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Q.

REVIVED

REVascularisation for Ischaemic VEntricular
Dysfunction

(REVIVED-BCIS2)




trial REVIVED-BCIS2

In the Revascularization for Ischemic Ventricular Dysfunction (RE
trial, percutaneous coronary intervention (PCl) did not improve o
ischemic left ventricular dysfunction. patients with




Does myocardial viability testing identify patients with
ischemic left ventricular dysfunction who benefit from

percutaneous coronary intervention?




v Myocardial viability tests are thought to identify patients with
cardiomyopathy who benefit from revascularization,

< These tests typically characterize myocardial tissue into 3 distinct states:

-Healthy myocardium contracting normally at rest

-viable or hibernating myocardium that contracts abnormally at rest where impro
function is expected

-nonviable scarred myocardium

that contracts abnormally at rest but where improvement is not expected



Historically, viability has been regarded in a binary manne
when classified in this way, observational, nonrandomizec
suggest that patients with extensive myocardial viability
experience left ventricular recovery and improved survival
revascularization

However, when treatment was by random allocation in the Su
Treatment for Ischemic Heart Failure (STICH) trial, no interactiof
was found between viability status and the effect of coronary a
bypass graft surgery.




We recently completed the Revascularization for Ischemic Ventricular Dysfuncti¢
(REVIVED-BCIS2) trial

a randomized comparison of
v percutaneous coronary intervention (PClI)
v~ optimal medical therapy (OMT) alone

patients with ischemic cardiomyopathy who had undergone mandatory viability tes




Methods

REVIVED-BCIS2 was a prospective, multicenter, open-label randomiz

clinical trial, the design and preliminary results of which have been p
previously

Participants for this subgroup analysis were recruited from 40 sites in th
Kingdom between August 28, 2013, and March 19, 2020




Participants were eligible for enrol

< a left ventricular ejection fraction less than or equal to 35%

< extensive coronary artery disease (British Cardiovascular Interv

Society jeopardy score >6)

< evidence of myocardial viability.

» The qualifying threshold for viability was defined as

at least 4myocardial segments that were dysfunctional at rest,



Key exclusion criteria

Myocardial infarction fewer than 4 weeks before randomization

decompensated heart failure

sustained ventricular tachycardia or ventricular fibrillation less than
before randomization.



Participants were randomized in a 1:1 ratio to a strategy of either PCl p
group) or OMT alone(OMT group) via an online randomization system(Se
Envelope).




Viability assessment

could be obtained by

» cardiovascular magnetic resonance (CMR) imaging
» dobutamine stress echocardiography

» single-photon emission computed tomography or positron emission ta

graphy.

For this analysis, participants who had viability assessed with CMR imaging

Do butamine stress echocardiography were included ,with CMR imaging da
when both were available. Given the small number of participants assessed @
single-photon emission computed tomography or positron emission tomogr;:

these participants were excluded




| Table 1, Characterization of Myocardial Viability

Viability definition Wall motion® CMR-transmurality of enhancement DSE-contractile reserye?
Segmental classification by CMR or DSE

Normal Normal NA NA

Viable Dysfunctional 5% Present

Nonviable Dystunctional 3)5% Absent

Participant-level classification by CMR

Scar burden (% LV) Fach seqment was classified by transmural extent of LGE as 0%, 1%-25%, 26%-50% 51%-75%, or 76%-100%.

LGE was summed across all seqments and expressed as a proportion of the LV.*

Abbreviations: CMR, cardiovascular magnetic resonance imaging; DSE, “Sensitivity analyses were performed for an LGE threshold of less than or equal

dobutamine stress echocardiography; LGE, late gadolinium enhancement: [V, t050%.

et ventricular myocarcalvolume: NA, not applicable IWhen calculating the extent of viable and nonviable myocardium at

* Myocardial wall motion was graded on a 5-point scale as normal, hypokinetic,  participant level, segments with a nonischemic scar were excluded from the

akinetic, dyskinetic, or aneurysmal. numerator; the denominator was all segments,
b Contractile reserve was defined as an improvement in wall motion score *Seamental LGE was calculated as the midpoint in each range (for instance, 13%
greater than or equalto Tor greater than or equalto 2if the segment was for the range 1%-25%).

dyskinetic at rest.




Results

Of the 700 participants randomized in the REVIVED-BCIS2 trial, 610 weré
this pre specified analysis,

295 assighed to the PCl group and 315 to the OMT group

The mean (SD) age of the participants was 69.3 (9.0) years. In the PCl gro
(87%) were male, and 37 (13%) were female; in the OMT group, 277 (88%)
and 38 (12%) were female

rticipants were asked to select their ethnicity as Asian, Black, White,

her



The primary outcome

was a composite

> all-cause death

» hospitalization for heart failure

during a minimum follow-up period of 24 months.




Secondary outcome

were all cause death, cardiovascular death, hosp
for heart failure, and improvement in left ventric
function at 6 months




A Cox proportional hazards model was used to assess the associa
the extent of

viable myocardium,
nonviable myocardium,
scar burden

the primary outcome across the whole population,

adjusted for baseline factors, including age, sex, previous heart failure hospita
presence of diabetes, chronic kidney failure, left ventricular ejection fraction
coronary disease, and the modality of viability testing.
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Figure 1. CONSORT Diagram Showing Flow of Participants Through the Study
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Table 2. Demographic and Clinidcal Characternistics

of the Participants at Bas=limne™

Characteristic

Pl
(m = 295}

T
(m = =215)

Age, mean (SO0, w

9.8 (9. 1)

28.8 (85.9)

Sex, Mo. (%)

BAale 258 (B7) 27 F (B8]

Fomals FFCL=2Y FB (12
Diabastos, Mo, (350 116 (=297 1248 (227
Race and ethnicigy, Mo, (35T

SAsijiam 265 (97 13 {4y

Black {1y F{1p

W hiies 261 (B8] 206 (O]

Dther or ot reporsed 502y = -
History of my=cardial immfarctiomn, Mo, (550 A26 (297 175 (567
Hospitalization for heart faillure A0 (=256] A2 (=227
i pEricer 2w, Mo, (550
Cardiac meedication, Mo, (55)

RAaAS Inhibitor 258 (87F) 282 (900

BE-Elocker 266 (900 285 (90

BAineraloorticoid recspsor anmnta-gQomnist AS=2 L5F] 151 (28]
BCIS peopandy scorne, mediam (IR 1D {8-12% 1 {=a-12%
MDD = CRT at randomization, Mo, {223 25 (227 58 (185}
Left main cononary artery diseass, Mo, (35 a5 (16) S C13)
Left wentricwular jection fraction, 22 (1) 22 10y
mean (S[O), =<
Wiabhility test,. Mo, (5T

ChAR 236 (800 243 (FF]

DSE 50 (20 FE2 L2232

Extont of wiable miyocarndium,
miediam (IR, 2

20 (18-532)

20 (1Z2_47F)

Extent of monwiabhlbe myoscard iwrm,
mediam (IR, 2=

209 (1Z2_41)

20 (12 _41)

Scar baarden, meaedian O, 2%

19 (9-28)

18 (9-28)
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eTable 2. Primary and clinical secondary outcomes*

All-cause death or 107 (36.3) | 114 (36.2) 0.99(0.76 to 0.93
hospitalisation for heart 1.29)
failure
All-cause death 91(30.9) | 98(3L1) 0.96 (0.72 to 0.79
1.28)
Cardiovascular death 64 (21.7) | 75(23.8) 0.88 (0.6310 0.47
1.23)
Hospitalisation for heart 37(125) | 47(14.59) 0.84 (0.54 to 0.42
failure 1.29)
Acute myocardial infarction 31(105) | 34(10.8) 0.99 (0.61to 0.96
Periprocedural 14 (45.2) 0(0) 1.61)
Spontaneous 15(48.4) | 30(88.2)
Sudden death 2 (b.5) 4 (11.8)
Unplanned revascularization 10 (3.4) 34 (10.8) 0.30(0.15t0
PCl 9 (90.0) 26 (76.5) 0.61)
CABG 1(10.0) 8(23.5)




eFigure 1. Relationship between viability characteristics and the primary outcome
by treatment assignment

Figure e1A = The extent of viable myocardium (continuous)
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OMT - optimal medical therapy. PCl- percutaneous coronary intervention. Data are

presented as cubic splines - these were not specified in the statistical analysis plan but are
presented for clarity of visualisation of the data. Dotted lines represent 95% confidence
intervals.




Figure el1B — The extent of non-viable myocardium (continuous)
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OMT - optimal medical therapy. PCl - percutaneous coronary intervention. Data are
presented as cubic splines — these were not specified in the statistical analysis plan but are
presented for clarity of visualisation of the data. Dotted lines represent 95% confidence
intervals.




Figure 2. All-Cause Death or Hospitalization for Heart Failure (HHF)
in Participants Assigned to Percutaneous Coronary Intervention (PCl)
or Optimal Medical Therapy (OMT), Stratified by Viability Tertile
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Upper tertile
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Kaplan-Meier estimates of the cumulative incidence of death from any cause of
HHF in a time-to-first-event analysis, stratified by tertiles of the extent of
myocardial viability. A, For the lower tertile, the extent of viability was less than
or equal to 18%. B, For the middle tertile, the extent of viability was greater than
18% to less than or equal to 41%. C, For the upper tertile, the extent of viability
was greater than 41%. HR indicates hazard ratio. Activate Windows
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Figure 3. Association Between Viability Characteristics and Trial Qutcomes

@ Viable myocardium Nonviable myocardium @ Scar
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Forest plot of the hazard ratio (HR) (for clinical outcomes) or odds ratio (for
Improvement in left ventricular function) for the primary and secondary
outcomes according to the extent of viable myocardium, extent of nonviable
myocardium, and scar burden. Data relate to the whole trial population. Ratios

are expressed per 10% absolute increase in the characteristic relative to overall

et ventricular mass. The values refating to this graph are reported in eTable 5 n
Supplement 2, HR indicates hazard ratio.




eTable 4. Relationship between viability characteristics (continuous) and outcomes

Viable Death or HHF 0.98 (0.93 to 1.04)
per 10% absolute increase by LV All-cause death 0.98 (0.92 to 1.04)
myocardial volume CV death 0.97 (0.91 to 1.04)
HHF 0.96 (0.88 to 1.05)
LV improvement 1.01 (0.93 to 1.11)
Non-viable Death or HHF 1.07 (1.00 to 1.15)
per 10% absolute increase by LV All-cause death 1.10(1.02 to 1.18)
myocardial volume CV death 1.13 (1.03 to 1.23)
HHF 1.04 (0.93t0 1.17)
LV improvement 0.82 (0.73 to 0.93)
Scar burden Death or HHF 1.18 (1.04 to 1.33)
per 10% absolute increase by LV All-cause death 1.21 (1.07 to 1.38)
myocardial volume CV death 1.28 (1.10 to 1.49)
HHF 1.11 (0.91 to 1.36)
LV improvement 0.69 (0.56 to 0.84)

Cl — confidence interval; CV- cardiovascular; HHF- hospitalization for heart failure; HR-

hazard ratio; LV — left ventricle; OMT — optimal medical therapy; OR - odds ratio; PCl —
percutaneous coronary intervention




eTable 5. Sensitivity analysis (incorporating 50% LGE transmurality threshold) of

interaction between treatment assignment, viability characteristics (continuous)

and primary outcome
Adjusted hazard ratio Interaction
(95% Cl) p-value
Viable (per 10% LV increase) 1.01(0.95t0 1.06) -
PCl group 1.03(0.95t0 1.11) 0.52
OMT group 0.99(0.92t0 1.07)
Non-viable (per 10% LV increase) 1.04(0.96 t0 1.13) -
PCl group 0.99 (0.89to 1.11) 0.21
OMT group 1.08 (0.98 to 1.20)

Cl- confidence interval. LV - left ventricle. OMT - optimal medical therapy. PCl -
percutaneous coronary intervention




eTable 7. Determinants of binary improvement in left ventricular ejection fraction
at 6- and 12-months

Table e7A - Interaction between treatment assignment, viability characteristics
(continuous) and likelihood of left ventricular improvement at 6-months

Adjusted odds ratio Interaction
(95% Cl) p-value

Viable (per 10% LV increase) 1.01(0.93 to 1.11) -

PCl group 1.01 (0.89 to 1.14) 0.92

OMT group 1.02 (0.90 to 1.16) '
Non-viable (per 10% LV increase) 0.82 (0.73 to 0.93) -

PCl group 0.88 (0.75 to 1.04) 0.24

OMT group 0.77 (0.65 t0 0.91) '
Scar (per 10% LV increase) 0.69 (0.56 to 0.84)

PCl group 0.72 (0.54 to 0.96) 0.68

OMT group 0.66 (0.50 to 0.88) '

Cl = confidence interval. LV = left ventricle. OMT - optimal medical therapy. PCl -
percutaneous coronary intervention




» Aevent occurred for 107 of 295 participants in the PCI group and 1
participants in the OMT group (36 3%vs 36.2%. )at a median o




There was no evidence of an interaction between the exte
myocardium and the effect of assignment to PCI vs OMT on occur
primary outcome or any of the secondar

there was no evidence of an interaction between the extent of n
myocardium and the effect of assignment to PCI vs OMT on occurre
primary outcome or any of the secondary a

no association was observed between the extent of viable myocardiu
occurrence of the primary outcome or any of the secondary outc




an increasing volume of nonviable myocardium was associated wi
likelihood of the prim




» Scar burden did not interact with the effect of assignment to PCl
risk of the primary outcome or any secondary outcomes

» Agreater scar burden was associated with an increased incidence

of the primary outcome




» None of the viability characteristics interacted with the effect of a¢
PCI vs OMT on the likelihood of improvement in left ventricular fun

» the extent of viable myocardium was not associated with improveme
ventricular function at 6 months but increasing volumes of nonviable
myocardium and scar were associated with a lower likelihood of impra
left ventricular function




Conclusions

In conclusion, in this subgroup analysis of a randomized clinical
trial of PCI vs OMT alone, viability testing did not identify
participants for whom PCl would confer a prognostic benefit

or improve left ventricular function.

In this population with ischemic left ventricular dysfunction, the ex
viable myocardium as estimated by CMR imaging or do butamine stre

echocardiography did not correlate with event-free survival or the li
improvement in left ventricular function of 5% or greater, although t
of nonviable myocardium (by CMR imaging or dobutamine stress

echocardiography) And the total left ventricular scar burden(by CMR ig
were associated with both outcomes
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