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Safety and Efficacy of Endovascular Treatment of Carotid
Artery Stenosis Compared With Carotid Endarterectomy

A Cochrane Systematic Review of the Randomized Evidence
Lucy J. Coward, MRCP; Roland L. Featherstone, PhD; Martin M. Brown, MD, FRCP

Background and Purpose—FEndovascular treatment of atherosclerotic carotid artery stenosis may be an alternative to
surgical endarterectomy. To evaluate the safety and efficacy of endovascular techniques, we conducted a systematic
review of randomized studies that compared endovascular treatment with surgery for carotid stenosis.

Methods—We searched the Cochrane Stroke Group trials register, the Cochrane Central Register of Controlled Trials,
MEDLINE, EMBASE, and Science Citation Index for randomized trials of carotid angioplasty and/or stenting compared
with surgery. We also contacted researchers in the field and balloon catheter and stent manufacturers.

Results—Five trials involving 1269 patients were included. Analysis of 30-day safety data found no significant difference
in the odds of treatment-related death or any stroke (odds ratio [OR], endovascular surgery, 1.33; 95% confidence
interval [CI], 0.86 to 2.04), death or disabling stroke (OR, 1.22; CI, 0.61 to 2.41), or death, any stroke, or myocardial
infarction (OR, 1.04; CI, 0.69 to 1.57). At 1 year after randomization, there was no significant difference between the
2 treatments in the rate of any stroke or death (OR, 1.01; CI, 0.71 to 1.44). Endovascular treatment significantly reduced
the risk of cranial nerve injury (OR, 0.13; CI, 0.06 to 0.25). There was substantial heterogeneity between the trials for
4 of the 5 outcomes.

Conclusions—No significant difference in the major risks of treatment was found but the wide confidence intervals
indicate that it is not possible to exclude a difference in favor of one treatment. Minor complication rates favor
endovascular treatment. There is currently insufficient evidence to support a widespread change in clinical practice away
from recommending carotid endarterectomy as the treatment of choice for suitable carotid artery stenosis. Patients
suitable for carotid endarterectomy should only be offered stenting within the ongoing randomized trials of stenting
versus surgery. (Stroke. 2005;36:905-911.)
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Large randomized trials have convincingly shown that
carotid endarterectomy significantly reduces the long-
term risk of subsequent stroke from severe carotid artery
stenosis.!~* However, surgery does have the disadvantage of
requiring an incision in the neck and, in some centers, is
performed under general anesthesia.

Case series evidence has accumulated to show that carotid
angioplasty and stenting may offer an alternative to carotid
endarterectomy.>-2° The advantages to treating carotid steno-
sis in this way include avoidance of general anesthesia and its
complications such as myocardial infarction and pulmonary
embolism. Endovascular treatment is usually performed via a
femoral catheter, thus avoiding an incision in the neck and
subsequent cranial and cutaneous nerve damage. Hospital
admission and recovery time after endovascular treatment
may be less than with surgery, therefore reducing costs. In
addition, endovascular treatment may be the only treatment

option for patients at high-risk after surgery because of
comorbidity such as ischemic heart disease or for those with
surgically inaccessible lesions.

There has been some resistance to treating carotid artery
disease endovascularly because of concerns over distal
embolization to the brain during passage of a catheter
through a tight stenosis. However, in recent years endo-
vascular equipment and techniques have been developed to
limit this complication. Initially, percutaneous translumi-
nal angioplasty using a balloon catheter was used to treat
carotid stenosis. This procedure is known to carry a risk of
arterial dissection, which may be symptomatic causing a
stroke or transient ischemic attack. Stents for use in the
carotid arteries were developed ~10 years ago and may be
less likely to cause arterial dissection and thromboembolic
symptoms when used by experienced individuals.®!* Ce-
rebral protection devices have also been developed to
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TABLE 1. Characteristics of the Randomized Controlled Trials Included in the Review
Endovasc Treated

No. of Symp/ Asymp  Randomized to Received Technical  Randomized to  Surgery
Study Year Type Patients (No.) Endovasc (No.)  Endovasc (No.)  Stent/PTA  Success Surgery (No.) (No.)
CAVATAS 2001  Multicenter 504 488/16 251 240 55/158 89%* 253 246
Kentucky A 2001  Single center 104 104/0 53 53 All stents NK 51 51
Kentucky B 2004  Single center 85 0/85 43 43 All stents NK 42 42
Leicester 1998  Single center 23 23/0 11 7 All stents 100%* 12 10
WALLSTENT 2001  Multicenter 219 219/0 107 NK All stents 97%t 112 NK
SAPPHIRE 2004  Multicenter 334 96/238 167 159 All stents 95.61 167 151

Values are numbers or percentage (%) of patients.

*Success defined as completion of the procedure as far as dilating a balloon across the stenosis at least once or use of a stent.

tSuccess defined as post-stent stenosis of <30%.

Symp/Asymp indicates the portion of the patients who were symptomatic or asymptomatic; endovasc, endovascular; NK, not known; PTA, percutaneous

transluminal angioplasty without stent.

protect the brain from emboli that may arise during
stenting.

To be considered as a genuine alternative to surgery,
endovascular treatment must be shown to be as safe and
effective as surgery. The objective of this review was to
identify all truly randomized trials of endovascular treatment
compared with carotid endarterectomy in patients with ca-
rotid stenosis suitable for surgery and to assess the risks and
benefits of angioplasty and stenting compared with surgery.

Materials and Methods
Search Strategy

An extensive search of the literature was performed using the
Cochrane Groups’ Specialized Register of Trials (last searched
September 2003) using a search strategy designed to identify all
relevant trials. The Cochrane Central Register of Controlled Trials
(The Cochrane Library, Issue 3, 2003) was also searched for all
possibly relevant trials. In addition, all publications describing
relevant trials were sought through EMBASE (1980 to October
2004) using the following key words in various combinations:
carotid arteries, stenosis, endovascular, stents, angioplasty, endar-
terectomy, stroke, and cerebrovascular disease. This strategy was
modified for use with MEDLINE (1966 to October 2004) and
Science Citation Index (1981 to October 2004). Ongoing trials were
identified from conference proceedings and personal contact with
individuals active in the field. Informal inquiries were made with
balloon catheter and stent manufacturers.

Eligible Studies

We selected for inclusion randomized trials of carotid endovascular
treatment compared with carotid endarterectomy in patients of any
age or sex with symptomatic or asymptomatic carotid artery stenosis.
We included patients who had bilateral and unilateral procedures.
Trials that allowed any acceptable technique for carotid endarterec-
tomy (for example, use of a shunt or not, patching or not, local or
general anesthesia) and that allowed any acceptable endovascular
technique for treatment of carotid stenosis (for example, use of a
simple balloon catheter or stent and use of cerebral protection or not)
were reviewed. Two reviewers (L.J.C. and R.L.F.) independently
applied the inclusion criteria, extracted data, and assessed trial
quality.

Data Extraction and Analysis

For each study, the following data were extracted: (1) method of
randomization and whether the randomizing doctor was blinded to
the treatment allocated; (2) number of patients originally allocated to
each treatment group and the outcome of every patient to allow an

intention to treat analysis; (3) method of measuring outcome and
whether outcome assessment was independent and/or blinded; (4)
number of exclusions and losses to follow up; (5) intervention
characteristics; and (6) outcome measures, such as any stroke
(disabling or non-disabling) or death within 30 days of procedure;
subsequent ipsilateral carotid territory stroke; subsequent stroke in
any arterial territory; cranial neuropathy within 30 days of procedure;
other complications of the procedure, eg, myocardial infarction; and
restenosis rate.

Strokes were classified if possible as fatal, disabling (requiring
help with activities of daily living for >1 month after onset), or
nondisabling (symptoms lasted >7 days but patient was independent
at 30 days).

Results were reported as odds ratios (ORs) (ie, the odds of an
unfavorable outcome among patients treated by endovascular inter-
vention compared with the corresponding odds among patients
treated surgically) and were calculated using the Peto fixed-effect
method. Heterogeneity between trial results was tested for using a
standard ) test.

Results

The literature search identified 5 randomized trials of carotid
endovascular treatment compared with surgery, which ful-
filled the inclusion criteria. Two of these trials were complet-
ed?”2° and 2 were stopped early.?*3! The final trial had
completed 1 year follow-up at the time of this review.3?
Review of conference proceedings and personal communica-
tion also identified 4 ongoing trials that were not
included.33-36

Included Studies

The main characteristics of the included studies are shown in
Table 1. In total, 1269 patients with mainly symptomatic
(75% of patients) carotid artery stenosis were treated within
these 5 trials. None of the trials specifically excluded patients
with nonatheromatous carotid stenosis. In Stenting and An-
gioplasty with Protection in Patients at High Risk for Endar-
terectomy (SAPPHIRE), 23% of included patients had reste-
nosis after previous endarterectomy but exact numbers of
patients with nonatheromatous disease in the other 4 trials
were not reported. Because of study design and the nature of
the interventions, health workers, patients, and assessors were
not blinded to treatment or outcome in any of the trials.

CAVATAS
The Carotid and Vertebral Artery Transluminal Angioplasty
Study (CAVATAS) is an international multicenter trial in
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which long-term follow-up (>5 years) is ongoing.?” Patients
with symptomatic or asymptomatic carotid stenosis who were
equally suitable for endovascular treatment or surgery could
be randomized. Surgery could be performed using any
acceptable technique. All endovascular techniques were al-
lowed. If the patient was unsuitable for surgery (eg, because
of unacceptably high anesthetic risk factors), randomization
could be between endovascular treatment and medical care.
The number of patients randomized in this arm was small and
the data have not yet been published. In total, 504 patients
with carotid stenosis suitable for surgery were randomized to
endovascular treatment (N=251) or surgery (N=253); 90%
of patients had symptoms within 6 months before random-
ization. The trial found no significant difference in the rates
of major outcome events within 30 days of endovascular or
surgical treatment (10.0% versus 9.9% for any stroke lasting
>7 days or death).?”

Kentucky

The Kentucky study was a single-center randomized trial
comparing carotid angioplasty and stenting with carotid
endarterectomy. The trial comprised a symptomatic arm in
which 104 patients who had experienced symptoms and/or
signs of cerebral ischemia confined to the ipsilateral carotid
artery within the 3 months before randomization were includ-
ed.?® These patients were randomized between stenting
(N=53) and surgery (N=51), and all had an ipsilateral
internal carotid artery stenosis of >70%. In addition, there
was an asymptomatic arm in which 85 patients with no
symptoms of cerebrovascular ischemia and with internal
carotid artery stenosis of >80% were randomized between
stenting (N=43) and surgery (N=42).2° In the symptomatic
arm of this study, 1 patient died as a consequence of
myocardial infarction immediately after carotid endarterecto-
my. There were no other deaths or strokes in symptomatic or
asymptomatic patients treated with stenting or surgery.28-2°

Leicester

In the single-center Leicester study, all patients with symp-
tomatic severe internal carotid artery stenosis (>70%) who
consented to be included in the study were randomized to
stenting or surgery.’® The trial was stopped after 23 patients
had been randomized to treatment. Only 17 of the randomized
patients had received their allocated treatment at the time the
trial was suspended. Ten carotid endarterectomies proceeded
without complication, but 5 of the 7 patients who underwent
stenting had a stroke. Three patients were excluded from the
trial after randomization (1 patient occluded the carotid artery
asymptomatically before admission and 2 patients refused to
undergo their allocated treatment after admission). The final
3 patients had not yet been admitted for treatment when the
trial was stopped.3©

WALLSTENT

The WALLSTENT study was another multicenter trial and
randomized patients with symptomatic internal carotid artery
stenosis (transient ischemic attack or completed stroke within
120 days of randomization, with at least 60% stenosis) to
either stenting or carotid endarterectomy.>’ Two hundred
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nineteen patients were randomized to stenting (N=107) or
surgery (N=112). The 30-day peri-procedure complication
rate (any stroke or death) was significantly higher in the
stented group than in those who underwent carotid endarter-
ectomy (12.1% versus 4.5%; P=0.049).37 Further results
from this trial have not been published.

SAPPHIRE

A multicenter randomized trial based in the US compared
stenting with cerebral protection with endarterectomy in
patients at high surgical risk.32 Patients had >50% symptom-
atic stenosis (or >80% asymptomatic stenosis) plus one or
more comorbidity conditions (eg, congestive heart failure,
left ventricular dysfunction, recent myocardial infarction, or
severe pulmonary disease). Three hundred thirty four patients
were randomized to stenting with cerebral protection
(N=167) or surgery (N=167). The majority of patients
(71%) were asymptomatic in this study. In our original
Cochrane review, only 30-day results were available from
this trial;*® however, data from 1-year follow-up have re-
cently been published and have now been included.?> The
primary end point of the trial (cumulative incidence of death,
stroke, or myocardial infarction within 30 days of the proce-
dure or death or ipsilateral stroke between 31 days and 1 year)
occurred in 12.2% patients randomized to stenting and in
20.1% patients randomized to surgery (P=0.05, log-rank test
for superiority).3?> The trial was terminated early because
recruitment slowed after nonrandomized stent registries were
established; therefore, the power of the study and interpreta-
tion of results may have been influenced by this fact.

Randomization Method

The method of randomization was given for all trials. For
each trial, allocation concealment was judged to be adequate.
In one trial, patients were randomly assigned treatment by
computer after a telephone call or fax to a randomization
center.?’” A minimization algorithm taking account of center
and timing of symptoms was used. Patients were allocated
treatment on the basis of sealed envelopes in 2 trials.?8-3¢ In
one study, randomization of patients was performed using a
computerized number generator, sequentially numbered
sealed envelopes, and each center was assigned its own
randomization sequence.?! Randomization in the final trial
was performed with the use of a pseudo-random number
generator and was stratified according to clinical center and
according to whether the patient had symptomatic or asymp-
tomatic disease. Numbers were distributed by an automated
centralized telephone response system.3?

Follow-up

In CAVATAS, patients were followed-up 1 month after
treatment and then again at 6 months, 12 months, and yearly
after randomization by the independent participating neurol-
ogist or clinician who was not directly involved in treatment.
The mean duration of follow-up was 1.95 years (interquartile
range, 1.0 to 2.2) in the endovascular and 1.98 years (1.0 to
2.8) in the surgery group at the time the interim data were
published.?” In the Leicester study, patients were re-examined
by a consultant neurologist 24 hours after intervention, at 30
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TABLE 2. Rates of Outcome Events in the Individual Trials

30-Day Death or Stroke 30-Day Death or Disabling Stroke

1-Year Death or Stroke 30-Day Cranial Nerve Injury 30-Day Death, Stroke, or Ml

Endovasc Surgery Endovasc Surgery Endovasc  Surgery Endovasc Surgery Endovas Surgery
Study No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
CAVATAS 25 (10) 25(9.9) 16 (6.4) 15(5.9) 36 (14.3) 34(13.4) 0(0) 22 (8.7) 25 (10) 28 (11.1)
Kentucky A 0(0) 12 0(0) 1(2) NK NK 0(0) 4(7.8) 0(0) 1(2)
Kentucky B 0(0) 0(0) 0(0) 0(0) NK NK 0(0) 0(0) 0(0) 0(0)
Leicester 5 (45.5) 0(0) 3(27.3) 0(0) NK NK 0(0) 0(0) 5 (45.5) 0(0)
WALLSTENT 13 (12.1) 5(4.5) NK NK 13 (12.1) 4(3.6) NK NK 13 (12.1) 5(4.5)
SAPPHIRE 8(4.8) 9(5.4) NK NK 22(13.2)  33(19.8) 0(0) 8(4.8) 8(4.8) 16 (9.6)

Values are numbers or percentage (%) of patients.
MI indicates myocardial infarction; NK, not known.

days after treatment, and for a total of 2 years.’® In the
Kentucky study, follow-up was by an independent neurolo-
gist at 24 hours after procedure and again at 1, 3, 6, 12, and
24 months.?82° In the WALLSTENT study, patients had a
neurological assessment (National Institute of Health Stroke
Scale) performed 24 hours after procedure, then again at 6
and 12 months, and then annually.3! Follow-up in the SAP-
PHIRE trial is planned at 30 days, 6 months, 1 year
(completed), and then annually.3>

Assessment of Functional Outcome

The assessment of functional outcome was by the Oxford
Handicap Stroke score in one trial.>® Three trials used >1
scale to measure outcome: a combination of the Barthel,
Rankin, and National Institutes of Health Stroke Scale scores
were used.28:2931.32 [n CAVATAS, stroke outcome events
were classified as fatal if death occurred as a direct result of
stroke at any time after the event, or as disabling if survivors
required help from another person as a result of stroke to
undertake everyday activities for >30 days after the onset of
symptoms (equivalent to modified Rankin grade 3 or worse).
The remainder of stroke outcome events were classified as
nondisabling if symptoms lasted >7 days.?’

Analysis of Data

Two trials specified that analysis was by intention to treat (an
actual treatment analysis was also performed in SAP-
PHIRE).?7:32 The Leicester study only reported results from
patients who underwent treatment.® It was possible to per-
form intention-to-treat analysis on all trials as the number of
patients originally allocated to each treatment was extracted
and the outcome of all patients (including those who did not
undergo treatment within the trial) was known.

Peto OR

Endovascular Surgical

Weight

Ongoing Trials

We are aware of 4 trials currently ongoing comparing carotid
endovascular treatment with endarterectomy: the Interna-
tional Carotid Stenting Study (ICSS),?* Carotid Revascular-
ization Endarterectomy versus Stenting Trial (CREST),*
Stent-protected Percutaneous Angioplasty of the Carotid
versus Endarterectomy (SPACE),*> and Endarterectomy ver-
sus Angioplasty in patients with Severe Symptomatic Steno-
sis (EVA-3S).3¢

Meta Analysis

Table 2 shows the rates of outcome events for each of the
included studies. Meta-analysis of the data found no signifi-
cant difference between the odds of death or any stroke at 30
days after procedure (OR for endovascular surgery, 1.33;
95% confidence interval [CI], 0.86 to 2.04) (Figure 1). The
odds of death or disabling stroke at 30 days were similar in
the endovascular and surgical group (OR, 1.22; CI, 0.61 to
2.41) (Figure 2). At 1 year after the procedure, there was no
significant difference between the 2 groups in preventing any
stroke or death (OR, 1.01; CI, 0.71 to 1.44) (Figure 3).
Endovascular treatment significantly reduced the risk of
cranial neuropathy (OR, 0.13; CI, 0.06 to 0.25) (Figure 4).
There was no significant difference between the 2 groups
when the risk of death, any stroke, or myocardial infarction
was considered (OR, 1.04; CI, 0.69 to 1.57) (Figure 5).

Trial Heterogeneity

Significant heterogeneity was found in the 2 main safety
outcome measures, for which data were available from all
5 trials, namely: (1) 30-day risk of any stroke or death
[x*=10.35 (P=0.035)]; and (2) 30-day risk of stroke or
myocardial infarction or death [x*=14.96 (P=0.0048)]. Data

Peto OR

Study nH nH (95%CI Fixed) % (95%CI Fixed)
CAVATAS 2001 251251 251253 -ﬁ- 544 1.01[0.56,1.81] Figure 1. The effect of endovascular
Kentucky 2001 0153 1451 — 12 0.13[0.00,6.56] treatment versus endarterectomy for
Kentucky 2004 0/43 0/42 00 Not Estimable patients with carotid artery stenosis on
Leicester 1998 5111 0412 —- 43 12.88[1.85,89.61] the combined outcome “death or any
SAPPHIRE 2004 81167 97167 —a— 195 0.88[0.33,2.34] . »
Wallstert 2001 134107 51112 e 200 2.76[1.05,7.22] th(;cs)EﬁsWelltrglne):(%grg:g:dogsplgoeizdgé(ej.s ratio

Total(95%Cl) 511632 401637 i 100.0 1.33[0.86,2.04] wi ix .

OR) with a fixed effects model. OR <1

Test for heterogeneity chi-square=10.35 df=4 p=0.035 suggests endovascular treatment to be

Test for overall effect z=1.30 p=0.19 superior to endarterectomy

o1 1 10 100

Favours endovascular

Favours surgery
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Endovascular Surgery Peto OR Weight Peto OR
Study nn nM (95%CI Fixed) % (95%CI Fixed) Figure 2. The effect of endovascular
CAVATAS 2001 151251 151253 _*_ 887 1.0610.52.2.23] treatment versus endarterectomy for
Kertucky 2001 D/53 18t —a—— 30 0.13{0.00 5 58] patients with carotid artery stenosis on
Keniucky 2004 /43 043 an et Eatimatie the combined outcome “death or dis-
Leicester 1995 3 ornz ————————— 63 9971093107 53] abllng Stroke Wlthln 30 dayS Of proce_
Totak(S5%CT) 19 /388 15 1358 .- 100.0 1250081 2 41] dure.” Results are expressed as Peto OR
Test for heteragenety chi-squaresd 36 df=2 p=0 11 with a fixed effects model. OR <1 Sug-
Test for overall effect =056 p=0.6 gests endovascular treatment to be
0 1 i 1D 100 superior to endarterectomy.

Fawours endawasoutar

were available from 3 trials for the outcome 30-day risk of
disabling stroke or death, which did not reach statistical
significance for the test of heterogeneity [x*=4.36 (P=0.11)].
There was significant heterogeneity in the data for the 1-year
risk of any stroke or death, which was available from 3 trials
[x* test for heterogeneity=8.31 (P=0.016)]. Only for the
outcome of 30-day risk of cranial nerve injury was no
significant heterogeneity found between the trials [x*=0.00

(P=1)].

Restenosis Rates

There was insufficient data from most of the included trials to
perform any analysis on restenosis rates after endovascular
treatment compared with those after surgery. In CAVATAS,
ipsilateral stenosis of >70% 1 year after treatment was more
common after endovascular treatment than carotid endarter-
ectomy (14% compared with 4%; P<<0.001), but no differ-
ence in the rate of ipsilateral stroke was noted in the survival
analysis up to 3 years after randomization.?” The patency of
treated arteries in the Kentucky study was reported to be
“satisfactory” 2 years after either endovascular or surgical
treatment as determined by sequential ultrasound examina-
tion; however, the mean degree of residual stenosis in each
group was not given.?$:2%

Discussion
Some evidence of the benefits and risks of carotid endovas-
cular intervention comes from nonrandomized case series.
We identified reports of >5000 carotid angioplasty and
stenting procedures while identifying studies for this re-
view.>20 The 30-day risk of stroke or death from these
reports ranged from 2% to 9%, with an average rate of 4.7%.
Thus, the complication rate for endovascular treatment from
case series data are <30-day complication rate for surgery
reported in ECST (stroke rate 7.5%),! similar to that in
NASCET (stroke rate 5.5%)? but greater than in the asymp-
tomatic carotid atherosclerosis study (stroke or death rate
2.3%)? or the asymptomatic carotid surgery trial (stroke or
death rate 3.1%).* This nonrandomized evidence has been
used to justify the use of endovascular treatment of carotid

Fawors surary

stenosis. However, it is likely that lesions and patients were
highly selected in these reports, thereby reducing the compli-
cation rate. For example, asymptomatic lesions were included
in some series as were moderate stenosis (<70%). Moreover,
few of the large series have included independent verification
of outcome events and adequacy of follow-up in case series is
often uncertain.

Before widespread application of endovascular interven-
tion for treating carotid stenosis occurs, its use must be
evaluated within prospective randomized controlled trials.
This review found only 5 completed or stopped randomized
trials of endovascular treatment compared with surgery be-
tween 1998 and 2004.

Within the 5 included studies, 1269 patients were treated.
The 30-day safety data found no significant difference be-
tween the treatments for the major outcomes of stroke or
death, disabling stroke or death, and stroke, myocardial
infarction or death (with ORs very close to unity). However,
for each of these outcomes, the confidence intervals sur-
rounding the ORs were wide, indicating that it is not possible
to rule out a potentially important advantage or disadvantage
of one treatment over the other.

Trial Heterogeneity

For each of the major outcomes, significant heterogeneity of
data between the included trials was found. This heterogene-
ity between trials for the major outcomes further reduces the
confidence that can be placed on the finding of no significant
difference in major safety outcomes. Among the possible
reasons for the heterogeneity is the fact that the trials did not
all use the same endovascular technique. The earlier trials
used balloon angioplasty or stenting without cerebral protec-
tion devices, whereas the later trials tended to use stenting
with cerebral protection. In addition, patient selection was
different between the trials with a variety of proportions of
symptomatic and asymptomatic patients treated. The signifi-
cantly better results in the endovascular arm of the
SAPPHIRE trial are likely to reflect the fact that mainly
asymptomatic patients were treated and the primary endpoint
for the trial included myocardial infarction. Myocardial

Endovascular Surgery Peto OR Weight Peto OR
Sy nM nM ABOCE Minbd) % (95%ClFixed) Figure 3. The effect of endovascular
CAVATAS 2001 361251 341253 494 1.08[065,1.79) treatment versus endarterectomy for
SAPPHIRE 2004 221167 331167 w7 062[0.351.11] patients with carotid artery stenosis on
Wallstert 2001 134107 47112 — = 128 33001 23885) the combined outcome “death or any
Total(95%Ch) 1525 1532 100.0 1.01[0.71,1.44] stroke at 1 year”. Results are expressed

Test for heterogenetty chi-square=8.31 df=2 p=0.016
Test for overall effect z=0.06 p=1

as Peto OR with a fixed effects model.
OR <1 suggest endovascular treatment

& 2 1 5
Fawours endovascular

10

Favours surgery

to be superior to endarterectomy.
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Endovascular Surgery Peto OR ‘Weight Peto OR
Study nM nM (95%CI Fixed) % (95%CI Fixed) i
Figure 4. The effect of endovascular
CAVATAS 2001 04251 221253 B 64.3 0.13(0.05,0.29]
Kentucky 2001 0153 4151 [ 138 0.12(0.02,0.90] trea.ltment Vversus en darterectomy for
Kentucky 2004 0143 0142 00 Not Estimable patients with carotid art?ry stenosis on
Leicester 1998 0/ 012 00 Not Estimable the combined outcome “cranial neuropa-
SAPPHIRE 2004 04167 81167 — 239 0.13(0.03,0.53] thy within 30 days of procedure.” Results
Total(95%Cl) 04525 341525 - 100.0 0.13(0.06,0.25] are expressed as Peto OR with a fixed
&l ! 113[(0.06,0.
Test for heterogeneity chi-square=0.00 df=2 p=1 effects model. OR <1 SUQQ.GStS endovas-
Test for overall effect z=-5.94 p<0.00001 cular treatment to be superior to
- . - mn endarterectomy.

Favours endovascular Favours surgery

infarction was defined as creatine kinase level >2-times the
upper limit of normal with a positive myocardial bound
fraction and patients did not have to have characteristic
electrocardiogram changes.’> When the outcome 30-day
stroke or death was analyzed, no significant difference
between the treatments was found. We included stopped and
completed trials in the review because it was felt that the
results from these trials should be considered, although the
impact of the stopped trials on the meta-analysis is likely to
be minimal given the small numbers of patients involved.

Cerebral Protection

Cerebral protection devices are designed to be placed distal to
the stenosis and collect the embolic debris before it enters the
intracranial circulation. There are now several case series
reporting experience of endovascular treatment with cerebral
protection.?!-25 A recent systematic review of the nonrandom-
ized single-center evidence on early outcome after carotid
angioplasty and stenting with and without cerebral protection
devices found that the use of cerebral protection devices
appears to reduce the risk of thromboembolic complications
during endovascular treatment.?® However, there is as yet no
evidence from completed randomized trials comparing stent-
ing with or without cerebral protection. Furthermore, the
protection device must usually be passed through the arterial
stenosis itself and therefore carries the risk of dislodging
thrombotic material. Despite this uncertainty, in practice,
cerebral protection devices are becoming increasingly popu-
lar with interventionists.

News From Ongoing Studies

The 4 ongoing trials of carotid stenting compared with
surgery are not due to report for several years. However, a
recent clinical alert from the EVA-3S trial warrants discus-
sion. The trial reported a higher rate of stroke within 30 days
of carotid stenting in the patients who underwent stenting
without cerebral protection (N=15) compared with those in
whom cerebral protection was used (N=58; OR, 3.9; 95% CI,

0.9 to 16.7).3° The trial safety committee recommended
stopping stenting without cerebral protection on the basis of
this interim result. However, this decision has been criticized
for several reasons in a recent letter to Stroke.*° In the first
instance, the trial was not designed as a randomized trial of
stenting with or without protection and the number of patients
that had received treatment at the time of the report was
small. Secondly, the difference between treatment with and
without protection did not reach statistical significance. In
addition, the patients who received stenting without cerebral
protection were significantly older than those who underwent
stenting with protection (72.7 versus 66.0 years; P=0.013), a
factor that has been shown previously to be a risk factor for
carotid stenting.**- 4! Moreover, only strokes at the time of the
procedure could be expected to be prevented by the protec-
tion device; however, in the unprotected patients within
EVA-3S, half the strokes occurred after the day of treatment
(N=2) and half occurred on the day of treatment (N=2).
Therefore, it was perhaps premature for the safety committee
to recommend stenting only be performed with cerebral
protection at this stage of the trial.

Conclusion

As yet, there is no evidence on long-term efficacy of
angioplasty and stenting available from any of the studies.
Given at least similar safety to surgery and the potential
advantages outlined previously, it is ethical and necessary
that randomized trials comparing endovascular treatment
with surgery continue to recruit patients. In the mean time,
there is insufficient evidence to support a move away from
recommending carotid endarterectomy as the treatment of
choice for suitable carotid stenosis. Stenting should only be
offered within the ongoing trials of stenting versus surgery.
These trials will provide valuable data on the safety and
efficacy of stenting compared with surgery and the benefits or
otherwise of cerebral protection devices.
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