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Abstract

Background and aim: The aim of this study is to identify the significance of
periprocedural myocardial infarction (PMI) after carotid revascularization, in order
to assess the safety of carotid artery stenting (CAS) and carotid endarterectomy

(CEA) through systematic review and meta-analysis.

Methods: Electronic databases were searched [PubMed, Cochrane Central Register
of Controlled Trials (CENTRAL)] from 2000 till 2023. The research should include
randomized control trials comparing the perioperative events (30-day results) after
carotid angioplasty and endarterectomy. All the trials should refer to the
perioperative risk of myocardial infarction, in order to assess its’ importance in the

safety of each method.

Results: Twelve randomized control trials (RCTs) were included in the review. Not
all contributed to each analysis. The risk of periprocedural stroke is reduced in
endarterectomy compared to stenting [(OR:1,6, confidence interval:1,3-2,1)
p<0,05], while periprocedural myocardial infarction (MI) was more frequent after
CEA favoring stenting [OR: 0,4, Cl 95%: 0,2-0,7, p< 0,05]. The periprocedural rates
of mortality had no great difference between angioplasty and endarterectomy,
although endarterectomy has lower risk of death [ OR: 1,1, CI (0,6-2,1), p= 0,68].
The composite endpoint of stroke, MI or death is favoring endarterectomy as safer
treatment [(OR: 1,3, Cl:1-1,5), p<0,05] with significant difference.

Conclusions: Perioperative risk of myocardial infarction is lower in stenting,
although the data do not demonstrate raise in mortality rates. Some of the trials do
not include definitions of myocardial infarction, probably underestimating the rates
of PMI. Carotid and cardiac artery disease share the same risk factors. Future trials
should search thoroughly the incidence of PMI, in order to assess the safety of each

treatment for carotid disease.

Key words: carotid endarterectomy, carotid stenting, myocardial infarction,

systematic review, meta-analysis
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Hepitnym

YKomoc: Xkomdg NG mapovoag HEAETNG €lval va Tpocdlopicel T onuacio Tov
TEPLEMEUPOTIKOD KIVOVVOL EUOPAYUATOG TOV LLOKOPITIOL HETH amd emavayyeimon
KOPOTIO®V, TPOKEWEVOL Vo a&oroyndel n acedAield ™G Oy YEIOTANCTIKNG
KOPOTIO®OV KOl NG  KOPOTOIKAG  EVOUPTNPEKTOUNG HECHO  GLUOTNUOTIKNG

avVOoKOTNGNG KO LETO OVAALGNG.

Mébodot: 'Eyve avalnnon oe niektpovikéc faoeic dedopévav [PubMed, Cochrane
Central Register of Controlled Trials (CENTRAL)] and to 2000 éwg to 2023. H
épevva. Bo mpémer vo mepAOUPAvVEL TLXOMOTOMNUEVEG OOKIUES EAEYYOL TOL
ovykpivouv ta mepleyxelpnTiKa cvupdvia (amoteléopoto 30 nuepodv) peTd amd
KOPOTOIKN oyYEOTAACTIKN Ko evdoaptnpektour). Oleg ol peréreg Oa mpémel va
aVOQEPOVTOL OTOV  TEPLEYYXEPNTIKO  KIVOLVO  EUEPAYLOTOS TOV  HvoKapdiov,

TPOoKEWEVOL va ekTiunBel 1 onpacio Tov Yo v acedAieto ¢ kabe pebodov.

Amoterléopata: ADSEKH TUYOOTOMUEVES SOKIUEG EAEYXOV CLUTEPIANPON KOV oTNV
avaokomnon. Aev cuvéBalav OAeg oe Kabe avdlvon. O mepleyyelpnTikdg Kivouvog
EYKEPAAKOD EMEIC0OI0V EIVOAL LELOUEVOG GTIV EVOOPTNPEKTOUT| GE GUYKPIOT| LLE TNV
ayyelomhaotiky] [(OR:1,6, Cl:1,3-2,1) p<0,05], evd o mepieyyepntikdg Kivouvog
EUQPAYUOTOS TOL HVOKOPOIOL MTaV MO CLYVOG HETO Omd  EVOOUPTNPEKTOUN,
eovomvtag v ayyswomiaotiky [OR: 0,4, ClI 95%: 0,2-0,7, p< 0,05]. Ta
TEPLEYYEIPNTIKA TOCO00TA Bvnodttoag oev elyav peydAn oweopd petald
OYYEWOTAOGTIKNG KOl EVOOUPTNPEKTOUNG, OV KOl 1] EVOUPTNPEKTOUN £XEL LKPOTEPO
kivouvo Bavérov [OR: 1,1, CI (0,6-2,1), p= 0,68]. To cdvBeto tEMKO OMpEio
EYKEPOUAKOV emec0diov, epepdypatog 1 Bavdatov guvoel v evOapTNPEKTOUT ©OC

acporéotepn Oepamneia [(OR: 1,3, CI:1-1,5), p<0,05] pe onuovtikn dopopd.

Yvumepdopata: O mepleyyepnTikos Kivouvog UEPAyIOTOg TOV Hvokapdiov givan
YOUNAOTEPOS GTNV AYYELOTAAGTIKY], OV KOt T OEGOUEVA OEV KATAOEIKVVOVY aOENOT)
TOV TOGOGTOV Bvnowodmtag. Opiopéveg amd Tic SOKIES dev meplopPavouv
0poHOVS TOV EUEPAYLOTOS TOL HVOKAPSIoV, TOAVEOS VIOTIUMVTOS TO. TOCOGTA
nepleyyepntikd. H xopotidkn kot kapdiokn aptnploky vocos popalovtal Toug

idovg mapdyovteg Kivdvvov. Ot HEAAOVTIKES OOKIUES Bo TPEMEL VO EPELVIIGOVV
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O1eE0dIKA TN GLYVOTNTO EUPAVIONC TEPLEYYELPNTIKOD EUPPAYUATOC, TPOKELEVOL VO,

a&lohoynOei n acpdielo KaOs Bepameiog yio TV KOPOTIOIKN VOGO

A€Eeic-kKAeOW:  eVOOPTNPEKTOUT  KOPOTIO®V,  OYYEIOTAOCTIKY  KAUPOTIO®V,

EULPPOYLLO LLOKOPSTIOV, GUGTIUOTIKY AVAGKOTNOT), LETO-0VAAVOT)
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INTRODUCTION

Stroke is one of the most common causes of death worldwide. Carotid artery stenosis
is responsible for 20% of ischemic strokes and transient ischemic attacks, which can
present with variant neurological symptoms such as amaurosis fugax, dysarthria,
aphasia, numbness or weakness of extremities [1,2]. Ultrasonography as
noninvasive diagnostic modality helps in detection of asymptomatic carotid stenosis,
which can be treated under circumstances [3]. Carotid Endarterectomy (CEA) was
for many years the gold standard surgical procedural for the treatment of carotid
stenosis in symptomatic and asymptomatic patients. Carotid artery stenting refers to
percutaneous angioplasty as an alternative to endarterectomy in high risk patients,
who cannot undergo surgery. Stenting is performed widely the last two decades and
is no inferior to endarterectomy, regardless the patient symptom status. Trials have
been conducted for the safety of each technique, comparing CEA to CAS for
periprocedural stroke, myocardial infarction and death. There has been debate
whether myocardial infarction should be included as endpoint in large randomized
trials, because the main purpose of conducting this kind of trials was the elimination
of stroke and mortality rates after each procedure. However, periprocedural Ml is
associated with high risk of mortality after vascular surgery and endovascular
procedures [4,5]. This was confirmed by a long- term study, in which MI was
responsible for two to three times the late mortality compared to patients with no
periprocedural events [6]. Data show that CAS has a greater risk for stroke, while
periprocedural risk of myocardial infarction (MI) is more often after CEA in

randomized control trials (RCTSs).

PMI often occurs within the first 24-48 hours after the procedure, as a result of
unstable coronary plaque rupture or as severe coronary artery disease (CAD) [7]. It
can present as Acute Coronary Syndrome (Type | MI) with thrombotic occlusion of
the coronary artery. This is the result of hyperactivity of sympathetic system which
includes vasoconstriction, hemodynamic instability and rupture of unstable coronary
plaque leading to thrombosis [8]. The second type of myocardial infarction (Type Il
MI) is a mismatch between myocardial oxygen demand and supply. This occurs
when the stress of the procedure is more than the burden the coronary arteries can
afford due to stable but obstructive coronary plaques [9]. Type Il MI is the most

frequent type of Ml after non-cardiac surgery, although Type I is recognized in many
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cases. MI can present with typical symptoms including chest pain, ischemic
electrocardiographic changes (ECG) or elevation of cardiac biomarkers [10]. Many
non-cardiac surgeries are accompanied with biomarker elevation without other
symptoms. The cardiac biomarker elevation is predictive of intermediate and long-
term morbidity and mortality. The elevation of Tnl alone following vascular surgery
is a stronger predictor of death than the presence of diabetes, congestive heart failure
and coronary artery disease [11]. Periprocedural MI can be a fatal endpoint for
patients undergoing carotid revascularization and increases future mortality and
mortality. PMI must be considered in carotid revascularization when choosing
strategy for symptomatic and asymptomatic patients, since decreasing the incidence
makes the procedure safer.
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METHODS

Search Strategy

The research was detailed and included the Cochrane Central Register of Controlled
Trials (CENTRAL) and PubMed. The keywords used for the research were: carotid
angioplasty, carotid stent, carotid endarterectomy, myocardial ischemia, cardiac
ischemia, myocardial infarct, cardiac infarct. The research included randomized
control trials (RCTs) released from 2000 till 2023. The publication language was
English. Reviews, meta-analyses and other studies were checked in order to identify
all the eligible studies for the review. The selection included only randomized
control trials comparing carotid stenting with endarterectomy. Non randomized

trials, single arm studies, case series and letters were excluded.

Eligible Studies

The eligible studies were randomized control trials of angioplasty compared with
endarterectomy in symptomatic and asymptomatic patients of any age. The studies
had to refer to the periprocedural myocardial infarction as endpoint after stenting
and endarterectomy. The results of the research using the keywords above included
1.547 records. The selection criteria were applied and 12 RCT’s met the criteria and

were included in the review.
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Records identified through database
research
n=1.547

Records excluded after the
implication of criteria
n=1.189

v

v

Records screened
n=358

Records excluded after
duplicated studies, non-
RCTs, different intervention
and review articles removed
n=346

v \ J

Studies included for review
n=12

v
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RESULTS

The baseline characteristics of the RCTSs, inclusion criteria of each study and the
demographic characteristics of the patients included in the RCTs are shown in Table
1, Table 2 and Table 3. The 12 RCT’s have enrolled 11.153 patients, of whom 5.204
(46%) patients were randomized to CEA and 5.949 (53%) patients were randomized
to CAS. Four of the trials have included patients with symptomatic carotid artery
disease (Kentucky 2001'% [Carotid angioplasty and stenting vs carotid
endarterectomy trial], EVA 3-S'® [Endartectomy Versus Angioplasty in Patients
with Symptomatic Severe Carotid Stenosis], BACASS!’ [Basel Carotid artery
stenting vs carotid endarterectomy], and the ICSS'® [Endarterectomy versus
Angioplasty in Patients with Symptomatic Severe Carotid Stenosis] trials), four
trials have both symptomatic and asymptomatic participants (CAVATAS *? [Carotid
and Vertebral Artery Transluminal Angioplasty Study], Sapphire®® [Stenting and
Angioplasty with Protection in Patients at High Risk for Endarterectomy], CREST?8
[Carotid Revascularization Endarterectomy versus Stenting Trial] and Kuliha?
trials) and four trials have enrolled exclusively asymptomatic patients (Kentucky
2004  [Carotid angioplasty and stenting vs carotid endarterectomy for treatment of
asymptomatic carotid stenosis trial], ACT-1?! [Asymptomatic Carotid Trial],
Mannheim/Karmeli?? and ACST-2% [Second asymptomatic carotid surgery trial ]
trials). An embolic protection device (EPD) has been used in most of them, with the
exception of CAVATAS!?, Kentucky 2001*® and Kentucky 2004 trials. The
demographics of the RCTs show that most of the patients are men, >60 years and
hypertension (HTN) is the more frequent risk factor for carotid artery stenosis unlike

diabetes mellitus (DM) and cardiac artery disease (CAD).
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Table 1

Characteristics of selected randomized clinical trials included in the review

Study (year)

No. of Symptomatic/ CEA CAS EPD(%)

patients )
Asymptomatic

CAVATAS (2001) 2
Kentucky (2001) 3
Kentucky (2004) 14
Sapphire (2004)
EVA -3S (2006) 16
Bacass (2008) ¥
Crest (2010) 8
1CSS(2010)
Kuliha (2014) %
ACT 1(2016) 2
Mannheim (2017) %2

ASCT-2 (2021) 2

504 488/16 253 251 0
104 104/0 53 51 0

85 0/85 42 43 0
334 96/238 167 167 95,6
527 527/0 262 265 92
20 20/0 10 10 100
2502 1.326/1.176 1240 1262 96
1713 1713/0 858 855 73
150 87/63 73 77 96
1453 0/1453 364 1089 97,8
136 0/136 68 68 100
3625 0/3625 1814 1811 100

Table 2

Inclusion criteria of selected randomized control trials

Study (year)

Inclusion criteria

CAVATAS (2001) 22

Kentucky (2001) 3

Kentucky (2004) 14

>50% symptomatic or asymptomatic stenosis of the common
carotid artery, carotid bifurcation, or internal carotid artery needed
treatment and was suitable for both carotid endarterectomy and
endovascular treatment

>70% symptomatic stenosis of the ipsilateral carotid bifurcation as
determined by the NASCET criteria

>80% asymptomatic stenosis of internal carotid artery with digital
subtraction angiography — documented as determined by NASCET
criteria

13
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Sapphire (2004) ©°

EVA -3S (2006)

Bacass (2008)

Crest (2010) '8

ICSS(2010) 19

Kuliha (2014) 2°

ACT 1(2016) #

Mannheim (2017) %2

ASCT-2 (2021) 28

>50% symptomatic carotid stenosis of the luminal diameter or >80%
asymptomatic stenosis and at high surgical risk

60-99%  symptomatic carotid stenosis as determined by the
NASCET criteria and hemispheric or retinal transient ischemic
attack or non-disabling stroke within 120 d before enroliment

Symptomatic high- grade internal carotid artery stenosis (70-99% on
duplex ultrasonography and on magnetic resonance angiography)

>50% symptomatic carotid stenosis on angiography and > 70% on
US, CTA, MRA symptomatic stenosis or >60% asymptomatic
carotid stenosis on angiography and >70%

>50% symptomatic carotid artery stenosis by the NASCET criteria

>70%  stenosis of internal carotid artery (Symptomatic or
asymptomatic) detected by duplex ultrasonography and confirmed
using CT angiography (CTA)

> 70% asymptomatic bifurcation carotid stenosis, as determined by
ultrasonographic or angiographic criteria

>70% asymptomatic carotid stenosis detectable by duplex ultrasound
and confirmed by CTA or MRA without previous ipsilateral carotid
procedure

>60% asymptomatic carotid artery stenosis

Table 3

Demographic characteristics of the patients

Study (year) Male (%0) Age Mean, HTN (%) CAD(%) DM(%)
y
CAVATAS (2001)*? 352 (69,5) 67 276 (55,5) 187 (38,5 67 (13)
Kentucky (2001) ¥ NK 68 48 (46,5) 36 (35,5) 16 (15,5)
Kentucky (2004) ¥*  NK 68 32 (38) 23(27,5) 5(6)
14
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Sapphire (2004) 5 219(67) 725 285(85,4) 267(80,6) 83(26,4)

EVA -3S (2006) 6 391(69,5) 69,5 380(73)  NK 124(24)
Bacass (2008) ¥ 17(85) 70 15(75) 6(30) 6 (30)
Crest (2010) 1629 (74) 69 2.151(86)  1.050(42) 750(30)
ICSS(2010) *° 1207(70) 70 1.1.82 (69) 307(18) 371 (22)
Kuliha (2014) 2 105(70) 65 131(87)  57(38) 65 (43)
ACT 1(2016) 2 873(60) 67 1.313(90) 767(52) 506 (33)
Mannheim (2017) 2 93(62) 68 115 (84)  67(49) 65(48)
ASCT-2 (2021) 2 2545(70) 70 2.299(64) 1.301(35) 1.085(30)

Periprocedural outcomes of RCTs comparing CAS and CEA

The periprocedural period was defined as the time from randomization to 30 days’
post procedure. The incidence of periprocedural outcomes of interest in all RCTs is
shown in Table 4.

Table 4
Outcome Event Rate in the RCTs

Study (year) 30-Day Death  30-Day Stroke  30-Day Ml 30-Day M1, Stroke or Death
CAS CEA CAS CEA CAS CEA CAS CEA
CAVATAS (2001) 12 7(2,8) 4(1,6) 18(7,1) 21(8,3) 0(0) 3(1,2) 25(9,9) 28(111)
Kentucky (2001) *3 000) 1(2) 0(0)  0(0) 000) 1(2) 0(0) 1(2)
Kentucky (2004) 14 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) NK NK
Sapphire (2004) 15 2(12) 4(24)  6(36) 5(3) 4(2,4) 10(5,9) 8(4,8)  10(5,9)
EVA -3S (2006) 16 2(1) 3(11) 23(8,7) 7(2,7) 1(0,4) 2(0,8) 26(9,8)  12(4,6)
Bacass (2008) V7 0(0) 0(0) 0(0)  1(10) 0(0) 0(0) 0(0) 1(10)
Crest (2010) 18 9(0,7) 4(0,3) 52(4) 29(2,3) 14(1) 28(2,3) 66(5,2) 56(4,5)
15
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ICSS(2010) ¥ 10,1) 1(0,1)  58(7) 27(33)  3(0,4) 5(0,6) 61(7,4) 33(d)

Kuliha (2014) % 0(0)  0(0) 22,7 14,7 0(0) 0(0) 22,7) 11,7
ACT 1(2016) 2 10,1) 1(0,1)  30(2,8) 5(14) 5(0,5) 3(0,9) 36(3,3) 9(26)
Mannheim (2017) 2 0 0 229 1(1,4) 0 0 2(2,9) 1(1,4)
ASCT-2 (2021) 2 2(0,1) 2(0,1) 61(3,6) 41(24) 5(0,3) 12(0,7) 68 (3.9) 55(3,2)

Periprocedural M1 in the RCTs

The carotid revascularization trials tend to inform for the risks of each procedure by
outlining the outcome events after CEA and CAS. The events of stroke, myocardial
infarction and death are the main outcomes, in order to evaluate the safety of
endarterectomy and stenting for carotid artery stenosis. Periprocedural myocardial
infarction is one of the most significant outcomes and in some cases can be fatal,
leading to death. Most of the trials include the incidence of periprocedural
myocardial infarction, but each of these sets a different definition including
symptoms, electrocardiographic changes and biomarker elevation. A small range of
trials includes only the outcomes, without providing a definition. The available data

concerning the definitions of each study are shown in Table 5.

CAVATAS

CAVATAS *? is an international multicenter study, including symptomatic and
asymptomatic patients for endovascular treatment and surgery. 504 participants
were randomized between CEA and CAS. There was no definition of periprocedural
MI, but it was included as outcome. 3 (1,2) patients had myocardial infarction after
CEA in contrast to CAS, which had no events. Stroke had a greater incidence after
CEA (8,3 versus 7,1), making CAS a safer treatment for carotid revascularization.

All myocardial infarctions were defined as no fatal.

Kentucky
The Kentucky ** trials are two single center randomized trials. The first trial
included 104 symptomatic patients, who had signs and symptoms of cerebral

ischemia within the last 3 months, while the second trial had 84 participants without

16

Institutional Repository - Library & Information Centre - University of Thessaly
02/05/2026 10:15:45 EEST - 216.73.217.38



symptoms with a carotid stenosis >80%. None of the studies provided a definition
of myocardial infarction. The first trial recorded one myocardial infarction after
CEA leading to death. The second trial had no events.

Sapphire

The Sapphire ° trial included both symptomatic and asymptomatic patients with
high surgical risk. The majority of the patients randomized to the trial were
asymptomatic and the eligibility criteria were >60% stenosis in the symptomatic
group and >80% stenosis for the asymptomatic group. The definition included only
biomarker elevation (CK) twofold the normal limit and a positive CK-MB and was
the first trial to require PMI ascertainment. The perioperative incidence of
myocardial infarction was higher after endarterectomy in contrast to angioplasty (5,9
versus 2,4), while stenting had a greater percentage of stroke incidence (3,6 vs 3).
There was no data about myocardial infarctions leading to death.

BACASS

BACASS'® is a single center study with 20 participants. The patients were
randomized between endarterectomy and stenting and the trial included
symptomatic and asymptomatic carotid stenosis. There was no definition of
myocardial infarction and there was no perioperative event, except of an ipsilateral

stroke, which leaded to death.

EVA 3-S

The randomized trial EVA-3S 1 was a multicenter study which included only
symptomatic patients with stenosis >70% (NASCET criteria). The trial had 527
participants which were randomized between angioplasty and endarterectomy. EVA
-3S was the first study to specify periprocedural myocardial infarction as an
endpoint. The event of myocardial infarction should fulfill two of the following
criteria (chest pain, biomarker elevation, electrocardiographic changes) and there
were more periprocedural events after endarterectomy compared to stenting (0,8 vs
0,4). The trial had a great incidence of periprocedural strokes after CAS (8,7 vs 2,7)
but low mortality rates (1,1 vs 1). No myocardial infarction was reported to lead to
death.
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CREST

CREST *® is a multicenter trial, in which 2,502 symptomatic and asymptomatic
patients were randomized between endarterectomy and stenting. The trial included
PMI as primary endpoint and was defined as CK-MB or TNI elevation, chest pain
or ischemic electrocardiographic changes. CREST reported a higher risk of PMI in
CEA compared to CAS (2,3 vs 1) and similar mortality rates in both arms (0,3 vs
0,7). One periprocedural myocardial infarction in CREST was reported to lead to
death. On the other hand, CAS has higher risk of stroke compared to CEA (4 vs 2,3).

ICSS

The International Carotid Stenting Study (ICSS) *° was a multicenter randomized trial
which included 1.713 patients with >50% symptomatic carotid artery stenosis by the
NASCET criteria. Despite the fact that the study provided definition of myocardial
infarction including chest pain >30°, biomarker elevation and specific ECG changes,
periprocedural myocardial infarction was a secondary endpoint without protocol driven
ascertainment of ECG’s and biomarkers resulting in low PMI rates compared to other
trials. The reported results included increased PMI events after CEA compared to CAS
(0,6 vs 0,4). In ICSS, fatal MI events occurred in 3 of 853 patients (0.4%) with CAS,
and 5 nonfatal Mls occurred in 821 patients with CEA (0.6%). The trial reported high
risk of periprocedural stroke after CAS compared to CEA (7 vs 3,3), although mortality

was low in both arms (0,1).

Kuliha

The Kuliha trial % is a single center trial, which randomized 150 symptomatic and
asymptomatic patients between CEA and CAS. The study included myocardial
infarction as endpoint, which was defined as elevation of cardiac enzymes or ischemic
electrocardiogram. However, there was no event of PMI and the trial reported

periprocedural stroke with a higher incidence after CAS (2,7 vs 1,7).

ACT-1

The Asymptomatic Carotid Stenosis trial #* randomized 1.453 patient with
asymptomatic carotid disease between angioplasty and endarterectomy. There was no
definition of PMI, although it was included as composite primary endpoint with stroke
and death. The trial results haven’t shown a great difference in the incidence of PMI
between the two methods, but CAS had higher percentages (0,5 vs 0,9). ACT -1 is the
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first trial, which reports higher risk of PMI after angioplasty compared with other trials.
The reason might be that CAS included more patients in randomization compared with
CEA (1089 vs 364). The periprocedural stroke rate was higher after CAS (2,8 vs 1,4),

while mortality rates were similar in both arms (0,1)

Mannheim

The Mannheim trial 22 is a single center trial with 136 participants, which were equally
randomized in CEA and CAS. Periprocedural myocardial infarction was defined as
clinical symptoms or biomarker elevation. There were no events of PMI or death,

except for the periprocedural stroke, which was higher after stenting (2,9 vs 1,4).

ACST -2

ACST-2 2 was a multicenter study with 3.625 participants with asymptomatic carotid
stenosis. The trial included myocardial infarction as primary endpoint and it was
defined as chest pain, elevation of cardiac biomarkers or electrocardiographic changes.
CEA had a greater rater of PMI compared to CAS (0,7 vs 0,3), while CAS had a higher
risk of periprocedural stroke as in other trials (3,6 vs 2,4). The trial did not demonstrate
results about the association between mortality and myocardial infarctions. There was

no difference in periprocedural rates of death between CEA and CAS.

Table 5

Definition of Myocardial Infarction in the selected RCTs

Study (year) Myocardial Infarction

CAVATAS (2001) 1 Not available
Kentucky (2001) 3 Not available
Kentucky (2004) 14 Not available

Sapphire (2004) Myocardial infarction was defined as creatine kinase level higher
than two times the upper limit of normal with a positive MB fraction

EVA -3S (2006) 16 Myocardial infarction was defined by at least two of the following
criteria: typical chest pain lasting 20 minutes or more; serum levels
of creatine kinase, creatine kinase MB, or troponin at least twice the
upper limit of the normal range; and new Q wave on at least two
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Bacass (2008) Y

Crest (2010) 18

ICSS(2010) 19

Kuliha (2014) %

ACT 1(2016) 2

Mannheim (2017) %

ASCT-2 (2021) 2

adjacent derivations or predominant R waves in V1 (R wave =1 mm
>S wave in V1).

Not available

Myocardial infarction was defined by a creatine kinase MB or
troponin level that was twice the upper limit of the normal range or

higher according to the center’s laboratory, in addition to either chest

pain or symptoms consistent with ischemia or ECG evidence of
ischemia, including new ST segment depression or elevation of more
than 1 mm in two or more contiguous leads

Myocardial infarction was defined by the presence of two of the
following three criteria: specific cardiac enzymes more than twice
the upper limit of normal; history of chest discomfort for at least 30
min; or the development of specific abnormalities (e.g., Q waves) on
a standard 12-lead electrocardiograph.

Myocardial infarction defined as greater than twofold increase in
cardiac troponin T level or electrocardiographic evidence of
ischemia

Not available

Myocardial infarction defined by relevant clinical symptoms with
elevated enzymes

Confirmation of a myocardial infarction required at least two of three
criteria: symptoms, biomarker elevation, or electrocardiogram
changes.

PMI Risk Factors

The high prevalence of coronary artery disease with peripheral arterial disease and

the mortality rates following PMI make the cardiac evaluation during major vascular

surgeries of great importance. The key is the recognition of the factors that increase

the risk of PMI, in order to reduce the mortality rates in high-risk patients. Age

greater than 70, diabetes mellitus (DM), coronary artery disease (CAD) and

hypertension (HTN) are the main risk factors for periprocedural myocardial

infarction [8]. Most of the PMIs are asymptomatic and routine biomarker assessment
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in high risk patients is recommended prior and up to 72 hours after all major no
cardiac surgeries [6]. The randomized control trials which were selected in the
review provide the demographic characteristics of the patients. Peripheral arterial
disease and coronary arterial disease share the same risk factors. Most of the
participants in the trials are male, while the mean age of the majority of the patients
is 70 years old. Age has been associated with increased surgical risk, due to more
comorbidities in older patients. CREST*8, EVA-3S' and 1CSS™ reported increased
stroke risk with increasing age among patients [27,28]. These data suggest that
patient selection factors, especially age should be considered in high risk patients
when they are randomized between endarterectomy and stenting. Hypertension is
one of the most frequent risk factors recognized in the participants. Five trials
(Sapphire'®, Crest®, Kuliha?®, ACT-12! and Mannheim?? trials) include patients with
hypertension up to 90% of the participants, while the percentages in the other trials
are lower. Coronary arterial disease is recognized in all trials. The Sapphire trial has
the highest percentage of CAD up to 80%, and ACT-1 is following with 52%.
Diabetes mellitus is also present in the majority of the patients participating in the

trials, playing a significant role in carotid arterial disease.

Statistical analysis

Periprocedural Stroke

The outcome analysis included ten studies [12, 15-23]. Seven studies had both
symptomatic and asymptomatic patients and three of the studies only asymptomatic
patients. A total of 10.964 patients were included in the analysis on stroke, of which
5.109 were randomized to endarterectomy and 5.855 were randomized to stenting.
The odds ratio (OR) for periprocedural stroke was significantly in favor of
endarterectomy compared to stenting [OR: 1,6, 95% confidence interval 1,3-2,1,
p<0,05). Only the CAVATAS 2 study favored CAS compared to CEA with no
significant difference (OR: 0,8, Cl 95%: 0,4-1,6, P: 0,6). Two RCTs (Kentucky
studies'®!#) did not include the stroke incidence between the two treatments. The
test for overall effect is Z= 4,2 (p<0,05), which indicates a significant difference
between CEA and CAS. The | squared test is 11% (p: 0,342), which demonstrates

low heterogeneity between the studies. The data are shown on table 6.
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Table 6

Forrest plot of periprocedural Stroke

30-day Stroke

Study name

CAVATAS
Sapphire
EVA -3S
Baeass
Crest
ICSS
Kutiha
ACT 1
Mannheim
ASCT-2
Pooled

Prediction
Interval

Symptomatic % Events/ Total

CEA CAS

96.830 21/253 18/251
71260 5/ 167 6/ 167
100000 71262 23 1265
100.000 1/ 10 0/ 10
53.000 29/1240 52/1262
100000 271858 58 1855
58.000 1/73 2/77
0.000 5/364 30/ 1089
0.000 1/68 2/68

0.000 41/1814 61/ 1811

Statistics for each study

Odds
ratio

0.853

3462

0.302

1.795

2240

1.920

2034

2030

1.507

1.697

Lower

limit

0.443

0.361

1.459

0.011

1.132

1404

0.170

0.783

0.180

1.009

1.331

1122

Upper
limk.

1.643

4036

8216

8332

2.846

3572

21.638

5.282

22933

2252

2.164

2567

Z-Value p-Value

-0.474

0.306

2817

-0.708

2.485

3385

0.528

1.458

0573

2004

4.269

0.636

0.759

0005

0.479

0.013

0001

0.598

0.145

0.567

0.045

0.000

Odds ratio and 95%Cl

00t 01

Favours CAS

R—1 -
-
-
e
8-
4
—

s

Favours CEA

The I-squared statistic is 11% p 0.342

Periprocedural Myocardial infarction

The outcome event of periprocedural MI was reported in eight studies [12-13, 15-

16, 18-19, 21,23], which included both symptomatic and asymptomatic patients. The

analysis included 10.762 patients. 5.011 patients were randomized to CEA and 5.711
were randomized to CAS. Four of the studies (Kentucky!*, BACASS?Y, Kuliha®

Mannheim??) had no report of events of PMI. All of the trials in the analysis reported

lower periprocedural risk of myocardial infarction among patients undergoing

stenting compared to endarterectomy, as demonstrated by the pooled data [OR: 0,4,
Cl 95%: 0,2-0,7, p< 0,05]. CREST study was the only trial with significant
difference in the reported results (OR: 0,48, ClI. 0,25-0,92, p=0,02). The overall
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effect was Z: -3,5 (p: 0<0,05). The analysis had no heterogeneity as indicated by the

| squared test= 0% (p=0,98). The data are shown on table 7.

Table 7

Forrest plot of periprocedural myocardial infarction

30-day M

Study name

CAVATAS
Kentucky
Sapphire
EVA-3S
Crest
ICSS
ACT1
ASCT-2
Pooled

Prediction
tntelval
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Symptomatic % Events/ Total

96.830

100000

71.260

100.000

53000

100.000

0.000

0.000

Statistics for each study

CEA CAS

3/253 0/251

1/53 0/51

10/ 167 4/ 167

2/262 1/265

28/ 1240 14/ 1262

5/ 858 3/ 855

3/ 364 5/1089

12/1814 5/1811

Odds
ratio

0.142

0340

0.385

0.492

0.486

0.601

0.555

0.416

0.458

Lower
limit

0.007

0014

0.118

0.044

0.254

0.143

0.132

0.146

0298

Upper
limit

2.769

8535

1.254

5.464

0927

2.521

2.334

1.182

0705

Z-Value

-1.287

-0656

-1.584

-0.577

-2190

-0.696

-0.803

-1.646

-3547

p-Value

0.198

0512

0.113

0.564

0.028

0.486

0.422

0.100

0000

Qdds ratio and 95%Cl

0.01

R —
+
|
<>

Favours CAS

Favours CEA

The I-squared statistic is 0% p 0.985

Periprocedural mortality

The analysis included outcomes from eight studies [12-13, 15-16, 18-19, 21,23]. A

total of 10.742 symptomatic and asymptomatic patients were included in the analysis

of mortality and were randomized as 5.011 in endarterectomy and 5.751 in the

stenting group. According to the pooled data, periprocedural mortality was lower in

the endarterectomy treatment group compared to stenting, although there was no

significant difference between the two treatments [ OR 1,1, 95% confidence interval

0,6-2,1, p:0,68]. Four of the studies demonstrated lower mortality risk after stenting
(Kentucky!®, Sapphire’®, EVA 35S, ACT I?1), while CAVATAS!? and Crest!®

reported lower mortality rates after endarterectomy. Two studies reported no
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difference in the mortality rates. Four studies had no reference in mortality rates.
The test for overall effect indicates Z= 0,4 (p=0,68) and the test had no heterogeneity
as indicated by | squared = 0% (p=0,742). Data are demonstrated on table 8.

Table 8

Forrest plot of periprocedural mortality

30-day Mortality

CAVATAS
Kentucky
Sapphire
EVA -3S
Crest
ICss
ACT 1
ASCT-2

Pooled

Prediction
Interval

Study name % Statistics for each study Deaed / Total Odds ratio and 95%Cl
Odds Lower Upper
ratio limit limit ~ Z-value p-value CAS CEA

96830 1.786 0.516 6.178 0916 0.360 7/251 4/253 l
100000 0340 0014 8535 -0656 0512 0/51 1/53

71260 0494 0089 2734 -0808 0419 2/ 167 4/167 .
100000 0657 0109 3961 -0 459 0646 2/265 3/262 i

—

53.000 2219 0.682 7226 1.324 0.186 9/1262 4/1240 +
100.000 1.004 0.063 16.070 0.002 0.998 1/855 1/858

0.000 0.334 0.021 5.348  -0.775 0438 1/1089 1/364

0000 1.002 0141 7119 0002 0999 2/1811 2/1814

1.134 0.613 2.100 0401 0.689
0.01 01 1 10
Favours CAS Favours CEA

The I-squared statistic is 0% p 0.742

Periprocedural composite endpoint of Stroke, Ml or Death

The outcome analysis included eleven studies [12-13,15-23] with a total of 11.048
participants. 5.162 patients were randomized to endarterectomy, while 5.886 were
randomized to stenting. The pooled data demonstrated endarterectomy as a safer
treatment compared to stenting with significant difference (OR: 1,3, 95% CI: 1-1,5,
p<0,05). Among the trials, EVA 3-S® and ICSS*® demonstrated endarterectomy as
safer treatment with significant difference(p<0,05). Only two of the trials
(CAVATAS! Sapphire®®) had lower risk of composite endpoint after stenting but
with no significant difference (p:0,68, p:0,62 respectively). Four of them

(Kentucky!®, Bacass'’, Kuliha?®® and Mannheim??) had very few events in the
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treatment arms and could not be analyzed and one trial had no events and was not
included. The overall effect is Z= 2,7 (p<0,005) and the test of heterogeneity was
low [ | squared =3% (p=0,4)]. Data are demonstrated on table 9.

Table 9

Forrest plot of composite periprocedural endpoint of Ml, Stroke or Death

30-day MI, Stroke or Death (composite)

Study name

CAVATAS
Kentucky
Sapphire

EVA-3S
Bacass

Crest
ICss
Kuliha
ACT1

Mannheim
ASCT-2

Pooled
Prediction
Interval

Symptomatic % Events / Total Statistics for each study Odds ratio and 95%Cl

Odds  Lower Upper

CEA CAS ratio limit limit Z-Value p-Value |
96.830 28/253 25 /251 0.889 0.503 572 -0.405 0686
100000 1/53 0/51 0340 0014 8535 -0656 0512
71.260 10/ 167 8/ 167 0.790 0.304 2.054 -0.484 0.629
l—
100000 12/262 26/ 265 2266 1118 4 594 2269 0023
100.000 1/10 0/10 0.302 0.011 8.332 -0.708 0.479
53000 56/ 1240 66/1262 1167 0810 1681 0828 0408 |I
100000 33/858 61/855 1.921 1.244 2966 2.943 0.003
58.000 1/73 2177 1.920 0.170 21638 0.528 0.598
0.000 9/364 36/1089 1.349 0.643 2827 0.792 0.429
0000 1/68 2/68 2030 0180 22933 0573 0567 - I
0.000 55/1814 68/ 1811 1.248 0.869 1.791 1.200 0.230
1313 1085 1590 2.794 0005 I
1.313 1.022 1.688 H
001 01 1 10
Favours CAS Favours CEA

The Fsquared statistic is 3% p 0.419
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Limitations

The analysis has some potential limitations. The selected studies should refer to
periprocedural myocardial infarction as endpoint. The number of trials including this
endpoint was small and the selection included some trials with small amount of
participants or events. As a result, the data were heterogeneous. Heterogeneity is
found in many aspects of the trials. The stenting technique is not the same in all
trials. Those in the early stage used devices no longer in use and without protection.
The analysis included trials with no use of cerebral protection device, which could
affect the risk of periprocedural stroke in the stenting arm in these trials. However,
the amount of patients randomized to stenting in these trials is small and two
(Kentucky *1%) of these reported no events of stroke. There is also variety in the
baseline characteristics of the patients included in the trials. One of the trials (EVA-
3S 16) was stopped earlier, because of concerns in the safety. Another limitation is
the variation in the definitions of myocardial infarction between the trials and the
number of patients included in each of them. There has been a great variety in the
cardiac biomarkers used in each of them, while some of them report events without
providing definition of myocardial infarction (CAVATAS®?, Kentucky!4,
BACASSY). However, the diagnosis is based on parameters (clinical symptoms,
biomarker elevation, ECG changes) and the estimation of risk of MI has not been
severely affected. The same limitation is recognized in strokes, as most of the trials
include both major and minor events in their results. Another limitation is the fact,
that not all trials provide data about the fatal MIs and there cannot be exacted results
about the mortality rates of PMIs. Moreover, the analysis was based on data
abstracted from publications and not individual patient data. One of the studies
(Kentucky'®) was included due to the reference in periprocedural myocardial
infarction, although there were no reported events and did not offer data for

statistical analysis.
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CONCLUSIONS

The study shows that carotid endarterectomy had fewer harmful events compared to
stenting. The periprocedural risk of stroke at 30 days is significantly reduced with
endarterectomy [ (OR: 1,6, confidence interval:1,3-2,1) p<0,05], although most of
the trials included in the analysis used cerebral protection devices in almost all
participants in the stenting treatment (Table 1). Only three trials (CAVATAS!??,
Kentucky®*'*) had no use of protection devices. When carotid stenting was
introduced as treatment, it was combined with high risk of periprocedural stroke and
the technique was modified, in order to include cerebral protection devices.
Nevertheless, the analysis demonstrates higher incidence of stroke with stenting,
even if some of these strokes are minor.

The opposite results are reported in the incidence of myocardial infarction. The
analysis demonstrated that periprocedural MI is more frequent after open
endarterectomy. Carotid stenting is much safer treatment technique and only few
events were reported. This is related with the antiplatelet therapy, the type of
anesthesia performed in each procedure (general anesthesia in CEA vs local
anesthesia in CAS) [24] and the prothrombotic state, which is higher in
endarterectomy [25]. However, the myocardial infarction incidence was not
associated with high mortality rates, because there were only few events mentioned
as fatal in the studies included in the analysis (Kentucky, Crest, ICSS). As mentioned
above, no cardiac surgeries (including carotid artery treatment) are associated with
higher incidence of myocardial infarction, because atherosclerosis is a systematic
disease [26]. Coronary arterial disease is recognized in participants in most of the
included trials, which is the main risk factor for myocardial infarction in carotid
surgery. However, the number of studies including Ml as endpoint are few compared
with the trials including stroke and mortality, making essential the inclusion of Ml
in future trials for more accurate results.

Death as endpoint is included in all studies of the analysis. The study demonstrated
lower mortality risk after endarterectomy compared with stenting, but there was no
significant difference [OR:1,1, Cl 95% 0,6-2,1, p=0,68]. The two treatment groups
have similar death rates. The composite endpoint of stroke, myocardial infarction or
death is higher in stenting compared to endarterectomy, which is proven to be safer
[(OR: 1,3, CI: 1-1,5, p<0,05] and the difference is significant. Despite the

periprocedural risk of MI, the overall outcome is favoring endarterectomy as safer
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treatment for carotid disease. The future trials should focus on reducing stroke and
myocardial infarction for the improval of the two treatments.
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