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Summary
Background If carotid artery narrowing remains asymptomatic (ie, has caused no recent stroke or other neurological 
symptoms), successful carotid endarterectomy (CEA) reduces stroke incidence for some years. We assessed the long-
term eff ects of successful CEA.

Methods Between 1993 and 2003, 3120 asymptomatic patients from 126 centres in 30 countries were allocated equally, 
by blinded minimised randomisation, to immediate CEA (median delay 1 month, IQR 0·3–2·5) or to indefi nite 
deferral of any carotid procedure, and were followed up until death or for a median among survivors of 9 years 
(IQR 6–11). The primary outcomes were perioperative mortality and morbidity (death or stroke within 30 days) and 
non-perioperative stroke. Kaplan-Meier percentages and logrank p values are from intention-to-treat analyses. This 
study is registered, number ISRCTN26156392.

Findings 1560 patients were allocated immediate CEA versus 1560 allocated deferral of any carotid procedure. The 
proportions operated on while still asymptomatic were 89·7% versus 4·8% at 1 year (and 92·1% vs 16·5% at 5 years). 
Perioperative risk of stroke or death within 30 days was 3·0% (95% CI 2·4–3·9; 26 non-disabling strokes plus 
34 disabling or fatal perioperative events in 1979 CEAs). Excluding perioperative events and non-stroke mortality, stroke 
risks (immediate vs deferred CEA) were 4·1% versus 10·0% at 5 years (gain 5·9%, 95% CI 4·0–7·8) and 10·8% versus 
16·9% at 10 years (gain 6·1%, 2·7–9·4); ratio of stroke incidence rates 0·54, 95% CI 0·43–0·68, p<0·0001. 62 versus 104 
had a disabling or fatal stroke, and 37 versus 84 others had a non-disabling stroke. Combining perioperative events and 
strokes, net risks were 6·9% versus 10·9%  at 5 years (gain 4·1%, 2·0–6·2) and 13·4% versus 17·9% at 10 years (gain 
4·6%, 1·2–7·9). Medication was similar in both groups; throughout the study, most were on antithrombotic and 
antihypertensive therapy. Net benefi ts were signifi cant both for those on lipid-lowering therapy and for those not, and 
both for men and for women up to 75 years of age at entry (although not for older patients). 

Interpretation Successful CEA for asymptomatic patients younger than 75 years of age reduces 10-year stroke risks. 
Half this reduction is in disabling or fatal strokes. Net benefi t in future patients will depend on their risks from 
unoperated carotid lesions (which will be reduced by medication), on future surgical risks (which might diff er from 
those in trials), and on whether life expectancy exceeds 10 years.

Funding UK Medical Research Council, BUPA Foundation, Stroke Association.

Introduction 
Asymptomatic patients with substantial (eg, 60–90%) 
carotid artery narrowing but no recent neurological 
symptoms are at increased long-term risk of ischaemic 
stroke, especially in parts of the brain supplied by that 
artery (the ipsilateral carotid territory). Carotid 
endarterectomy (CEA) can remove the arterial narrowing, 
but the procedure itself causes some immediate risk of 
stroke or death. 

The fi rst Asymptomatic Carotid Surgery Trial 1 
(ACST-1; study protocol on webappendix pp 12–35) 
randomly assigned patients during 1993–2003 to 
immediate CEA or deferral of any carotid artery 
procedure until a more defi nite indication was thought 
to have arisen, and followed them up until 2006–08. 
In 2004, ACST-1 reported the medium-term benefi ts of 

CEA during the fi rst few years after randomisation.1 
(Earlier trials2,3 had shorter follow-up.) This Article 
describes the immediate hazards and 10-year benefi ts 
of CEA, subdividing the benefi ts by participants’ 
characteristics and medical treatment.

Methods 
Study design and patients 
In asymptomatic patients with substantial carotid artery 
narrowing, ACST-1 compared immediate CEA versus 
deferral. All other aspects of treatment were left to the 
clinician, but usually included long-term antithrombotic 
therapy, antihypertensive therapy, and, particularly in 
recent years, lipid-lowering therapy. Use of these 
medical treatments was recorded at randomisation and 
at yearly follow-up. 126 centres in 30 countries took 

See Online for webappendix
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part, each with a neurosurgeon or vascular surgeon 
(selected as previously described1) and an independent 
neurologist or stroke doctor. Ethics approval was 
obtained both internationally and at each centre, and all 
patients provided written informed consent. 

Patients were eligible if: (1) they had severe unilateral 
or bilateral carotid artery stenosis (generally carotid 
artery diameter reduction at least 60%, although there 
was no fi xed minimum percentage); (2) this stenosis 
had not caused stroke, transient cerebral ischaemia, or 
any other relevant neurological symptoms in the past 
6 months; (3) no circumstance or condition precluded 
long-term follow-up; and (4) doctor and patient were 
both substantially uncertain whether to choose 
immediate CEA or deferral of any CEA. The use of the 
uncertainty principle to defi ne ACST eligibility is fully 
described in the study protocol (webappendix pp 18 and 
36) and elsewhere.1,4

Randomisation and masking 
By use of minimised randomisation, the Clinical Trial 
Service Unit (CTSU; Oxford, UK) allocated patients 
equally to immediate CEA or deferral of any carotid 
surgery. Collaborating doctors telephoned or faxed the 
patients’ identifi ers and characteristics to the CTSU. 
Once these data were entered the patient was irrevocably 
in the trial, and the CTSU computer then generated a 
random allocation. This method minimised trial-wide 
imbalances within groups of age, sex, and percent 
stenosis, but was not aff ected by the collaborating doctor’s 
location, so no foreknowledge of the treatment allocation 
was possible. When defi nite or probable strokes were 
reported, the London trial offi  ce sought medical records 
(or death records) through collaborating doctors for 
blinded review by the endpoints committee. There was 
no prespecifi ed data analysis plan (except that the 
protocol-specifi ed aim was to improve stroke-free survival 
time; webappendix p 14). 

Procedures 
Carotid artery stenosis was recorded as percentage 
luminal diameter reduction (assessed with duplex 
Doppler ultrasound by local criteria, which were 
generally as defi ned by the North American Symptomatic 
Carotid Endarterectomy Trial [NASCET3]), and was 
usually rounded to 60%, 70%, 80%, or 90%. Plaque 
echolucency was recorded in some patients. During the 
fi rst few years some also had angiography, but this 
procedure was not a requirement. 

CEA was to be done as soon as routinely possible. 
Surgeons’ normal operative techniques were used; 
shunting during surgery to maintain perfusion was 
optional, and anaesthetic technique was decided locally. 
Patients allocated deferral were not to be treated unless 
they later developed carotid territory symptoms or some 
other indication for surgery (or unless the doctor or 
patient changed their mind). Both groups were to 

receive appropriate medical care. Postoperatively, 
patients were assessed before discharge by the 
independent neurologist or stroke doctor. Tests for 
silent myocardial infarction were not routinely done. 
Follow-up was scheduled at 4 months and 12 months, 
and then yearly until 2006–08, irrespective of any non-
fatal strokes. It used forms completed by local doctors 
for the fi rst 5 years after randomisation, then forms 
completed centrally from telephone contact with them. 
Both forms recorded any CEAs, their perioperative 
morbidity, any strokes or deaths, blood pressure, and 
current drug treatment (drug type, but not drug name 
or dose). Yearly carotid ultrasound was requested for 
only the fi rst 5 years after randomisation. UK patients 
were fl agged with the Offi  ce of National Statistics, so 
death certifi cates came automatically; elsewhere, 
mortality reporting was mainly through collaborating 
hospitals. Enquiries were made about all patients who 
died to ensure that no strokes had been missed.

Outcome classifi cation 
The primary outcomes were perioperative mortality and 
morbidity (death or stroke within 30 days) and non-
perioperative stroke. Copies of post-mortems and brain 
scan reports were requested centrally from collaborators. 
The event summary, masked to treatment allocation 
(even for perioperative events), was sent to the endpoint 
review committee chair and one other member; 
disagreements were resolved by discussion. Strokes 
were classifi ed according to location (ipsilateral, 
contralateral, vertebrobasilar), cause (haemorrhagic, 
probably cardio embolic, other ischaemic [not only large 
artery but also lacunar, as defi ned in NASCET3]), and 

Figure 1: Trial profi le
CEA=carotid endarterectomy. *Not 112, as was reported in 2004. 

3120 patients randomised, 1993–2003

1560 allocated to immediate CEA 
(median time to CEA 1·0 months [IQR 0·3–2·5])
1388 (89%) CEA within 1 year

172 no CEA within 1 year*
75 patient or doctor changed mind
76 medical or technical reasons at 

preoperative assessment
19 died without CEA (not stroke) 

within 1 year
2 stroke without CEA within 1 year  

At scheduled time for last clinic follow-up:

90 not traced within past 2 years 
(includes 34 not followed up to year 5)
52 moved

8 refused
3 follow-up stopped after the first stroke

14 collaborator moved or died
13 collaborator refused after year 5

1560 allocated to deferral of any CEA
1445 (93%) no CEA within 1 year

115 CEA within 1 year + 292 CEA only later
47+114 patient or doctor changed mind
45+103 previous ipsilateral stroke 

(or transient cerebral ischaemia)
11+36 change in carotid lesion

8+30 non-carotid-related symptoms
4+9 with, or in preparation for, 

                                         cardiac surgery

At scheduled time for last clinic follow-up:

105 not traced within past 2 years 
(includes 36 not followed up to year 5)
53 moved

9 refused
3 follow-up stopped after the first stroke

17 collaborator moved or died
23 collaborator refused after year 5
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outcome after 6 months (non-disabling, disabling, 
fatal). Disability was Rankin score 3 or greater (at least 
moderate disability, needing help in daily aff airs); if a 
patient died of another cause within 6 months, the 
endpoint committee estimated previous stroke disability 
from clinical records. Most analyses were of fi rst strokes; 
analyses of worst strokes counted patients only once, 
and fatal strokes were those that caused death directly 
or indirectly (eg, via pulmonary embolism or 
pneumonia), irrespective of the delay between stroke 
and death. 

Statistical analysis 
Information is reported up to year 10, or previous loss to 
follow-up or death. Kaplan-Meier life-table methods5 
describe 5-year and 10-year stroke risks in all patients 
allocated immediate CEA (including the few who did not 
undergo it) and all allocated deferral (including those 
eventually operated on). Additionally, analyses are given 
of procedural risks in patients who actually underwent 
CEA, plus details of which strokes within the fi rst year 
were in patients who had not undergone CEA. In ACST, 
as in other trials of hazardous surgery, early risk may be 
followed by later benefi t, so the overall hazard ratio 
(immediate CEA vs deferral) will undergo gross 
fl uctuation, being unfavourable during the fi rst 
few months after entry (when most operations are being 

done) and favourable thereafter. Hence, when comparing 
life-tables that include early risk and later benefi t, 
standard proportional-hazard methods (which assume 
no gross fl uctuations in hazard ratios) are inappropriate. 
Some analyses, however, are restricted to non-
perioperative strokes, so log-rank p values and event rate 
ratios are appropriate.5 If the log-rank observed minus 
expected (O–E) has variance V, the stroke incidence rate 
ratio (RR) is calculated as exp([O–E]/V). 95% CIs are 
used for rate ratios and for binomial proportions.6 

This study is registered, number ISRCTN26156392.

Role of the funding source 
The sponsors of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. AH, EH, HP, and RP had full access 
to all the data in the study, and had fi nal responsibility for 
the decision to submit for publication. 

Results 
3120 patients entered the study between April, 1993, and 
July, 2003, with no signifi cant diff erences in baseline 
characteristics between those randomly allocated 
immediate CEA and deferral.1 Patients allocated 
immediate CEA underwent ipsilateral surgery within a 
median of 1 month (IQR 0·3–2·5; fi gure 1) of 
randomisation. Of those allocated deferral, an average of 
about 4% per year underwent CEA over the next decade 
(fi gure 2). Only about a third (148/407) of these operations 
were in patients who had had a new ipsilateral stroke or 
episode of transient cerebral ischaemia; the main other 
reason was that patients or doctors changed their minds, 
not that lesions changed (fi gure 1). Follow-up to death or 
at least year 3 is now 98% complete (3062/3120), and 
median follow-up in survivors is 9 years (IQR 6–11). 

Of patients allocated deferral, 26% (407/1560) 
underwent CEA within 10 years (table). The life-table 
estimate suggests that about a third would eventually 
have done so, had they survived; by 5 years after 
randomisation, about 92% versus 16% of those still 
without symptoms would have undergone CEA 
(fi gure 2 and table). Hence, the Kaplan-Meier estimates 
of the diff erences in 10-year outcome between those 
allocated immediate CEA and those allocated deferral 
indicate the diff erences in 10-year outcome that could be 
expected from operating before symptom onset on only 
about three-quarters (92% minus 16%) of patients 
allocated immediate CEA and on none of those 
allocated deferral. 

The perioperative hazards of CEA in patients allocated 
immediate CEA and in those allocated deferral did not 
diff er signifi cantly (overall risk 3·0% [60/1979], 95% CI 
2·4–3·9; table). There was no signifi cant heterogeneity 
between perioperative hazards in subgroups of age, sex, 
or extent of stenosis (data not shown), but this apparent 
homogeneity is not particularly informative since there 
were only 60 such events. National audits based on 

Figure 2: Allocated and actual use of CEA
CEA=carotid endarterectomy.
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much larger numbers would yield more stable estimates 
of how perioperative hazards depend on patient (and 
operator) characteristics. 

Median follow-up among survivors was 9 years 
(IQR 6–11). Figure 3 shows 10-year results for all strokes, 
including perioperative events, and for non-perioperative 
strokes, excluding mortality from causes other than CEA 
or stroke. In fi gure 3A the hazards of surgery are clearly 
seen, as are the subsequent benefi ts of successful surgery, 
and the absolute net benefi ts that are apparent by year 5 
are maintained to year 10. If all patients allocated 
immediate CEA had undergone it promptly and none of 
those allocated deferral had undergone CEA unless they 
had had a stroke or an episode of transient cerebral 
ischaemia, the overall diff erences would, in expectation, 
have been slightly greater. Of the 99 patients allocated 
immediate CEA who had a non-perioperative stroke, 11 
had not yet been operated on when their fi rst stroke 
occurred; some of these 11 strokes might have been 
avoided by immedi ate CEA.

Figure 3B ignores perioperative events, assessing the 
eff ects of treatment allocation only on non-perioperative 
strokes. The non-perioperative stroke incidence rate 
during the fi rst 5 years was approximately halved in 
patients allocated immediate CEA, and the absolute 
diff erence in risk at year 5 was still apparent at year 10.

The ratio of non-perioperative stroke rates in patients 
allocated immediate CEA versus those allocated deferral 
was 0·54 (95% CI 0·43–0·68, p<0·0001), corresponding, 
on average, to a 46% reduction in the stroke incidence 
rate. In webappendix p 7 the result is subdivided by the 
outcome of the worst stroke, and by the territory and 
cause of the fi rst stroke. More than half of the patients 
with stroke (166/287) died of or were disabled by stroke, 
and the proportional reduction in disabling or fatal 
stroke seemed to be similar to that for any stroke. For 
strokes of known laterality, the greatest absolute 
reduction was in ipsilateral strokes (38 vs 92 events, 
RR 0·43 [0·28–0·68], p<0·0001), but there was also a 
signifi cant reduction in other strokes (39 vs 64 con-
tralateral and 11 vs 23 vertebrobasilar). The reduction in 
contralateral strokes was separately signifi cant (p=0·01), 
was not attributable to any substantial diff erence in the 
use of contralateral CEA, and was largely independent 
of previous contralateral carotid symptoms or patency. 
The small numbers of haemorrhagic and of probably 
cardioembolic strokes did not seem to be aff ected by 
CEA (webappendix p 7). The main eff ect, as expected, 
was on ischaemic stroke (43 vs 104, including seven vs 
24 classifi ed as defi nitely lacunar).

The absolute eff ect of halving the background stroke 
rate depends on what that background rate would have 
been without surgery, which depends on what long-
term medical treatments are used. Figure 4 shows, by 
year, the proportions on various types of medical 
treatment (irrespective of whether patients were 
receiving those treatments when they entered the 

study). Long-term medical therapy did not diff er 
signifi cantly between the two groups (fi gure 4). Use of 
antihypertensive drugs increased during the study, 
whereas diastolic blood pressure decreased (from 
84·0 mm Hg [SD 10] in 1995 to 77·5 mm Hg [SD 11] in 
2005). Antithrombotic drug use (mainly aspirin) was 
common throughout the study, but use of lipid-lowering 
drugs increased from less than 10% to more than 80% 
(fi gure 4). Webappendix p 8 subdivides non-perioperative 
strokes not only by the randomly allocated surgical 
treatment but also by what long-term medical treatment 
the patient was receiving at the time of the stroke (ie, 
what treatment the patient was receiving at the last 
follow-up before the stroke). The stroke rate ratio (CEA 
vs not) seemed to be similar for patients on lipid-
lowering therapy and those not, but because the absolute 

Immediate CEA 
(n=1560)

Deferral of any 
CEA (n=1560)

Surgical compliance

Number of patients with 
any CEA

1425 (91·3%) 407 (26·1%)

Proportion with any CEA (%)*

Within 1 year 89·8% 7·5%

Within 5 years 92·4% 23·5%

Within 10 years 92·5% 34·1%

Proportion with non-symptomatic CEA (%)*

Within 1 year 89·7% 4·8%

Within 5 years 92·1% 16·5%

Within 10 years 92·2% 23·5%

Proportion with ipsilateral CEA (%)*

Within 1 year 88·9% 6·9%

Within 5 years 91·5% 21·3%

Within 10 years 91·6% 29·8%

Proportion with contralateral CEA (%)*

Within 1 year 2·9% 0·8%

Within 5 years 5·5% 4·0%

Within 10 years 7·7% 7·5%

Perioperative mortality and morbidity

Total number of CEAs† 1532 447

Stroke death 11 2

Cardiac death 5 0

Other death 1 1

Disabling stroke 9 5

Non-disabling stroke 18 8

Non-fatal myocardial 
infarction

10 1

Any perioperative stroke 
or death

44 16

% of total number of CEAs 
(95% CI)

2·9% (2·1–3·8) 3·6% (2·2–5·7)

This table includes only CEAs done within 10 years of randomisation. CEA=carotid 
endarterectomy *Kaplan-Meier time-dependent percentages; denominators at 
these times are shown in fi gure 2. †Ipsilateral or contralateral (bilateral=two CEAs) 
fi rst or subsequent CEAs.

Table: Surgical compliance, mortality, and morbidity
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stroke rates were lower in those on lipid-lowering 
therapy, the absolute diff erence in the stroke incidence 
rate produced by allocation to immediate CEA was not 
as great (0·7 vs 1·3% per year [p<0·0001] for those 
currently on lipid-lowering therapy, and 1·8 vs 3·3% per 
year [p<0·0001] for those not; webappendix p 8). Figure 
5 shows the estimated eff ects on 10-year outcome (in 
patients who do not die from other causes within the 
fi rst 10 years), analysing stroke rates according to both 
the allocated surgical treatment and current lipid-
lowering therapy. The event rates in patients on lipid-
lowering therapy suggest somewhat lower perioperative 
risks and lower absolute benefi ts, but still with a 
signifi cant reduction in net risk at year 10 (fi gure 5A). 

Webappendix p 9 further subdivides non-perioperative 
stroke rates by time since entry (white squares) and by 
patient characteristics at entry (black squares). As 
already noted, the main gains were during the fi rst 
5 years after entry, but there was no evidence that these 
early gains were lost in later years. The other subgroup 
analyses do not provide good evidence that the 
proportional risk reductions depend on initial patient 
characteristics (webappendix p 9). That does not 
mean the proportional risk reductions really are all 
identical, only that there is no trustworthy evidence 
of heterogeneity. 

Consider, for example, the age-specifi c eff ects of 
treatment allocation. The protective eff ects were 

signifi cant both for men and for women younger than 
75 years of age at entry (fi gure 6), but not for older 
patients (webappendix p 9). This apparent heterogeneity 
of eff ect could, however, have been due mainly to 
chance. If it was, then the overall results (fi gures 3 and 
5) might provide the best guide as to what to expect in 
men or women of any age, if mortality from causes 
other than stroke is ignored. At entry, however, the older 
patients were, on average, 78 years of age, so within 
10 years most of them would have died from causes 
other than stroke (webappendix p 11, which also shows 
that about 90% of all deaths in this study were not from 
stroke—indeed, there were almost fi ve times as many 
deaths from other vascular diseases as from stroke). 
Thus, expected 10-year gains would be greatly curtailed 
by intercurrent mortality in older patients, and 
somewhat curtailed even in younger ones. 

Combining perioperative or stroke mortality and other 
mortality, the total number of deaths within 10 years 
was not signifi cantly lower in patients allocated 
immediate CEA than in those allocated deferral of any 
CEA (17 vs three perioperative deaths [including 11 vs 
two from stroke], 39 vs 68 other stroke deaths [p=0·006], 
298 vs 267 other vascular deaths [p=0·15], 111 vs 101 
cancer deaths [p=0·44], and 145 vs 131 other deaths 
[p=0·33]; webappendix p 11). After year 10, there were a 
further three stroke deaths in each group and 48 versus 
54 other deaths.

Figure 3: 10-year risk of any 
stroke or perioperative death 

(A) and any non-
perioperative stroke (B) 

After year 10  there were no 
perioperative strokes and four 

immediate versus seven 
deferred fi rst strokes. 

CEA=carotid endarterectomy. 
py=per year.
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An apparently greater proportional risk reduction was 
recorded in patients with high cholesterol, mainly because 
prerandomisation cholesterol seemed (perhaps by chance) 
to be inversely related to the stroke rate in those allocated 
immediate CEA (webappendix p 9), but this fi nding was 
based on fairly small numbers of strokes. Among those 

allocated deferral, the patient characteristics recorded at 
entry (including age, sex, cholesterol, blood pressure, 
plaque echolucency, and extent of stenosis) seemed to be 
of remarkably little relevance to subsequent stroke rates 
(webappendix p 9), which depended only on whether they 
were currently on lipid-lowering therapy (fi gure 5). 

Figure 4: Current use (at or 
after randomisation) of 
various medical treatments 
by year of follow-up and by 
original treatment allocation 
(to immediate or deferred 
CEA)
CEA=carotid endarterectomy. 
DBP=diastolic blood pressure.
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Figure 5: 10-year risks, by 
current lipid-lowering 

therapy (at or after 
randomisation)

CEA=carotid endarterectomy. 
py=per year.
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Figure 6: 10-year risks for 
men and women younger 
than 75 years of age 
(mean 66) at entry 
CEA=carotid endarterectomy. 
py=per year.
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Discussion 
ACST-1 recruited more than 3000 patients with severe 
carotid artery stenosis that had not yet caused symptoms, 
randomly allocated them to immediate CEA or to deferral 
of any carotid procedure, and followed them up for a 
median of 9 years, which is much longer than in any 
previous trial reports.1–3 CEA caused some risk of 
perioperative stroke or death, but allocation to immediate 
CEA almost halved the non-perioperative stroke rate over 
the next 10 years. The characteristics recorded at entry of 
the patients and their carotid lesions were of little 
relevance to subsequent stroke rates, or to the eff ect of 
CEA. The eff ect of CEA was only on ischaemic strokes 
(including lacunar strokes, but not cardioembolic 
strokes); although the main eff ect was on ipsilateral 
stroke, contralateral stroke was also reduced, presumably 
through mechanisms involving the circle of Willis. 

During the trial, no diff erences in medical management 
were recorded between the two treatment groups. Most 
patients were on long-term antihypertensive and 
antithrombotic therapy. The population not on such 
therapy was too small to study separately, but that is not 
an important limitation because these treatments are 
eff ective and continue to be used widely. Nowadays, lipid-
lowering therapy is also used widely, but it was not in 
1993, when ACST-1 began. In ACST, the proportion of 
patients on lipid-lowering therapy rose from less than 
10% in 1993 to more than 80% when follow-up ended in 
2006–08. Both for patients on lipid-lowering therapy and 
for those not, allocation to immediate CEA roughly 
halved the non-perioperative stroke rate (webappendix 
pp 8 and 9). These two results are separately signifi cant, 
and reinforce each other. However, because those on 
lipid-lowering therapy had lower stroke incidence rates, 
the absolute benefi t from successful CEA is 
correspondingly smaller for them than for others 
(fi gure 5). 

Appropriate generalisation of results from surgical 
trials to future practice is indirect, because trial results do 
not directly assess risks or benefi ts for future patients. 
The procedural hazards in this trial (or in other particular 
case series) might well diff er from the hazards of CEA in 
future non-trial circumstances. Assessment of CEA risks 
in routine surgical practice will need large-scale, long-
term audits that continue to monitor perioperative 
morbidity in many hospitals in many countries. Audits 
can, if large enough, relate the hazards to the 
characteristics of the patient or lesion. The present report 
of 60 perioperative events in fewer than 2000 individuals 
makes only a small contribution to this monitoring of 
hazards, and cannot assess reliably the dependence of 
risk on patient characteristics. We note, however, that the 
3% morbidity rate in this series is similar to that for both 
men and women in some audits.7,8 The suggestion that 
procedural risks might be lower for patients on lipid-
lowering therapy also needs to be confi rmed in series 
much larger than ours.9–11 

Expected benefi ts depend on the likelihood that an 
unoperated asymptomatic lesion will eventually cause a 
serious stroke, and this risk can be substantially reduced 
by long-term medication, thereby reducing the expected 
benefi ts of surgery. These expected benefi ts also depend 
on the likelihood of death from unrelated causes over the 
next 10 years (which, considered separately, do not 
depend signifi cantly on treatment allocation but do 
depend strongly on age; webappendix p 11). For men and 
for women on moderately good long-term anti-
hypertensive, antithrombotic, and lipid-lowering drugs, 
the 10-year stroke rates in the absence of other causes of 
death might be about as in fi gures 5A and 5B. If, however, 
there was more than a 50% chance of dying from other 
causes within 10 years (as for those who were older than 
75 years at entry to the study), this absolute 10-year benefi t 
would be reduced by more than half, while leaving the 
surgical risk unchanged. Although good antihypertensive 
therapy would have further improved blood pressure 
control (fi gure 4) and modern statin regimens can reduce 
occlusive vascular event rates by more than a third,12–14 
patients with tight carotid stenosis cannot have the risk 
from it completely abolished by medical treatment alone. 
Hence, successful surgery could still usefully add to the 
eff ects of good medical therapy, especially in patients 
who would otherwise have more than 10 years of 
reasonable life expectancy.

Despite the increasing availability of newer methods, 
the duplex ultrasound techniques used in this trial are 
still representative of much current practice. The extent 
of stenosis indicated by them was, somewhat surprisingly, 
of little relevance to long-term stroke risk, either in this 
study or in the largest other such trial.2 Stenosis was 
recorded with strong digit preference, generally as 
60%, 70%, 80%, or 90% (with few values less than 60% 
and none greater than 99%). Although more moderate 
degrees of stenosis might, if untreated, also be associated 
with substantial hazard, ACST-1 did not study them. 
Factors associated with plaque rupture are incompletely 
understood; although moderately stenotic asymptomatic 
plaques can rupture, causing symptoms, they may 
remain unchanged for many years.15,16 Our measures of 
plaque echolucency were of little predictive value. Future 
non-invasive techniques might, however, establish more 
reliably which asymptomatic lesions are particularly 
risky, which could greatly improve patient selection for 
CEA (or for carotid stenting; CREST,17 SPACE-2,18 and 
ACST-219,20 are now comparing carotid stenting vs carotid 
surgery; see webappendix p 36). 

Calculations of the cost-eff ectiveness of CEA and of the 
number of patients that need to be treated to avoid one 
stroke should consider separately patients with short life 
expectancy and those with more than 10 years of 
reasonable life expectancy, because the potential long-
term benefi ts of CEA are sharply curtailed in those who 
have less than 10 years of life expectancy. Conversely, 
fi gure 5A (reinforced by the results in other subgroups) 
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suggests that, in patients with eff ective antihypertensive, 
antithrombotic, and lipid-lowering therapy and with little 
likelihood of death from other causes within 10 years, the 
absolute 10-year stroke reduction would be about 5%. If 
so, the number needed to treat to avoid one stroke would 
be about 20. Allowance for non-compliance might reduce 
this number to about 15 (because 92% rather than 100% 
underwent early CEA, and by year 5 about 16% of those 
allocated deferral had undergone elective CEA). 
Conversely, appropriate allowance for intercurrent 
mortality from unrelated causes would increase the 
number needed to treat, so in patients older than 75 years 
little net benefi t might be expected. For otherwise healthy 
men and women younger than 75 years, however, the 
results from this trial suggest net benefi t from CEA, as 
long as perioperative risks remain low.

Contributors
AH (principal investigator), MH, AM, RP, and DT designed the study. 

All authors participated in study conduct or long-term follow-up of 

patients. AH, EH, HP, and RP did the analyses and drafted the report, 

which all authors revised.

ACST collaborative group
Austria (30 patients): Innsbruck (G Fraedrich, C Schmidauer); Vienna 

(T H Hölzenbein, I Huk, M Haumer, G Kretschmer, V Metz, P Polterauer, 

H Teufelsbauer). Belgium (one patient): Antwerp (P Cras, J Hendriks, 

P Lauwers, P Van Schil). Brazil (two patients): Natal (E Barreto de Souza, 

M Emilio Dourado, G Gurgel, G Myrian Rocha). Bulgaria (six patients): 

Sofi a (V Petrov, G Slabakov [deceased]). Canada (30 patients): Halifax 

(M E Cooper, G Gubitz, R Holness, W Howes, R Langille, K Legg, 

S Nearing, G MacKean, M MacKay, S J Phillips, J Sullivan, J Wood). 
Croatia (two patients): Zagreb (L Erdelez, T Sosa [deceased]). Cyprus 
(13 patients): Nicosia (N S Angelides, G Christopoulos A Malikidou, 

A Pesta). Czech Republic (18 patients): Pilzen (Z Ambler, J Mracek, 

J Polivka, V Rohan, P Sevcik, J Simaná); Prague (V Beneš, F Kramár). 
Finland (18 patients): Helsinki (M Kaste, M Lepäntalo, L Soinne). France 

(two patients): Nimes (J-M Cardon, A Legalou). Germany (98 patients): 

Augsburg (B Gengenbach, K Pfadenhauer, K D Wölfl e); Berlin 

(I Flessenkämper, B F Klumpp, J Marsch); Düsseldorf (R Kolvenbach, 

T Pfeiff er, W Sandmann); Freiburg (F Beyersdorf, A Hetzel, K Sarai, 

J Schöllhorn, G Spillner); Giessen (H J Lutz); Heidelberg (D Böckler, 

N Maeder); Minden (O Busse, J Grönniger, F Haukamp); Mülheim an der 

Ruhr (K Balzer, H G Knoob, G Roedig, L Virreira); Würzburg (S Franke, 

R Moll, J Schneider). Greece (ten patients): Athens (J Dayantas, 

M N Sechas, S Tsiaza); Thessaloniki (D Kiskinis). Hungary (59 patients): 

Budapest (A Apor, C Dzinich, L Entz, K Hüttl, Z Jàrànyi, I Mogan, Z Nagy, 

A Szabo, D Varga); Miskolc (G Juhász, L Mátyás). Ireland (seven patients): 

Dublin (M Hutchinson, D Mehigan). Israel (245 patients): Ashkelon 

(Z Aladjem, E Harah, S Elmakias, D Gurvich , B Yoff e,); Haifa 

(H Ben-Meir, L Dagan, R Karmeli, G Keren, A Shimony, B Weller); 

Petah Tikva (R Avrahami, A Koren, J Y Streifl er, S Tabachnik, 

A Zelikovski). Italy (328 patients): Bari (D Angiletta, F Federico, 

G Impedovo, V Marotta, L Pascazio, G Regina); Bologna (A Andreoli, 

E Pozzati); Brescia (S Bonardelli, S M Giulini, B Guarneri); Caserta 

(P Caiazzo); Ferrara (F Mascoli); Genova (G Becchi, R Masini, E Santoro, 

G Simoni); L’Aquila (M Ventura, P Scarpelli, C Spartera); Milano (O Arena, 

M Collice, M Puttini, F Romani, I Santilli , V Segramora, R Sterzi); Padova 

(G Deriu, F Verlato); Perugia (P G Cao, E Cieri, P De Rango, L Moggi, 

S Ricci); Pescara (A Antico, F Spigonardo); Reggio Emilia (G Malferrari, 

N Tusini, E Vecchiati); Rome (A Cavallaro, H Kasemi, M Marino, 

E Sbarigia, F Speziale); Savona (N Zinicola [deceased]); Torrette di Ancona 

(F P Alò, M Bartolini, L Carbonari, S Caporelli, C Grili-Cicilioni, G Lagalla, 

G Ioannidis, G Pagliariccio, M Silvestrini ); Torino (D Palombo, 

F Peinetti); Trieste (R Adovasio, F Chiodo-Grandi, G Mase, F Zamolo); 

Udine (V Fregonese, N Gonano, L Mozzon). New Zealand (ten patients): 

Hamilton (R Blair, J Chuen, D Ferrar, M Garbowski, M J Hamilton 

C Holdaway, S Muthu, F Shakibaie, T M Vasudevan). Norway (47 patients): 

Oslo (A Kroese, C E Slagsvold); Trondheim (T Dahl, H J Johnsen, C Lange, 

H O Myhre). Poland (88 patients): Katowice (J Gniadek); Warsaw 

(P Andziak, M Elwertowski, J Leszczynski, A K Malek, J Mieszkowski, 

W Noszczyk, M Szostek, S Toutounchi). Portugal (13 patients): Porto 

(C Correia, M C Pereira). Russia (ten patients): Moscow (R S Akchurin). 
Slovenia (44 patients): Maribor (V Flis, K Miksic, B Stirn, E Tetickovic). 
Spain (196 patients): Barcelona (M Cairols, J M Capdevila, E Iborra-Ortega, 

V Obach, V Riambau, F Vidal-Barraquer, R Vila-Coll); Coruna 

(E Diaz-Vidal, J I Iglesias-Negreia, A Tovar-Pardo, R J Segura Iglesias); 

Galdakao (A F Alfageme, A Barba-Velez, L Estallo-Laliena, 

J C Garcia-Monco, L Rodriguez Gonzalez); Palma (C Corominas, J Julia, 

P Lozano); San Sebastian (J F Marti-Masso, R M Porta [deceased]); Vigo 

(A Rosendo Carrera, J Gomez). Sweden (532 patients): Göteborg 

(C Blomstrand, J Gelin, J Holm, L Karlström, E Mattsson); Helsingborg 

(S Bornhov, J Dahlstrom, G De Pedis, S M Jensen, H Pärsson, G Plate, 

P Qvarfordt); Kalmar (B Arvidsson, L Brattström, C Forssell, 

A Potemkowski [deceased], C Skiöldebrand, P Stoor); Linköping 

(M Blomqvist, M Calander, C Forssell, F Lundgren); Lund (H Almqvist, 

L Norgren, B Norrving, E Ribbe, J Thörne); Malmö (A Gottsäter, 

T Mätzsch, M E Nilsson); Norrkoping (C Forssell, M Lonsson, 

F Lundgren, B Stahre); Örebro (L Norgren, B Stenberg); Stockholm 

(P Konrad, L Jarl, L Lundqvist, P Olofsson, S Rosfors, C Skiöldebrand, 

J Swedenborg, R Takolander ); Uppsala (D Bergqvist, C Ljungman, 

H Pärsson). Switzerland (six patients): Bern (H W Kniemeyer, 

M K Widmer); St Gallen (R Kuster, R Kaiser, W Nagel, D Sege, B Weder). 
Netherlands (132 patients): Beverwijk (J De Nie, J Doelman, N Yilmaz); 

Eindhoven (J Buth, G Stultiens); Geldrop (J Boiten, A Boon, 

F van der Linden); Leeuwarden (D C Busman); Rotterdam 

(H A W Sinnige, T I Yo); Utrecht (G J de Borst, B C Eikelboom, 

L J Kappelle, F Moll, R W H van Reedt Dortland, T E Westra). Tunisia 

(11 patients): Montfl eury (H Jaber, J Manaa, R B Meftah, B R Nabil, 

T Sraieb). UK (1069 patients): Bath (D Bateman, J Budd, M Horrocks, 

M Kivela, L Shaw, R Walker); Belfast (A A B Barros D’Sa [deceased], 

K Fullerton, R Hannon, J M Hood, B Lee, K McGuigan, J Morrow, J Reid, 

C V Soong [deceased]); Birmingham (M Simms); Bristol (R Baird, 

M Campbell, S Cole, I T Ferguson, P Lamont, D Mitchell, A Sassano, 

F C T Smith); Cambridge (K Blake, P J Kirkpatrick, P Martin, C Turner); 

Cheshire (J F Clegg, M Crosley, J Hall); Chester (L De Cossart, P Edwards, 

D Fletcher, S Rosser); Dundee (P T McCollum, D Davidson, R Levison); 

Edinburgh (A W Bradbury, R T A Chalmers, M Dennis, J Murie, 

C V Ruckley, P Sandercock); Exeter (W B Campbell, T Frankel, 

C Gardner-Thorpe, N Gutowski, R Hardie, W Honan, P Niblett, A Peters, 

B Ridler, J F Thompson); Glasgow (I Bone, G Welch); Hereford 

(E C Grocott, P Overstall); Huddersfi eld (M I Aldoori, B E A Dafalla); Hull 

(J Bryce, C Clarke, P T McCollum, A Ming, A R Wilkinson); Leeds 

(J Bamford, D Berridge, J Scott); Leicester (R J Abbott, R Naylor); Liverpool 

(P Harris, P Humphrey); London (M Adiseshiah, M Aukett, D Baker, 

C C R Bishop, A Boutin, M Brown, P Burke, K G Burnand, A Colchester, 

L Coward, A H Davies, M Espasandin, A E B Giddings, G Hamilton, 

M Harrison, C Judge, S Kakkos, A Mansfi eld, C McGuiness, 

P Morris-Vincent, A Nicolaides, T S Padayachee, H Riordan, E Sullivan, 

P Taylor, D Thomas, M Thompson, J H N Wolfe); Manchester 

(C N McCollum, P A O’Neill, S Welsh); Newcastle (J Barnes, P Cleland, 

M Davis, A Gholkar, R Jones, V Jaykishnam, A D Mendelow, 

J E O’Connell, M S S Siddique, G Stansby, R Vivar); Plymouth (S Ashley, 

C Cosgrove, J Gibson, D C Wilkins,); Southampton (A D B Chant, 

J Frankel, C P Shearman, J Williams); Stirling (G Hall, R Holdsworth); 

Truro (J N Davies, B McLean, K R Woodburn); Wakefi eld (G Brown, 

P Curley, L Loizou). USA (16 patients): Detroit (S Chaturvedi, F Diaz). 
Yugoslavia (77 patients): Belgrade (D Radak, P R Todorovic). ACST offi  ce: 
D Kamugasha. Oxford CTSU: A Baxter, C Berry, J Burrett, R Collins, 

J Crowther, C Davies, B Farrell, J Godwin, R Gray, C Harwood, L Hirt, 

C Hope, S Knight, M Lay, A Munday, A Murawska, C G Peto, A Radley, 

S Richards.

Confl icts of interest
We declare that we have no confl icts of interest. 

Acknowledgments
The principal acknowledgment is to the patients who agreed to 

participate, and to the many collaborating doctors and trial staff  who 

spent much time achieving reliable long-term follow-up. Funding was 



Articles

1084 www.thelancet.com   Vol 376   September 25, 2010

from the UK Medical Research Council, Stroke Association, and BUPA 

Foundation. Randomisation and statistical support were provided by the 

Oxford Clinical Trial Service Unit (CTSU). Trial committees were 

reported previously.1

References
1 MRC Asymptomatic Carotid Surgery Trial (ACST) Collaborative 

Group. Prevention of disabling and fatal strokes by successful 
carotid endarterectomy in patients without recent neurological 
symptoms: randomised controlled trial. Lancet 2004; 363: 1491–502.

2 Executive Committee for the Asymptomatic Carotid Artery Study. 
Endarterectomy for asymptomatic carotid stenosis. JAMA 1995; 
273: 1421–28.

3 Rothwell PM, Eliasziw M, Gutnikov SA, et al, for the Carotid 
Endartectomy Trialists’ Collaboration. Analysis of pooled data from 
the randomised controlled trials of endarterectomy for symptomatic 
carotid stenosis. Lancet 2003; 361: 107–16.

4 Baigent C, Peto R, Gray R, Parish S, Collins R. Large-scale 
randomized evidence: trials and meta-analyses of trials. In: 
Warrell DA, Firth JD, eds. Oxford Textbook of Medicine, 5th edn. 
Oxford: Oxford University Press, 2010: 31–45.

5 Peto R, Pike MC, Armitage P, et al. Design and analysis of 
randomised trials requiring prolonged observation of each patient, 
part II: analysis. Br J Ca 1977; 37: 1–39.

6 Agresti A, Coull BA. Approximate is better than “exact” for interval 
estimation of binomial proportions. Am Stat 1998; 52: 119–26.

7 Halliday A, Lees T, Kamugasha D, et al. Waiting times for carotid 
endarterectomy in the UK: observational study. BMJ 2009; 
338: b1847.

8 Deutsche Gesellschaft fur Gefasschirurgie. Qualitatssicherung 
carotis-reconstruktionen. In: Jahrbuch Gefasschirurgie 2009. 
Berlin: Druckerei Conrad, 2009; 97–104.

9 White CJ, Anderson HV, Brindis RG, et al. The carotid artery 
revascularisation and endarterectomy (CARE) registry: objectives, 
design and implications. Catheter Cardiovasc Interv 2008; 71: 721–25.

10  American College of Cardiology (ACC) Foundation NCDR carotid 
artery revascularisation and endarterectomy (CARE) registry. 
http://www.ncdr.com/WebNCDR/CarotidStent (accessed 
July 19, 2010).

11 Sidawy AN, Zwolak RM, White RA, et al. Risk-adjusted 30-day 
outcomes of carotid stenting and endarterectomy: results from the 
SVS Vascular Registry. J Vasc Surg 2009; 49: 71–79.

12 Cholesterol Treatment Trialists’ (CTT) Collaboration. Effi  cacy and 
safety of cholesterol-lowering treatment: prospective meta-analysis 
of data from 90 056 participants in 14 randomised trials of statins. 
Lancet 2005; 366: 1267–78.

13 CTT Collaboration. Effi  cacy and safety of more intensive 
LDL-lowering therapy: meta-analysis of individual data from 
170  000 participants in 26 randomised trials. Lancet (in press). 

14 Dorigo W, Pulli R, Marek J, et al. Carotid endarterectomy in female 
patients. J Vasc Surg 2009; 50: 1301–07.

15 Mathiesen EB, Bonaa KH, Joakimsen O. Echolucent plaques are 
associated with high risk of ischemic cerebrovascular events in 
carotid stenosis: the Tromsø Study. Circulation 2001; 103: 2171–75.

16 Gray-Weale AC, Graham JC, Burnett JR. Carotid artery atheroma: 
comparison of pre-operative B-mode ultrasound appearance with 
carotid endarterectomy specimen pathology. J Cardiovasc Surg 1988; 
29: 676–81.

17 Brott TG, Hobson RW, Howard G, et al. for the CREST 
investigators. Stenting versus surgery for treatment of carotid artery 
stenosis. N Engl J Med 2010; 363: 11–23.

18 Reiff  T, Stingele R, Eckstein HH et al. for the SPACE-2 Study 
Group. Stent-protected angioplasty in asymptomatic carotid artery 
stenosis vs. endarterectomy: SPACE-2, a three-arm randomised 
controlled clinical trial. Int J Stroke 2009; 4: 294–99.

19 Rudarakanchana N, Dialynas M, Halliday A. Asymptomatic Carotid 
Surgery Trial-2 (ACST-2): rationale for a randomised clinical trial 
comparing carotid endarterectomy with carotid artery stenting in 
patients with carotid artery stenosis. Eur J Vasc Endovasc Surg 2009; 
38: 239–42.

20 ACST-2 collaborative group. ACST-2 protocol version 4.2; 
December, 2007. http://www.acst.org.uk (accessed Sept 8, 2010).


	10-year stroke prevention after successful carotid endarterectomy for asymptomatic stenosis (ACST-1): a multicentre randomised trial
	Introduction
	Methods
	Study design and patients
	Randomisation and masking
	Procedures
	Outcome classification
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


