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Second asymptomatic carotid surgery trial (ACST-2): 
a randomised comparison of carotid artery stenting versus 
carotid endarterectomy
Alison Halliday*, Richard Bulbulia*, Leo H Bonati, Johanna Chester, Andrea Cradduck-Bamford, Richard Peto†, Hongchao Pan†, for the ACST-2 
Collaborative Group‡

Summary
Background Among asymptomatic patients with severe carotid artery stenosis but no recent stroke or transient 
cerebral ischaemia, either carotid artery stenting (CAS) or carotid endarterectomy (CEA) can restore patency and 
reduce long-term stroke risks. However, from recent national registry data, each option causes about 1% procedural 
risk of disabling stroke or death. Comparison of their long-term protective effects requires large-scale randomised 
evidence.

Methods ACST-2 is an international multicentre randomised trial of CAS versus CEA among asymptomatic patients 
with severe stenosis thought to require intervention, interpreted with all other relevant trials. Patients were eligible if 
they had severe unilateral or bilateral carotid artery stenosis and both doctor and patient agreed that a carotid 
procedure should be undertaken, but they were substantially uncertain which one to choose. Patients were randomly 
allocated to CAS or CEA and followed up at 1 month and then annually, for a mean 5 years. Procedural events were 
those within 30 days of the intervention. Intention-to-treat analyses are provided. Analyses including procedural 
hazards use tabular methods. Analyses and meta-analyses of non-procedural strokes use Kaplan-Meier and log-rank 
methods. The trial is registered with the ISRCTN registry, ISRCTN21144362.

Findings Between Jan 15, 2008, and Dec 31, 2020, 3625 patients in 130 centres were randomly allocated, 1811 to CAS 
and 1814 to CEA, with good compliance, good medical therapy and a mean 5 years of follow-up. Overall, 1% had 
disabling stroke or death procedurally (15 allocated to CAS and 18 to CEA) and 2% had non-disabling procedural 
stroke (48 allocated to CAS and 29 to CEA). Kaplan-Meier estimates of 5-year non-procedural stroke were 2·5% in 
each group for fatal or disabling stroke, and 5·3% with CAS versus 4·5% with CEA for any stroke (rate ratio 
[RR] 1·16, 95% CI 0·86–1·57; p=0·33). Combining RRs for any non-procedural stroke in all CAS versus CEA trials, 
the RR was similar in symptomatic and asymptomatic patients (overall RR 1·11, 95% CI 0·91–1·32; p=0·21).

Interpretation Serious complications are similarly uncommon after competent CAS and CEA, and the long-term 
effects of these two carotid artery procedures on fatal or disabling stroke are comparable.

Funding UK Medical Research Council and Health Technology Assessment Programme.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Severely stenosed carotid arteries predispose to stroke, 
and either carotid artery stenting (CAS) or carotid 
endarterectomy (CEA) can restore patency and reduce the 
long-term risk of stroke. Open carotid artery surgery 
completely removes the atheromatous material, but 
stenting is less invasive. In North America, some 
100 000 surgery or stenting procedures are done each year 
to treat carotid artery narrowing,1 and numbers are 
similar for Europe.2,3 About half are to prevent recurrent 
stroke in symptomatic patients and half are for primary 
stroke prevention in asymptomatic patients (ie, those 
whose stenosis has not caused any recent ipsilateral 
symptoms), but this proportion varies from one country 
to another.2 Among asymptomatic patients with severe 
(eg, 70–99%) stenosis, successful CEA approximately 
halves the long-term stroke risk.4,5

Both CAS and CEA, however, carry a short-term risk of 
stroke, which is about twice as great for symptomatic as 
for asymptomatic patients.3 When carotid procedures 
first became common, these risks were substantial, but 
nowadays they are much lower, particularly among 
asymptomatic patients. In Germany, for example, where 
all carotid procedures must, by law, be registered, 
during 2014–19, the in-hospital risk of disabling stroke 
or death among asymptomatic patients undergoing 
CAS (n=18 000) or CEA (n=86 000) was 0·7% for each 
procedure (appendix p 9); the additional in-hospital risk 
of non-disabling stroke was 1·1% for CAS and 0·7% for 
CEA. These rates are below the conventional 3% safety 
threshold, although only about two thirds of procedural 
strokes occur before hospital discharge. In this large 
German registry, the in-hospital risk of stroke after a 
carotid procedure was reliably shown to be unrelated to 
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age or sex.3 In-hospital mortality from other causes was 
similar in both sexes but increased with age to nearly 1% 
after age 80 years.6

The current hazards of these two procedures may be 
better estimated by evidence from large, representative, 
up-to-date registries than by evidence from randomised 
trials. What trials can achieve, however (and analyses of 
registries or other health-care databases cannot),7 is a 
reliably unbiased comparison between the long-term 
protective effects of CAS and CEA. Although improve
ments in medical treatment in recent decades have 
reduced the absolute stroke rates after CAS and after CEA, 
the relative risks in large trials of them can still determine 
whether there are any real differences in efficacy.

The evidence thus far from randomised trials of CAS 
versus CEA suggests approximate similarity of the long-
term protective effects of the two procedures, but it 
has involved only limited numbers of asymptomatic 
patients.8,9 The ACST-2 trial, with a larger number of 
participants, aimed to provide more robust comparisons 
of the long-term protective effects of CAS versus CEA.

Methods
Study design and participants
ACST-2 is an international multicentre randomised trial 
done in 33 countries (appendix pp 3–8). Asymptomatic 
patients with carotid artery stenosis who were thought 

suitable for CAS or for CEA could enter ACST-2 if the 
doctor and patient were both substantially uncertain 
which procedure to prefer. All other aspects of the 
management of patients were left to the discretion of 
the clinician and usually included antithrombotic, 
antihypertensive, and lipid-lowering therapy. The trial 
compared the 30-day hazards of the two procedures 
when done by experienced doctors and the subsequent 
stroke rates over the following 5–10 years. The original 
trial protocol is provided in the appendix (pp 19–46).

130 hospitals collaborated, each with a vascular 
surgeon, an interventionalist (perhaps the same 
person), and a neurologist (or stroke doctor). Potential 
collaborators submitted a record of their CAS or 
CEA experience and procedural outcomes. These were 
anonymised and reviewed; for participation, the risks of 
any stroke or death had to be 6% or lower for symp
tomatic patients and 3% or lower for asymptomatic 
patients. Ethics approval was obtained at each centre 
and at the UK coordinating centre. Written informed 
consent was given before randomisation. Interim 
analyses were supplied annually to the Data Monitoring 
Committee but never justified disclosure.

Carotid artery stenosis, generally rounded to 60%, 70%, 
80%, or 90% (table 1), was assessed by duplex Doppler 
using locally validated criteria, which would have varied 
somewhat from one centre to another. In about half the 

Research in context

Evidence before this study
In patients with severe carotid artery stenosis, carotid artery 
stenting (CAS) and carotid endarterectomy (CEA) both carry 
procedural risks, which are about twice as great for symptomatic 
as for asymptomatic patients, but they can restore patency and 
approximately halve long-term stroke rates in asymptomatic 
patients. The procedural risks have decreased over the decades, 
but there is still about a 1% risk of disabling stroke or death. 
There is also some procedural risk of non-disabling stroke 
(particularly with CAS) or of non-fatal myocardial infarction or 
cranial nerve palsy (particularly with CEA). Modern drug therapy 
can also reduce stroke rates but even with it, patients with severe 
carotid stenosis might have a risk of about 1% per year of 
disabling stroke or death. Hence, in addition to good medical 
therapy, carotid procedures are still considered appropriate for 
many patients. However, there is often uncertainty as to whether 
CAS or CEA would be more appropriate. Previous trials, first 
among symptomatic and then among asymptomatic patients, 
have directly compared CAS versus CEA. Particularly for 
asymptomatic patients, however, the numbers randomised have 
been limited, as shown by the 2020 Cochrane review led by LHB 
(which defines the search strategy for such trials used in the 
present report). The aim of this study was to randomly assign 
substantial numbers of asymptomatic patients, and then to 
consider the results in the context of those from all other trials of 
CAS versus CEA.

Added value of this study
ACST-2 has randomly allocated 3625 asymptomatic patients 
with severe carotid stenosis to CAS or CEA with good compliance 
and, thus far, a mean of 5 years of follow-up. The procedures 
themselves each involved a 1% risk of causing disabling stroke or 
death but, after each of them, the annual rate of disabling or fatal 
stroke was only about 0·5%. This study has more than doubled 
the number of asymptomatic patients in trials of CAS versus CEA. 
However, the randomised evidence from both asymptomatic 
and symptomatic patients is relevant to any comparison 
between the two procedures. With ACST-2 included, there is now 
as much evidence among asymptomatic as among symptomatic 
patients, and the findings in both types of patient are remarkably 
similar, with CAS about as effective as CEA at reducing the annual 
risk of stroke, at least for the first few years.

Implications of all the available evidence
The trials of CAS versus CEA now provide better evidence than 
existed before that both procedures carry similar risks and 
provide comparable benefits. This does not address the 
question of whether, in addition to good medical therapy, 
a skilful carotid intervention would be appropriate, nor does it 
address the question of how much each procedure costs to 
health services or patients. It does, however, mean that 
doctors and patients have a freer choice of which procedure is 
more appropriate for individuals.
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patients, plaque echolucency was also estimated. No 
images were collected centrally.

Patients were eligible if they had severe unilateral 
or bilateral carotid artery stenosis (generally 60% or 
higher on ultrasound); this had not caused any relevant 
neurological symptoms in the preceding 6 months; there 
was CT or MRI confirmation of suitability for CAS and 
for CEA (which would also have been used to exclude 
from trial entry any patient without sufficient stenosis to 
justify intervention); the doctor and patient agreed that a 
carotid procedure should be undertaken, but they were 
substantially uncertain whether this should be CAS or 
CEA; and the patient had no known circumstance or 
condition likely to preclude long-term follow-up.

Exclusion criteria included previous ipsilateral inter
vention, unsuitability for CAS (eg, due to calcification or 
tortuosity) or CEA, high procedural risk (eg, because of 
recent acute myocardial infarction), high risk of cardiac 
emboli, or any major life-threatening condition. Patients 
likely to require other surgery could not enter the trial 
until at least 1 month after it.

Randomisation
Informed consent was obtained before randomisation. 
Electronic entry through the Oxford Clinical Trial Service 
Unit recorded patient characteristics before a computer 
generated the 1:1 random allocation to ipsilateral CAS 
or CEA. The allocation was minimised on patient 
characteristics but, to avoid local foreknowledge,10 not 
on centre. Anonymised clinical records were reviewed 
by the Endpoint Committee, after masking any 
information indicating the allocated or actual treatment. 
Masking was complete for non-procedural events, but 
for procedural events (ie, those occurring before 30 days 
after the intervention) it was sometimes not possible.

Procedures
Collaborators used their normal procedures. For CAS, 
any CE-approved devices were allowed, and procedural 
double antiplatelet therapy was usual. For CEA, shunting 
and patching were optional. Long-term medical care was 
to be similar in both groups and generally involved 
antithrombotic, antihypertensive, and lipid-lowering 
therapy.

No tests for silent myocardial infarction were required. 
Patients were assessed neurologically after their 
procedure by the collaborating neurologist or stroke 
doctor, either while still in hospital or within 30 days. 
Follow-up reports were at 1 month after treatment 
(including procedural morbidity and duplex ultrasound), 
and yearly after randomisation (reporting on drug 
treatment, any later carotid procedures, and any strokes 
or deaths). Follow-up is continuing (for up to 12 years, 
thus far). UK death certificates were sent automatically 
to the trial office; elsewhere, mortality follow-up was 
through collaborating hospitals or the annual enquiries 
to patients or carers. If probable strokes were reported, 

Allocated CAS 
(n=1811)

Allocated CEA 
(n=1814)

Sex

Male 1272 (70%) 1273 (70%)

Female 539 (30%) 541 (30%)

Age, years

<70 909 (50%) 893 (49%)

≥70 902 (50%) 921 (51%)

Total cholesterol, mmol/L

<4·5 601 (33%) 612 (34%)

≥4·5 682 (38%) 708 (39%)

Not measured 528 (29%) 494 (27%)

HDL cholesterol, mmol/L

<1 227 (13%) 263 (14%)

≥1 968 (53%) 966 (53%)

Not measured 616 (34%) 585 (32%)

Systolic blood pressure, mm Hg

≤140 1143 (63%) 1156 (64%)

>140 668 (37%) 658 (36%)

Medical history

Atrial fibrillation 112 (6%) 112 (6%)

Diabetes 542 (30%) 543 (30%)

Coronary artery disease 659 (36%) 642 (35%)

Renal impairment 162 (9%) 145 (8%)

Previous brain infarct (CT or MRI)

Yes 355 (20%) 310 (17%)

No 1115 (62%) 1137 (63%)

Not done 341 (19%) 367 (20%)

Previous carotid territory symptoms

Contralateral 272 (15%) 257 (14%)

Ipsilateral (not in preceding 
6 months)

129 (7%) 106 (6%)

Contralateral carotid stenosis, %

<50 1102 (61%) 1104 (61%)

50–99 576 (32%) 585 (32%)

100 133 (7%) 125 (7%)

Ipsilateral carotid stenosis, %

<70 (mean 61) 60 (3%) 58 (3%)

70–79 (mean 72) 631 (35%) 630 (35%)

80–89 (mean 81) 702 (39%) 706 (39%)

90–99 (mean 91) 418 (23%) 420 (23%)

Ipsilateral plaque echolucency, %

<25 592 (33%) 594 (33%)

≥25 546 (30%) 548 (30%)

Not estimated 673 (37%) 672 (37%)

Medication reported at entry

Antiplatelet 1644 (91%) 1624 (90%)

Anticoagulant 148 (8%) 158 (9%)

Antihypertensive 1585 (88%) 1580 (87%)

Lipid-lowering 1530 (84%) 1539 (85%)

Data are n (%). CAS=carotid artery surgery. CEA=carotid endarterectomy.

Table 1: Characteristics of the 3625 patients
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neurological assessments were sought (preferably 
including CT or MRI).

Outcomes and endpoint classification
The main trial outcomes were procedural mortality and 
morbidity (ie, onset before 30 days after the intervention) 
and, most importantly, non-procedural stroke, sub
divided by severity. Strokes had to involve symptoms 
lasting more than 24 h; any imaging was used to help 
define the nature of the stroke. Confirmed strokes were 
classified by site, nature, and eventual outcome after 
6 months: non-disabling (modified Rankin Scale 
[mRS] score 0–2, which involves at most slight residual 
disability because of the stroke, with patients still able to 
walk and look after their own affairs without assistance), 
disabling (mRS score 3–5, which involves at least 
moderate disability from the stroke, with patients 
requiring help), or fatal (causing death in any direct or 
indirect way, regardless of the time between stroke onset 
and death). The mRS scores are defined more fully in 
the study protocol (appendix p 26). If the patient died of 
another cause within 6 months of stroke onset, an 
estimate of stroke severity was made. A fatal stroke was 
one that caused death, either directly or indirectly, 
regardless of the delay between stroke and death; thus, 
procedural strokes could take more than 30 days to prove 
fatal. Confirmation of a myocardial infarction required 
at least two of three criteria: symptoms, biomarker 
elevation, or electrocardiogram changes.

Statistical analysis
The original intent was to randomly assign 1000 patients 
per year for 5 years between CAS and CEA, then follow up 

all for 5 years after the last patient entered. To facilitate 
rapid recruitment, entry procedures were simplified 
and the consent form had a simple front and back page 
(with details elsewhere only for those wanting them). 
If, however, prospective participants had already 
been referred for stenting or for CEA, eligibility for 
randomisation required consideration of an alternative 
procedure. Hence, only about 300 patients per year 
were randomly assigned between CAS and CEA and, after 
5 years, investigators were invited to continue randomising, 
aiming for a reduced target of 3600. The protocol was not 
modified, as collaboration with other trials was arranged 
that would yield in total more than 5000 patients by 2020.

The only written statistical analysis plan was that in 
the protocol (appendix pp 19–46), where the stated 
primary objectives were to compare the effects of CAS 
and CEA on procedural risks and on “long-term (up 
to 5 or more years) prevention of stroke, particularly 
disabling or fatal stroke”. The sample size con
siderations imply that the results from ACST-2 should 
be analysed not in isolation but in conjunction with 
those from other trials. Analyses in the Discussion 
include all trials of CAS versus CEA found by the 
literature-searching strategy of the 2020 Cochrane 
review (which was led by LHB).

Procedural hazards in nationally representative large 
registries are now available. Hence, the most important 
trial results are those on non-procedural strokes. When 
combining such results from several trials, inverse-
variance-weighted averages of the log of the rate ratio 
(RR) in each trial were used, with 95% CIs for the 
overall result and 99% confidence limits for each separate 
trial result. All p values are two-sided.

Analyses of procedural risks related to the first 
intervention after randomisation, and the intention-to-
treat (ITT) analyses were complemented by analyses of 
procedural risks in those who actually underwent CAS or 
CEA. The main analyses of non-procedural stroke rates 
involved log-rank methods. Follow-up was to death or 
last report of being alive.

ITT analyses and Kaplan-Meier time-to-first-event 
graphs are provided for all outcomes. Standard 
continuity-corrected methods for 2 × 2 tables are used 
for p value calculation for any outcomes that include 
procedural hazards. Proportional hazards methods 
(log-rank tests, stratified by age [younger than 65 years, 
65–74 years, and 75 years or older] and sex into six 
groups) are used for p value calculation for non-
procedural stroke RRs.

For non-procedural stroke rates, the log of the event 
RR is estimated from the log-rank observed minus 
expected (O–E) and its variance V as (O–E)/V, taken to 
be normally distributed with variance 1/V. This leads 
to χ² tests of interaction between various baseline 
features and the effects of treatment allocation on 
non-procedural stroke rates. Summation of these 
χ² tests (and, separately, of their degrees of freedom) 

Figure 1: Trial profile
CAS=carotid artery stenting. CEA=carotid endarterectomy.

1814 allocated CEA

First carotid procedure after randomisation

 1668 ipsilateral CEA within 1 year 
(median 14 days, IQR 4–33)

       3 ipsilateral CEA later
 14 contralateral CEA
     48 ipsilateral CAS (ie, crossover) 
       3 contralateral CAS
     78 never had any carotid procedure

59 had >1 ipsilateral carotid procedure

Information on 1814 patients by July 31, 2021 
(mean follow-up 4·9 person-years, SD 3·1) 

   313 died
 1361 were followed up beyond Jan 1, 2019 
     72 withdrew consent for further follow-up 

(58 after more than 5 years) 
     68 lost to follow-up before Jan 1, 2019 

(26 after more than 5 years)
 

3625 patients randomly allocated from Jan 15, 2008, to Dec 31, 2020 

1811 allocated CAS

First carotid procedure after randomisation

 1578 ipsilateral CAS within 1 year 
(median 14 days, IQR 4–33) 

       3 ipsilateral CAS later
     21 contralateral CAS 
   101 ipsilateral CEA (ie, crossover)
       2 contralateral CEA
   106 never had any carotid procedure

50 had >1 ipsilateral carotid procedure

Information on 1811 patients by July 31, 2021 
(mean follow-up 4·9 person-years, SD 3·1)

   330 died
 1352 were followed up beyond Jan 1, 2019 
     73 withdrew consent for further follow-up 

(60 after more than 5 years)
     56 lost to follow-up before Jan 1, 2019 

(14 after more than 5 years)
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leads to an approximate global χ² test of the relevance 
of any of these features to the trial treatment 
comparison.

Proportional-hazard methods are not used for 
analyses that combine procedural hazards with long-
term stroke rates. For early risk from an intervention 
may be followed by later benefit, so the hazard ratio 
comparing one treatment versus another could well go 
first in one direction then in another (invalidating 
methods that assume approximately constant hazard 
ratios). Analyses used SAS, version 9.4, and R, 
version 4.1. The trial is registered with the ISRCTN 
registry, ISRCTN21144362.

Role of the funding source
The study sponsors had no role in design, data collection, 
analysis, interpretation, or report writing.

Results
3625 patients from 130 centres in 33 countries were 
randomly allocated between Jan 15, 2008, and 
Dec 31, 2020, 1811 to CAS and 1814 to CEA. As 
minimised randomisation was used, patient char
acteristics did not differ (table 1). Figure 1 shows treat
ment allocated and actually received. Compliance was 
good, and treatment was prompt (appendix p 10). 
Among those allocated to CAS, 1578 (87%) had it within 
1 year, at median 14 days (IQR 4–33) after randomisation, 
101 (6%) crossed over to CEA, and 106 (6%) had no 
intervention. Among those allocated CEA, 1668 (92%) 
had it within a year, again at median 14 days (IQR 4–33) 
after randomisation, 48 (3%) crossed over to CAS, and 
78 (4%) had no intervention. Reasons for crossing over 
from CAS to CEA included finding that the stenosis 
was highly calcified or that the carotid artery was more 
tortuous than anticipated. Reasons for crossing over 
from CEA to CAS included the patient’s or doctor’s 
preference, or reluctance to undergo general anaes
thesia. Only about half the CAS procedures were done 
by a radiologist; most of the others were done by 
vascular surgeons. The techniques and drug treatment 
of those having CAS and CEA as their first carotid 
procedure after randomisation is described in the 
appendix (pp 11–14); CAS was usually accompanied by 
double antiplatelet therapy.

Table 2 describes the procedural hazards in those who 
had an intervention, subdivided both by the first 
intervention actually undertaken and by the random 
allocation; in both analyses, the findings were similar. 
Among those who actually had CAS or actually had 
CEA, there was a small excess of non-disabling strokes 
after CAS (45 vs 32, including 15 vs six with no residual 
symptoms at all [mRS score 0]) and a small excess of 
myocardial infarction after CEA (four vs 13), but the 
overall risk of death or disabling stroke was similar: 
CAS 1·0% (17 of 1653) versus CEA 0·9% (15 of 1788). 
The risk of stroke within 30 days was similar between 

CAS done by radiologists and other operators (appendix 
p 15). Nine procedural strokes were haemorrhagic 
(six CAS vs three CEA, including one vs one disabling). 
For patients without complications, mean hospital stay 
was 1 day shorter after CAS than after CEA (4·2 days, 
SD 9·0, vs 5·4 days, SD 10·1); about two thirds of the 
procedural events occurred before these medians 

Allocated CAS 
(n=1811)

Allocated CEA 
(n=1814)

p value Had CAS first Had CEA first

Had no carotid procedure 106 78 ·· ·· ··

Had a carotid procedure† 1705 1736 ·· 1653 1788

Worst procedural stroke, mRS score

6 (fatal) 7 5 0·77 6 6

3–5 (disabling) 6 7 1·00 8 5

2 9 9 1·00 9 9

1 23 15 0·25 21 17

0 16 5 0·03 15 6

0–2 (non-disabling) 48 (2·7%) 29 (1·6%) 0·03 45 (2·7%) 32 (1·8%)

Subtotal: any stroke 61 (3·6%) 41 (2·4%) 0·06 59 (3·6%) 43 (2·4%)

MI

Fatal 0 4 0·13 0 4

Non-fatal 5 8 0·58 4 9

Subtotal: any MI 5 (0·3%) 12 (0·7%) 0·15 4 (0·2%) 13 (0·7%)

Other death‡ 2 2 1·00 3 1

Death, MI, or any stroke 67 (3·9%) 55 (3·2%) 0·26 65 (3·9%) 57 (3·2%)

Death or any stroke 63 (3·7%) 47 (2·7%) 0·12 62 (3·8%) 48 (2·7%)

Death or disabling stroke 15 (0·9%) 18 (1·0%) 0·77 17 (1·0%) 16 (0·9%)

Data are n or n (%), unless otherwise specified. CAS=carotid artery surgery. CEA=carotid endarterectomy. 
MI=myocardial infarction. mRS=modified Rankin Scale. *First carotid procedure undergone after randomisation. 
†Denominator for percentages. ‡One groin haemorrhage after CAS, one unrelated trauma death after CAS, one cervical 
haemorrhage after CEA, and one generalised sepsis (allocated CEA but got CAS).

Table 2: Death, stroke, or MI within 30 days of first carotid procedure*

Allocated CAS 
(n=1811)

Allocated CEA 
(n=1814)

Procedural stroke or death 63 47

No procedural stroke or death* 1748 1767

Worst non-procedural stroke, by mRS score†

6 (fatal) 16 (0·9%) 20 (1·1%)

3–5 (disabling) 28 (1·6%) 25 (1·4%)

2 9 5

1 23 17

0 15 12

0–2 (non-disabling) 47 (2·7%) 34 (1·9%)

Total: any non-procedural stroke 91 (5·2%) 79 (4·5%)

CAS=carotid artery surgery. CEA=carotid endarterectomy. mRS=modified Rankin 
Scale. *Denominator for percentages; this includes patients with no procedure. 
†Corresponding numbers of first non-procedural strokes (CAS vs CEA): 12 versus 
17 fatal, 23 versus 22 disabling, 56 versus 40 non-disabling, and totals 91 versus 79; 
these totals include 15 strokes (seven CAS and eight CEA) with neither procedure 
beforehand, of which five were in the first month (ie, shortly after randomisation, 
while awaiting treatment) and ten were later (at mean 25 months after entry).

Table 3: Non-procedural strokes during follow-up
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(appendix p 16). Of 1788 with CEA as the first 
intervention, 96 (5·4%) had cranial nerve palsy 
described on the 1-month form (33 n.XII, 29 n.VII, 
23 n.X, six n.V, three n.XI, one n.VIII, and one n.IX). 
CAS did not cause cranial nerve palsy.

The mean duration of follow-up was 4·9 years, 
SD 3·1 (range 0–12; figure 1). Annual follow-up is still 
continuing, with wide use of antithrombotic, antihyper
tensive, and lipid-lowering therapy (appendix p 17) and 
no material differences in usage between those allocated 
CAS and CEA. Among those who had a carotid procedure 
without a stroke, slightly more of those allocated CAS 
than of those allocated CEA had a stroke during long-
term follow-up (table 3).

Figure 2 displays the main findings from ACST-2 on 
5-year outcome, comparing all those allocated CAS 
versus all those allocated CEA, regardless of their actual 
treatment (intention-to-treat analyses). The left panels 
include procedural events, and the right panels show 
only non-procedural strokes. The upper two panels 

describe fatal or disabling events, and within them there 
was no difference between CAS and CEA in the 
incidence of fatal or disabling stroke. The lower two 
panels include all strokes, and within them the 
differences between CAS and CEA chiefly reflect 
differences in the incidence of non-disabling stroke. In 
figure 2C, the total numbers with an event were 155 of 
1811 CAS versus 128 of 1814 CEA; this excludes the five 
versus eight non-fatal procedural myocardial infarcts 
(table 2). In figure 2D the non-procedural stroke 
incidence RR was 1·16 (95% CI 0·86–1·57, p=0·33), 
based on 91 versus 79 strokes (32 vs 21 definitely 
ipsilateral plus 59 vs 58 not; appendix p 18 provides 
similar analyses for these ipsilateral strokes).

Subdivision of the overall findings for non-procedural 
stroke by various baseline characteristics found that 
these were of little prognostic relevance and yielded no 
significant evidence of heterogeneity of the treatment 
effect with respect to age, sex, stenosis, plaque 
echolucency, or any other factor (figure 3). Combining 

Figure 2: Kaplan-Meier estimates of 5-year outcomes among asymptomatic patients randomly allocated to CAS versus CEA
CAS=carotid artery stenting. CEA=carotid endarterectomy. *Last rate is after year 5 (and all three procedural strokes due to a second carotid procedure were after year 5).
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procedural and other deaths, the random allocation to 
CAS or CEA had no significant effect on overall stroke 
mortality (23 CAS vs 25 CEA stroke deaths; RR 0·93, 
95% CI 0·53–1·63; p=0·80; tables 2, 3) or on all-cause 
mortality (330 vs 313 deaths, 92% of which were not 
from stroke; 1·04, 0·89–1·21; p=0·63).

Discussion
This trial does not address the question of whether, or 
when, a carotid intervention would be appropriate, as it 
was restricted to patients in whom intervention was 
considered necessary, and all participants were to receive 
CAS or CEA. Previous trials of CEA versus no carotid 
procedure in asymptomatic patients had, however, 
already shown that CEA approximately halves the 
subsequent incidence of disabling or fatal stroke.4,5 They 
had also shown that this approximate halving of non-
procedural stroke rates by CEA did not depend 
significantly on age, sex, or use of effective medical 
treatment (which also reduces stroke rates substantially).

The main finding from the ACST-2 trial of CAS versus 
CEA is that the effects of the two procedures on disabling 
or fatal events are approximately equal in terms of 

procedural hazards (about 1% for each treatment, in line 
with findings from large, representative registries) and of 
5-year disabling stroke rates (which were about 0·5% per 
year with either procedure, suggesting that they would 
have been about 1% per year with neither procedure).4,5 
Non-disabling procedural stroke rates appeared to be 
slightly higher with CAS, again consistent with recent 
results from registries. The chief limitation of ACST-2 
is the study size; this is the largest carotid intervention 
trial yet conducted, but still it must be considered 
together with all other trials of CAS versus CEA.

Duplex Doppler identified and excluded from random
isation any patient whose stenosis was not thought to 
justify intervention. Patients then had CT or MRI to 
confirm that CAS and CEA were both practicable. The 
duplex Doppler stenosis assessment at entry was done by 
locally validated criteria but sufficed to show that the large 
majority had 70–99% stenosis, and that the measured 
degree of stenosis was of little relevance to prognosis or 
to the treatment comparison. Although the population 
studied is heterogeneous, and the trial did not monitor 
risk factor control during follow-up, this does not bias the 
randomised comparison between the two procedures.

Figure 3: Subgroup analyses of long-term non-procedural stroke rates, by random allocation to CAS or to CEA
2p=two-sided p value. CAS=carotid artery stenting. CEA=carotid endarterectomy. ITT=intention-to-treat. O–E=log-rank observed minus expected. RR=rate ratio.
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Patients and doctors who take part in trials may well be 
atypical in various ways, so the absolute procedural 
hazards for typical patients treated by typical doctors 
may be better assessed by considering thoughtfully the 
evidence from large, recent, representative registries or 
routine health-care databases rather than by considering 
just the evidence from randomised trials. In the national 
German registry, asymptomatic patients undergoing 
CAS or CEA during 2014–19 had in both cases an in-
hospital risk of disabling stroke or death of 0·7%, with 
median time to discharge of 4–5 days3 (appendix p 9). A 
risk of 0·7% within 4–5 days suggests a 30-day risk of 
disabling stroke or death of about 1% for each procedure, 
which is similar to that in ACST-2. Both in the German 
registry data and in ACST-2, CAS was associated with a 
slightly greater risk than CEA of non-disabling stroke.

Treatment was equally prompt in both study arms, so 
procedural endpoints could be defined as those within 
30 days of the procedure (rather than within a fixed time 
since randomisation, as in some previous trials). The 
chief emphasis was on stroke, particularly disabling 
stroke, as procedural myocardial infarction was much 
less common than expected in the protocol, but there 
was no evidence that myocardial infarction had been 
underestimated. Cranial nerve damage following CEA 
was monitored only at 1 month, as it is usually either 
transient or not substantially disabling.11

Long-term follow-up sought only symptomatic strokes 
and did not image patients without symptoms. Follow-up 
thus far is to a mean of only 5 years, and properly 

informed medical decisions and reliable health economic 
evaluations could require even longer follow-up.

If the disabling or fatal procedural hazards of CAS 
and CEA are similar, even moderate differences in 
long-term efficacy against stroke could be medically 
important. Analyses of registries or routine health-care 
databases cannot reliably assess moderate differences 
in long-term stroke rates, as there may well be 
systematic differences between the types of patients 
who undergo CAS and CEA that cannot be sufficiently 
controlled by mathematical modelling or propensity 
matching. Large-scale randomised evidence is 
necessary,4 and the present trial has more than doubled 
the number of asymptomatic patients in trials of CAS 
versus CEA.12–14 However, the randomised evidence 
from both asymptomatic and symptomatic patients is 
relevant.14–18 This is summarised in figure 4, the main 
aim of which is to see whether the results among the 
two types of patient can help reinforce each other, 
rather than to seek differences between them.

With ACST-2 included, there is now as much evidence 
among asymptomatic as among symptomatic patients, 
and the findings in both types of patient are remarkably 
similar, with CEA slightly but non-significantly better 
than CAS, at least for non-disabling stroke. Overall, the 
ratio (CAS vs CEA) of long-term stroke incidence rates 
is 1·11 (95% CI 0·91–1·32; p=0·21). As previous 
studies have shown successful CEA to be substantially 
protective,4,5 this RR of 1·11 (which includes the ACST-2 
result) shows that the protective effects of CAS and 

Figure 4: Trials of CAS versus CEA for asymptomatic or symptomatic carotid stenosis—ITT analyses of non-procedural strokes (ipsilateral ischaemic stroke 
plus other strokes)
The figure excludes the 13 smaller trials (all evenly randomised) identified by the 2020 Cochrane review, which reported that they had, in total, 30 non-procedural 
strokes in 692 patients with CAS versus 24 non-procedural strokes in 715 patients with CEA. A repeat search on July 31, 2021, re-using the Cochrane search criteria 
identified no more trials of CAS versus CEA. 2p=two-sided p value. CAS=carotid artery stenting. CEA=carotid endarterectomy. ITT=intention-to-treat. O–E=log-rank 
observed minus expected. Var (O–E)=variance of (O–E). *ACT-1 allocated patients in a 3:1 ratio; for balance, therefore, it contributes two thirds of its CAS cases and 
double its CEA cases to the subtotal and the total case numbers; its main report provides exact numbers only for ischaemic strokes within 1 year.
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CEA are similar for at least the first few years. Further 
follow-up of ACST-2 and other trials will provide 
additional evidence on the durability of their protective 
effects.
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