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Reanalysis of the Final Results of the European
Carotid Surgery Trial

P.M. Rothwell, PhD, FRCP; S.A. Gutnikov, MD, PhD; C.P. Warlow, MD, FRCP,
for the European Carotid Surgery Triaists Collaboration

Background and Purpose—The European Carotid Surgery Trial (ECST) and North American Symptomatic Carotid
Endarterectomy Trial (NASCET) have shown that endarterectomy reduces the risk of stroke in certain patients with
recently symptomatic carotid stenosis. However, they differed in the degree of stenosis above which surgery was
reported to be effective. This disparity has led to inconsistent clinical recommendations but may have been due to
differences between the trials in the methods of measurement of carotid stenosis and definitions of outcome events.

Methods—To alow direct comparison of analyses from ECST and NASCET, we remeasured the prerandomization ECST
carotid angiograms and redefined the outcome events the same way as in NASCET.

Results—We randomized 3018 patients and followed them up for a mean of 73 months. Surgery reduced the 5-year risk
of any stroke or surgical death by 5.7% (95% ClI, 0 to 11.6) in patients with 50% to 69% stenosis (n=646, P=0.05) and
by 21.2% (95% Cl, 12.9 to 29.4) in patients with 70% to 99% stenosis without “near occlusion” (n=429, P<<0.0001).
These benefits were maintained at the 10-year follow-up. However, surgery was of no benefit in patients (n=125) with
near occlusion. The effect of surgery in this group was highly significantly different from that in patients with 70% to
99% stenosis without near occlusion (P=0.002). Surgery was harmful in patients with <30% stenosis (h=1321,
P=0.007) and of no benefit in patients with 30% to 49% stenosis (=478, P=0.6).

Conclusions—Results of the ECST and NASCET were consistent when analyzed in the same way. In ECST, surgery was
highly beneficial for 70% to 99% stenosis and moderately beneficial for 50% to 69% stenosis. However, contrary to
clinical recommendations and current practice, surgery was of little benefit in patients with carotid near occlusion.

(Stroke. 2003;34:514-523.)
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S:jnce the publication of positive results from large ran-
omized controlled trials,13 the number of carotid end-
arterectomies performed in the United States and Europe has
doubled.4-6 Approximately 150 000 operations are performed
each year in the United States, about half of which are for
recently symptomatic carotid stenosis.#> Rates are lower in
Europe, but the proportion of operations for symptomatic
stenosis is higher than in the United States.s

Two randomized controlled trials of endarterectomy versus
medical treatment for symptomatic carotid stenosis were
published in the 1970s’@ but were too small to provide
reliable estimates of the baance of risk and benefit from
surgery. A third trial, the Veterans Affairs Trial ,° was stopped
early when 2 large trials, the European Carotid Surgery
Trial (ECST) and the North American Symptomatic Ca-
rotid Endarterectomy Trial (NASCET), reported their ini-
tial results in 1991.1011 ECST and NASCET published
their final results in 1998.12 NASCET reported significant
benefit from surgery in patients with =50% stenosis,2 and

North American guidelines are based on these results.1213
However, ECST reported that surgery was beneficial only
in patients with =80% stenosis,* and clinical guidelinesin
Europe are based on these results.614 These disparities
have caused confusion, and it is important that they are
properly understood.

The designs of ECST and NASCET were similar, but there
were a number of important differences in the methods of
analysis. First, the 2 trials used different methods of measure-
ment of the degree of carotid stenosis on the prerandomiza-
tion catheter angiograms (Figure 1).2> The method used in
NASCET produces lower values for stenosis than the method
used in ECST.1617 Second, there were differences between
the trials in the definitions of outcome events (see below). It
is possible that these differences in the methods of analysisin
ECST and NASCET account for the apparent differences in
their results.

To properly compare the results of the ECST and
NASCET, we remeasured the original ECST angiograms by
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Figure 1. Selective arterial angiograms of carotid bifurcation
showing 85% stenosis without near occlusion by the NASCET
method of measurement (left) and near occlusion (severe steno-
sis with narrowing of the distal ICA) (right). To calculate the
degree of stenosis, the lumen diameter at the point of maximum
stenosis (A) was measured as the numerator in both ECST and
NASCET. However, NASCET used the lumen diameter of the
distal ICA (B) as the denominator, whereas the ECST used the
estimated normal lumen diameter (dotted lines) at the point of
maximum stenosis.

the method used in NASCET and redefined the outcome
events in the same way.

Methods

The methods of ECST and NASCET have been reported previous-
ly.18-20 |n both trials, patients were recruited if, after assessment by
aneurologist or a stroke physician, they were thought to have had a
recent carotid distribution transient ischemic attack, nondisabling
ischemic stroke, or a retinal infarction and had a stenosis of the
ipsilateral (symptomatic) carotid artery. Both trials required that the
symptomatic carotid artery (and preferably the contralateral carotid
artery and intracrania circulation) be imaged with angiography
(ideally selective catheter angiography) before randomization. Pa-
tients were randomized to immediate carotid endarterectomy plus
best medical treatment or best medical treatment alone via a central
telephone randomization service. In both trials, randomization was
stratified by center. ECST recruited from 100 centersin 14 European
countries; NASCET recruited from 106 centers, mainly in North
America. In both trials, follow-up was performed at set intervals by
a neurologist or a stroke physician.

Although the methods of ECST and NASCET were fundamentally
similar, there were some important differences. Inclusion of patients
in the ECST was based on the “uncertainty principle,”1° whereas
NASCET had more detailed inclusion and exclusion criteria’* One
conseguence was that patients with any degree of carotid stenosis
could be randomized in ECST, whereas NASCET aimed to include
only patients with >30% stenosis. Time from last symptoms to
randomization had to be <4 months in NASCET (changed to 6
months after 1991), whereas a period of 6 months was allowed in
ECST. Patients were randomized in a50:50 ratio in NASCET and in
a 60:40 (surgery:no surgery) ratio in ECST. The dose of aspirin
recommended in NASCET was 1300 mg, whereas no specific dose
was recommended in ECST. Follow-up was performed at 1, 3, 6, 9,
and 12 months and at 4-month intervals thereafter in NASCET and
at 4 and 12 months and annually thereafter in the ECST.

Reassessment of Carotid Angiograms

So that analyses could be stratified by the degree of stenosis of the
symptomatic carotid artery, the 3018 ECST prerandomization angio-
grams were remeasured by 1 observer (P.M.R.) who was blinded to

Figure 2. Selective arterial angiograms of both carotid circula-
tions in a patient with a recently symptomatic carotid near
occlusion (left) and a mild stenosis at the contralateral carotid
bifurcation (right). The nearly occluded ICA is markedly nar-
rowed, and flow of contrast into the distal ICA is delayed. After
selective injection of contrast into the contralateral carotid
artery, significant collateral flow can be seen across the anterior
communicating arteries with filling of the middle cerebral artery
of the symptomatic hemisphere (top).

outcome events, and the degree of stenosis was recalculated by the
method used in NASCET (Figure 1). Observer agreement with the
NASCET principal neuroradiologist for allocation of cases into the
stenosis categories used in NASCET (<30%, 30% to 49%, 50% to
69%, 70% to 99%) had been assessed on 120 angiograms and was
good (k=0.70, P<<0.001).2! Intrachserver agreement on 100 consec-
utive angiograms for the observer was good for both the ECST
method (k=0.76, P<0.001) and the NASCET method (k=0.82,
P<0.001).

The degree of stenosis cannot be calculated by the method used in
NASCET on angiograms in which the poststenotic internal carotid
artery (ICA) is narrowed (Figures 1 and 2). In the original NASCET
reports, some of these “near occlusions’ had been identified and
arbitrarily defined as 95% stenosis for the purpose of analysis.17.22
For the purpose of this reanalysis, all ECST angiograms were
reassessed to identify near occlusions by the definition used in
NASCET. Near occlusions were identified by use of the previously
reported angiographic criteria?2: severe stenosis with evidence of
reduced flow in the distal ICA (delayed arrival of contrast into the
distal ICA and evidence of collateral flow of contrast toward the
symptomatic cerebral hemisphere from other arterial territories) and
evidence of narrowing of the poststenotic ICA.22 Evidence of ICA
narrowing by the NASCET criteriarequires that the poststenotic ICA
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be similar to or smaller than the ipsilatera externa carotid artery
and/or clearly smaller than the contralateral ICA. An example is
shown in Figure 2.

Cases with near occlusion had been identified originally in ECST,
but they had not been categorized separately because the method of
calculation of the degree of stenosis in ECST did not require
measurement of the lumen diameter of the poststenotic ICA.16
Indeed, the ECST method of measurement of stenosis was used
primarily because of the problem of narrowing of the distal ICA
beyond a severe stenosis.*¢ The degree of narrowing of the dista
ICA had been quantified in ECST as the ratio of the lumen diameter
of thedistal ICA to the lumen diameter of the common carotid artery
(CCA),= and it had been shown that there was no reduction in the
mean |CA:CCA ratio until the degree of stenosis exceeded 70% by
the ECST method of measurement of stenosis.’¢ In ECST patients
with <50% stenosis (<30% by the NASCET method), the lower
limit of normal (2 SD below the mean) for the ICA:CCA ratio was
0.42.22 Abnormal poststenotic narrowing of the distal ICA was
therefore defined as a severe carotid stenosis with an ICA:CCA ratio
of <0.42. This definition has subsequently been used in NASCET .24
It has since been shown that the lower limit of normal of the
ICA:CCA ratio differs between men and women (0.40 in men, 0.45
in women) because of systematic sex differences in normal carotid
bifurcation anatomy.2s For the purposes of this article, severe
stenosis with narrowing of the ICA was defined as a severe carotid
stenosis (70% to 99% by the ECST method) with an ICA:CCA ratio
of <0.40 in men and <0.45 in women.

Definition of Stroke

ECST and NASCET used different definitions of stroke outcomes. In
NASCET, a stroke was defined as an event with symptoms lasting
>24 hours, whereas ECST required that symptomslast =7 days. The
NASCET definition of stroke included retina infarcts, the ECST
definition did not. However, strokes with symptoms lasting <7 days
and retinal events were recorded in ECST. It was therefore possible
to redefine the ECST outcomes. For the purpose of this reanaysis of
ECST, stroke was defined as any cerebral or retina event with
symptoms lasting >24 hours. Both the ECST and NASCET used
Rankin score to define disabling stroke.26 For the purposes of this
reanalysis of ECST, disabling stroke was defined the same way asin
NASCET, ie, as stroke that resulted in a Rankin score of =3 at the
6-month follow-up.

Statistical Analysis

All patients who were included in the original ECST analysis were
included in the reanalysis. The analysis was dtratified into the
following groups on the basis of the NASCET method of measure-
ment of stenosis of the symptomatic carotid artery: <30%, 30% to
49%, 50% to 69%, 70% to 99% without near occlusion, and near
occlusion. Additional analyses were also performed in patients with
severe stenosis with narrowing of the ICA based on the ECST
definition given above and in patients with 70% to 99% stenosis by
the NASECT method without narrowing of the ICA.

The primary outcome used for analysis of the effect of surgery was
any first stroke or surgical death. Two additional outcomes are also
reported: first ischemic stroke in the territory of the symptomatic
carotid artery and any stroke or death that occurred within 30 days of
trial surgery, and first disabling or fatal ischemic stroke in the
territory of the symptomatic carotid artery and any disabling stroke
or death that occurred within 30 days of trial surgery. Tria surgery
was defined as the first carotid endarterectomy performed in patients
who were randomized to surgery. Operative risk was defined as any
stroke or death that occurred within 30 days of trial surgery. Surgical
death included al deaths within 30 days of trial surgery. The
symptomatic carotid artery was defined as in the original trial .t

Anayses of the efficacy of surgery were based on intention to
treat. Statistical significance of differences between the Kaplan-
Meier event-free survival curves for the treatment groups was
assessed by the log-rank test. Estimates of the absolute treatment
effect (and 95% Cls) were determined at the 5-year follow-up from
Kaplan-Meier event-free survival curves. Statistical significance of

TABLE 1. Baseline Clinical and Angiographic Characteristics
of the ECST Patients

Surgery No Surgery Total

General
Sex
Male 1299 (71.9) 869 (71.8) 2168 (71.8)
Female 508 (28.1)  342(28.2)  850(28.2)
Age
<65 1032 (51.7)  712(58.8) 1744 (57.8)
65-74 664 (36.7)  434(35.8) 1098 (36.4)
75+ 111 (6.1) 65 (5.4) 176 (5.8)
Presenting event
Stroke 767 (42.4) 507 (41.9) 1274 (42.2)
Ocular events only 337 (18.6) 231 (19.1) 568 (18.8)
Carotid territory
Left 986 (54.6) 634 (52.4) 1620 (53.7)
Right 821(45.4) 577 (47.6) 1398 (46.3)
Time since last symptoms
0-1 month 670 (37.1)  417(34.4) 1087 (34.9)
2-3 months 672 (37.2)  488(40.3) 1160 (38.4)
4+ months 465 (25.7)  306(25.3)  771(25.6)
Angiographic data
Symptomatic carotid stenosis
<30% 783(43.4)  538(44.4) 1321 (43.8)
30-49% 302 (16.7) 185(15.3) 487 (16.1)
50-69% 380(21.00 266 (22.0) 646 (21.5)
70-99% 257 (14.2) 172 (14.2) 429 (14.2)
Near-occlusion* 78 (4.3) 47 (3.9 125 (4.1)
Occlusion 6(0.3) 3(0.2 9(0.3)
Missing data 0 1(0.1) 1(0.1)
Total 1806 (100)  1212(100) 3018 (100)
Contralateral ICA occlusion 49 (2.7) 48 (4.0 97 (3.2)
Medical history
Previous stroke 103 (5.7) 78 (6.4) 181 (6.0)
Myocardial infarction 226 (12.5) 136 (11.2) 362 (12.0)
Angina 320 (17.7) 190 (15.7)  510(16.9)
Coronary artery surgery 49 (2.7) 23(1.9) 72 (2.4)
Peripheral vascular disease 306 (16.9) 210(17.3) 516 (17.1)
Cardiac failure 30(1.7) 6(1.3) 46 (1.5)
Treated diabetes 209 (11.6) 145 (12.0) 354 (11.7)
Current smoking 844 (46.7) 556 (45.9) 1400 (46.4)

*Near occlusion defined using NASCET criteria.
Values in parentheses are percentages.

comparisons of baseline data between treatment groups was tested by
the x* test or Student’s t test when appropriate. All analyses were
performed with SPSS for Windows (version 10.0).

Results
Clinical records and electronic datafiles were available for all
3018 patients randomized and included in the origina fina
analysis of the ECST (Table 1). Mean follow-up was 73
months (SD=35; range, 1 day to 167 months).
The prerandomization carotid angiogram was unavailable
for remeasurement in 1 patient, and 9 patients had an
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Figure 3. Measurement of degree of stenosis of the symptomat-
ic carotid artery on angiograms from 2892 ECST patients by the
method used in ECST and the method used in NASCET. Mea-
surements were made by the same observer, and angiograms
showing near occlusions were excluded.

occlusion of the carotid artery that was defined as symptom-
atic. Thus, 3008 patients (99.7%) were included in analyses
of the efficacy of surgery by stenosis group. The degree of
carotid stenosis was remeasured by the method used in
NASCET on the prerandomization angiogram in each case.
The relationship between the ECST and NASCET measure-
ments was linear, and the measurements were highly corre-
lated (r=0.94, P<<0.00001), but the ECST method produced
higher values (Figure 3). For example, on average, 50% and
70% stenoses by the NASCET method were equivalent to
65% and 82% stenoses, respectively, by the ECST method.
Near occlusion by the NASCET criteriawas present in 125
cases. Severe stenosis with narrowing of the ICA (by the
ECST criteria) was present in 108 cases. These groups were
highly significantly interrelated (P<<0.0001) and overlapped
in 102 cases (Table 2). In 6 cases, the ICA:CCA ratio
suggested that there was poststenotic narrowing of the ICA,
but they were not definite near occlusions. In 1 of these, the
narrow | CA was due to recanalization after an ICA occlusion;
in 2 cases, there was definite poststenotic narrowing of the
ICA, but there were insufficient intracrania views to demon-
strate the collateral flow necessary to define near occlusion.
In 23 cases, there was sufficient evidence to classify the
angiographic appearances as near occlusion, but the degree of
ICA narrowing was insufficient for the ICA:CCA ratio to fall

TABLE 2. The Interrelation Between the Angiographic
Categories of Near Occlusion (as Used in the NASCET) and the
ECST Definition of Severe Stenosis With Narrowing of the
Internal Carotid Artery (ICA) Among the 3017 Patients in the
ECST With a Prerandomization Angiogram

Near Occlusion

Yes No Total

Narrowing of the ICA
Yes 102 6 108
No 23 2886 2909
Total 125 2892 3017

Reanalysis of ECST Final Results 517

TABLE 3. The Risk (95% Cl) of Major Qutcome Events Within
30 Days of Surgery According to the Degree of Stenosis of the
Operated Artery in 1742 Patients Who Underwent Trial Surgery

Events/Operations  Risk (95% Cl)
Outcome
Any stroke or death
<30% 46/752 6.1% (4.5-8.1)
30-49% 27/292 9.3% (6.2-13.2)
50-69% 37/371 10.0% (6.9-13.1)
70-99% without near occlusion 17/249 6.8% (4.0-10.7)
Near occlusiont 3/78 3.8% (0.8-10.8)
Total 130/1742 7.5% (6.3-8.8)
Disabling stroke or death
<30% 20/752 2.7% (1.6-4.1)
30-49% 11/292 3.8% (1.9-6.6)
50-69% 19/371 51% (3.1-7.9)
70-99% without near occlusion 10/249 4.0% (1.9-7.2)
Near occlusiont 2/78 2.6% (0.3-9.4)
Total 62/1742 3.6% (2.7-4.5)
Death
<30% 8/752 1.1% (0.5-2.1)
30-49% 2/292 0.7% (0.1-2.5)
50-69% 6/371 1.5% (0.6-3.3)
70-99% without near occlusion 1/249 0.4% (0-2.2)
Near occlusiont 0/78 0% (0-4.6)
Total 171742 1.0% (0.6-1.6)

*Three patients who had occlusion of the symptomatic carotid artery and
who underwent endarterectomy of the contralateral carotid artery are excluded.
tNear occlusion defined using NASCET criteria.

below the lower limit of normal. However, in most of these
cases, the angiographic evidence of near occlusion was more
subtle than in those cases with definite narrowing of the ICA.
Overall, the mean and median ICA:CCA ratios in the 125
near occlusions were 0.32 (SD=0.07) and 0.33 (interquartile
range, 0.22 to 0.38), respectively, in men and 0.35 (SD=0.07)
and 0.37 (interquartile range, 0.25 to 0.40) in women.

Of the 1807 patients who were randomized to surgery,
1742 (97%) underwent trial surgery. The median time from
randomization to trial surgery was 14 days. There were 130
strokes or deaths within 30 days of surgery (7.5%; 95% ClI,
6.3 t0 8.8). There were no significant differences in operative
risk across the stenosis groups (x¥*=8.15, df=4, P=0.09;
Table 3). Therisk of death within 30 days of endarterectomy
was 1.0% (17 of 1742; 95% Cl, 0.6 to 1.6). Thirty-day case
fatality for operative strokes was 8.3% (10 of 120; 95% ClI,
4.110 14.8).

The absolute reductionsin the 5-year risk of the main study
outcomes with surgery are shown for each of the stenosis
groups in Table 4. Surgery was harmful in patients with
<30% stenosis, with an increased risk of any stroke or
surgical death (log rank=7.2, P=0.007) and ipsilateral ca-
rotid territory ischemic stroke and surgical stroke or death
(log rank=7.6, P=0.005). This was maintained out to the
10-year follow-up (Figure 4). There was also a trend toward
harm from surgery for disabling or fatal ipsilateral carotid
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TABLE 4. The Effect of Surgery on the Risk of the 3 Main
Trial Outcome Events*

Absolute Risk Reduction

(95% Cl) Log Rankt
Outcome
Any stroke or surgical death
<30% —3.6% (—7.8-0.5) p=0.007
30-49% 1.3% (—6.5-9.1) p=0.6
50-69% 5.7% (0-12.2) p=0.05
=70% without near occlusion 21.2% (12.9-29.4) p<<0.0001
(=

Near occlusiont —8.5% (—22.0-5.1) p=0.7

Ipsilateral ischaemic stroke and
surgical stroke or death

<30% —3.7% (—8.0-—0.5)  p=0.005
30-49% —0.7% (—8.6-6.7) p=0.30

=70% without near occlusion 18.7% (11.1-26.7) p<<0.0001

(=
(-
50-69% 2.9% (—3.0-9.1) p=0.43
(
(—19.2-7.4)  p=047

Near occlusiont —51%

Disabling or fatal ipsilateral ischaemic
stroke and disabling surgical stroke

or death
<30% —2.0% (—5.0-1.0) p=0.08
30-49% 0.4% (—6.9-7.1) p=0.3
50-69% 1.2% (—4.5-6.4) p=0.5
=70% without near occlusion 7.3% (0.7-14.3) p=0.04

Near occlusiont —5.9% (—12.5-1.3) p=0.1

*Absolute risk reductions are calculated at five years follow-up.
TLog-rank test based on full duration of follow-up.
FNear occlusion defined using NASCET criteria.

territory ischemic stroke and disabling surgical stroke or
surgical death (log rank=3.0, P=0.08). There was no effect
of surgery on any outcome in patients with 30% to 49%
stenosis (Table 4 and Figure 4).

There was some evidence of benefit from surgery in
patients with 50% to 69% stenosis (Table 4 and Figure 5),
with a borderline statistically significant reduction in the risk
of any stroke or surgical death (log rank=3.9, P=0.05).
However, there was no reduction in the risk of ipsilateral
carotid territory ischemic stroke and surgical stroke or death
(log rank=0.6, P=0.43) or in the risk of disabling or fatal
ipsilateral carotid territory ischemic stroke and disabling
surgical stroke or surgical death (log rank=0.5, P=0.5).

In patients with 70% to 99% stenosis without near occlu-
sion, there was a highly significant reduction in the surgery
group in risks of all outcomes (Table 4 and Figure 5). Benefit
was apparent by the end of thefirst year of follow-up, reached
amaximum by 3 years, and was still apparent at 10 years. The
number needed to treat to prevent 1 event was 5 (95% ClI, 3
to 8) for any stroke or surgical death and 10 (95% Cl, 6 to 37)
for disabling or fatal ipsilateral carotid territory ischemic
stroke and disabling surgical stroke or surgical death. The
results were very similar (Figure 6) in patients with 70% to
99% stenosis without narrowing of the ICA (by ECST
criteria).

In contrast to the 70% to 99% stenosis group, there was no
clear evidence of benefit from surgery for any of the

outcomes in patients with near occlusion in the ECST, and
there was a nonsignificant trend toward harm for disabling or
fatal events (Table 4 and Figure 5). The difference in the
effect of surgery between the near occlusions and the 70% to
99% stenosis group was statistically significant for the 5-year
risks of any stroke or surgical death (P=0.002), ipsilateral
carotid territory ischemic stroke and operative stroke or death
(P=0.0016), and disabling or fatal ipsilateral carotid territory
ischemic stroke and disabling surgical stroke or surgical
death (P=0.0018). The same differences were found between
the effect of surgery in patients with 70% to 99% stenosis
without ICA narrowing and those with the ECST definition of
severe stenosis with ICA narrowing (ICA:CCA ratio of
<0.40 in men and <0.45 in women): P=0.008, P=0.008,
and P=0.002, respectively. Figure 6 shows the effect of
surgery on any stroke or surgical death and disabling or fatal
ipsilateral carotid territory ischemic stroke and disabling
surgical stroke or surgical death in these groups. As expected,
given the considerable overlap between the near occlusion
group and the severe stenosis with ICA narrowing group, the
survival curves are very similar to those in Figure 5.

Surgery did reduce the 5-year risk of transient ischemic
attack during follow-up in patients with near occlusion
(absolute risk reduction, 15%; P=0.007) and in patients with
severe stenosis and narrowing of the ICA (absolute risk
reduction, 13%; P=0.03).

Discussion
These results remove the uncertainty generated by the appar-
ent disparities between the original results of ECST and the
results of NASCET and have several important implications
for clinical practice.

Surgery for Severe Stenosis

The original final results of the ECST reported that surgery
was effective only in patients with 80% to 99% stenosis. This
reanalysis shows that surgery is highly effective in patients
with 70% to 99% stenosis measured by the method used in
NASCET. The 21.2% (95% ClI, 12.9 to 29.4) reduction in the
5-year absolute risk of any stroke or surgical death with
surgery in the ECST in patients with 70% to 99% stenosis
without near occlusion is comparable to the 15.0% (15.0%
Cl, 7.4 to 22.6) absolute risk reduction at 2 years originaly
reported in NASCET.* The greater benefit in ECST may be
due in part to the inclusion of near occlusions in the severe
stenosis group in the original NASCET article.

The ECST data also demonstrate that the benefit from
surgery for severe stenosis is still present at the 10-year
follow-up. This significant observation highlights the impor-
tance of prolonged follow-up in any future trials comparing
endarterectomy with alternative treatments. Assessment of
the long-term effectiveness of surgery was possible in ECST
because the crossover rate from medical to surgical treatment
was very low. In NASCET, there was a high rate of
crossovers (=50%) from the medical group to the surgery
group shortly after the announcement of benefit from surgery
for 70% to 99% stenosis in 1991. ECST announced a similar
benefit at the same time, but the ECST coordinating center
did not make a specific recommendation about whether

Downloaded from stroke.ahajournals.org by on July 29, 2007


http://stroke.ahajournals.org

Rothwell et al

Reanalysis of ECST Final Results 519

o o o
3 = ©

Proportion free of event

©
o

Logrank=0.3; p=0.6

05

30-49% stenosis

o o °
2 [ ©

Proportion free of event

=3
@

Legrank=1.1,p=0.3

05

T—

30-49% stenosis

0 1 2 3 4

Years from randomisation

Patients
Surgery

5

302 260 238 208 168 138 109 76 52 30 10
Nosurgery 185 171 147 127 105 87 65 50 35 24 17

6 7 8 9 10 o 1 2 3 4

Patients
Surgery

Years from randomisation

302 277 257 228 191 154 121 86 60
Nosurgery 185 177 157 136 116 97 75 58 39

1.0 10

Figure 4. Kaplan-Meier curves in
patients with <30% stenosis and 30%
to 49% stenosis showing the effect of
surgery on survival free of any stroke or
surgical death (left) and disabling or fatal
ipsilateral carotid territory ischemic

5 8 7 8 9 10

35 13
25 17

< 30% stenosis

stroke and disabling surgical stroke or

o
©
o
©

=4
@
o
@

=
b
o
3

Propartion free of event
Proportion free of event

o
@
o
@

Logrank = 7.2; p = 0.007
05 T T v T r T 0.5

Logrank = 3.0, p= 0.08

surgical death (right). Thick line repre-
sents surgical treatment; thin line, medi-

< 30% stenosis cal treatment.

o 1 2 3 4 5 6 7 8 9 10 0 1 2 3
Years from randomisation
Patients
Surgery 783 699 639 582 524 437 364 284 197 119 64
Nosurgery 538 507 466 414 364 317 263 203 151 88 40

Patients
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patients who had been randomized to medica treatment
should undergo endarterectomy. The subsequent crossover
rate in the ECST was <1%. This was considered to be
acceptable because the vast majority of patients had been
asymptomatic for several months, and most for severa years,
at the time the results were announced. It was clear from the
analysis of the ECST data at that time that the risk of stroke
distal to a severe carotid stenosis fell rapidly with time since
the last symptomatic event and that the balance of risks and
benefits of surgery in patients who had been asymptomatic
for several months or years was uncertain.

Surgery for Near Occlusion
Wedid not find any benefit from surgery in patients with near
occlusion by the NASCET criteria or in patients with severe
stenosis with narrowing of the ICA by the ECST criteria.
These were not posthoc subgroup anayses. Rather, they were
necessary because the degree of stenosis was not measurable
by the method used in NASCET in these cases (Figure 1).
The lack of benefit from surgery is an important finding and
is contrary to the current clinical consensus. In both the
United States and Europe, these cases are considered by many
surgeons to require urgent surgery.6.27

The number of cases with near occlusion or severe stenosis
with narrowing of the ICA wasrelatively small; therefore, the
Clsaround the treatment estimates in these groups were wide.
However, the difference in the effect of surgery between
patients with near occlusion and patients with 70% to 99%
stenosis without near occlusion and the difference between
patients with severe stenosis with narrowing of the ICA and
patients with 70% to 99% stenosis without narrowing were
statistically significant for al 3 main trial outcomes. The low
risk of stroke on medical treatment has been reported previ-

5 6 7 8 9 10

Years from randomisation

783 736 690 637 580 491 412 326 227 141 74
Nosurgery 538 520 488 442 392 347 288 223 167 103 47

oudly in patients with near occlusion in NASCET28 and in
patients with severe stenosis with narrowing of the ICA in
both ECST23 and NASCET .24 The good prognosis on medical
treatment in these patients is most likely due to the presence
of good collateral circulation, which isvisible on angiography
in most patients with narrowing of the ICA distal to a severe
StenOSi S_23,24,28

More precise estimates of the risks and benefits of surgery
in near occlusions will be available from a pooled analysis of
individual patient data from all available randomized trials of
carotid endarterectomy for symptomatic carotid stenosis.?® In
the meantime, patients with near occlusion or severe stenosis
with narrowing of the ICA should be informed that endarter-
ectomy has not been shown to prevent recurrent stroke.
However, some patients may still wish to undergo surgery,
particularly if they experience recurrent transient ischemic
attacks. Whether clinicians base their decisions on the criteria
for near occlusion or the criteria for severe stenosis with
narrowing of the ICA will depend on the imaging technique
that they use in routine clinical practice (see below).

Surgery for Moderate Stenosis

The original ECST analysis of the effect of surgery for
moderate stenosis showed no benefit for surgery3° and was
inconsistent with the subsequent NASCET results. Our re-
analysis of the ECST data has shown that the effect of surgery
in the ECST in patients with 50% to 69% stenosis by the
NASCET method of measurement is consistent with that
reported by NASCET. There was a modest reduction in the
risk of any stroke or surgical death in the surgical group in the
ECST. The 5-year absolute risk reduction with surgery
(5.7%; 95% Cl, —0.8 to 12.2) iswell within the 95% ClI of the
equivalent result in NASCET (8.4%; 95% ClI, 1.4 to 15.4).2

Downloaded from stroke.ahajournals.org by on July 29, 2007


http://stroke.ahajournals.org

520 Stroke February 2003

Near-occlusion

=)
©
o
©

o
®
=4
®

Proportion free of event
Proportion free of event

Near-occlusion

0.7 0.7 q
0.6 0.8
Logrank = 0.1, p=07 Logrank = 2.7, p = 0.1
05 -~ 05
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3
Years from randomisation

Patients Patients
Surgery 78 73 69 63 57 48 35 20 22 15 5 Surgery 78

Nosugery 47 43 38 38 37 30 16 10 8 5 2 Nosurgery 47

1.0

10

4 5 B 7 8 9 10

Years from randomisation

76 74 69 65 54 38 32 23 15 5
45 42 42 4

34 20 14 1N 7 3

70-99% stenosis

<
©
=4
©

=3
®

o

®

o
~

=}

b

Proportion free of event
Proportion free of event

o
@

=)

>

Logrank = 17.2; p < 0.000%

a5

Logrank = 4.3; p = 0.04

Figure 5. Kaplan-Meier curves in
patients with near occlusion (by NASCET
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(left) and disabling or fatal ipsilateral
carotid territory ischemic stroke and dis-
abling surgical stroke or surgical death
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Similarly, athough there was no statistically significant
benefit from surgery for ipsilateral ischemic stroke aone or
for disabling ipsilateral ischemic stroke in ECST, the 95%
Cls of the absolute risk reductions with surgery at 5 years
(Table 4) still encompass the estimates of the effect of surgery
in NASCET .2 There are therefore no significant differences
between the reanalyzed results of the ECST and the results of
NASCET.

Operative Risk

The 7.5% operative risk of stroke and death within 30 days of
endarterectomy risk is consistent with surgical case seriesin
which patients were also assessed postoperatively by a
neurologist3t and with the 6.5% (95% ClI, 5.3 to 7.9) risk in
NASCET. It is likely that some minor operative strokes are
missed in normal clinica practice unless postoperative as-
sessments are performed by neurologists or stroke physicians,
who should ideally be independent of the operating surgical
team.3132 |t is also important to note that the 30-day case
fatality for operative stroke was only 8.3% (10 of 120; 95%

380 350 333 306 274 230 187 131 94 53
Nosurgery 266 251 228 212 193 166 129 94 73 43 2t

4 5 6 7 8 9
Years from randomisation

26

Cl, 4.1 to 14.8) and that the ratio of nonfatal strokes to total
operative deaths was 6:1. In any surgical audit in which the
proportion of fatal outcomes is significantly higher than this,
the possibility that some nonfatal strokes have been missed
should be seriously considered.

Implications for Imaging and M easurement of
Carotid Stenosis

Although the severity of carotid stenosisis not the only factor
that determines the effectiveness of endarterectomy for symp-
tomatic carotid stenosis,® benefit from surgery is still highly
dependent on the degree of carotid stenosis. Measurement
must therefore be accurate and reliable. This reanaysis was
based on the measurement of degree of carotid stenosis by the
method used in NASCET. Given the confusion generated by
the use of different methods in the original trials, we suggest
that this method be adopted as the standard in the future.
Arterial angiography (usualy conventiona selective) was
used in the vast majority of cases in ECST. If noninvasive
techniques of imaging are used to select patients for surgery,
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Figure 6. Kaplan-Meier curves in
patients with 70% to 99% stenosis with-
out narrowing of the ICA and in patients
with severe stenosis with narrowing of
the ICA (by ECST criteria) showing the
effect of surgery on survival free of any
stroke or surgical death (left) and dis-
abling or fatal ipsilateral carotid territory
ischemic stroke and disabling surgical
stroke or surgical death (right). Thick line
represents surgical treatment; thin line,
medical treatment.

Nosurgery 182 151 135 127 123 101 71 45 30 20 10

then they must be properly validated against catheter angiog-
raphy within individual centers.3435

Clinicians who routinely use selective injection contrast
arterial angiography will be able to identify near occlusion
cases with the NACSET criteria.22 However, the finding of no
obvious benefit from surgery in patients with near occlusion
does have implications for clinicians who currently practice
using noninvasive methods of carotid imaging. In particular,
because these patients have low flow across the stenosis and
into the distal ICA, as can be seen on conventional angiog-
raphy (Figures 1 and 2), they are sometimes misdiagnosed as
complete occlusions by noninvasive methods of imaging.36.37
The lack of obvious benefit from surgery in this group
reduces the importance of this shortcoming of noninvasive
imaging. Nevertheless, further research is required to assess
the sensitivity and specificity of noninvasive methods of
imaging in the detection of near occlusion in those cases that
are not misdiagnosed as complete occlusions. However,
because the near occlusion criteria require the demonstration
of collateral flow toward the symptomatic hemisphere (usu-
aly seen as flow across the anterior communicating artery
after injection of contrast into the contralateral carotid system
[Figure 2]),2224 noninvasive imaging techniques currently
used in routine clinical practice will not be able to apply the
criteria directly.

There are several arguments in favor of the continued use
of selective arterial angiography in the selection of patients
for endarterectomy.38:3° However, many clinicians now prac-
tice with noninvasive imaging alone. One advantage of the
ECST criteria for severe stenosis with narrowing of the ICA
over the near occlusion definition in identifying patients with
severe stenosis who may not benefit from endarterectomy is
that it can potentially be derived from noninvasive methods

Nosurgery 182 164 158 154 150 127 95 68 46 31 15

of carotid imaging. Indeed, ultrasound imaging has been used
to demonstrate the return of the ICA lumen diameter to
normal after endarterectomy.337 Clinicians who currently
practice using noninvasive methods of imaging alone will
therefore be able to identify some low-risk severe stenosis
patients using the ECST criteria However, it is important to
consider that the data on the ICA:CCA ratio were derived
from angiographic images. Further work is necessary to
check whether the same cut points should be used to define
narrowing of the ICA using other modalities of imaging.

The ECST definition of an abnormally narrow ICA as2 SD
below the population’s mean ICA:CCA ratio® is, of course,
arbitrary. By definition, 2.5% of patients with no stenosis
have a sufficiently narrow ICA to be 2 SD below the
population mean. The ECST criteria will therefore have a
false-positive rate (and a false-negative rate) for the identifi-
cation of near occlusions. However, given that normal carotid
anatomy varies considerably between individuals and be-
tween the 2 carotid bifurcations within individuals,%° it is not
possible to identify acut point for the ICA:CCA ratio that will
have no false-positive cases without sacrificing sensitivity.
However, the 82% sensitivity and very high specificity of the
suggested criteria for ICA narrowing in identifying near
occlusions in ECST (Table 2) are likely to prove useful in
clinical practice. Moreover, the clinical usefulness of the
ECST definition is evident in Figure 6.

It is also important to note that although some patients with
severe stenosis with narrowing of the ICA and near occlusion
have almost compl ete collapse of the ICA, asin Figures 1 and
2, others are more subtle. Figure 7 shows angiograms of the
carotid arteries of a woman with severe stenosis on the left
that satisfies the criteriafor severe stenosis with narrowing of
the ICA and near occlusion but in whom the ICA is less
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Figure 7. Arterial angiograms of carotid arteries of a woman
with severe stenosis on the left that satisfies the criteria for
severe stenosis with narrowing of the ICA and near occlusion
but in whom the ICA is only partially narrowed. ICA:CCA ratio is
<0.45 on the side of the stenosis (left) compared with 0.6 on
the contralateral side (right), and the poststenotic ICA is nar-
rower than the ipsilateral external carotid artery.

completely collapsed than in the cases shown in Figures 1 and
2. Nevertheless, the ICA:CCA ratio is <0.45 on the side of
the stenosis compared with 0.6 on the contralateral side, and
the poststenotic ICA is narrower than the ipsilateral externa
carotid artery. In cases in which there is uncertainty, conven-
tional arterial angiography may be necessary to determine
whether there is collateral flow toward the symptomatic
cerebral hemisphere.

Conclusions

Reandysis of the ECST trid using the same definitions of
outcomes and the same method of measurement of stenosis used
in the NASCET yielded very similar results to those reported in
NASCET. There was some evidence of benefit from surgery in
patients with 50% to 69% stenosis, athough this was not
satistically significant for al the main trial outcomes. Therewas
major benefit from surgery in patients with 70% to 99% stenosis
without near occlusion and in those with 70% to 99% stenosis
without ICA narrowing. However, contrary to current clinical
practice, surgery was ineffective in patients with near occlusion
or severe stenosis with narrowing of the ICA. More precise
estimates of the risks and benefits of surgery will be available
from a pooled analysis of individual patient data from al of the
available randomized trials of carotid endarterectomy for symp-
tomatic carotid stenosis (Carotid Endarterectomy Trialists
Collaboretion).2741
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