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Aims The value of elective coronary revascularisation plus medical therapy over medical therapy alone in managing stable
patients with coronary artery disease is debated. We reviewed all trials comparing the two strategies in this
population.

Methods From inception through November 2020, MEDLINE, EMBASE, Google Scholar, and other databases were searched

and results for randomised trials comparing revascularisation against medical therapy alone in clinically stable coronary artery

disease patients. Treatment effects were measured by rate ratios (RRs) with 95% confidence intervals, using ran-
dom-effects models. Cardiac mortality was the pre-specified primary endpoint. Spontaneous myocardial infarction
(M) and its association with cardiac mortality were secondary endpoints. Further endpoints included all-cause mor-
tality, any MI, and stroke. Longest follow-up data were abstracted. The study is registered with PROSPERO
(CRD42021225598). Twenty-five trials involving 19 806 patients (10 023 randomised to revascularisation plus
medical therapy and 9783 to medical therapy alone) were included. Compared with medical therapy alone, revas-
cularisation yielded a lower risk of cardiac death [RR 0.79 (0.67-0.93), P<0.01] and spontaneous M| [RR 0.74
(0.64-0.86), P <0.01]. By meta-regression, the cardiac death risk reduction after revascularisation, compared with
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medical therapy alone, was linearly associated with follow-up duration [RR per 4-year follow-up: 0.81 (0.69-0.96),

P=0.008], spontaneous MI absolute difference (P=0.01) and percentage of multivessel disease at baseline

(P=0.004). Trial sequential and sensitivity analyses confirmed the reliability of the cardiac mortality findings. All-
cause mortality [0.94 (0.87-1.01), P=0.11], any MI (P=0.14), and stroke risk (P=0.30) did not differ significantly
between strategies.

In stable coronary artery disease patients, randomisation to elective coronary revascularisation plus medical ther-

apy led to reduced cardiac mortality compared with medical therapy alone. The cardiac survival benefit after revas-

cularisation improved with longer follow-up times and was associated with fewer spontaneous Mils.

Reduced cardiac mortali
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Major findings on cardiac mortality reduction with elective coronary revascularisation plus medical therapy vs. medical therapy alone. Abbreviations in

text.

Introduction

Coronary artery disease is the most prevalent medical condition
worldwide among individuals 50years or older in terms of disease

burden, disability, or early death." Chronic coronary syndromes en-
compass clinically stable coronary artery disease patients, with or

without acute coronary syndromes (ACS) or coronary revascularisa-
tion procedures in their natural history.2 Compared with medical
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therapy alone, timely revascularisation of epicardial artery obstruc-
tions with percutaneous coronary intervention (PCI) in patients with
acute ST-segment elevation myocardial infarction (MI) and with cor-
onary artery bypass grafting (CABG) in patients with left ventricular
ejection fraction <35% has been demonstrated to confer survival ad-
vantage.>* In clinically stable patients with preserved or moderately
impaired left ventricular systolic function, symptomatic benefit
favouring revascularisation is well known,? but controversy remains
regarding prognosis. Significant effects on cardiac mortality of one or
the other strategy have not been reported so far. Moreover, no
meta-analysis has comprehensively included data at longest follow-up
for each available study.

The International Study of Comparative Health Effectiveness with
Medical and Invasive Approaches (ISCHEMIA) trial,> the largest and
most recent randomised comparison of coronary revascularisation
plus medical therapy vs. medical therapy alone in 5179 patients with
stable coronary syndromes and moderate or severe inducible myo-
cardial ischaemia, showed a non-significant difference between the
two strategies for the primary composite endpoint of cardiovascular
death, MI, hospitalisation for unstable angina, heart failure, or resusci-
tated cardiac arrest at a median follow-up of 3.2 years; at 5 years, the
estimated cumulative composite event rates were 16.4% with revas-
cularisation plus medical therapy vs. 18.2% with medical therapy
alone, suggesting potential benefit with revascularisation at longer fol-
low-up; the trial lacked statistical power to be conclusive on cardiac-
related mortality. In the Fractional flow reserve vs. Angiography for
Multivessel Evaluation 2 (FAME-2) study of 888 patients with stable
coronary artery disease and functionally significant stenoses, the
5-year primary endpoint of death/Ml/urgent revascularisation was sig-
nificantly reduced, with lower rates of spontaneous M|, in the revas-
cularisation plus medical therapy compared with the medical therapy
alone arm.®

We conducted a meta-analysis of all trials comparing elective cor-
onary revascularisation plus medical therapy vs. medical therapy
alone in patients with preserved or moderately impaired left ven-
tricular ejection fraction to appraise whether revascularisation in add-
ition to medical therapy affects cardiac mortality at longest follow-up.

Methods

Search strategy and selection criteria

To be eligible, studies had to enrol clinically stable coronary artery dis-
ease patients undergoing, by protocol, randomisation to elective revascu-
larisation plus medical therapy or medical therapy alone. Elective
revascularisation was defined as a planned, deferrable, non-urgent/non-
emergent procedure. Studies that enrolled only post-ACS patients had
to include by protocol a myocardial stress test as an additional criterion
of clinical stability, beyond the absence of symptoms or signs of ischaemia
at rest. Studies with a comparator other than medical therapy, or investi-
gating the acute phase of ACS, or focused only on heart failure patients
were excluded. No limits were set for age, comorbidities, study language,
publication status, or publication date.

Established methods recommended by the Cochrane Collaboration
and the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) statement were used”® to include all pertinent evi-
dence. From inception through 28 November 2020, the following

databases were searched: MEDLINE, Cochrane Central Register of
Controlled Trials, EMBASE, Google Scholar, TCTMD (https://www.
tctmd.com/), EuroPCR, ClinicalTrials.gov, and Clinical Trial Results. The
search was kept current by setting up automated reminders from
MEDLINE for new publications. Backward snowballing was performed
and abstracts from major congress proceedings were searched.
Published meta-analyses on the subject were screened, and the data crit-
ically appraised and cross-checked with the original studies. The following
keywords were used: coronary, coronary artery disease, ischaemic heart
disease, revascularisation, therapy, and
Supplementary material online, Table S7 outlines the full electronic
MEDLINE search process.

Two trained investigators (J.U. and D.A.G.) independently abstracted
data on study design, patient characteristics, and clinical outcomes, using
pre-specified data-extraction forms. Accuracy was appraised and any dis-
crepancies were resolved by consensus after discussion with senior inves-
tigators (E.P.N. and F.A)). Non-relevant articles were excluded on the
basis of title and abstract. For each trial, risk of bias was independently
assessed by two investigators (JU. and D.A.G.) using the revised
Cochrane RoB2 tool involving five domains (randomisation process, devi-
ation from intended interventions, missing outcome data, outcome meas-
urement, and selection of reported results).

medical randomised.

Outcome measures

Events at longest reported follow-up were abstracted. Cardiac or cardio-
vascular mortality was the pre-specified primary endpoint. Most studies
(n=17) reported cardiac, whereas three®*'° reported cardiovascular
mortality; these outcomes were considered together and referred to,
briefly, as ‘cardiac mortality’. As stated by the Academic Research
Consortium-2 consensus, cardiac or cardiovascular death is more specific
than all-cause death in relation to devices or procedures.!’ Spontaneous
MI was analysed as a secondary endpoint and in association with cardiac
mortality by meta-regression. Further endpoints were all-cause mortality,
any MI, and stroke, as defined in the original studies. Stroke was consid-
ered of ischaemic origin unless otherwise specified.

Data synthesis and statistical analyses

Trial-level data were analysed according to the intention-to-treat prin-
ciple. Rates rather than crude number of events were considered most
appropriate because they incorporate trial duration,'> which was variable
across trials. Rate ratios (RRs) with 95% confidence intervals (Cls) were
used as summary statistics. Continuity correction was applied to trials
reporting no clinical events. Heterogeneity was assessed by the Cochran
Q test and I statistic,'>"*
heterogeneity, up to 25% low heterogeneity, 26-50% moderate hetero-
geneity, and above 50% high heterogeneity. Potential publication bias was
estimated visually and by linear regression.” For the meta-analyses,
pooled RRs were calculated using the DerSimonian and Laird random-
effects model. Fixed-effect models were performed as sensitivity analyses
in the absence of high heterogeneity. The reliability of the meta-analysis
for the primary endpoint was assessed by a post hoc trial sequential
analysis (TSA) based on random-effects model assumptions,'® with the
cumulative Z-curve of the meta-analysis calculated and plotted against
Lan-DeMets trial sequential monitoring boundaries.

A pre-specified sensitivity meta-analysis was conducted for the primary
endpoint excluding trials that enrolled only post-ACS patients'”'® or
only chronic total occlusions (CTOs),'®'%%° or trials with a per cent use
of CABG in the invasive arm >30%.2" An influence analysis omitting
one study at a time was also conducted. Sensitivity analyses for cardiac
death were further performed excluding trials at risk of bias, trials

with an ? value of 0% indicating no observed
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Figure | Study selection. ACS, acute coronary syndrome; HF, heart failure.

reporting cardiovascular mortality, or trials that could enrol, by protocol,
within 2months post-ACS (as per exclusion criterion set by the
ISCHEMIA trial). The association between each trial’s follow-up duration
and the RR for cardiac death was investigated by random-effects meta-re-
gression with follow-up time as covariate. Potential treatment-effect
modifiers on cardiac death were further explored by meta-regression,
including absolute per cent difference for spontaneous Ml trial year, per-
centage with multivessel disease and per cent use at randomisation of
antithrombotic agents, statins, beta-blockers, or angiotensin-converting
enzyme (ACE)-inhibitors/angiotensin Il receptor blockers (ARBs). Meta-
regression coefficients and corresponding P-values are reported. For
summary estimates, a P<0.05 (two-tailed) was considered statistically
significant. Analyses were conducted using R Project version 4.0.2 for

statistical computing and Comprehensive Meta-Analysis Software 2.0
(Biostat).

Results

Study selection and patient population

- 15:69.10,17-49
Twenty-five trials

involving a total of 19 806 clinically sta-
ble patients randomly allocated to elective revascularisation plus
medical therapy (n=10 023) or medical therapy alone (n=9783)
were included. The PRISMA flow diagram is shown in Figure 1. The

key characteristics of the included trials are presented in Table 1. The

120Z 1snBny GO uo Jasn aJlysplojaH 10 Ausiaaiun Aq 08/9/29/9v2qeys/iieayina/ce0 ] 0 /Iop/ajonie-aoueApe/fuesyina/wod dno-olwapeoe//:sdyy Wwolj papeojumo(



Cardiac mortality with revascularisation vs. MT alone

Downloaded from https://academic.oup.com/eurheartj/advance-article/doi/10.1093/eurheartj/ehab246/6276780 by University of Hertfordshire user on 05 August 2021

panunuod

€l

6¢
Ll

LE
0¢

(X4

N

LS
8l
9¢

34
L
23
o¥
[44
L

¥S

yAS

6C

SLL'0

q'S

€€
[aé

[43

ql

9
ol

Sl

599
099

N

009
0'£S

¥'¥9
L9

09

q'€9

L'€9

059

00s

0'L9

909

L9

0'Ls

9

989

N

S99

L9

LW SA 1Dd
LW SA IDd

LN 'SADEVD

LN 'SADEVD/10d
1IN 'SADEVD/10d

LW SA 1Dd
1IN 'SA DEVD/10d

LN 'SADEVD/10d

LW SA 1Dd

LW SA 1Dd

LW SA 1Dd

LI 'SADEVD

LW SAI1Dd

LW SA 1Dd

LW SA 1Dd

1IN 'SADEVD

LN 'SADEVD/10d

LW SA 1Dd

LW SA 1Dd

LW SA 1Dd

1IN 'SA DEVD/10d

S0¢
00¢

oLl

L9
1474

¥8¢€
LLL

6/1S

S0¢

888
96¢&
91

181
ql8
£8TC
082
89€¢C
443

0L

LTT

Aydeu3oi3ue je sisoudls AIBUOIOD 195S9A-9)3UIS %0/ < PUe BUISUY
Aua3de JofeW | Z Ul SISOUR)S
AJBUOIOD %0/ < PUB | |\ SAISUSIUI SYIUOW €< 33dSap BUISUE DIUOIYD YUM US|
Aydea3oidue Je
SISOUR)S AJBUOJOD |3SSRAIINW ewX0Jd 90/ < PUE BUISUE JO 3533 SS2U3S SANSOY
Aydeu3oi3ue je sisouls AIBUOIOD 195S9A-913UIS %408<
(Aydeu3oi3ue aaneUENb UO YN9<)
AydeaSoi3ue Je siIsouals AIBUOIOD %G/ < PUE 53] SSAUIS UYIO JO D dAINSOJ
SISAJBIp UO JO /W £/°] /UI/TW OE> 4D PUE BILUSBYDS] SI9AIS 10 21B49PO]
W EL LU W OE<
W4D? pue Sui3s} SSBUIS DAISBAUI-UOU UO BILISBYDS| SUDASS JO DJBIDPO|L|
$3094p Uoisnyiad JeJNdLIIUSA Y3)
Pa2NpuI-aUISOUdPE (%40 ] <) JIWSBYDSI PUB (%07 <) |BI0I 93] PUB ||| JUI3Y
Aydeusoidue
JE SISOU3)Ss AJBUOIOD %()G< PUE BILUSEYDS| JUS|IS PAIUSWNDOP IO BUISUE 3)qEIS
Aydeu3oi3ue je sisouals AIBUOIOD %00 | PuUe euduy
Aydea3oi3ue Je sisouals AIBUOIOD %()G< |9SSOA-OM] JSED) 1B PUB BUISUY
159) SS9.03S
UO BIWSBYDS| OU PUB G/°0< Y44 YHm Aydea3oiSue Je sisousys AIeuodod %05<
AydeaSoi3ue Je sisoudls AIBUOIOD %0(| PUE BILISBYDSI JUS)IS JO BUIBUY
Ayde.3oiue 3e sisoua)s AIBUOUOD %0/ < PUB 1591 SSAUIS U0 )T SAINSOH
Aydeu3oi3ue 3e sisoua)s AIBUOUOD %0/ < PUB 1591 SSAUIS U0 5T SANSOY
AydeaSoi3ue Je sisouals AIBUOIOD %0G< PU. ‘so1aqgelp ‘Buiduy
Aydeu3oi3ue je sisouls AUBUOIOD 9%OG< PUE 1597 SS2.43S dANESDN
Aydea3oi3ue Je sISOUa)s AIBUOIOD |9SSIA-3)GNOP
%66—0/ ‘SYIOW € UIYIM ||| 4O ‘3593 SS243s DAIIsOd ‘BuiSuB 3)GeIS YHM US|
Aydeu3oi3ue je sisouals AIBUOIOD |9SSDA-9)3
-UIS %660/ ‘SYIUOW € UIYIM ||| 4O 153 Ssa.3s 2ARIsod ‘euidue 9)1qels YUm Us||
AydeaSoi3ue 3e siso

-U3s 940G < A4olIe AIeuo.od Jofew | < pue 3s3) ssa.3s aAlIsod diewoldwAsy

0 DSVATY
& VLIgHO

v TN

LrzelI"SSVIA
ez "SSYW

edVS[
(AID-VIWIHDSI

JVIWIHDSI
ENTESNT
aeol-ANVA

Lo, OLD-0¥N3
96575503
evedl343a

., OLD-NOISIDId
£IOVINOD
261655V

oe12dT Ve

o LMIAY

- AWDY

B T

IOV

03 ] |4 wouy

JA9A0SSO0ID)

dn-mojjo}
JO saeap

(saeak) 3asuo
je 98¢ uealy

A33yens

syuedippaed
30 JoquinN

3uaAd Suidjnenb £Aay)

Apms

S31pNnJs papn)dul Jo sd13siidjdedeyd)

1 @lqel



E.P. Navarese et al.

Downloaded from https://academic.oup.com/eurheartj/advance-article/doi/10.1093/eurheartj/ehab246/6276780 by University of Hertfordshire user on 05 August 2021

*dn-mo)|o} 3)qe)ieAe 1593U0) a3 01 SpuOdsa.Iod 9dUBIRR. IS} AU APNIS YdeS U404 ApnIS SANEIado0D) UoNESIUIWLPY SUBISIDA ‘WA ‘s1uaned Aluap)g ul Adetsyy 1e21pay 'SA SAISBAU| JO |el| ‘JIA[L ‘|| 2dA | eiwseyds! Jua)ig
U0 ApNIg |BUOIUSAIRIU| SSIMS ‘|| [SSIAAS ‘BUISUY JO JUSWIBAI | UONUAIDIU| PISILUOPURY PUOIDS ‘7-VL[Y (UOISN|IIO |BI0] DIUoJyD) Ul uonejue)dw| JUslS J9))y UONDUNS JBNDLIIUSA 197 |BUOISSY SSISSY O |Bll] PasIWLOpURY Y ‘DSYATY fuon
-UdAJR1Ul AIBUOJOD SnosueIndIad ‘|Dd (paiodal Jou YN Adedsyy |ed1paw | |4 ‘uondJejul jeipaed0Aw ‘|| Apnig AusBung Jo ‘AisejdoiBuyy ‘QuidIpal. ‘SSV/IA ‘APNIs sLI01294 BuiBuy 9)qels asaurde( ‘S| {|elil aseasiq Aupiy| dluoayD-saydeoaddy
SAISEAU| PUE |BJIP3|\] YNM SSSUSAIDRYT Yl|BaH dANEIedWOD) JO APNIS [BUONEBUISIU| ‘OND-VIWIHDSI B2 sayde0Iddy SAISBAU| PUE [BIIP3 YIM SSOUSANIDYT YIedH aAne edwoD) Jo APNIS |BUONBUISIU ‘V||NTHDS| {UONENBAT UOIDIRJUI-ISOY
1ILWLEISS SUISOUBPY ‘THIdSNI] DAISS3] MO)} |BUONIE ‘Y44 ‘7 UONENIBAT |95S9ARN|A 40} AYdea30iBuy 'SA 9AISSI MO)) |BUONIEI ‘T JAV4 ‘SUOISN|II0 AIBUO.IOD [£10) DIUO.YD JO JUBWIES.Y By o) Adeuay) jedipaw jewndo Yiim UonesLIBNdSeAs.l
2uedwod 0} |el} S13UDHNW PASIWOPURI \/ ‘O 1 D-OYNT 93 UOHEII|I JBNISWO)S PRIBWISS Y42 Apmg A1adung Aueuouo) ueadoung ‘§5DHT ‘WeISOIPIeI0.IDR)D ‘DD ‘SISOUIS AIBU0.IOD) 31eIapOl. Ul A3seldoiduy jo ssausjeridoddy ayp

SUIWLIIB( O) DAIISDY MO]H |BUONIEIY “YI4T( (UOISN)IDO |8IO | JIUOIYD) JO JUSWIIED. | B 4O} UONUSAIIU| AIBUOJIOD) SNOSUBINIISY Buien|eAd |ell| pasiwopuey ‘O] D-NOISIDIQ ‘uoieneas 3nJp dAIssaISDY pue UONESLIBINISEASY Sul

n

S2WO2INQO B2IUD ‘IOVHNOD AIR1D0G JBNISBAOIPIED) UBIPBURD) ‘SDD) APNIS AJ4a8Ung Alsuy AdeuouoD) ‘SqyD ‘Buiyesd ssedAq Ausiie Aueuolod ‘©gyD 'sa1aqgeiq 7 uonediisaAu| uonesiendseasy AisejdoiSuy ssedAq ‘Qg [dvg Juswiead |
UOIJBSLIBINISBASY SNSJJA UNEISBAIOIY ‘| YIAY ‘OSESSIP |9SS9A-3)qnop J0) dupdIpI 03 paJtedwor) AiseidoiSuy ‘Z-JDV ‘Osessip 9ssaA-3)8uls 1oy aupIp3|y 03 paJedwor) AiseidoiSuy ‘|L-JDV 0)Id BlWseYds| deipJed) dnewoldwAsy ‘diDV

Aydea3oi3ue Je sisousls %0G< A9

99 w uN 1IN SAOgYD 989 -Je AJBU0.OD Jofew | < pue 3s9) $$9.35 J9Y30 JO D dAsod ‘euiSue duoayD) gy VA
s3nup
Sy L€ 008 LW sAIDd L0€ Jeuiduenue 7< a1dsap (J|< sse|> $OD) uted 353y dlUOIYD puE SIBIA G/ < 33y sy AL
Aydea3oj3ue je sisousls A1euoJod
44 oL €99 LW sAIDd 10T 19559A 7—|, pue (ured 353> INOYIIM) 1531 553435 SAINISOd ‘SYIUOWI £ UIYIM || £ IIFISSIMS
Aydeugoi3ue
g€ / 08§ 1 SA 1Dd 810l JE SISOU)S AJBUOIOD M3IA BUO Ul %(0/< 4O SMIIA OM] Ul %0G< PUE BUIUY ey OV
Aydeugoi3ue
1 SISOUD]S AJBUOIOD %400] YIM 1591 Jeuonauny aAnisod Jo/pue euiduy
%) UOIJESIIRINISBAS
03 | ] Wwouy dn-moyjoy (saeaf) yasuo syuedpiyaed
JA9A0SS04D) JO saeap je ade uealy A393ens Jo saquinN juaAa 3ulfjnenb £Aay) Apmg
panunuoy | 9|qelL



Cardiac mortality with revascularisation vs. MT alone

A Revascularisation+MT MT alone Cardiac mortality
Study Events P-Y Events P-Y RR 95%-Cl| Weight
Mathur (1979) 8 308.00 12 330.00 —]— 0.71 [0.29; 1.75] 3.0%
ECSS (1988) 46 4728.00 76 4476.00 e 0.57 [0.40; 0.83] 11.7%
AVERT (1999) 1 265.50 1 246.00 : 0.93 [0.06; 14.81] 0.3%
MASS-1 (1999) 6 710.00 2 360.00 : 1.52 [0.31; 7.54] 1.0%
RITA-2 (2003) 13 3528.00 22 3598.00 — 0.60 [0.30; 1.20] 4.8%
TIME (2004) 32  612.00 34  592.00 —E— 0.91 [0.56; 1.48] 8.2%
INSPIRE (2006) 1 104.00 2 101.00 : | 0.49 [0.04; 5.36] 0.5%
COURAGE (2007) 23 5285.40 25 5234.80 —— 0.91 [0.52; 1.61] 6.5%
SWISSI-2 (2007) 3  979.20 22 1071.00 «—=—— | 0.15 [0.04; 0.50] 1.7%
JSAP (2008) 2 633.60 3 633.60 ; 0.67 [0.11; 3.99] 0.8%
BARI 2D (2009) 72 5880.00 64 5960.00 . 1.14 [0.81; 1.60] 12.9%
MASS-2 (2010) 51 4080.00 42 2030.00 — 0.60 [0.40; 0.91] 10.2%
DEFER (2015) 4 1350.00 5 1365.00 —_— 0.81 [0.22; 3.01] 1.5%
ORBITA (2018) 0 11.55 0 10.45 - 0.90 [0.02; 45.60] 0.2%
REVASC (2018) 0 101.00 2 104.00 : 0.21 [0.01; 4.29] 0.3%
FAME-2 (2018) 11 2252.88 7 2222.64 — 1.55 [0.60; 4.00] 2.7%
EURO-CTO (2019) 7 777.00 2 411.00 f 1.85 [0.38; 891] 1.1%
DECISION-CTO (2019) 8 1668.00 14 1592.00 —— 0.55 [0.23; 1.30] 3.2%
ISCHEMIA (2020) 92 8281.60 111  8291.20 8 B 0.83 [0.63; 1.09] 15.6%
ISCHEMIA-CKD (2020) 76  853.60 82 855.80 = 0.93 [0.68; 1.27] 13.9%
Random-effects model 456 42409.33 528 39484.49 < 0.79 [0.67; 0.93] 100.0%
Heterogeneity: 12 = 21%, 1° = 0.0251, p = 0.19 ' ! ! ol
Test for overall effect: z = -2.76 (p < 0.01) 01 02 05 1 2 5 10
Favours Revascularisation+MT Favours MT alone
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Events P-Y Events P-Y RR [95% CI] p value
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without CABG 273 267003 332 2633149 L L 2 1t 0.83 [0.71:0.98)] 0.03
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Overall 572 386107 746 362594 —— ' 0.74 [0.64:0.86] <0.01
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Figure 2 (A) Rate ratios and 95% confidence intervals for cardiac mortality with revascularisation plus medical therapy vs. medical therapy alone.
Size of data markers is proportional to weight in meta-analysis. Cl, confidence interval; MT, medical therapy; P-Y, person-years; RR, rate ratio. (B)
Meta-analyses for cardiac death and spontaneous myocardial infarction excluding studies enrolling only post-acute coronary syndrome patients,
chronic total occlusions, and use of coronary artery bypass grafting >30% in the revascularisation plus medical therapy arm. ACS, acute coronary syn-
drome; CABG, coronary artery bypass grafting; Cl, confidence interval; CTO, chronic total occlusion; MT, medical therapy; P-Y, person-years; RR,
rate ratio. (C) Meta-regression of rate ratios for cardiac mortality with revascularisation plus medical therapy vs. medical therapy alone in relation to
follow-up duration. Size of data markers is proportional to size of trial. The solid line represents the meta-regression slope of the change in cardiac
death rate ratio for revascularisation plus medical therapy vs. medical therapy alone with increasing length of follow-up. Rate ratios lower than 1 indi-
cate cardiac death reduction with revascularisation. RR, rate ratio; MT, medical therapy.

main inclusion and exclusion criteria and the risk of bias assessment
are reported in Supplementary material online, Tables $S2 and S3.
Eligible trials did not include left main lesions, except for the
European Coronary Surgery Study (ECSS)*® (<8%) and Veterans

Administration Cooperative Study (VA) (13%).*® Average follow-up
was 5.7 years (95% Cl 3.60-7.76). Overall, 13 trials were at low risk
of bias in all domains, 11 presented some concern, and 1 was at high
risk of bias (Supplementary material online, Table S3). The patterns of
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Figure 2 Continued.

medical therapy for trials reporting cardiac mortality are shown in
Supplementary material online, Table $4.

Cardiac mortality
A total of 20 trials including 17 454 patients contributed to the car-
diac mortality outcome. Overall, 456 of 8946 patients (5.09%) rando-
mised to elective revascularisation plus medical therapy vs. 528 of
8508 patients (6.20%) randomised to medical therapy alone died of
cardiac causes. Heterogeneity was low (I* = 21%). Funnel plot distri-
butions of RRs and Egger’s test indicated absence of publication bias
(Supplementary material online, Figure S1 and Table S5). Cardiac mor-
tality was significantly lower with allocation to revascularisation plus
medical therapy compared with medical therapy alone: RR 0.79
[0.67-0.93], P<0.01 (random-effects model, Figure 2A). A compar-
able result was observed using a fixed-effect model: RR 0.80 [0.70—
0.90], P < 0.01 (Supplementary material online, Figure S2).

A lower risk of cardiac death with revascularisation plus medical
therapy vs. medical therapy alone persisted after excluding trials
enrolling only post-ACS patients [RR 0.82 (0.73-0.94), P < 0.01], trials

of CTOs [RR 0.80 (0.67-0.95), P < 0.01], and trials with CABG use in
the revascularisation arm >30% [RR 0.83 (0.71-0.98), P=0.03]
(Figure 2B). In a further sensitivity analysis excluding studies that could
enrol, by protocol, within 2 months post-ACS, the cardiac mortality
benefit of revascularisation plus medical therapy compared with
medical therapy alone was substantially unchanged: RR 0.82 [0.70—
0.96], P=0.01 (Supplementary material online, Figure S3). The lower
risk of cardiac death with revascularisation plus medical therapy vs.
medical therapy alone was also maintained omitting each study one
at a time (Supplementary material online, Figure S4), omitting the
three studies that reported cardiovascular mortality (Supplementary
material online, Figure S5), or omitting studies presenting a potential
risk of bias [RR 0.76 (0.65-0.87), P<0.01; Supplementary material
online, Figure S6].

The effect of follow-up duration on risk of cardiac death was
explored by meta-regression: for each 4-year follow-up increase, the
risk of dying from cardiac causes declined significantly by 19% with al-
location to revascularisation plus medical therapy vs. medical therapy
alone [RR 0.81 (0.69-0.96), P=0.008; Figure 2C]. The inter-trial
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A Revascularisation+MT MT alone Spontaneous M|

Study Events P-Y Events P-Y RR 95%—-Cl Weight
Mathur (1979) 9 308.00 13 330.00 — 0.74 [0.32; 1.74] 26%
ACIP (1997) 7 384.00 18  732.00 —_— 0.74 [0.31; 1.77] 2.5%
ACME-1 (1997) 10  575.00 8 560.00 — T 1.22 [0.48; 3.08] 2.2%
ACME-2 (1997) 5 255.00 5 250.00 —_— 0.98 [0.28; 3.39] 1.3%
AVERT (1999) 5 2B65.50 4  246.00 : 1.16 [0.31; 431] 1.2%
MASS-1 (1999) 7 710.00 3 360.00 —_— 1.18 [0.31; 4.58] 1.1%
RITA-2 (2003) 25 3528.00 23 3598.00 — 1.11 [0.63; 1.95] 5.3%
TIME (2004) 20 612.00 21 592.00 — 0.92 [0.50; 1.70] 4.6%
COURAGE (2007) 108 528540 119 5234.80 . u 090 [0.69; 1.17] 14.7%
SWISSI-2 (2007) 1 979.20 40 1071.00 —_— 0.30 [0.15; 0.59] 4.0%
JSAP (2008) 3 63360 7 63360 ———————— 043 [0.11; 1.66] 1.1%
BARI 2D (2009) 96 5880.00 138 5960.00 = 0.71 [0.54; 0.91] 14.7%
MASS-2 (2010) 48 4080.00 42 2030.00 —— 057 [0.38; 0.86] 8.5%
DEFER (2015) 9 1350.00 2 1365.00 = 455[098,21.06] 09%
REVASC (2018) 0 101.00 1 104.00 : 0.34 [0.01; 843] 0.2%
FAME-2 (2018) 29 2235.00 45 2205.00 —— 064 [040; 1.01] 7.2%
EURO-CTO (2019) 6 777.00 2 411.00 ———+—————— 159 [0.32; 7.86] 0.8%
DECISION-CTO (2019) 7 1668.00 7 1592.00 ———— 095 [0.33; 272] 1.8%
ISCHEMIA (2020) 130 8281.60 196 8291.20 = 0.66 [0.53; 0.83] 17.0%
ISCHEMIA-CKD (2020) 37 85360 52 855.80 — 0.71 [0.47, 1.09] 8.3%
Random-effects model 572 38761.90 746 36421.40 * 0.74 [0.64; 0.86] 100.0%
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Figure 3 (A) Rate ratios and 95% confidence intervals for spontaneous myocardial infarction with revascularisation plus medical therapy vs. medic-
al therapy alone. Size of data markers is proportional to weight in meta-analysis. Cl, confidence interval; MIl, myocardial infarction; MT, medical ther-
apy; P-Y, person-years; RR, rate ratio. (B) Meta-regression of rate ratios for cardiac mortality with revascularisation plus medical therapy vs. medical
therapy alone in relation to absolute difference in spontaneous myocardial infarction. Size of data markers is proportional to size of trial. The solid
line represents the meta-regression slope of the change in cardiac death rate ratio for revascularisation plus medical therapy vs. medical therapy alone
across increasing absolute differences for myocardial infarction. Rate ratios lower than 1 indicate cardiac death reduction with revascularisation. Ml,
myocardial infarction; RR, rate ratio; MT, medical therapy.
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variance for the cardiac mortality outcome appeared to be entirely
attributable to length of follow-up, with an adjusted R* = 100%.

The percentage of multivessel disease was found, by meta-regres-
sion, to predict greater cardiac death reduction with revascularisation
plus medical therapy compared with medical therapy alone (beta =
-0.006, P=0.004; Supplementary material online, Figure S7A). The per
cent use of the most frequently employed drug types, i.e. antithrom-
botic agents (P=0.27), statins (P =0.71), beta-blockers (P=0.91), or
ACE-inhibitors/ARBs (P =0.12), did not significantly influence the ef-
fect of revascularisation vs. medical therapy alone on the risk of car-
diac death, nor did study year (P=0.16; Supplementary material
online, Figure S7B—F). The inter-trial variance for the cardiac mortality
outcome was not attributable to medical therapy (R* = 0%).

On TSA, crossing of the cumulative Z-curve into both the trad-
itional boundaries for statistical significance and the trial sequential
monitoring boundary for benefit indicated that a sufficient level of evi-
dence was reached to demonstrate superiority of revascularisation
plus medical therapy over medical therapy alone in reducing cardiac
mortality (Supplementary material online, Figure S8).

All-cause mortality

A total of 23 trials involving 19 260 patients contributed to the ana-
lysis of all-cause mortality. Overall, 1234 of 9745 patients (12.66%)
randomised to elective revascularisation plus medical therapy vs.
1276 of 9515 (13.41%) randomised to medical therapy alone died of
any cause. Heterogeneity was absent (I* = 0%). There was evidence
of publication bias on visual inspection and by Egger’s test
(Supplementary material online, Figure S9 and Table S5). Overall, no
significant difference in all-cause mortality was observed between
treatment arms using the random-effects [RR 0.94 (0.87-1.01),
P=0.11; Supplementary material online, Figure S10] or a fixed-effect
[RR 0.93 (0.86—1.01), P=0.08; Supplementary material online, Figure
$11] model. We investigated potential reasons for publication bias by
excluding the trial at highest risk, given a 66% crossover rate from
medical therapy to revascularisation;*® this resulted in absence of
publication bias (Egger's P=0.14) and in a significant 10% all-cause
mortality reduction for revascularisation plus medical therapy over
medical therapy alone: RR 0.90 [0.83-0.99], P=0.03 (Supplementary
material online, Figure $12).

Myocardial infarction

A total of 20 trials involving 17 168 patients contributed to the ana-
lysis of spontaneous MI. Overall, 572 of 8701 patients (6.57%) rando-
mised to elective revascularisation plus medical therapy vs. 746 of
8467 patients (8.81%) randomised to medical therapy alone experi-
enced a spontaneous MI. Heterogeneity was low (I = 21%). Funnel
plot inspection and Egger’s test indicated absence of publication bias
(Supplementary material online, Figure S13 and Table S5). Compared
with medical therapy alone, revascularisation plus medical therapy
yielded a significantly lower risk of spontaneous M, with an RR of
0.74 [0.64-0.86], P<0.01 (Figure 3A). Consistent results were
observed using a fixed-effect model (Supplementary material online,
Figure S14). The association between absolute difference for spontan-
eous Ml and risk of cardiac death was explored by meta-regression:
the risk of cardiac death with revascularisation plus medical therapy
vs. medical therapy alone declined significantly [RR 0.86 (0.78-0.96),
P=0.01] for each 3% absolute reduction of spontaneous Ml

(Figure 3B). A lower risk of spontaneous Ml favouring revascularisa-
tion plus medical therapy vs. medical therapy alone persisted after
excluding specific settings: post-ACS [RR 0.75 (0.67-0.84), P<0.01],
CTOs [RR0.74 (0.63-0.86), P <0.01], and bypass use >30% [RR 0.78
(0.64-0.94), P=0.01] (Figure 2B).

A total of 20 trials including 17 168 participants contributed to the
results of any M| (procedural or spontaneous). Funnel plot distribu-
tions of RRs and Egger’s test indicated absence of publication bias
(Supplementary material online, Figure S15 and Table S5).
Heterogeneity was high (> = 54%). Overall, 787 of 8701 patients
(9.04%) allocated to revascularisation plus medical therapy vs. 849 of
8467 (10.02%) allocated to medical therapy alone experienced an Ml
episode, with no significant difference between treatment arms: RR
0.87 [0.73-1.05], P=0.14 (Supplementary material online, Figure
$16). Procedural Ml was sparsely and heterogeneously reported
(Supplementary material online,Table S2). By definition, rates of pro-
cedural MI were higher with revascularisation plus medical therapy
compared with medical therapy alone [RR 2.13 (1.27-3.58),
P<0.01]. Heterogeneity was high (> = 57%), likely driving the high
heterogeneity for any MI. By meta-regression, unlike spontaneous M,
the absolute difference in procedural Ml did not impact cardiac death
(beta = -0.14; P = 0.16; Supplementary material online, Figure S17).

Stroke

A total of 13 trials involving 14 882 patients contributed to the ana-
lysis of stroke. Overall, 170 of 7588 patients (2.24%) receiving elect-
ive revascularisation plus medical therapy vs. 131 of 7294 (1.80%)
receiving medical therapy alone suffered a stroke. Heterogeneity was
moderate (> = 27%). The risk for stroke did not differ significantly be-
tween strategies: RR 1.18 [0.86-1.60], P=0.30 (Supplementary ma-
terial online, Figure S18). The fixed-effect model yielded comparable
results (Supplementary material online, Figure S19). Funnel plot distri-
bution of RRs and Egger’s test indicated absence of publication bias
(Supplementary material online, Figure S20 and Supplementary ma-
terial online, Table S5).

Discussion

The main new findings of the present meta-analysis comparing elect-
ive revascularisation plus medical therapy to medical therapy alone in
a total of 19 806 clinically stable coronary artery disease patients
(17 454 for the cardiac mortality outcome) are at least three-fold.
First, a significantly lower risk of cardiac death was observed among
patients randomised to revascularisation plus medical therapy com-
pared with medical therapy alone. Of note, trial chronological order
did not impact the findings and overall heterogeneity was low.
Second, the cardiac survival benefit of revascularisation plus medical
therapy increased progressively over time, with an incremental rela-
tive risk reduction of 19% for every 4 years of follow-up extension.
Third, there was an association between the reduced risk of cardiac
death and the difference between treatment arms in spontaneous M.
The cardiac survival benefit of revascularisation was enhanced by
increasing percentages of multivessel disease across trials. Major find-
ings on cardiac mortality reduction with revascularisation plus medic-
al therapy vs. medical therapy alone are displayed in the Graphical
Abstract.
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Compared with medical therapy alone, timely coronary revascu-
larisation is known to offer survival advantage in patients with ST-seg-
ment elevation ACS.? Similarly, clinically stable patients with a recent
ACS might derive enhanced benefit from revascularisation in addition
to medical therapy, compared with other chronic coronary syn-
drome patients. In a sensitivity analysis excluding trials that, by proto-
col, could enrol patients within 2-month post-ACS, we found that
the cardiac mortality benefit of revascularisation remained substan-
tially unchanged.

On meta-regression, longer follow-up was associated with an in-
cremental cardiac survival benefit after randomisation to a revascu-
larisation strategy. Remarkably, the totality of inter-trial variance in
cardiac mortality was attributable to variability in length of follow-up
(R* = 100%). Thus, the magnitude of cardiac mortality reduction
appeared to be a function of both revascularisation and follow-up
duration. Possible reasons for incremental cardiac survival benefits at
longer follow-ups include: durable benefits of revascularisation in
contrast to attenuation of medical adherence over time; fewer spon-
taneous Mls, and temporal dilution of early procedural complications
following revascularisation.

The risk of spontaneous Ml was significantly reduced in the revas-
cularisation plus medical therapy arm compared with medical therapy
alone. In contrast, the risk of any Ml (procedural and spontaneous)
did not differ significantly between treatments. We observed an asso-
ciation between reduction of spontaneous Ml and reduced risk of
cardiac death, offering a mechanistic understanding of the underpin-
nings for the cardiac death reduction observed with revascularisation
plus medical therapy compared with medical therapy alone. In a pre-
vious analysis of trials comparing revascularisation plus medical ther-
apy to medical therapy alone in chronic and ACS patients,
spontaneous M| was found to predict cardiovascular death.*® In
ISCHEMIA, spontaneous Ml events using either primary or secondary
definitions during a 5-year follow-up (i.e., well beyond the dual anti-
platelet therapy period in the revascularisation arm) were significantly
more frequent with medical therapy alone and associated with subse-
quent cardiovascular death.>' Evidence indicates an association be-
tween extent of myocardial ischaemia and risk of cardiovascular
events, as well as between coronary atherosclerotic burden and ad-
verse prognosis.’ Our meta-regression supports this, as the percent-
age of multivessel disease at baseline was found to enhance the
cardiac survival benefit of revascularisation plus medical therapy com-
pared with medical therapy alone.

In the present meta-analysis, all-cause mortality was not significant-
ly different after elective revascularisation plus medical therapy com-
pared with medical therapy alone. Although directionally consistent,
the strong cardiac, but non-significant all-cause, survival signal follow-
ing revascularisation plus medical therapy can be attributed, at least in
part, to opposing directions of cardiac vs. non-cardiac mortalities®:
whereas cardiac mortality declined compared with medical therapy
alone, deaths other than cardiac were bound to accrue over time (as
total death rates will ultimately reach 100% regardless of treatment).
Long-term all-cause mortality tends to be biased towards the null,
based on competing risks that are not influenced by the interventions
being studied and on the uncontrolled effects of care received late
following study interventions.>? The competing risk of non-cardiovas-
cular modes of death, which may blunt the effect of revascularisation
on all-cause mortality, becomes amplified with longer follow-up,

limiting the reliability of all-cause mortality as a main endpoint.>*
Additionally, one relatively large and extended trial with a particularly
high (66%) crossover from medical therapy alone to revascularisation
plus medical therapy may have blunted a potential all-cause mortality
benefit of revascularisation. Indeed, in a sensitivity analysis excluding
the above trial, a significant reduction in all-cause mortality emerged
favouring revascularisation, presumably driven by the reduced risk of
cardiac death, which accounted for 39% of all deaths. Stroke risk did
not differ significantly with revascularisation plus medical therapy vs.
medical therapy alone.

Sensitivity meta-analyses excluding studies conducted entirely in
post-ACS patients or entirely for CTOs or with CABG use >30% in
revascularised patients confirmed the significant reduction of cardiac
mortality following revascularisation plus medical therapy compared
with medical therapy alone. Deleting each included trial in turn did
not result in significant deviations from the original overall estimate,
indicating that the overall association of cardiac mortality reduction
with revascularisation plus medical therapy is sound.

By current standards, medical management in older trials was sub-
optimal and, it has been argued, may have favoured elective revascu-
larisation plus medical therapy over medical therapy alone. In each
trial, however, both treatment arms received medical therapy, which
was generally comparable, preserving the capacity to assess the role
of revascularisation on top of standard medical treatment. In the pre-
sent analysis, the per cent use of any of the more frequently
employed drug types, such as statins, antithrombotic agents, beta-
blockers or ACE-inhibitors/ARBs, and study year did not influence
the cardiac mortality findings, nor did any of the different drug types
explain the variance of effect across trials (R* = 0%). A recent pooled
analysis of trials in patients with diabetes showed a significant reduc-
tion of the composite of death, M, and stroke with revascularisation
plus medical therapy vs. medical therapy alone that accrued over
time.> In that analysis, the benefit of revascularisation plus medical
therapy was attenuated when lipid-lowering was suboptimal.>® Thus,
the benefits of revascularisation and of optimised medical therapy ap-
pear additive and the combination may be required to achieve max-
imal and durable prevention of adverse events.>*

The findings of this meta-analysis may be insightful when interpret-
ing the results of the ISCHEMIA trial, the largest and most recent
comparing revascularisation plus medical therapy vs. medical therapy
alone in patients with stable ischaemic syndromes. In that study, cor-
onary revascularisation with percutaneous intervention or bypass
grafting plus medical therapy did not significantly improve the primary
composite endpoint nor reduce cardiovascular mortality at a median
follow-up of 3.2 years. However, the primary endpoint time-to-event
curves for the two treatment arms crossed at ~2 years and then con-
tinued to diverge in favour of revascularisation plus medical therapy.
Although ISCHEMIA was underpowered to conclude on single hard
endpoints, a signal for reduced cumulative cardiovascular death at
Syears in favour of revascularisation plus medical therapy was pre-
sent, with a 1.3% absolute reduction. None of the trials was powered
for cardiac mortality. The present meta-analysis allows less frequent
events such as cardiac mortality to be estimated in a powered
fashion.

Our analysis differs from a recent one, which did not observe a
cardiac mortality reduction after elective coronary revascularisation
plus medical therapy compared with medical therapy alone.> In that
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analysis, longest follow-up times were not always considered; a lower
number of pertinent trials was included, and the impact of follow-up
duration as treatment-effect modifier was not explored in depth.*®
We expanded upon this previous analysis to encompass the longest
and broadest randomised evidence comparing elective revascularisa-
tion plus medical therapy to medical therapy alone in clinically stable
patients, after excluding predefined subgroups with proven benefits
from revascularisation. By pooling data at longest follow-up, expand-
ing sample size, focusing on follow-up duration, extracting homoge-
neous modes of death from included trials and exploring plausible
causal relations, the present meta-analysis shows a robust and con-
sistent reduction of cardiac mortality in favour of elective coronary
revascularisation plus medical therapy, directly associated with dur-
ation of follow-up and with lower risk of spontaneous Ml.

Limitations

Trial-level data were included. However, consistency between the
overall and the sensitivity analyses supports the robustness of the
findings. Deleting each trial in turn did not produce significant devia-
tions from the original overall estimate. Plausibility is supported by
the meta-regressions associating cardiac mortality benefits with
length of follow-up and with absolute risk difference for spontaneous
MI. Trial sequential analysis confirmed reliability of the meta-analysis.
Crossover from medical therapy alone to revascularisation plus med-
ical therapy may have diluted the effect of revascularisation.>® High
heterogeneity observed for any M| was likely driven by heteroge-
neous reporting and definitions of procedural MI. Heterogeneity
across studies in the per cent use and type of coronary stents, and
lack of individual patient data, prevent a precise characterisation of
stent effects on outcomes. Similarly, lack of outcome data stratified
by number and type of diseased vessels prevents precise character-
isation of disease extent on outcomes, although an association be-
tween cumulative percentage of multivessel disease at baseline and
cardiac survival benefit of revascularisation was found.

Conclusions

The present large-scale analysis of randomised trials shows a signifi-
cant and consistent reduction of cardiac mortality in favour of elect-
ive coronary revascularisation plus medical therapy compared with
medical therapy alone in stable coronary artery disease patients, the
magnitude of which is directly associated with duration of follow-up
and a lower risk of spontaneous MI. Lower cardiac mortality with
revascularisation plus medical therapy was confirmed in all sensitivity
analyses performed. The findings have direct implications for elective
cardiac catheterisation procedures in stable patients with docu-
mented coronary artery disease. Recommendations for medical ther-
apy alone based on trials with limited follow-up have likely
underestimated the benefits of revascularisation plus medical
therapy.

Supplementary material

Supplementary material is available at European Heart Journal online.
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