefit only symptom-
atic patients and not asymptomatic ones agree with those of
Nagaki et al30 who, using a Markov model, found that the
number of quality-adjusted life years that asymptomatic
patients would obtain from CEA would be very low. CAS
has been proposed as an equivalent to CEA. However,
results from RCTs failed to establish CAS as an equiva-
lent.31 Compared with CAS, CEA reduced the RR of stroke
t 30 days (RR � 0.50; 95% CI, 0.38-0.67; p � 0.000002;
vent rate � 2.8% and 5.6%) without any statistically sig-

ts. Adding CEA decreases the stroke/death risk only for patients with

R � 0.69 [95% CI, 0.59-0.81]; p < 0.001 [random effects model]; I2 �

to treat � 11 [95% CI, 8-17]).
atien
ificant effect on the death rate.



Table 3. Characteristics of Included Studies for Symptomatic Patients

Study (Reference) Patients Degree of Stenosis
Type of Anesthesia/Type

of Surgery Medical Therapy Follow-up

ECST14

1981-1991 for mild and severe
stenosis and to 1994 for
moderate stenosis.

CEA � 1,811 (62 no surgery
within a year)

MT � 1,213 (42 operated
within a year)

Intention to treat

Randomized only if no definitive
indication for surgery or
medical therapy was present.

TIA or minor stroke �6 mo (eye
or brain). Excluded if poor
general health; previous CEA;
poor distal vessel;
vertebrobasilar events only.

Previous stroke: mild � 61%;
severe � 50%;

diabetic: mild and severe � 9%
previous MI/angina: Mild �

13%, Severe � 27%
MI (moderate) � 12%

Maximal narrowing/estimated
diameter of normal carotid
bulb for 3 subgroups:*

1. 0%-29%
2. 30%-69%
3. 70%-99%
Not occlusion.
Arteriography or IV digital

angiography. Excluded if
occluded, previously
operated or presence of a
more severe lesion
distally.

Surgery could be delayed
4-6 wk after a recent
stroke.

MT for HT and counseling for
cigarette smoking, aspirin
(CEA � 77% v MT � 79%), other
antiplatelet drugs
(CEA � 16% v MT � 18%),
anticoagulants (CEA � 6% v.
MT � 8%), lipid-lowering drugs
(CEA � 6% v MT � 8%).

Mean 2.7 y for mild and
severe and 4.5 y for
moderate stenosis.

NASCET16

1988-1991 for �70%
Patients incorrectly enrolled

(0.5%) excluded. Crossover
patients (CEA � 1; MT �

21) excluded from analysis
after the switch.

1998-1996 for moderate
stenosis (�70%): CEA �

1,108, MT � 1,118
(including 425 patients:
CEA � 212 and MT � 213
with stenosis �30%);
crossovers: CEA � 1.9%
and MT � 7.9%).

Brain or eye TIA or nondisabling
strokes within the past 120
days.

Excluded if �79 y, disease likely
to cause death within 5 y,
cerebral infarction in the
territory of interest
susceptible to deprive the
patient of any useful function
in this territory, prior
ipsilateral CEA, uncontrolled
diabetes or HT, recent MI of
less than 6 mo, progressive
neurologic signs,
contralateral CEA �4 mo or
major surgery �30 days.

For severe stenosis, MI � 18%;
HT � 61%; diabetes 19%;
hyperlipidemia 23%; cigarette
smoking 35% (all balanced
across groups except number
of patients with diastolic �95
mmHg for CEA 13% v 8%)

Maximal narrowing/distal site
with parallel vessel walls
beyond any poststenotic
dilatation.* Stenosis �30%
proximal to the 2nd
cervical vertebral body
from atherosclerotic
disease, adequate distal
vessel, no occlusion on
arteriography.

The center has to show a
30-day stroke/death
rate �6%.

Surgical technique,
including anesthetic
method and the use of
intraoperative
monitoring, shunting,
and patch grafting are
left to the discretion of
the surgeon but are
recorded.

Patients with severe
stenosis operated with
a median of 2 days
after randomization.

Aspirin, 1,300 mg/d, (severe � 96%)
or any antiplatelet drugs (severe
� �99%, others 98%), treatment
of HT (severe � 56% others �

68%), diabetes, and
hypercholesterolemia (moderate
or less � 40%), smoking
counseling.

None lost to follow-up
for �70%, average
1.5 y.

Mean follow-up 5 y for
�70% for 99.9% of
the patients.

Abbreviations: NASCET, North American Symptomatic Carotid Endarterectomy Trial; ECST, European Carotid Surgery Trial; GA, general anesthesia; HT, hypertension; MI, myocardial infarction; RA, regional or local anesthesia;
IV, intravenous.

*A NASCET 70% stenosis corresponds to an 82% ECST stenosis (formula: ECST � [0.6 � NASCET] � 40).
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In conclusion, the present meta-analysis provides evidence
that CEA is helpful for recently symptomatic patients with a

Table 4. Definitions Used for Stroke in

Study (Reference) Stroke

Symptomatic
ECST14* Clinical syndrome characterized by rapi

and/or signs of focal or global injury
hemorrhage), loss of cerebral functio
to death with no apparent other caus

NASCET16 �24 h, a lesion with the appearance of
identified on a computed tomograph
a stroke unless appropriate signs or s
beyond 24 hours.

Abbreviations: NASCET, North American Symptomatic Carotid En
endarterectomy; MT, medical therapy alone; GA, general anesthe
anesthesia.

*For inclusion in the study, symptoms could involve the eye or the
50% (NASCET technique equivalent to 70% ECST technique) d

REN

herapy in asymptomatic carotid stenosis. Stroke 22:1229-1235, 1991

s
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egree of carotid artery stenosis or more and with at least 2
ears of life expectancy but adds no benefit in terms of stroke/

s That Included Symptomatic Patients

Patients With Other Possible Causes of
Emboli Excluded From the Study

veloping symptoms
a and subarachnoid
ing �24 h or leading
n vascular origin.

Yes

hemic infarction
n is not recorded as
oms have persisted

Yes but strokes of cardioembolic
origin accounted for 4.8 (CEA)
and 8.4% (MT) of the patients
with stenosis �70%.

rectomy Trial; ECST, European Carotid Surgery Trial; CEA, carotid
T, hypertension; MI, myocardial infarction; RA, regional or local

n.
eath for asymptomatic patients.
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