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A 66-year-old woman visited our hospital with complaining of near syncope episode with chest
tightness. She had a history of breast cancer and received surgical treatment. Coronary angiography
showed slow flow in right coronary artery. The angiography showed totally occlusion in left
anterior descending artery (LAD) mid site (Figure 1). During the angiography procedure, the patient
complained of chest tightness with concomitant unstable hemodynamic and ST elevation in ECG
monitor immediately. When we prepared for balloon angioplasty, repeated coronary angiography
five minutes later showed non-obstructive LAD with a TIMI III flow (Figure 2). The patient’ s
symptom was progressively subsided with stable hemodynamic and there was no more ST change
in ECG monitoring.

Figure 2

[Question]
What is the diagnosis?

ST LBEER R FFHEE RRERG
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This 52-year-old male had past history of hypertension and dyslipidemia. He suffered from worsen
chest tightness and shortness of breath upon exertion for 1 year. Previous Treadmill test revealed
significant ST-T depression. Physical examination showed harsh ejection systolic murmur over left
lower sternal border, and grade 3 pansystolic murmur over apex. Echocardiogram (Figure 1) and
coronary angiogram (Figure 2) were showed as below. The discomfort improved after a catheter-
based intervention treatment. (Figure 3 and 4)

+ AV Vmax
Vmax 459 cmis
Max PG 84 mmHg
AV VR 0.40
AVA (Vmax) 1.94 cm?

Figure 1 Figure 2

Figure 3 Figure 4

[Question]
What is the intervention procedure of this case?

Tl B KSR BT SRA A 3RIR 5B
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[ Answer]

The patient has symptomatic hypertrophic obstructive cardiomyopathy with maximal left
ventricular outflow tract gradient (LVOTG) > 80 mmHg. (Figure 1) We performed a hybrid
percutaneous transluminal septal myocardial ablation by alcohol septal ablation (ASA) for first
septal perforator branch of of left anterior descending coronary artery (LAD) and coil embolization
for second septal perforator branch.

A selective coronary angiogram was performed with a 6F guiding catheter in order to localize
septal perforating branch arteries and to verify the absence of significant stenosis. A 7F pacemaker
lead was placed in the right ventricle. A 4F pigtail catheter was positioned into the left ventricular
(LV) cavity to monitor LVOTG throughout the procedure. Heparin 5000 IU intravenously) was
administered.

Due to 2nd septal branch was the dominant vessel, we firstly performed embolization of the
selected septal perforator branches with spiral detachable coils (Cook, MWCE-18-3-2-NESTER-01).
Due to no sufficient reduction in the LVOTG (maximal > 40 mmHg) was observed, we used 1.5-10
mm balloon catheter into Ist septal branch and performed ASA by 1.6ml 95% alcohol injection.
Procedural success was defined by finally LVOTG decrease to < 20mmHg. (Figure 2)
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Dual Antiplatelet Therapy after PCl in Patients at High
Bleeding Risk

M. Valgimigli, E. Frigoli, D. Heg, J. Tijssen, P. Jiini, P. Vranckx, Y. Ozaki, M.-C. Morice, B.
Chevalier, Y. Onuma, S. Windecker, P.A.L. Tonino, M. Roffi, M. Lesiak, F. Mahfoud, J. Bartunek,
D. Hildick-Smith, A. Colombo, G. Stankovi¢, A. Ifiguez, C. Schultz, R. Kornowski, P.J.L. Ong, M.
Alasnag, A.E. Rodriguez, A. Moschovitis, P. Laanmets, M. Donahue, S. Leonardi, and P.C. Smits,
for the MASTER DAPT Investigators*

This article was published on August 28, 2021, at NEJM.org

ABSTRACT

BACKGROUND
The appropriate duration of dual antiplatelet therapy in patients at high risk for bleeding after the
implantation of a drug-eluting coronary stent remains unclear.

METHODS

One month after they had undergone implantation of a biodegradable-polymer sirolimus-eluting
coronary stent, we randomly assigned patients at high bleeding risk to discontinue dual antiplatelet
therapy immediately (abbreviated therapy) or to continue it for at least 2 additional months (standard
therapy). The three ranked primary outcomes were net adverse clinical events (a composite of
death from any cause, myocardial infarction, stroke, or major bleeding), major adverse cardiac or
cerebral events (a composite of death from any cause, myocardial infarction, or stroke), and major
or clinically relevant nonmajor bleeding; cumulative incidences were assessed at 335 days. The first
two outcomes were assessed for noninferiority in the per-protocol population, and the third outcome
for superiority in the intention-to-treat population.

RESULTS

Among the 4434 patients in the per-protocol population, net adverse clinical events occurred in
165 patients (7.5%) in the abbreviated-therapy group and in 172 (7.7%) in the standard-therapy
group (difference, —0.23 percentage points; 95% confidence interval [CI], —1.80 to 1.33; P<0.001
for noninferiority). A total of 133 patients (6.1%) in the abbreviated-therapy group and 132 patients
(5.9%) in the standard-therapy group had a major adverse cardiac or cerebral event (difference, 0.11
per—centage points; 95% CI, —1.29 to 1.51; P=0.001 for noninferiority). Among the 4579 patients
in the intention-to-treat population, major or clinically relevant non-major bleeding occurred in 148
patients (6.5%) in the abbreviated-therapy group and in 211 (9.4%) in the standard-therapy group
(difference, —2.82 percentage points; 95% CI, —4.40 to —1.24; P<0.001 for superiority).
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CONCLUSIONS

One month of dual antiplatelet therapy was noninferior to the continuation of therapy for at least 2
additional months with regard to the occurrence of net adverse clinical events and major adverse
cardiac or cerebral events; abbreviated therapy also resulted in a lower incidence of major or
clinically relevant nonmajor bleeding. (Funded by Terumo; MASTER DAPT ClinicalTrials.gov
number, NCT03023020.)
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Table 1. Characteristics and Clinical Presentation of the Patients at Baseline.*
Abbreviated Dual Standard Dual
Antiplatelet Therapy Antiplatelet Therapy
Characteristic (N=2295) (N=2284)
Age —yr 76.1+8.7 76.0+8.8
Male sex — no. (%) 1590 (69.3) 1581 (69.2)
Body-mass indext 27.25+4.68 27.4414.74
Family history of coronary artery disease — no. (%) 556 (24.2) 553 (24.2)
Arterial hypertension — no. (%) 1766 (76.9) 1787 (78.2)
Diabetes mellitus — no. (%) 754 (32.9) 784 (34.3)
Hyperlipidemia — no. (%) 1542 (67.2) 1555 (68.1)
Smoking — no./total no. (%)
Previous 874/2290 (38.2) 854/2276 (37.5)
Current 230/2290 (10.0) 184/2276 (8.1)
Peripheral vascular disease — no. (%) 243 (10.6) 242 (10.6)
Carotid artery disease — no. (%) 120 (5.2) 144 (6.3)
Heart failure — no. (%) 429 (18.7) 438 (19.2)
Left ventricular ejection fraction — %§ 53.48+11.44 52.96+11.77
Previous myocardial infarction — no. (%) 434 (18.9) 430 (18.8)
Previous percutaneous coronary intervention — no. (%) 594 (25.9) 594 (26.0)
Previous cerebrovascular event — no. (%) 268 (11.7) 302 (13.2)
Previous coronary-artery bypass grafting — no. (%) 170 (7.4) 171 (7.5)
Chronic pulmonary disease — no. (%) 255 (11.1) 283 (12.4)
Chronic kidney disease — no. (%)9 418 (18 2) 458 (20.1)
Liver disease — no. (%) 9 (1.3) 2 (1.4)
Atrial fibrillation — no. (%) 770 (33.6) 720 (31.5)
Oral anticoagulant — no. (%) | 849 (37.0) 820 (35.9)
PRECISE-DAPT score** 26.81+10.91 26.71+11.06
Previous bleeding — no. (%) 165 (7.2) 155 (6.8)
Hemoglobin — g/liter 13.23+1.78 13.20+1.79
White-cell count — x107/liter 8.29+11.44 8.05+3.40
Creatinine clearance — ml/min/1.73 m%33: 70.72+23.99 71.00+24.10
Clinical presentation
Stable angina — no. (%) 922 (40.2) 927 (40.6)
Silent ischemia — no. (%) 245 (10.7) 274 (12.0)
Non-ST-elevation myocardial infarction — no. (%) 595 (25.9) 558 (24.4)
ST-elevation myocardial infarction — no. (%) 273 (11.9) 265 (11.6)
Unstable angina — no. (%) 260 (11.3) 260 (11.4)
Myocardial infarction of Killip class 11, I, or IV — no. (%) 252 (11.0) 254 (11.1)
Cardiac arrest — no. (%) 26 (1.1) 32 (1.4)
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A Net Adverse Clinical Events

No. at Risk
Standard DAPT 2230 2203 2188 2169
Abbreviated DAPT 2204 2184 2173 2153

10+ Difference in cumulative incidence,
100+ -0.23 percentage points (95% Cl, -1.80 to 1.33)
90+ 3 P<0.001 for noninferiority 7.7
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B Major Adverse Cardiac or Cerebral Events

No. at Risk
Standard DAPT 2230 2218 2207 2192
Abbreviated DAPT 2204 2186 2177 2164

10+ Difference in cumulative incidence,
100+ 0.11 percentage points (95% ClI, -1.29 to 1.51)
90+ 3. P=0.001 for noninferiority
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C Major or Clinically Relevant Nonmajor Bleeding

6.5

No. at Risk
Standard DAPT 2284 2220 2186 2166
Abbreviated DAPT 2295 2269 2249 2223

10+ Difference in cumulative incidence, 9.4
100 -2.82 percentage points (95% Cl, -4.40 to -1.24)
90 3 P<0.001 for superiority Standard DAPT
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Table 2. Composite Primary Outcomes and Secondary Outcomes in the Per-Protocol and Intention-to-Treat Populations.*
Outcome Per-Protocol Population Intention-to-Treat Population
Abbreviated Standard Risk Abbreviated Standard Risk
DAPT DAPT Hazard Ratio Difference DAPT DAPT Hazard Ratio Difference
(N=2204)  (N=2230) (95% Cly (95% Cl) (N=2295) (N=2284) (95% Cly (95% Cl)
number (percent) percentage points number (percent) percentage points
Composite primary i
Net adverse clinical events 165 (7.5) 172 (7.7)  0.97 (0.78 to 1.20) -0.23 172 (7.5) 182 (8.0) 0.94 (0.76 to 1.15) -0.48
(-1.80to 1.33) (-2.03 to 1.08)
Major adverse cardiac or cerebral 133 (6.1) 132 (5.9) 1.02 (0.80to 1.30) 0.11 138 (6.0) 138 (6.1) 0.99 (0.78 to 1.26) -0.03
events (-1.29 to 1.51) (-1.42 to 1.35)
Major or nonmajor clinically rel- 140 (6.4) 203 (9.2)  0.68 (0.55 to 0.85) -2.78 148 (6.5) 211 (9.4) 0.68 (0.55 t0 0.84)% -2.82
evant bleeding (-4.37 to -1.20) (-4.40 to -1.24)
Secondary outcomes
Death from cardiovascular causes, 100 (4.6) 97 (4.4)  1.04 (0.79 to 1.38) — 103 (4.5) 102 (4.5) 1.00 (0.76 to 1.32) —
myocardial infarction,
or stroke
Death 72 (3.3) 79 (3.6)  0.92 (0.67 to 1.26) — 75 (3.3) 81 (3.6) 0.92 (0.67 to 1.26) —
Death from cardiovascular 36 (1.7) 43 (2.0) 0.84 (0.54to 1.31) — 37 (1.6) 44 (2.0) 0.83 (0.54 to 1.29) —
causes
Death from noncardiovascular 27 (1.2) 27 (1.2) 1.01 (0.59t0 1.72) — 29 (1.3) 28 (1.2) 1.03 (0.61 to 1.73) —
causes
Stroke or transient ischemic attack 16 (0.7) 31(1.4) 0.52 (0.28 to 0.95) 17 (0.8) 32 (1.4) 0.53 (0.29 to 0.95) —
Stroke 11 (0.5) 22 (1.0)  0.50 (0.24 to 1.04) — 12 (0.5) 23 (1.0) 0.52 (0.26 to 1.04) —
Ischemic stroke 10 (0.5) 17 (0.8) — 11 (0.5) 18 (0.8) — —
Hemorrhagic stroke 1(<0.1) 4(0.2) — — 1(<0.1) 5(0.2) — —
Myocardial infarction 59 (2.7) 46 (2.1)  1.30 (0.88 to 1.91) — 60 (2.7) 49 (2.2) 1.22 (0.84 to 1.78) —
Definite orErolbable stent throm- 14 (0.6) 8(0.4) 1.77 (0.74 to 4.22) — 14 (0.6) 9 (0.4) 1.55 (0.67 t0 3.57) —
0sis
Definite 11 (0.5) 6(0.3) 1.85(0.69to5.01) — 11 (0.5) 7(0.3) 1.56 (0.61 to 4.03) —
Probable 3(0.1) 2(0.1) — — 3(0.1) 2(0.1) — —
Bleeding
BARC type
Type1to5 190 (8.7) 291 (13.2) 0.64 (0.53 t0 0.77) 202 (8.9) 304 (13.5) 0.64 (0.54 to 0.76) —
Type 2 97 (4.5) 150 (6.8) = = 102 (4.5) 152 (6.8) = =
Type3to5 49 (2.3) 54 (2.5) — 53 (2.3) 59 (2.6) — —
Type 4 0 0 — — 0 0 — —
Type 5 2(0.1) 7(0.3) — 2(0.1) 8(0.4) — —
TIMI minor or major bleeding 38 (1.8) 44(2.0)  0.87 (0.56 to 1.34) = 41 (1.8) 48 (2.1) 0.85 (0.56 to 1.28) =
event{
Minor 15 (0.7) 20 (0.9) — 16 (0.7) 21 (0.9) — —
Major 23 (1.1) 24 (1.1) = = 25 (1.1) 27 (1.2) = =
GUSTO moderate or severe 44 (2.0) 46 (2.1)  0.96 (0.64 to 1.46) 48 (2.1) 51(2.3) 0.93 (0.63 to 1.38) —
bleeding event
Moderate bleeding event 36 (1.7) 35 (1.6) — — 40 (1.3) 38 (1.7) — —
Severe bleeding event 8 (0.4) 12 (0.6) — 8 (0.4) 14 (0.6) — —
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Multivessel PCIl Guided by FFR or Angiography for
Myocardial Infarction

Etienne Puymirat, M.D., Ph.D., Guillaume Cayla, M.D., Ph.D., Tabassome Simon, M.D., Ph.D.,
Philippe G. Steg, M.D., Gilles Montalescot, M.D., Ph.D., Isabelle Durand-Zaleski, M.D., Ph.D.,
Alicia le Bras, M.D., Romain Gallet, M.D., Ph.D., Khalife Khalife, M.D., Jean-Francois Morelle,
M.D., Pascal Motreff, M.D., Ph.D., Gilles Lemesle, M.D., Ph.D., et al., for the FLOWER-MI Study
Investigators

N Engl J Med 2021; 385:297-308

ABSTRACT

BACKGROUND

In patients with ST-elevation myocardial infarction (STEMI) who have multivessel disease,
percutaneous coronary intervention (PCI) for nonculprit lesions (complete revascularization) is
superior to treatment of the culprit lesion alone. However, whether complete revascularization
that is guided by fractional flow reserve (FFR) is superior to an angiography-guided procedure is
unclear.

METHODS

In this multicenter trial, we randomly assigned patients with STEMI and multivessel disease who
had undergone successful PCI of the infarct-related artery to receive complete revascularization
guided by either FFR or angiography. The primary outcome was a composite of death from
any cause, nonfatal myocardial infarction, or unplanned hospitalization leading to urgent
revascularization at 1 year.

RESULTS

The mean (+SD) number of stents that were placed per patient for nonculprit lesions was 1.01+0.99
in the FFR-guided group and 1.50+0.86 in the angiography-guided group. During follow-up, a
primary outcome event occurred in 32 of 586 patients (5.5%) in the FFR-guided group and in 24 of
577 patients (4.2%) in the angiography-guided group (hazard ratio, 1.32; 95% confidence interval,
0.78 to 2.23; P=0.31). Death occurred in 9 patients (1.5%) in the FFR-guided group and in 10
(1.7%) in the angiography-guided group; nonfatal myocardial infarction in 18 (3.1%) and 10 (1.7%),
respectively; and unplanned hospitalization leading to urgent revascularization in 15 (2.6%) and 11
(1.9%), respectively.
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CONCLUSIONS

In patients with STEMI undergoing complete revascularization, an FFR-guided strategy did not
have a significant benefit over an angiography-guided strategy with respect to the risk of death,
myocardial infarction, or urgent revascularization at 1 year. However, given the wide confidence
intervals for the estimate of effect, the findings do not allow for a conclusive interpretation.
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1183 Patients with acute STEMI and
multivessel disease with successful culprit
lesion PCl were assessed for eligibility

12 Were excluded

6 Had protocol deviations
— 3 Were removed by physician
2 Had technical problems
1 Withdrew

\

1171 Underwent randomization

\ /

581 Were assigned to receive 590 Were assigned to receive
angiography-guided PCI FFR-guided PCI
4 Were excluded 4 Were excluded
1 Had an invalid consent form |<— > 2 Withdrew consent
3 Had no health insurance 2 Had no health insurance
\ /
577 Underwent angiography-guided PClI 586 Underwent FFR-guided PCI
and were included in the and were included in the
intention-to-treat population intention-to-treat population
,, l
577 Were included in the analysis 586 Were included in the analysis
10 Died 9 Died
2 Were lost to follow-up 3 Were lost to follow-up
2 Had premature discontinuation 1 Had premature discontinuation
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic

Age —yr
Mean
Median (IQR)

Median body-mass index (IQR) T

Male sex — no. (%)

Medical history — no./total no. (%)
Hypertension
Diabetes mellitus
Hypercholesterolemiaz:
Current smoker
Family history of CAD
Previous myocardial infarction
Previous PCI
Previous stroke
Peripheral-artery disease
Chronic renal insufficiency
Cancer§

Location of infarct — no./total no.(%)9

Anterior

Inferior

Posterior

Posterolateral

Left bundle-branch block

Arteries with stenosis — no./total no. (%)

1|
2
3
Killip class =l — no./total no. (%)
Glycated hemoglobin
Median value (IQR) —
Missing data — no. of patients
Low-density lipoprotein cholesterol
Median value (IQR) — mmol/liter
Missing data — no. of patients
Peak creatinine
Median value (IQR) — pmol/liter
Missing data — no. of patients
Left ventricular ejection fraction
Median value (IQR) —
Missing data — no. of patients

FFR-Guided Group

(N=586)

62.5+11.0

61.0 (54.3-70.0)
26.7 (24.2-29.1)
498 (85.0)
253/586 (43.2)
107/586 (18.3)
232/586 (39.6)
)

)

iy P

235/586 (40.1
173/579 (29.9
45/586 (7.7)
59/586 (10.1)
16/586 (2.7)
16/586
11/586
23/586

STTETTD

2.7)
1.9)
3.9)

7/582 (1.2
424/582 (72.
151/582 (25.
37/556 (6.

5.8 (5.5-6.2)
110

2 (0.9-1.5)
43

88.0 (77.8-100.0)
2

50 (45-58)
26

Angiography-Guided Group
(N=577)

61.9+11.4
62.0 (54.0-70.0)
26.6 (24.4-29.7)
468 (81.1)

262/577 (45.4)
82/577 (14.2)
237/577 (41.1)
210/577 (36.4)
153/573 (26.7)
31/577 (
44/577 (
17/573 (
23/577 (
12/577 (
(

5.
7.
3.
4.
2.
17/577 (3.

4)
6)
0)
0)
1)
0)

197/570 (3
319/570 (5

(34.6)

(
17/570 (

(

(

6
0)
)

31/570 (5.4)

)

4.
6.
0
4
6/570 (1.1

3.
5.
1.

11/573 (1.9)
447/573 (78.0)
115/573 (20.1)
29/549 (5.3)

5.7 (5.5-6.1)
98

3 (1.0-1.6)
28

87.0 (75.0-101.0)
1

50 (45-60)
20
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Table 2. Procedural Data.*

Variable

Lesion location and characteristics{
Location of culprit lesion — no. of patients (%)
Left main coronary artery
Left anterior descending artery
Circumflex artery
Right coronary artery
Total no. of lesions in infarct-related arteries
Location of nonculprit lesion — no. of patients (%)
Left main coronary artery
Left anterior descending artery
Circumflex artery
Right coronary artery
Total no. of nonculprit lesions

Stenosis in nonculprit lesion on visual estimation —
no./total no. of lesions (%)

<50%

50-69%

70-90%

>90%

Missing data
PCI of nonculprit lesion::
Staged intervention of nonculprit lesion — no. of patients (%)
FFR procedures attempted — no. of patients (%)
FFR before PCI of nonculprit lesion

Mean value

Missing data — no./total no. of lesions
FFR after PCI of nonculprit lesion

Mean value

Missing data — no./total no. of lesions
Lesions with FFR

<0.80 — no./total no. (%)

>0.80 — no./total no. (%)
Lesions with PCl — no./total no. of lesions (%)
Patients with =1 PCl — no./total no. of patients (%)
Procedural characteristics
Procedure duration for culprit lesion

Median (IQR) — min

Missing data — no. of patients
Procedure duration for nonculprit lesion

Median (IQR) — min

Missing data — no./total no. of patients

FFR-Guided Group

(N=586)

3(0.5)
182 (31.1)
124 (21.2)
281 (48.0)
718

2)
351 (59.9)

7 (1.

(
239 (40.8)
179 (30.5)
980

29/980 (3.0)
414/980 (42.2)
466/980 (47.6)
52/980 (5.3)
19/980 (1.9)
566 (96.6)
561 (95.7)

0.79+0.11
154/980

0.90:0.06
802/980

460/826 (55.7)

366/826 (44.3)

546/980 (55.7)

388/586 (66.2)

31 (21-45)
45

35 (22-50)
74/566

Angiography-Guided Group

(N=577)

4(0.7)
196 (34.0)
127 (22.0)
260 (45.1)
706

9 (1.6)
316 (54.8)
222 (38.5)
172 (29.8)
891

18/891 (2.0)
265/891 (29.7)
559/891 (62.7)
40/891 (4.5)
9/891 (1.0)
553 (95.8)
NA

NA
NA

NA
NA
806/891 (90.5)
560/577 (97.1)

2 (20-46)
47

30 (20-44)
59/553
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Table 2. (Continued.)
FFR-Guided Group Angiography-Guided Group
Variable (N=586) (N=577)
Volume of contrast agent used for culprit lesion
Median (IQR) — ml 148.0 (109.5-180.0) 140.0 (110.0-171.5)
Missing data — no. patients 82 77
Volume of contrast agent used for nonculprit lesion
Median (IQR) — ml 110.0 (71.8-170.0) 110.0 (80.0-150.0)
Missing data — no./total no. of patients 78/566 69/553
Median length of hospital stay (IQR) — days 5 (4-6) 5 (4-6)
k=~ masm B AER - FROTAKRILEK
Table 3. Prespecified Clinical Outcomes at 1 Year.*
FFR-Guided Angiography-Guided Hazard Ratio
Group Group or Difference
Outcomes (N=586) (N=577) (95% ClI)t P Value
Primary outcome
Composite outcome — no. (%) 32 (5.5) 24 (4.2) 1.32 (0.78-2.23) 0.31
Death from any cause 9 (1.5) 10 (1.7) 0.89 (0.36-2.20)
Nonfatal myocardial infarction( 18 (3.1) 10 (1.7) 1.77 (0.82-3.84)
Unplanned hospitalization leading to urgent revascular-
ization
Patients with condition — no. (%) 15 (2.6) 11 (1.9) 1.34 (0.62-2.92)
Treatment of target lesions in nonculprit artery by 8/15 (53.3) 3/11 (27.3) —
urgent revascularization — no./total no. (%)
Secondary outcomes
Key outcomes — no. (%)
Stent thrombosis 4(0.7) 6 (1.0) 0.65 (0.19-2.32)
Any revascularization| 38 (6.5) 26 (4.5) 1.45 (0.88-2.38)
Hospitalization for heart failure 9 (1.5) 11 (1.9) 0.82 (0.34-1.98)
Hospitalization for recurrent ischemia 32 (5.5) 19 (3.3) 1.68 (0.95-2.97)
Any hospitalization in a cardiology department or service 68 (11.6) 46 (8.0) 1.49 (1.03-2.17)
Functional status
Mean no. of antianginal medications used per patient| 1.0£0.5 1.0£0.5 1.01 (0.90-1.14)**
QALY based on EQ-5D-5L score 0.86+0.19 0.87+0.18 0.01 (0.00-0.01)%**
Recurrent ischemia
Patients with condition — no. (%) 32 (5.5) 19 (3.3) 0.82 (0.21-3.24) %1
Patients with CCS class =Il — no./total no. (%){§ 20/32 (62.5) 13/19 (68.4) —
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Months
No. at Risk
Angiography-guided PCI 577 570 567 565 560 560 557 555 555 554 552 548 371
FFR-guided PCI 586 577 573 570 567 566 566 562 559 553 553 549 385
Figure 2. Kaplan-Meier Curves of the Primary Outcome.
The primary outcome was a composite of death from any cause, nonfatal myocardial infarction, or unplanned hos-
pitalization leading to urgent revascularization. The inset shows the same data on an expanded y axis.
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Multivessel Versus Culprit-Vessel Percutaneous
Coronary Intervention in Patients with Non-ST-
Segment Elevation Myocardial Infarction and
Cardiogenic Shock

Mohamed A. Omer, MD, MS, Emmanouil S. Brilakis, MD, PHD, Kevin F. Kennedy, MS, Mohamad
Alkhouli, MD, Islam Y. Elgendy, MD, Paul S. Chan, MD, MSC, John A. Spertus, MD, MPH.

J Am Coll Cardiol Intv 2021;14:1067-78

ABSTRACT

OBJECTIVES

The aim of this study was to compare in-hospital outcomes and long-term mortality of multivessel
versus culprit vessel-only percutaneous coronary intervention (PCI) in patients with non—ST-
segment elevation myocardial infarction (NSTEMI), multivessel disease (MVD) and cardiogenic
shock.

BACKGROUND
The clinical benefits of complete revascularization in patients with NSTEMI, MVD, and cardiogenic
shock remain uncertain.

METHODS

Among 25,324 patients included in the National Cardiovascular Data Registry CathPCI Registry
from July 2009 to March 2018, the rates of in-hospital procedural outcomes were compared between
those undergoing multivessel PCI and those undergoing culprit vessel-only PCI after 1:1 propensity
score matching. Among patients aged 065 years matched to the Centers for Medicare and Medicaid
Services database, long-term mortality was compared using proportional hazards analysis.

RESULTS

Multivessel PCI was performed in 9,791 patients (38.7%), which increased from 32.2% in 2010
to 44.2% in 2017 (p for trend <0.001). After 1:1 propensity matching (n = 7,864 in each group),
those undergoing multivessel PCI had a 3.5% (95% confidence interval [CI]: 2.0% to 5.0%) lower
absolute rate of in-hospital mortality (30.9% vs. 34.4%; p < 0.001; odds ratio [OR]: 0.85; 95% CI:
0.80 to 0.91), but a higher risk for bleeding (13.2% vs. 10.8%; p < 0.001; OR: 1.26; 95% CI: 1.15 to
1.40) and new requirement for dialysis (5.7% vs. 4.6%; p = 0.001; OR: 1.26; 95% CI: 1.10 to 1.46).
Among those surviving to discharge, all-cause mortality was similar through 7 years (conditional
hazard ratio: 0.95; 95% CI: 0.87 to 1.03; p = 0.20).
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CONCLUSIONS
Nearly 40% of patients with NSTEMI with MVD and cardiogenic shock underwent multivessel PCI,
which was associated with lower in-hospital mortality but greater peri-procedural complications.

Among those surviving to discharge, multivessel PCI did not confer additional long-term mortality
benefit.

CENTRAL ILLUSTRATION Multivessel Versus Culprit Vessel-Only Percutaneous Coronary

Intervention in Patients With Non-ST-Segment Elevation Myocardial Infarction and Cardiogenic
Shock: In-Hospital Outcomes and Long-Term Mortality

A

In-Hospital Outcomes in Propensity-Matched Cohort

Multivessel Culprit Vessel-
PCI Only PCI
(n=7864) (n=7864)
In-hospital mortality 2,432 (30.9%) 2,706 (34.4%) <0.001
Bleeding events 1,039 (13.2%) 845 (10.8%) 0.001
Stroke 152 (1.9%) 146 (1.9%) 0.470
New requirement for dialysis 447 (5.7%) 358 (4.5%) 0.001
Tamponade 29 (0.4%) 22 (0.3%) 0.320
B Long-Term Mortality in Propensity-Matched
Cohort Linked to Medicare Files
100 -
80 -
_. 601
S
g
<
@ 40
20 A
HR: 0.95 (95% ClI: 0.87-1.03), p = 0.204
0
0 1 2 3 4 5 6 7
Time Since Procedure (years)
No. at Risk:
 CulpritVessel , 33 1348 996 753 549 357 228 108
-Only PCI
— g"cullt"’essel 2233 1364 1,040 776 577 375 237 115

Omer, M.A. et al. J Am Coll Cardiol Intv. 2021;14(10):1067-78.

(A) In-hospital outcomes in propensity matched cohort. (B) Long-term mortality in propensity matched cohort linked to Medicare files.
Cl = confidence interval; HR = hazard ratio; PCl = percutaneous coronary intervention.
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FIGURE 1 Study Flowchart

Cath-PCl: 2009Q3-2018Q1
NSTEMI with CS hospitalizations

n=40,164
Excluded if:
- One vessel only disease (n=11,256)
> «In-hospital CABG (n=1,624)
- Discharge to short-term facility (n=1893)
A4 - No PCl lesion data (n=67)
Analytic cohort
n=25,324

Y A

Multi-vessel PCl
n=7,864

Propensity score
matched comparison for
in-hospital outcomes

Culprit-vessel only PC
N=7,864

Y A
Multi-vessel PCl

n= 2,233

Propensity score
matched comparison for
long-term mortality*

Culprit-vessel only PC
N=2,233

*Long-term mortality was evaluated among those surviving to hospital discharge who were linked to Medicare files. CABG = coronary artery
bypass graft; CS = cardiogenic shock; NSTEMI = non-ST-segment elevation myocardial infarction; PCl = percutaneous coronary intervention.
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TABLE 1 Baseline Demographic and Clinical Variables
Before Matching After Matching
Multivessel PCI Culprit Vessel-Only PCI  Standardized Multivessel Vessel PCI Culprit Vessel-Only PCI  Standardized
(n =9,791) (n =15,533) Difference (10%) (n =7,864) (n =7,864) Difference (10%)
Patient demographics
Age, yrs 69.2 + 11.9 69.2 +£ 11.7 0.3 69.0 £ 11.9 69.0 + 11.8 0.1
Female 3,384 (34.6) 4,974 (32.0) 5.4 2,671 (34.0) 2,646 (33.6) 0.7
Race (White) 8,136 (83.1) 13,160 (84.7) 4.4 6,563 (83.5) 6,587 (83.8) 1.0
BMI, kg/m? 29.2 + 6.9 29.2 + 8.7 0.1 29.1+ 6.9 29.2 + 8.1 0.8
Primary expected payer
Medicare 6,452 (65.9) 10,217 (65.8) 0.3 5,126 (65.2) 5,103 (64.9) 0.6
Medicaid 1,319 (13.5) 2,035 (13.1) 1.1 1,064 (13.5) 1,066 (13.6) 0.1
Private insurance 5,462 (55.8) 8,658 (55.7) 0.1 4,344 (55.2) 4,391 (55.8) 1.2
No insurance 590 (6.0) 957 (6.2) 0.6 503 (6.4) 505 (6.4) 0.1
Medical history
Current/recent smoking 2,353 (24.1) 4,015 (25.9) 4.1 1,968 (25.0) 1,963 (25.0) 0.1
Hypertension 8,176 (83.6) 13,105 (84.4) 2.2 6,567 (83.5) 6,588 (83.8) 0.7
Dyslipidemia 7,204 (73.7) 11,609 (74.9) 2.6 5,785 (73.6) 5,769 (73.4) 0.5
FH of premature CAD 1,354 (13.8) 2,453 (15.8) 5.5 1,147 (14.6) 1,155 (14.7) 0.3
Prior MI 3,454 (35.3) 6,146 (39.6) 8.9 2,823 (35.9) 2,844 (36.2) 0.6
Prior heart failure 3,290 (33.6) 5,083 (32.7) 1.9 2,586 (32.9) 2,589 (32.9) 0.1
Prior valve surgery 252 (2.6) 487 (3.1) 34 219 (2.8) 212 (2.7) 0.5
Prior PCI 3,040 (31.1) 5,542 (35.7) 9.8 2,524 (32.1) 2,526 (32.1) 0.1
Prior CABG 1,606 (16.4) 4,726 (30.4) 33.6 1,545 (19.6) 1,561 (19.8) 0.5
Currently on dialysis 1,119 (11.4) 1,440 (9.3) 71 809 (10.3) 811 (10.3) 0.1
Cerebrovascular disease 1,997 (20.4) 3,211 (20.7) 0.7 1,564 (19.9) 1,595 (20.3) 1.0
Peripheral arterial disease 2,210 (22.6) 3,557 (22.9) 0.8 1,701 (21.6) 1,686 (21.4) 0.5
Chronic lung disease 2,149 (22.0) 3,635 (23.4) 35 1,768 (22.5) 1,792 (22.8) 0.7
Diabetes mellitus 5,296 (54.1) 7,959 (51.3) 57 4,158 (52.9) 4,151 (52.8) 0.2
Anginal classification within 2 weeks 6.4 33
No symptoms 1,193 (12.2) 2,050 (13.2) 971 (12.4) 1,017 (13.0)
CCS class | 90 (0.9) 176 (1.1) 76 (1.0) 68 (0.9)
CCS class Il 307 (3.1) 516 (3.3) 255 (3.2) 242 (3.1)
CCS class Il 1,683 (17.2) 2,908 (18.8) 1,372 (17.5) 1,437 (18.3)
CCS class IV 6,496 (66.5) 9,841 (63.5) 5,177 (65.9) 5,078 (64.8)
Values are mean =+ SD or n (%).
BMI = body mass index; CABG = coronary artery bypass grafting; CAD = coronary artery disease; CCS = Canadian Cardiovascular Society; FH = family history; Ml = myocardial infarction;
PCl = percutaneous coronary intervention.
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TABLE 2 Baseline Procedure and Lesion Characteristics
Before Matching After Matching
Multivessel PCI Culprit Vessel-Only PCI Standardized Multivessel Vessel PCI Culprit Vessel-Only PCI Standardized
(n =9,791) (n =15,533) Difference (10%) (n =7,864) (n =7,864) Difference (10%)
Catheterization laboratory visit
PCI status 10.8 0.5
Urgent 4,817 (49.2) 7,268 (46.8) 3,807 (48.4) 3,812 (48.5)
Emergent 3,728 (38.1) 6,539 (42.1) 3,135 (39.9) 3,133 (39.8)
Salvage 962 (9.8) 1,190 (7.7) 683 (8.7) 686 (8.7)
Cardiac arrest within 24 h 2,215 (22.6) 4,024 (25.9) 7.7 1,871 (23.8) 1,864 (23.7) 0.2
Heart failure within 2 weeks 5,769 (58.9) 7,635 (49.2) 19.7 4,333 (55.1) 4,341 (55.2) 0.2
Pre-PCI LVEF, % 33.1+14.9 35.2 +15.2 14.0 34.0 £15.0 33.8 £ 149 15
GFR, ml/min 55.9 + 21.9 56.5 + 21.7 2.6 56.4 + 21.8 56.5 + 22.0 0.7
IABP 4,397 (44.9) 5,648 (36.4) 17.5 3,372 (42.9) 3,413 (43.4) 11
Other MCS 2,123 (21.7) 1,506 (9.7) 334 1,169 (14.9) 1,139 (14.5) 11
Arterial access 2.2 1.4
Femoral access 8,648 (88.4) 13,755 (88.6) 6,945 (88.3) 5,538 (88.7)
Radial access 1,072 (11.0) 1,644 (10.6) 863 (11.0) 856 (10.9)
Other 68 (0.7) 131 (0.8) 56 (0.7) 48 (0.6)
GP lIb/Illa use 2,853 (29.2) 4,707 (30.3) 2.6 2,381 (30.3) 2,375 (30.2) 0.2
Contrast volume, ml 230.4 £109.1 183.4 + 89.9 47.0 228.7 £106.3 183.1 £ 91.4 46.0
Fluoroscopy time, min 263 £17.3 185 £ 135 50.7 251 +£16.3 19.1 £ 14.0 39.1
Left main disease 3,584 (36.6) 3,243 (20.9) 353 2,109 (26.8) 2,181 (27.7) 2.1
LAD disease 8,746 (89.3) 12,958 (83.4) 17.3 6,904 (87.8) 6,852 (87.1) 2.0
RCA disease 7,187 (73.4) 12,768 (82.2) 213 5,980 (76.0) 6,029 (76.7) 15
LCx disease 8,069 (82.4) 11,625 (74.8) 18.5 6,346 (80.7) 6,307 (80.2) 13
Proximal LAD disease 6,000 (61.3) 7,784 (50.1) 22.6 4,437 (56.4) 4,424 (56.3) 0.3
Left main intervened 3,241 (33.1) 875 (5.6) 74.1 1,919 (24.4) 609 (7.7) 46.6
LAD intervened 7,712 (78.8) 5,564 (35.8) 96.4 6,025 (76.6) 3,144 (40.0) 80.0
RCA intervened 4,046 (41.3) 4,397 (28.3) 27.6 3,553 (45.2) 1,938 (24.6) 441
LCx intervened 7,025 (71.7) 4,697 (30.2) 91.3 5,631 (71.6) 2,173 (27.6) 97.9
LAD culprit 4,700 (48.0) 5,564 (35.8) 249 3,575 (45.5) 3,144 (40.0) 1.1
RCA culprit 1,970 (20.1) 4,397 (28.3) 19.2 1,751 (22.3) 1,938 (24.6) 5.6
LCx culprit 3,831(39.1) 4,697 (30.2) 18.8 3,016 (38.4) 2,173 (27.6) 22.9
Left main culprit 2,313 (23.6) 875 (5.6) 52.6 1,352 (17.2) 609 (7.7) 28.9
Chronic total occlusion PCI 877 (9.0) 807 (5.2) 14.7 745 (9.5) 430 (5.5) 15.3
Pre-PCI TIMI flow grade O 3,038 (31.0) 5112 (32.9) 4.0 2,592 (33.0) 2,638 (33.5) 1.2
Class C lesion 8,146 (83.2) 10,744 (69.2) 33.4 6,316 (80.3) 6,309 (80.2) 0.2
Days to discharge* 7.0 (4.0-12.0) 6.0 (3.0-11.0) 10.8 7.0 (4.0-12) 7.0 (4.0-12.0) 0.6
Values are n (%), mean =+ SD, or median (interquartile range). *It was requested by the statistical reviewer to summarize the median (Q1, Q3) duration of hospitalization.
GFR = glomerular filtration rate; GP = glycoprotein; IABP = intra-aortic balloon pump; LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; LVEF = left ventricular ejection
fraction; MCS = mechanical circulatory support; PCl = percutaneous coronary intervention; RCA = right coronary artery; TIMI = Thrombolysis In Myocardial Infarction.
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TABLE 3 In-Hospital Outcomes
Before Matching After Matching
Multivessel PCI Culprit Vessel-Only PCI Multivessel Vessel PCI Culprit Vessel-Only PCI
(n =9,791) (n =15,533) p Value (n =7,864) (n =7,864) p Value
In-hospital mortality 3,204 (32.7) 4,942 (31.8) 0.13 2,432 (30.9) 2,706 (34.4) <0.001
Bleeding events 1,431 (14.6) 1,487 (9.6) <0.001 1,039 (13.2) 845 (10.8) 0.001
Stroke 209 (2.1) 249 (1.6) 0.001 152 (1.9) 146 (1.9) 0.47
New requirement for 613 (6.3) 689 (4.4) <0.001 447 (5.7) 358 (4.5) 0.001
dialysis
Tamponade 39 (0.4) 34 (0.2) 0.009 29 (0.4) 22(0.3) 0.32
Values are n (%).
PCl = percutaneous coronary intervention.
FIGURE 3 Exploratory Subgroup Analysis for In-Hospital All-Cause Mortality
Sample Size Odds Ratio  Interaction
i P-value
Full Cohort 15728 — 0.85 (0.79, 0.91)
Age >65 9757 — 0.81(0.74,090)
Age <65 5971 —— 0.90 (0.78, 1.04) '
Male 10411 —— 0.87 (0.80,0.96) .,
Female 5317 — 0.82 (0.71, 0.95) '
DM 8309 e 0.91(0.82,1.02) ..,
No DM 7419 —_— 0.79 (0.70, 0.89) '
Mechanical Support 2308 ——e— 0.65 (0.52, 0.80) 0.006
No Mechanical Support 13420 == 0.90 (0.83, 0.97) '
LAD/LM Culprit 7995 — 0.83 (0.74, 0.93) 0.556
LCX/RCA Culprit 7995 —'— 0.87 (0.78, 0.98) '
T 1 1
0.5 1 2
Odds Ratio
<<< Less In-hospital More In-hospital >>>
Mortality with MV-PCI Mortality with MV-PCI
DM = diabetes mellitus; MV = multivessel; other abbreviations as in Figure 2.
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