LM & MVD Revascularization 2023: Guidelines
and Beyond

Sripal Bangalore, MD, MHA

Professor of Medicine,

Director, Invasive and Interventional Cardiology,
Interventional Director, Adult ECMO, PERT and MCS Program,
Bellevue Hospital Center,

Director, Cardiovascular Outcomes Group,

New York University School of Medicine



Disclosure Statement of Financial Interest

Grant support: NHLBI (ISCHEMIA/ISCHEMIA-CKD)



Overarching Goals for Revascularization in SIHD

* To Improve survival



Revascularization to Improve Survival in SIHD

* Overall cohort

* High risk subgroups
= Left main disease
= LV dysfunction
= 3-vessel disease
= Proximal LAD disease
= EXxtensive ischemia



Contemporary Revascularization vs. Medicine SIHD Trials
No difference in mortality

2007 2009
BARI 2D

(OURAGE el FAME 2
" »s Trial

2012

—

No difference in death No difference in death No difference in death



ISCHEMIA and ISCHEMIA-CKD trials
No difference in mortality

ISCHEMIA-CKD

Adjusted Hazard Ratio = 1.05 (0.83, 1.32) HR,y = 1.02 (0.76, 1.35)
P-value = 0.67 P-value = 0.91

Bayesian Analysis: HR,4=1.03 95% Crl (0.76-1.36)
Probability HR <0.90: 20%
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Cumulative Incidence (%)

Follow Up Time (Years)
Subjects at Risk 2 3
CON 2591 2548 2065 1445

INV 2588 2518 2061 1431 Follow up (years)

Maron et al. N Engl J Med. 2020 Apr 9;382(15):1395-1407 Bangalore et al. N Engl J Med. 2020;382(17):1608-1618



SCHEMIA
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All-Cause Death
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No. at Risk

Conservative
Invasive

ISCHEMIA EXTEND: All-cause death

2591
2588

All-cause death

INV:CON Adjusted HR =[1.00; 95% CI. 0.85, 1.18

P-value= 0.741 (log rankj

Conservative

Invasive

2564
2544

2 3 4 8

Years Since Randomization

2517 2479 2381 1139 575 195
2512 2480 2375 1120 566 174



SCHEMIA

EXTEND

Cardiovascular Death

<o
S
D)
(&)
c
()]
°
(&)
I=
(]
>
—
©
>
=
o
@)

No. at Risk

Conservative 2591

Invasive

2588

ISCHEMIA EXTEND: CV death

CV death

INV:CON Adjusted HR =|0.78, 95% CI: 0.63, 0.96
P-value= 0.008 (Fine-Gray)

Conservative 0
8.6% -0.3% per
year
6.4%

Invasive

4 5

Years Since Randomization

2564 2516 2477 2378 1699 575 195
2544 2509 2476 2373 1697 564 174



Yeulgyry [ISCHEMIA EXTEND: Non CV death

EXTEND

| INv:CON Adjusted HR = 1.44, 95% CI: 1.08, 1.91
P-value= 0.016 (Fine-Gray)

Invasive

Cumulative Incidence (%)
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Conservative

4 5
No. at Risk Years Since Randomization

Conservative 2591 2564 2516 2477 2378 1699 575 195
Invasive 2588 2544 2509 2476 2373 1697 564 174




Revascularization to Improve Survival in SIHD

e Qverall cohort

= Similar survival compared with MT
= Small reduction (0.3%/year) in cardiac death



Revascularization to Improve Survival in SIHD

* High risk subgroups
= Left main disease



Extension of Survival in Left Main Disease with Revascularization
CABG vs. No CABG trials-1980s

Overall

Vessel disease
1-2 VD
3VD N=150
Left main —

LV function

Normal
Abnormal

Exercise test
Normal
Abnormal

Angina
Class O, I, Il
Class I, IV

4 -2 0 2 4 6 8 10 12 14 16 18 20
Extension of survival (months)

Yusuf et al. Lancet 1994:344:563-570.



Revascularization to Improve Survival in High
Risk Subgroups

* High risk subgroups

= Left main disease. Revasc vs. Med: Survival benefit of CABG
(older trials-150 patients)



Revascularization to Improve Survival in SIHD

= LV dysfunction



Extension of Survival in LV Dysfunction with Revascularization
STICHES trial

A Death from Any Cause (Primary Outcome)
100
90
80
70
60
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40
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20
10

Hazard ratio, 0.84 (95% Cl, 0.73-0.97) _
P=0.02 by log-rank test NNT =14

Medical therapy
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Years since Randomization

Velazquez et al. N Engl J Med 2016;374:1511-20



ISCHEMIA: Heart faillure/LVSD

398 (7.7%) participants with HF/LVD

Difference in Event Rate,

Primary endpoint
No history of HF/ILVD
History of HF/LVD
CV death or MI
No history of HF/LVD
History of HF/LVD

INV

13.0% ({11.5%, 14.6%)
17.2% (11.6%, 23.8%)

11.4% (10.0%, 12.9%)
14.6% (9.4%, 20.9%)

‘ 4-year Cumulative Incidence (95% ClI) ‘

CON

14.6% (13.0%, 16.2%)
29.3% (21.2%, 38.0%)

13.1% (11.5%, 14.7%)
25.9% (18.2%, 34.3%)

INV - CON (95% CI)

Interaction
P-value

1.6% (-3.8%, 0.7%)
12.1% (-22.6%, -1.6%)

1.6% (-3.8%, 0.5%)
11.4% (-21.4%, -1.4%)

—An-cause aeatn

No history of HF/LVD
History of HF/LVD

CV death
No history of HF/ILVD
History of HF/LVD

MI (Primary Definition)
No history of HF/LVD
History of HF/LVD

UA hospitalization
No history of HF/LVD
History of HF/LVD

Hospitalization for HF
No history of HF/ILVD
History of HF/LVD

Death or HF hospitalization
No history of HF/LVD
History of HF/LVD

HF death
No history of HF/LVD
History of HF/LVD

6.2% (5.1%, 7.5%)
10.2% (5.8%, 15.9%)

3.8% (3.0%, 4.9%)
6.7% (3.4%, 11.6%)

8.8% (7.6%, 10.2%)
10.5% (6.2%, 16.2%)

0.6% (0.4%, 1.1%)
0.5% (0.0%, 2.4%)

2.0% (1.4%, 2.8%)
4.4% (1.9%, 8.6%)

7.5% (6.3%, 8.9%)
13.3% (8.3%, 19.6%)

0.3% (0.1%, 0.7%)
0.7% (0.1%, 3.8%)

Lopes R et al. Circulation. 2020;142:1725-1735

5.9% (4.8%, 7.1%)
13.3% (7.9%, 20.0%)

4.5% (3.5%, 5.5%)
12.7% (7.5%, 19.5%)

9.7% (8.4%, 11.1%)
16.5% (10.5%, 23.8%)

15% (1.0%, 2.1%)
1.1% (0.2%, 3.7%)

0.6% (0.3%, 1.1%)
4.5% (1.9%, 8.7%)

6.2% (5.1%, 7.5%)
16.8% (10.7%, 24.1%)

0.0% (0.0%, 0.3%)
1.8% (0.3%, 6.2%)

T T
-25 20 A1

Favors INV

5

Favors CON

0.3% (-1.3%, 2.0%)
3.1% (-11.1%, 4.8%)

-0.6% (-2.0%, 0.8%)
6.0% (-13.3%, 1.3%

-0.9% (-2.8%, 1.0%))
6.0% (-14.4%, 2.4%)

-0.8% (-1.5%, -0.2%)
0.7% (-2.5%, 1.2%)

1.4% (0.6%, 2.1%)
0.1% (-4.8%, 4.6%)

1.3% (-0.4%, 3.1%)
-3.5% (-12.3%, 5.3%)

0.3% (-0.0%, 0.6%)
1.0% (-4.1%, 2.0%)




Revascularization to Improve Survival in SIHD

= LV dysfunction
CABG vs. Med: Mortality benefit of CABG (STICHES)
CABG vs. PCI: Need RCT



Revascularization to Improve Survival in SIHD

= 3-vessel disease



Extension of Survival with 3-vessel disease with Revascularization
1980s to Present

1980s (CABG vs. No CABG) 2009 (BARI-2 D: CABG vs. Med)

Survival in CABG Stratum
Overall h
|

Vessel disease
1-2 VD
3VD
Left main

Revascularization
36.4
"83.6
LV function Medical therapy
Normal

Abnormal

Exercise test
Normal
Abnormal
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Angina
Class O, I, Il
Class I, IV

I I I I I I I I I I I 1 2 3
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Extension of survival (months)

Years since Randomization

Velazquez et al. N Engl J Med 2016;374:1511-20



ISCHEMIA: Potential Reduction in CV death/MI in High Anatomic Risk

Events, n 4-y event rate, %

Invasive Conservative Conservative Difference Interaction
strategy strategy Invasive strategy strategy (95% CI), % P value

Cardiovascular death or myocardial infarction 0.33

1-Vessel CAD >50% 3.3 (0.9 to 8.6) 8.7 (2.5 to 19.9) —5.4 (—14.9 t0 4.2)

1-Vessel CAD >70% or 2-vessel >50% 8.8 (5.7 to 12.8) 8.7 (5.6 to 12.5) 0.2 (—4.7 to 5.1)

2-Vessel CAD >70% or 3-vessel >50% or 10.2 (7.2 t0o 13.9) 12.8 (9.5t0 16.7) —2.6 (75 to 2.3)
70% proximal LAD

3-Vessel CAD >70% or 2-vessel >70% in- 11.6 (8.1 to 15.7) 3(—12.4t0 —0.2)
cluding proximal LAD .

CV Death or Mi All-Cause Mortality Myocardial Infarction

18 H 18 Duke Score 6
Duke Score 6 N = 659
16 16 .
Duke Score 6

N = 659 3V =70% or 2V =70% wi/prox LAD
- 0, [)

14 N=659 3V =70% or 2V =70% w/prox LAD

12 4

10

Qumd ative |nd dence (%)

3V 270% or 2V 270% w/prox LAD

Cumulative Incidence (%)
Cumulative Incidence (%)

T I I T T T T T

1 2 3 4 1 2 3 4
Follow-up time (Years from Randomization) Follow-up time (Years from Randomization)

Reynolds et al. Circulation. 2021;144:1024-1038




Revascularization to Improve Survival in SIHD

= Proximal LAD disease



Extension of Survival with Proximal LAD with Revascularization
ISCHEMIA: Invasive vs. Conservative

No heterogeneity of treatment effect based on proximal LAD
stenosis status for the primary endpoint

Difference in Event Rate,
Percent of Invasive Strategy Minus Conservative Strategy
Subgroup Patients  Estimated 5-Yr Event Rate (95% Cl)

Invasive  Conservative
Strategy Strategy

%

Stenosis of the proximal LAD coronary artery (=50%)

No 0.1 (-3.9t04.1)
Yes ~2.6 (7.5 10 2.3)

Invasive Conservative
Strategy Strategy
Better Better

Maron et al. N Engl J Med. 2020 Apr 9;382(15):1395-1407



Revascularization to Improve Survival in SIHD

= Extensive ischemia



Extension of Survival with Revascularization Based on Ischemia Severity
ISCHEMIA: Invasive vs. Conservative

All-Cause Mortality

Severe Ischemia (N = 2797) Moderate Ischemia (N = 1702) Mild/No Ischemia (N = 606)
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Cumulative Incidence (%)
Cumulative Incidence (%)

1 2 3 4 1 2 3 4 1 2 3 4
Follow-up time (Years from Randomization) Follow-up time (Years from Randomization)

Follow-up time (Years from Randomization)

Reynolds et al. Circulation. 2021;144:1024-1038



Overarching Goals for Revascularization in SIHD

* To prevent other cardiovascular events



Revascularization Reduces Spontaneous Ml and
Lowers CV Stays

ISCHEMIA: Invasive vs. Conservative
Spontaneous Ml DACH

Proportion of DAOH excluding invasive protocol-assigned procedures
1.00+

\ Conservative management

Adjusted Hazard Ratio = 0.67 (0.53, 0.83)
P-value = <0.01
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Follow Up Time (Years)
Subjects at Risk
CON 2591 2464 1951 1340
INV 2588 2438 1987 1355

12 24 36
Time from randomization, mo

Lower (685 vs. 1095; P<0.001)

Maron et al. N Engl J Med. 2020 Apr 9;382(15):1395-1407 WHhite, O’Brien, Alexander, Boden, Bangalore S et al. JAMA
Cardiol. 2021;6(9):1023-1031



Overarching Goals for Revascularization in SIHD

* To prevent other cardiovascular events

= Reduces spontaneous MI, unstable angina and
lowers CV stays



Overarching Goals for Revascularization in SIHD

* To Improve gquality of life



Durable Improvement in Angina Related QoL
ISCHEMIA

SAQ Summary Score

N=2284
N=2321

N=2177
N=2212

N=2146  N=2081  N=1822  N=1470  N=1230  N=966
N=2170  N=2120  N=1835  N=1482  N=1265  N=082

=8= (Conservative =@= Invasive

N=735
N=747

SAQ Angina Frequency

SAQ Quality of Life

[ 11
0153

|
6

|
18 2 30

N=2177  N=2146  N=2080  N=1821  N=1470  N=1229
N=2212  N=2168  N=2117  N=1831  N=1482  N=1264

=8= (Conservative =®= Invasive

Ne@Bs  N=2171  N=2145  N=2077  N=1816  N=1467  N=1227  N=960
N=2320  N=2210  N=2186  N=2116  N=1831  N=1481 N=1262  N=977

== Conservalive == Invasive

N=731
N=743

|
18 4 30

Months

[TT 1 |
0153 6 %




Overarching Goals for Revascularization in SIHD

* To Improve gquality of life
= Yes, but not In the asymptomatic patients



Potential Reasons for Revascularization in SIHD
Summary

* To Improve survival
= No improvement in survival compared with MT, except in those
with LM disease and LV systolic dysfunction

= Small reduction (0.3%/year) in cardiac death

* To prevent other cardiovascular events
= Reduces spontaneous MI, unstable angina and lowers CV stays

* To improve gquality of life
= Faster and more durable relief of angina in symptomatic patients



2021 ACC/AHA Revascularization Guidelines
SIHD and Normal EF

LM: CABG is recommended to improve survival

3V-CAD: CABG maybe reasonable to improve
survival

3V-CAD: Usefulness of PCI to improve survival is
uncertain

Prox LAD: Usefulness of revasc to improve
survival Is uncertain

1 or 2VD and no Prox LAD: Revasc Is not 3: No Benefit
recommended to improve survival

Lawton JS, Tamis-Holland JE, Bangalore S, et al. J Am Coll Cardiol. 2021




2021 ACC/AHA Revascularization Guidelines
SIHD and Normal EF

Multivessel-CAD: revascularization Is

reasonable to lower the risk of cardiovascular
events such as spontaneous Ml, unplanned urgent
revascularizations, or cardiac death

Lawton JS, Tamis-Holland JE, Bangalore S, et al. 3 Am Coll Cardiol. 2021



