Circulation

ORIGINAL RESEARCH ARTICLE ©

Arrhythmia and Death Following Percutaneous
Revascularization in Ischemic Left Ventricular
Dystfunction: Prespecified Analyses From the

REVIVED-BCIS2 Trial

Divaka Perera(2, MD; Holly P. Morgan(®, MBBCh; Matthew Ryan, PhD; Matthew Dodd(®, MSc; Tim Clayton{®, MSc;

Peter D. O'Kane®, MD; John P. Greenwood(, PhD; Simon J. Walsh, MD; Roshan Weerackody, PhD; Adam McDiarmid, PhD;
George Amin-Youssef, MD; Julian Strange(®, MD; Bhavik Modi, PhD; Timothy Lockie, PhD; Kai Hogrefe, MD; Fozia Z. Ahmed(, MD;
Miles Behan, MD; Nicholas Jenkins, MD; Eltigani Abdelaal, MD; Michelle Anderson®®, BA; Stuart Watkins2, MD; Richard Evans, BA;
Christopher A. Rinaldi, MD; Mark C. Petrie’®, MD; for the REVIVED-BCIS2 Investigators®

BACKGROUND: Ventricular arrhythmia is an important cause of mortality in patients with ischemic left ventricular dysfunction.
Revascularization with coronary artery bypass graft or percutaneous coronary intervention is often recommended for these
patients before implantation of a cardiac defibrillator because it is assumed that this may reduce the incidence of fatal and
potentially fatal ventricular arrhythmias, although this premise has not been evaluated in a randomized trial to date.

METHODS: Patients with severe left ventricular dysfunction, extensive coronary disease, and viable myocardium were randomly
assigned to receive either percutaneous coronary intervention (PCI) plus optimal medical and device therapy (OMT) or OMT
alone. The composite primary outcome was all-cause death or aborted sudden death (defined as an appropriate implantable
cardioverter defibrillator therapy or a resuscitated cardiac arrest) at a minimum of 24 months, analyzed as time to first event
on an intention-to-treat basis. Secondary outcomes included cardiovascular death or aborted sudden death, appropriate
implantable cardioverter defibrillator (ICD) therapy or sustained ventricular arrhythmia, and number of appropriate ICD
therapies.

RESULTS: Between August 28, 2013, and March 19, 2020, 700 patients were enrolled across 40 centers in the United
Kingdom. A total of 347 patients were assigned to the PCI+OMT group and 353 to the OMT alone group. The mean age
of participants was 69 years; 88% were male; 56% had hypertension; 41% had diabetes; and 53% had a clinical history of
myocardial infarction. The median left ventricular ejection fraction was 28%; 53.1% had an implantable defibrillator inserted
before randomization or during follow-up. All-cause death or aborted sudden death occurred in 144 patients (41.6%) in the
PCI group and 142 patients (40.2%) in the OMT group (hazard ratio, 1.03 [95% ClI, 0.82—-1.30]; P=0.80). There was no
between-group difference in the occurrence of any of the secondary outcomes.

CONCLUSIONS: PCI was not associated with a reduction in all-cause mortality or aborted sudden death. In patients with
ischemic cardiomyopathy, PCl is not beneficial solely for the purpose of reducing potentially fatal ventricular arrhythmias.
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Clinical Perspective

What Is New?

* The rate of death or aborted sudden death
remains high in ischemic left ventricular dysfunc-
tion, despite the use of guideline-directed medi-
cal therapy.

* Percutaneous coronary intervention was not asso-
ciated with lower all-cause mortality, aborted sud-
den death, or sustained ventricular arrhythmias in
patients with ischemic left ventricular dysfunction
compared with optimal medical therapy alone.

What Are the Clinical Implications?

» Patients with ischemic left ventricular dysfunc-
tion should not undergo percutaneous coronary
intervention with the sole aim of preventing the
occurrence of ventricular arrhythmias.

* In stable patients who are treated with guideline-
directed medical therapy and meet criteria for
implantable cardioverter defibrillator implantation,
there is no evidence to support delaying implanta-
tion merely to assess the effect of percutaneous
coronary intervention because the latter was not
found to improve left ventricular function.

ated with significant morbidity and mortality. The lead-

ing cause of death in this population is sudden cardiac
death, resulting largely from ventricular arrhythmias."?
Implantable cardioverter-defibrillators (ICDs) are widely
used to mitigate the risk of sudden death in this popula-
tion with primary prevention ICDs indicated in patients
with a left ventricular ejection fraction <35%:3

The generation of ventricular arrhythmias in this pop-
ulation is believed to relate to both myocardial scarring
and inducible ischemia.'* Treating the latter with coro-
nary revascularization (with coronary artery bypass graft
[CABG] or percutaneous coronary intervention [PCI]) is
assumed to lead to improvement in left ventricular ejec-
tion fraction, which underlies contemporary guidelines
that recommend deferral of ICD implantation for up to
90 days after revascularization in a primary prevention
setting.5® Despite widespread clinical adoption, no high-
quality data exist to support this approach. The recently
published REVIVED-BCIS? trial (Revascularisation for
Ischaemic Ventricular Dysfunction—British Cardiovascular
Intervention Society 2 Trial) found that revascularization
with PCI did not reduce the incidence of all-cause death
or hospitalization for heart failure in patients with ischemic
left ventricular dysfunction.” Among the subgroup who
had an ICD or cardiac resynchronization therapy (CRT)
defibrillator (CRT-D) implanted before randomization or
within the first 90 days, those assigned to have PCI had

I schemic left ventricular systolic dysfunction is associ-
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Nonstandard Abbreviations and Acronyms

CABG coronary artery bypass graft

CABG PATCH Coronary Artery Bypass Graft
Patch

CRT cardiac resynchronization therapy

CRT-D cardiac resynchronization
therapy defibrillator

DANISH Danish Study to Assess the
Efficacy of ICDs in Patients
With Nonischemic Systolic
Heart Failure on Mortality

DAPA HF Dapagliflozin and Prevention
of Adverse Outcomes in Heart
Failure Trial

ICD implantable
cardioverter-defibrillator

ISCHEMIA International Study of Com-
parative Health Effectiveness
With Medical and Invasive
Approaches

MADIT II Multicenter Automatic Defibrilla-
tor Implantation 2 Trial

MUSTT Multicenter Unsustained Tachy-
cardia Trial

oMT optimal medical therapy

PCI percutaneous coronary
intervention

PROTECT-II Prospective, Multi-center, Ran-

domized Controlled Trial of the
IMPELLA RECOVER LP 2.5
System Versus Intra Aortic Bal-
loon Pump [IABP] in Patients
Undergoing Non Emergent
High Risk PCI
REVIVED-BCIS2 Revascularisation for Ischaemic
Ventricular Dysfunction—Brit-
ish Cardiovascular Intervention
Society 2 Trial
Surgical Treatment for Ischemic
Heart Failure Trial

STICH

fewer appropriate ICD therapies than those assigned to
optimal medical therapy (OMT) alone, but this difference
failed to reach statistical significance at 2 years. We now
report the incidence of appropriate ICD therapies, resus-
citated cardiac arrest, sustained ventricular arrhythmias,
and death over the entire duration of follow-up in the PCI
group compared with the group assigned to OMT alone.

METHODS
Study Design

The trial design and primary outcome results have been
reported previously.”® In brief, REVIVED-BCIS2 was a
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prospective, randomized, multicenter open-label trial in which
patients with ischemic left ventricular systolic dysfunction were
randomized to receive either PCl plus OMT or OMT alone.
Participants were recruited from 40 hospitals in the United
Kingdom. The trial protocol was registered before enroliment
of the first patient (URL: https://www.clinicaltrials.gov. Unique
identifier:  NCT01920048; URL: https://www.isrctn.com.
Unique identifier: ISRCTN 45979711) and was approved by
the UK Health Research Authority. All patients provided writ-
ten informed consent.

All participants enrolled in the REVIVED-BCIS2 trial were
included in the present analyses. Patients were eligible for
inclusion in the trial if they had ischemic left ventricular dys-
function, defined by the presence of severe left ventricular
systolic dysfunction (left ventricular ejection fraction <35%),
extensive coronary disease (British Cardiovascular Intervention
Society Jeopardy Score >6), and evidence of viability in at least
4 dysfunctional myocardial segments that were amenable to
revascularization with PCIl. Those with myocardial infarction
in the 4 weeks before randomization, sustained ventricular
arrhythmia (ventricular tachycardia, ventricular fibrillation, or
appropriate ICD discharges) in the 72 hours before random-
ization, or acutely decompensated heart failure were excluded.

The statistical analysis plan for this arrhythmia sub-
study was finalized before unblinding of trial group data
from the arrhythmia case report form and is included in the
Supplemental Material. The data that support the findings of
this study and the analytic methods will be made available 1
year from completion of the trial on reasonable request to the
corresponding author.

Randomization and Data Collection
Participants were randomized in a 1:1 manner to either PCl plus
OMT (PCI group) or OMT alone (OMT group). Randomization
was stratified by center using randomly permuted blocks of
varying size. Those randomized to the PCl group had revascular-
ization attempted on all proximally diseased vessels subtending
viable myocardium. All patients were initiated on OMT before
enrollment, with subsequent uptitration of therapy supervised
by a heart failure specialist at each recruiting site. Implantation
of ICDs (and/or CRT) was an integral component of OMT in all
patients, but the decision to implant a device was at the discre-
tion of heart teams at recruiting centers. Device programming
was carried out by implanting centers as per usual clinical care.
Clinical follow-up was carried out for a minimum of 24
months, with the last follow-up visit conducted within 3 months
of the end of the overall trial follow-up period. Transthoracic
echocardiography was performed at 6 and 12 months and ana-
lyzed by an echocardiography core laboratory at Guy's and St
Thomas' NHS Foundation Trust, with readers blinded to treat-
ment allocation and the temporal sequence of echocardiograms.
Data relating to indication and timing of ICD and CRT insertion,
aborted sudden death, and sustained ventricular arrythmias
were collected from a dedicated arrhythmia case report form
after completion of main trial follow-up using physical and elec-
tronic health records at the participating centers, including all
scheduled and unscheduled device checks. ICD therapies were
classified as appropriate or inappropriate by recruiting centers,
as documented in the clinical device interrogation reports; these
are the reports used for clinical and governance purposes in the
National Health Service of the United Kingdom.
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Outcomes

The primary outcome was a composite of all-cause death or
aborted sudden death (in turn, defined as an appropriate ICD
therapy or a resuscitated cardiac arrest). Secondary outcomes
included cardiovascular death or aborted sudden death, appro-
priate ICD therapy or sustained ventricular arrhythmia (any
ventricular fibrillation or ventricular tachycardia >100 beats per
minute that lasts for >30 seconds or requires termination in
<30 seconds as a result of hemodynamic compromise®), and
total number of appropriate ICD therapies (classified as none,
1, or 22 therapies). Outcomes were assessed in all patients
over a minimum follow-up period of 24 months, except when
sustained ventricular arrhythmia was a component, when it was
restricted to patients who had an ICD or CRT device in situ,
either at randomization or inserted during trial follow-up. The
cause of death was as adjudicated by an independent blinded
clinical events committee; ICD-related outcomes were site
reported. All outcomes are defined in Table S1.

Analyses of the primary outcome were performed in these
prespecified subgroups: device type (no device, CRT, non-CRT)
indication for ICD (primary or secondary prevention), baseline
left ventricular function, improvement in left ventricular func-
tion from baseline to 6 months (stratified by median change),
extent of coronary artery disease, New York Heart Association
functional class, and the type of recruiting center (dichotomized
as centers that frequently/infrequently implanted ICDs or CRT
devices in trial patients).

Statistical Methods

Because this is a secondary analysis of a trial that has already
been completed, a power calculation was not undertaken a pri-
ori. For illustration, if 40% of participants experience a primary
outcome event over the entire duration of follow-up, equating
to #2560 events, the study would have at least 90% power to
detect a hazard ratio of 0.65 or at least 80% power to detect a
hazard ratio of 0.70, at a significance level of 5%.'°

All analyses were performed on an intention-to-treat basis
according to randomized assignment unless otherwise speci-
fied. The treatment groups were compared with a Cox pro-
portional hazards model to calculate hazard ratios and 95%
Cls. Unadjusted analyses were performed on the primary out-
come, with time to first event measured from randomization
to the date of death, withdrawal from the trial, or final trial
follow-up. Adjusted analyses were also performed to account
for variable timing of ICD or CRT implantation from random-
ization by including implantation as a time-varying covariate.
Sensitivity analyses were performed on the primary outcome
in the prespecified subgroup of patients who had an ICD or
CRT device at randomization or received one within the first
90 days.

The Pvalue for the treatment difference was calculated with
a likelihood ratio test. The proportionality assumption underly-
ing the Cox model was assessed with Nelson-Aalen plots by
treatment group. Cumulative event rates were calculated and
presented with Kaplan-Meier time-to-event curves. All analy-
ses were undertaken with STATA software, version 17 (Stata
Corp). Categorical demographic data are presented as counts
(percentages); continuous data are presented as means (SDs)
or medians (interquartile ranges), depending on the normality
of distribution.
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RESULTS

Between August 28, 2013, and March 19, 2020, 700
participants were enrolled; 347 were assigned to the
PCI group and 353 to the OMT group (Figure 1). Pri-
mary outcome data at 2 years were available for 694
participants, with a median follow-up duration of 41
(27-60) months. Among the patients assigned to the
PClI group, 334 (96.3%) underwent PCI at a median of
35 (15-57) days after randomization. In the OMT arm,
10.5% of patients underwent clinical events commit-
tee—adjudicated unplanned revascularization compared

Arrhythmia Analysis of REVIVED-BCIS2

with 2.9% in the PCI arm. Detailed descriptions of the
baseline assessments of left ventricular function and
viability, titration of OMT, extent of coronary artery dis-
ease, and PCl procedural success have been reported
previously.” Baseline clinical and demographic charac-
teristics were evenly distributed between the groups
(Table 1).

Primary Outcome

The primary outcome of all-cause death or aborted
sudden death occurred in 144 patients (41.6%) in the

Severe LVSD + Extensive CAD + Viability
2695 patients assessed for eligibility*

1995 Excluded*

¢ 511 Clinical need for
revascularization

* 455 Patient declined

A 4

A\ 4

* 446 Unsuitable for PCI

* 326 Non-ischemic CM

* 92 Too unwell

* 64 Died before randomization
¢ 101 Other

700 Underwent randomization
26% of screened cohort

l

A 4

347 Assigned to
Receive PCI

4 excluded

- 3 mortality status
unknown

- 1 resuscitated cardiac
arrest status unknown

v

Primary outcome at 2
years available in 343
(98.8%)

Final follow-up at median
40 [27 to 60] months

A4

353 Assigned to
Receive OMT only

2 excluded
- 2 mortality status
unknown

v

Primary outcome at 2
years available in 351
(99.4%)

Final follow-up at median
41 [28 to 60] months

Figure 1. CONSORT diagram.

CAD indicates coronary artery disease; CONSORT, Consolidated Standards of Reporting Trials; CM, cardiomyopathy; LVSD, left ventricular systolic
dysfunction; OMT, optimal medical therapy; and PCI, percutaneous coronary intervention. "Number screened and numbers excluded have been
extrapolated from interval screening logs that were conducted during the trial at multiple centers.
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Table 1. Baseline Demographic and Clinical Characteristics
of the Intention-to-Treat Population

PCI (n=346) OMT (n=353)

Age, mean (SD), y 70.0 (9.0) 68.8 (9.1)
Male sex, n (%) 301 (87.0) 312 (88.4)
Race and ethnicity, n (%)

White 305 (88.2) 328 (92.9)

Asian 32(9.2) 17 (4.8)

Black 3(0.9) 3(0.9)

Mixed, other, or not reported 6 (1.7) 5(1.4)
Site-reported LVEF (%)

Mean (SD) 27.0 (6.6) 27.0 (6.9)

Median (IQR) 28.0 (23-32) 29.0 (22-33)
Core laboratory LVEF (%)

Mean (SD) 31.9 (10.1) 31.9 (9.6)

Median (IQR) 32.1 (23.9-38.7) | 32.0 (24.8-37.8)
(n=263) (n=276)

BCIS jeopardy score;” median 10 (8-12) 10 (8-12)
(IQR)
B-Blocker, n (%) 314 (90.8) 319 (90.4)
ACE inhibitor/ARB/ARNI, n (%) 304 (87.9) 315 (89.5)
Amiodarone, n (%) 19 (56.5) 15 (4.2)
MRA, n (%) 175 (50.7) 170 (48.4)
Type of device, n (%)

No device 265 (76.6) 277 (78.5)

ICD 45 (13.0) 33(9.3)

CRT-D 31 (9.0) 38(10.8)

CRT-P 5(1.4) 5(1.4)

Secondary prevention ICD, n (%)

21/76 (27.6)

14/71 (19.7)

Atrial fibrillation, n (%)

54 (16.9)

60 (17.9)

Advanced CKD, n (%)

77 (22.5)

57 (16.4)

QRS duration,t median (IQR), ms

112 (100-136)
(n=237)

112 (98-138)
(n=236)

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor
blocker; ARNI, angiotensin receptor neprilysin inhibitor; BCIS, British Cardiovas-
cular Intervention Society; CKD, chronic kidney disease (advanced CKD defined
as an estimated glomerular filtration rate <45 mL'min="-1.73 m~2 or being estab-
lished on dialysis); CRT-D, cardiac resynchronization therapy defibrillator; CRT-P,
cardiac resynchronization therapy pacemaker; ICD, implantable cardioverter-de-
fibrillator; IQR, interquartile range; LVEF, left ventricular ejection fraction; MRA,
mineralocorticoid receptor antagonist; OMT, optimal medical therapy; and PCI,
percutaneous coronary intervention.

“The BCIS Jeopardy Score is a quantification of the extent of myocardial jeop-
ardy relating to clinically significant coronary artery stenoses. The score ranges
from O (no significant coronary disease) to 12 (disease jeopardizing the whole
left ventricular myocardium).

tBaseline QRS taken from ECG at randomization. Paced ECGs excluded.

PCI group and 142 patients (40.2%) within the OMT
group (unadjusted hazard ratio, 1.03 [95% ClI, 0.82—
1.30]; P=0.80); adjusted hazard ratio, 1.02 [95% CI,
0.81-1.29]; P=0.84; Figure 2). There were 110 deaths
(81.8%) in the PCI group and 115 (32.6%) in the OMT
group. Aborted sudden death occurred in 44 patients
(12.7%) in the PCI group and 47 patients (13.3%) in
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the OMT group (Table 2). The treatment effect for the
primary outcome was consistent across all prespecified
subgroups (Figure 3).

Secondary Outcomes

The secondary outcome of cardiovascular death or
aborted sudden death occurred in 111 of 346 pa-
tients in the PCI group and 120 of 353 in the OMT
group (32.1% versus 34.0%; hazard ratio, 0.94 [95%
Cl, 0.73-1.22]). The composite of appropriate therapy
or sustained ventricular arrhythmia occurred in 47 of
174 patients in the PCI group (27.0%) and 56 of 197
patients in the OMT group (28.4%; hazard ratio, 0.87
[95% CI, 0.59-1.28]; A=0.47). There was no between-
group difference in the total number of appropriate
ICD therapies (odds ratio, 1.11 [95% CI, 0.68-1.80];
P=0.68; Table 2).

A total of 371 patients (53.1%) had an ICD or CRT
device inserted before randomization or during follow-
up: 174 of 347 (50.3%) in the PCI group and 197
of 353 (55.8%) in the OMT group (difference, —5.5%
[95% Cl, —12.9% to 1.9%]; Figure 4 and Table S2).
The sensitivity analyses restricted to patients who
had an ICD or CRT device in situ at randomization or
received one within 90 days yielded results similar to
those of the main analyses for the primary outcome
(58 [47.9%)] versus 62 [50.8%]; hazard ratio, 0.82
[95% CI, 0.57-1.18]; P=0.29) and the secondary out-
comes (Tables S3 and S4).

DISCUSSION

In this analysis of the REVIVED-BCIS2 trial, a strategy
of PCl in addition to OMT was not associated with a re-
duction in all-cause mortality or aborted sudden death in
patients with ischemic left ventricular dysfunction. Fur-
thermore, PCl was not associated with a reduction in the
incidence of sustained ventricular arrhythmias or appro-
priate ICD therapies. The results suggest that patients
with stable ischemic left ventricular dysfunction who are
on guideline-directed medical therapy should not un-
dergo PCl with the sole aim of reducing potentially fatal
arrhythmias. The findings also challenge the widespread
practice of undertaking CABG or PCl in most patients
who are candidates for ICD implantation™ to reduce the
arrhythmic risk, an effect believed be mediated by an
improvement in left ventricular function. The absence of
incremental improvement in left ventricular function in
this cohort as a whole” may also partly explain why PCI
was not associated with a reduction in death or aborted
sudden death in our study. The 2021 American College
of Cardiology/American Heart Association guidelines
recommend that revascularization should not be un-
dertaken with the sole purpose of preventing recurrent
sustained monomorphic ventricular tachycardia that is

Circulation. 2023;148:862-871. DOI: 10.1161/CIRCULATIONAHA.123.065300
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L I pe— PCI oMT s
g 904 2
£ 801 —
© - . =
g 70 Figure 2. Primary outcome of m
c all-cause death or aborted sudden m
% 60 death over all follow-up. =
S r Kaplan-Meier estimates of the cumulative =
3 501 incidence of death from any cause or
8 40 aborted sudden death in a time-to-first
S event analysis. Incidence includes total
o 304 events over the entire follow-up period
_2 £ in each group in the intention-to-treat
© 20 = Ll population, censored at death, withdrawal
@ == R =1.03 (95% CI1 0.82 to 1.30, p = 0.80) ! . -
a 10 N o from the trial, or date of final follow-up
PCI: 144 events (41.6%) ter HR indicates hazard ratio:
OMT: 142 events (40 2%) encounter. indicates hazard ratio;
0 . . : : - : — OMT, optimal medical therapy; and PCI,
0 1 2 3 4 5 6 percutaneous coronary intervention.
Time since randomization (years)
Number at risk
PCl 346 305 269 176 124 74 27
OMT 353 299 266 177 134 79 29

In the preliminary report of the REVIVED-BCIS2 trial,
appropriate ICD therapies tended to be less frequently
observed at 2 years in patients assigned to have PCI, in
the subgroup who had a device implanted at baseline

suspected to be related to scar®'? Our findings now
extend this recommendation to the larger group of pa-
tients in whom ICD implantation is considered on pri-
mary prevention grounds.

Table 2. Primary and Secondary Outcomes Over All Follow-Up

Unadjusted hazard/
PCI, n (%) OMT, n (%) odds ratio (95% CI) | P value
All patients
All-cause death or aborted sudden death 144 (41.6) 142 (40.2) 1.03 (0.82-1.30)* 0.80
All-cause death 110 115
Aborted sudden death 44 47
Appropriate therapy 41 43
Resuscitated cardiac arrest 6 6
Cardiovascular death or aborted sudden death 111 (32.1) 120 (34.0) 0.94 (0.73-1.22)* 0.64
Cardiovascular death 76 88
Cohort with ICD, CRT-D or CRT-P
Appropriate ICD therapy or sustained ventricular arrhythmia | 47/174 (27.0) 56/197 (28.4) 0.87 (0.59-1.28)* 0.47
Appropriate ICD therapy 41 43
Sustained ventricular arrhythmia 47 55
Cohort with ICD or CRT-D
Any therapy (appropriate and inappropriate) 47/164 (28.7) 44/188 (23.4) 1.31 (0.82-2.12) 0.26
No. of appropriate therapies 1.11 (0.68-1.80)t 0.68
0 123/164 (75.0) | 145/188 (77.1)
1 15/164 (9.1) 14/188 (7.4)
>2 26/164 (15.9) 29/188 (15.4)

CRT-D indicates cardiac resynchronization therapy defibrillator; CRT-P, cardiac resynchronization therapy pacemaker; ICD, implantable car-
dioverter-defibrillator; OMT, optimal medical therapy; and PCI, percutaneous coronary intervention.

“When adjusted for device implantation as a time-varying covariate, the hazard ratio for the primary outcome was 1.02 (95% Cl, 0.81-1.29;
=0.84); for cardiovascular death or aborted sudden death, 0.90 (95% ClI, 0.70-1.16; P=0.41); and for appropriate ICD therapy or sustained
ventricular arrhythmia, 0.83 (95% Cl, 0.57-1.20; A=0.32).

tTreatment effect is unadjusted odds ratio from an ordinal logistic regression model.
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Hazard ratio Interaction
(95%Cl) p-value
Overall (n=699) 1.03 (0.82 to 1.30)
Age (years)
<70 (n=348) —— 0.98 (0.69 to 1.39) 0.85
270 (n=351) —— 1.03 (0.75 to 1.40)
Sex -
Female (n=86) ! 1.49 (0.71 to 3.16) 0.30
Male (n=613) o 0.99 (0.77 to 1.26)
Device type
No device (n=317) — 1.12 (0.78 to 1.60) 0.28
CRT (n=163) —— 0.75 (0.48 to 1.18)
Non-CRT (n=219) —— 1.19 (0.79 to 1.79)
LVEF (%)
<28 (n=324) —— 0.89 (0.64 to 1.25) 0.21
228 (n=373) —— 1.20 (0.87 to 1.67)
1
LVEF change from baseline to 6 months (%) 1
Unchanged/deteriorated (n=203) — 1.06 (0.70 to 1.59) 0.24
Improved (n=203) —.—7— 0.72 (0.45 to 1.17)
Jeopardy score .
<8 (n=307) —— 1.17 (0.81 to 1.68) 0.43
210 (n=390) —— 0.96 (0.71 to 1.31)
Indication for device implantatlon :
No device (n=317) — 1.12 (0.78 to 1.61) 0.42
Primary (n=313) —_——— 0.87 (0.61 to 1.23)
Secondary (n=54) i 1.35 (0.71 to 2.58)
NYHA class !
lorll (n=512) — i 1.14 (0.86 to 1.52) 0.31
Il or IV (n=182) —— 0.88 (0.59 to 1.32)
Frequency of device implantation by centre (%) ,
Non-frequent implanters (n=303) —:—.— 1.23 (0.85 to 1.76) 0.21
Frequent implanters (n=396) —— 0.91 (0.67 to 1.23)
T T T
0.5 15 2.0
PCI better OMT better

Figure 3. Primary outcome by prespecified subgroups.

Forest plot showing hazard ratios for the primary outcome according to prespecified subgroups. Dashed line represents the null hypothesis

of no treatment effect. The British Cardiovascular Intervention Society Jeopardy Score ranges from O to 12, with higher scores indicating a
greater volume of myocardium subtended by diseased arteries. Implantable cardioverter defibrillator (ICD) indication (primary or secondary)
includes both ICD and cardiac resynchronization therapy defibrillator implantations. Left ventricular ejection fraction (LVEF) change is from
baseline to 6 months from core laboratory analyses; improved LVEF was defined as an improvement above the median change (>4.2%);
unchanged or deteriorated LVEF was defined as below the median (<4.2%). Recruiting center type defined by frequency of device implantation
in the REVIVED-BCIS2 trial (Revascularisation for Ischaemic Ventricular Dysfunction): frequent if >50% of patients received a device, and
infrequent if <60% received a device. NYHA indicates New York Heart Association heart failure class; OMT, optimal medical therapy; and PCI,

percutaneous coronary intervention.

or within the first 90 days.” The current report extends
arrhythmia follow-up of this subgroup and reveals that,
when the entire duration of the trial is considered and
competing mortality is accounted for, PCl is not associ-
ated with a reduction in aborted sudden death. This is
consistent with the occurrence of the primary outcome
in the entire trial cohort, which was not different between
treatment arms. The recruited population was younger
than the median age of patients newly diagnosed with
heart failure in the United Kingdom'® but older than in
other randomized trials in this field (mean ages: MADIT
Il [Multicenter Automatic Defibrillator Implantation 2
Trial], 64 years; MUSTT [Multicenter Unsustained Tachy-
cardia Trial], 67 years; PROTECT-II [Prospective, Multi-
center, Randomized Controlled Trial of the IMPELLA
RECOVER LP 2.5 System Versus Intra Aortic Balloon
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Pump [IABP] in Patients Undergoing Non Emergent
High Risk PCI], 68 years; DAPA HF [Dapagliflozin and
Prevention of Adverse Outcomes in Heart Failure Trial],
66 years; CABG PATCH [Coronary Artery Bypass Graft
Patch], 63 years; DANISH [Danish Study to Assess the
Efficacy of ICDs in Patients With Nonischemic Systolic
Heart Failure on Mortality], 63 years; STICH [Surgical
Treatment for Ischemic Heart Failure Trial], 59 years;
REVIVED-BCIS 2, 70 years).!#2°

To the best of our knowledge, ours is the first trial
to assess the effect of randomized allocation to PCI on
arrhythmic risk in patients with stable ischemic left ven-
tricular dysfunction. In the CABG PATCH trial, patients
with ischemic left ventricular dysfunction and no history
of ventricular arrhythmia who were undergoing CABG
were randomized to receive either a surgically implanted

Circulation. 2023;148:862-871. DOI: 10.1161/CIRCULATIONAHA.123.065300
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The proportional hazards assumption
seems to be violated (demonstrated by
early separation of the curves, followed by
gradual convergence over time); hence, a
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indicates optimal medical therapy; and PCI,
percutaneous coronary intervention.
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Number at risk
PCl 346 174 139 86 58
OMT 352 159 129 84 68

Time since randomization (years)

5 6
34 12
40 15

ICD or no ICD; at an average follow-up of 32 months,
there was no significant difference in all-cause mortal-
ity between groups.'® The authors hypothesized that the
provision of CABG in both arms of the trial reduced the
incidence of ventricular arrhythmias to the extent that
the incremental benefit of ICD implantation was lost, but
they were not able to confirm or refute this hypothesis
because there was no medical therapy arm in that trial. In
the STICH ftrial, which randomized patients with ischemic
left ventricular dysfunction to either CABG or OMT, there
was a significant reduction in the occurrence of sudden
death in the CABG group.?’ There was, however, a low
rate of ICD or CRT implantation. Data on nonfatal ven-
tricular arrhythmias were not captured, and the authors
were unable to distinguish between sudden deaths due
to ventricular arrhythmia from those caused by acute
myocardial infarction or other causes.???

Site-reported completeness of revascularization in
the REVIVED-BCIS2 trial was high, which would be
expected to appreciably reduce the burden of induc-
ible ischemia, particularly because the protocol rec-
ommended revascularization of all diseased vessels
subtending viable myocardium. In this context, the
inability to reduce all-cause mortality or aborted sud-
den death with PCI may indicate that ischemia is less
important in the genesis of ventricular arrhythmias than
scar, although the relative importance of these 2 fac-
tors cannot be definitively discerned without information
on the burden and distribution of each. Furthermore,
we cannot discount the possibility that PCl may cause
periprocedural infarction, which could partially offset the
benefit of reducing ischemic burden.?#?® Core labora-
tory—reported angiographic data are pending and may
also provide further insights.

Circulation. 2023;148:862-871. DOI: 10.1161/CIRCULATIONAHA.123.065300

Our findings support those of the ISCHEMIA (Inter-
national Study of Comparative Health Effectiveness
With Medical and Invasive Approaches) investigators,
who found no difference in all-cause mortality between
patients with documented ischemia who underwent
revascularization and those treated with medical therapy
alone, although that trial excluded patients with impaired
left ventricular function.?®

Our study has some limitations. Because more than
half of all patients received an ICD or CRT device, the
trial has provided important insights into the potential
mechanism of death and aborted sudden death in these
cases, however, we had less ability to capture nonfatal
arrhythmias in patients without devices and may have
underestimated the overall event rate. This may have
reduced statistical power, but given that the propor-
tions of patients with devices were similar in the 2 trial
groups, our estimation of treatment effect is unlikely to
have been affected. The number of events detected pro-
vides 85% power to detect or exclude a hazard ratio of
0.70, in line with our initial power calculation, although
we cannot exclude a smaller treatment effect with PCI.
Second, the decision to implant a device was at the dis-
cretion of treating physicians and was based on clini-
cal factors and regional differences in policy. Although
there was no significant difference in the overall rates
of device implantation over the course of the trial, it
should be noted that the timing of implantation was not
identical in both groups (Figure 4), although analyses
adjusted for the timing of implantation and sensitivity
analyses of patients with devices in situ at randomization
provided conclusions similar to those of the unadjusted
analyses. Third, the a priori definition of aborted sudden
death included antitachycardia pacing or shocks, but we
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cannot be certain that all ICD therapies were delivered
to treat arrhythmias that would have had fatal conse-
quences without such therapies.?"?® Fourth, the proto-
col did not mandate postmortem interrogation of ICDs;
although this does not affect the primary outcome, it is
possible that we may have underestimated the frequency
of sustained ventricular arrhythmias in both groups. Last,
the classification of appropriate and inappropriate ICD
therapy was based on the diagnoses recorded by the
clinical teams at recruiting centers, and it is possible that
device technicians and electrophysiologists may have
been aware of the treatment assignment, so we cannot
exclude ascertainment bias.

Conclusions

In patients with ischemic left ventricular dysfunction, a
strategy of PCI plus OMT was not associated with a re-
duction in death or aborted sudden death compared with
a strategy of OMT alone. Patients with stable ischemic
cardiomyopathy should not undergo PCl solely to reduce
the burden of arrhythmias, and in patients who are eligi-
ble for an ICD, implantation does not need to be deferred
until revascularization has been performed.
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