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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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Most of the no-reflow phenomenon was found in patients with ST segment elevation myocardial
infarction receiving primary balloon angioplasty. Distal embolization of the obstructive plaque or
thrombus after ballooning angioplasty in the genesis of no-flow phenomenon was observation and
evidenced. Other mechanisms as prolonged ischemia, extensive myocardial injury, and reperfusion
injury led to microvascular damage could be the potential theory. No-flow phenomenon in
diagnostic coronary angioplasty is rare. In spite the true mechanism could be complex and multi-
factorial. It could be potentially life-threatening condition during diagnostic coronary angiography.'

References
1. Zavala-Alarcon E, Cecena F, Little R, Bant A, Van Poppel S, Patel R. The no-flow phenomenon
during diagnostic coronary angiography. Cardiovasc Revasc Med. 2005 Jul-Sep;6(3):126-32.
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Impact of Transcatheter Mitral Valve Repair on
Preprocedural and Postprocedural Hospitalization
Rates

Andrew Czarnecki, MD, MSC, Lu Han, PHD, Wael Abuzeid, MD, MSC, Warren J.Cantor, MD,
Vincent Chan, MD, MPH, Eric A. Cohen, MD, Gideon N. Cohen, MD, PHD, Neil Fam, MD, Pallav
Garg, MD, Benjamin Hibbert, MD, PHD, Shamir R. Mehta, MD, MSC, Geraldine Ong, MD, MSC,
Mark Osten, MD, Dennis T. Ko, MD, MSC

J Am Coll Cardiol Intv 2021;14:2274-2281

ABSTRACT

OBJECTIVES
The objective of this study was to determine the effect of transcatheter mitral valve repair (TMVr)
on hospitalization rates by assessing pre- and postprocedural hospitalization patterns.

BACKGROUND
TMVr has emerged as the treatment of choice for selected patients with mitral regurgitation, but the
impact of these procedures on hospital utilization remains unclear.

METHODS

All patients who underwent TMVr in Ontario, Canada, between 2011 and 2017 were included in this
observational study using population-based data. Hospitalization person-year rates were assessed in
the years before and after TMVr and 4 predefined intervals: 1 to 30, 31 to 90, 91 to 182, and 183 to
365 days. Main outcomes of interest were all-cause and heart failure (HF) hospitalizations. Poisson
regression models were used to compare incidence rates across all time periods.

RESULTS

The study cohort included 523 patients. In the year preceding TMVr, 66.2% of patients were
hospitalized compared with 47.4% in the year following. There were stepwise increases in both
all-cause and HF hospitalization rates in the periods preceding the index procedure, and all
postprocedural periods had significantly lower hospitalization rates. The adjusted rate ratios for all-
cause and HF-related hospitalization in the year after TMVr were 0.65 (95% CI: 0.56-0.76) and 0.38
(95% CI: 0.29-0.51), respectively. All time periods had significant reductions in all-cause and HF
hospitalization in the adjusted analysis.
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CONCLUSIONS
In this population-based study, significant reductions were observed in both all-cause and HF-

related hospitalizations in all time periods after TMVr compared with the year prior. This suggests
that TMVr has a sustained effect on hospitalization rates despite a high-risk population.
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TABLE 1 Baseline Characteristics of Study Cohort (N = 523)
Demographics
Age (y) 78 (71-84)
Female 208 (39.8)
Income quintile
Low 176 (33.6)
Medium 209 (40.0)
High 134 (25.6)
Rural residence 58 (11.1)
Clinical characteristics
NYHA functional class
| 31(5.9)
1] 11(21.2)
] 285 (54.5)
1% 65 (12.4)
Left ventricular ejection fraction
=50% 211 (40.3)
35%-49% 90 (17.2)
20%-34% 17 (22.4)
<20% 37.(7.1)
Cardiac risk factors
Diabetes 164 (31.4)
Hypertension 364 (69.6)
Dyslipidemia 407 (77.8)
Comorbidities
Myocardial infarction 201 (38.4)
Heart failure 442 (84.5)
Atrial fibrillation 361 (69.0)
Cerebrovascular disease 66 (12.6)
Peripheral vascular disease 42 (8.0)
Chronic obstructive lung disease 123 (23.5)
Liver disease 13 (2.5)
Frailty 189 (39.6)
Chronic kidney disease 104 (19.9)
Dialysis 33 (6.3)
Anemia 152 (29.1)
Dementia 13 (2.5)
Cancer 42 (8.0)
Charlson comorbidity score 2.50 (1-4)
Prior cardiac procedures
Cardiac catheterization within 1y 363 (69.4)
Percutaneous coronary intervention within 1y 69 (13.2)
Coronary artery bypass graft surgery 12 (21.4)
Permanent pacemaker 45 (8.6)
Cardiac resynchronization therapy 12 (2.3)
Implantable cardioverter-defibrillator 71 (13.6)
Values are median (interquartile range) or n (%).
NYHA = New York Heart Association.

k=

TABLE 2 Adjusted Rate Ratios Comparing Post- Versus Pre-TMVr Hospitalization by Time Period

Time Period
1y 1-30d 31-90d 91-182d 183-365 d
All-cause hospitalization® 0.65 (0.56-0.76) 0.59 (0.45-0.77) 0.53 (0.41-0.68) 0.67 (0.51-0.86) 0.73 (0.57-0.94)
Heart failure hospitalization® 0.38 (0.29-0.51) 0.41 (0.26-0.66) 0.33 (0.22-0.51) 0.36 (0.22-0.59) 0.40 (0.24-0.64)

Values are rate ratio (95% CI). ®For all time periods; P < 0.001.
TMVr = transcatheter mitral valve repair.
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FIGURE 1 All-Cause Hospitalization Rates Pre- and Post-TMVr
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Each bar represents the rate of all-cause hospitalization per 100 person-years, by time period. The red bars represent time intervals in the
year pre-TMVr, and the blue bars represent the corresponding time intervals in the year post-TMVr. TMVr = transcatheter mitral valve repair.
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FIGURE 2 Heart Failure Hospitalization Rates Pre- and Post-TMVr
160 - o
Index TMVr Hospitalization
L]

140
120
100
80

60

40

Hospitalizations per 100 person-years

20

365-183 days 182-91days 90-31days 30-1days 1-30days 31-90days 91-182days 183-365 days

Each bar represents the rate of heart failure hospitalization per 100 person-years, by time period. The red bars represent time intervals in the
year pre-TMVr, and the blue bars represent the corresponding time intervals in the year post-TMVr. TMVr = transcatheter mitral valve repair.
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CENTRAL ILLUSTRATION All-Cause Hospitalization Rates Before and After Transcatheter Mitral Valve Repair

350 Index Transcatheter Mitral Valve Repair Hospitalization
9 1
» :
3 - Adjusted RR for all-cause hospitalization (95% Cl):
> 300 A il 1-year post-transcatheter mitral valve repair vs
g Bl 1-year pre-transcatheter mitral valve repair = 0.65 (0.56 - 0.76)
wn
@ 250 A i Adjusted RR for HF hospitalization:
Q. [ 1-year post-transcatheter mitral valve repair vs
8 Bl 1-year pre-transcatheter mitral valve repair = 0.38 (0.29 - 0.51)
= 200 - :
w 1
a I
")) 1
§ 150 :
L 1
[} 1
N i
= 100 - !
= 1
Q. 1
3 1
T 50- I
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Czarnecki, A. et al. J Am Coll Cardiol Intv. 2021;14(20):2274-2281.

Each bar represents the rate of all-cause hospitalization per 100 person-years, by time period. The blue bars represent time intervals in the year before transcatheter
mitral valve repair, and the orange bars represent the corresponding time intervals in the year after transcatheter mitral valve repair. HF = heart failure; RR = rate
ratio.

# 2 B 7 (Central Illustration)



B8 82 71 41l (D

Impact of Intravascular Ultrasound on Long-Term
Clinical Outcomes in Patients With Acute Myocardial
Infarction

Ik Jun Choi, MD, PHD, Sungmin Lim, MD, PHD, Eun Ho Choo, MD, Byung-Hee Hwang, MD,
Chan Joon Kim, MD, PHD, Mahn-Won Park, MD, PHD, Jong-Min Lee, MD, PHD, Chul Soo Park,
MD, PHD, Hee Yeol Kim, MD, PHD, Ki-Dong Yoo, MD, PHD, Doo Soo Jeon, MD, PHD, Ho
Joong Youn, MD, PHD, Wook-Sung Chung, MD, PHD, Min Chul Kim, MD, PHD, Myung Ho
Jeong, MD, PHD, Youngkeun Ahn, MD, PHD, Kiyuk Chang, MD, PHD

J Am Coll Cardiol Intv 2021, published online ahead of print

ABSTRACT

BACKGROUND

IVUS-guided PCI has been associated with improved cardiovascular outcomes. However, the
beneficial effect of IVUS-guided PCI in patients with AMI in the drug-eluting stent era remains
unclear.

METHODS

Patients who underwent PCI with drug-eluting stents were selected from 10,719 patients enrolled in
a multicenter AMI registry. The included patients were classified into 2 groups according to the use
or nonuse of IVUS. The primary outcome was a composite of major adverse cardiovascular events
(MACE), including cardiovascular death, myocardial infarction, and target lesion revascularization,
during long-term follow-up.

RESULTS

A total of 9,846 patients were treated with IVUS-guided PCI (n = 2,032) or angiography-guided
PCI (n = 7,814). IVUS-guided PCI was associated with reduced MACE (HR: 0.779; 95% CI: 0.689-
0.880; P < 0.001). The results were consistent after multivariable regression and propensity score
matching. One-year landmark analysis showed a lower risk for MACE within 1 year (HR: 0.766;
95% CI: 0650-0.903; P = 0.002) and beyond 1 year (HR: 0.796; 95% CI: 0663-0.956; P = 0.014)
after index PCI.

CONCLUSIONS

The use of IVUS was associated with better long-term cardiovascular outcomes. The clinical benefit
of IVUS was maintained both within and beyond 1 year after index PCI. The use of IVUS in PCI
should be considered for patients with AMI.
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FIGURE 1 Study Flow

10,719 patients with acute myocardial infarction
from multicenter acute myocardial infarction registry
January, 2004 ~ August, 2014

Excluded (n=873)
Patients who had insufficient data (n=36)
Balloon angjoplasty or thrombus aspiration only (n=306)
Bare-metal stent (n=501)
Optical coherence tomography-guided PCI (n=33)

4

Final study population
(n=9,8486)
Intravascular ultrasound-guided PClI Angiography-guided PCI
(n=2,032) (n=7,814)

PCl = percutaneous coronary intervention.
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TABLE 1 Baseline Clinical and Procedural Characteristics in Patients With Acute
Myocardial Infarction Undergoing PCI According to the Use of IVUS
Angiography IVUs
(n =7,814) (n = 2,032) P Value
Demographic characteristics
Age, y 63.8 £ 12.6 61.4 + 125 <0.001
Male 5,565 (71.2) 1,533 (75.4) <0.001
Body mass index, I<g|/m2 241 + 3.2 24.3 £+ 3.1 0.016
Initial vital signs
Systolic blood pressure, mm Hg 128.7 + 27.1 128.5 + 25.7 0.727
Diastolic blood pressure, mm Hg 78.6 +16.7 78.1 +16.0 0.251
Heart rate, beats/min 79.0 £19.1 78.9 £ 18.6 0.836
Killip class <0.001
| 5,923 (75.8) 1,724 (84.8)
Il 674 (8.6) 92 (4.5)
] 484 (6.2) 94 (4.6)
vV 733 (9.4) 122 (6.0)
Clinical diagnosis 0.003
STEMI 4,337 (55.5) 1,053 (51.8)
NSTEMI 3,477 (44.5) 979 (48.2)
Hypertension 4,097 (52.4) 1,009 (49.7) 0.027
Diabetes mellitus 2,496 (31.9) 595 (29.3) 0.023
Dyslipidemia 1,288 (16.5) 225 (11.1) <0.001
Chronic kidney disease 2,011 (25.8) 474 (23.3) 0.022
Smoking 4,214 (53.9) 1,139 (56.1) 0.091
Family history of coronary artery 239 (3.1) 60 (3.0) 0.861
disease
Previous myocardial infarction 270 (3.5) 87 (4.3) 0.088
Previous PCI 495 (6.3) 124 (6.1) 0.739
Previous CABG 32 (0.4) 9 (0.4) 0.988
Previous cerebrovascular events 576 (7.4) 137 (6.7) 0.354
Year of enrollment <0.001
2004-2009 3,353 (42.9) 1,182 (58.2)
2010-2014 4,461 (57.1) 850 (41.8)
Tertiary centers 3,658 (46.8) 531 (26.1) <0.001
Laboratory characteristics
Hemoglobin, g/dL 13.6 (12.2-15.1) 14.2 12.7-15.4)  <0.001
Total cholesterol, mg/dL 175 (151-201) 175 (152-201) 0.782
Triglyceride, mg/dL 102 (71-146) 102 (73-149) 0.194
HDL, mg/dL 40 (34-46) 40 (34-46) 0.674
LDL, mg/dL 111 (90-134) 111 (92-133) 0.715
Estimated glomerular filtration 79.2 (59.4-95.2)  79.0 (61.4-94.7) 0.781
rate, mL/min
Initial CK-MB, ng/mL 7.6 (3.0-26.4) 6.7 (2.9-22.9) 0.016
Peak CK-MB, ng/mL 63.0 (16.7-181.5)  61.3 (15.4-200.5) 0.510

& — (&4
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TABLE 1 Continued

Angiography IVUS

(n =7,814) (n = 2,032) P Value
Left ventricular ejection fraction, % 534 +11.0 53.0 £ 10.4 0.144
Procedural characteristics

Early invasive strategy 5,154 (66.0) 1,194 (58.8) <0.001

Door-to-balloon time, min 1,217 + 6,953 1,567 + 3,612 0.002
STEMI 735 £ 24.4 76.7 &+ 26.1 0.241
NSTEMI 1,971 + 4,511 2,324 + 3,395 0.008

Disease extent 0.002
1-vessel disease 3,586 (45.9) 844 (41.5)
2-vessel disease 2,535 (32.4) 700 (34.4)
3-vessel disease 1,693 (21.7) 488 (24.0)

Multivessel disease 4,228 (54.1) 1,188 (58.5) <0.001

Culprit lesion <0.001
Left main coronary artery 164 (2.1) 157 (7.7)

LAD 3,696 (47.3) 1,073 (52.8)
LCx 1,378 (17.6) 249 (12.3)
RCA 2,571 (32.9) 552 (27.2)

Stent generation 0.049
First-generation drug-eluting stent 2,242 (28.7) 629 (31.0)
Second-generation drug-eluting stent 5,572 (71.3) 1,403 (69.0)

Restenosis 126 (1.6) 47 (2.3) 0.041

Chronic total occlusion 313 (4.0) 74 (3.6) 0.491

Bifurcation 300 (3.8) 121 (6.0) <0.001

Timing of IVUS use 0 (0) <0.001
Pre-PCl only 178 (8.8)

Post-PCl only 328 (16.1)
Pre- and post-PCl 1,526 (75.1)
Procedural complications

No reflow 263 (3.4) 82 (4.0) 0.163

Coronary artery dissection 94 (1.2) 34 (1.7) 0.099

Distal embolization 14 (0.2) 2 (0.1) 0.550

Acute coronary thrombosis 11 (0.1) 3(0.1) 0.999

Coronary artery perforation 3(0.0) 2(0.1) 0.276
Medications at discharge

Aspirin 7,296 (98.3) 1,947 (98.8) 0.159

Clopidogrel 6,734 (86.2) 1,817 (89.4) <0.001

Potent P2Y;, inhibitor 1,048 (13.4) 207 (10.2) <0.001

Statin 7,105 (90.9) 1,867 (91.9) 0.193

Beta-blocker 6,162 (83.0) 1,629 (82.6) 0.719

ACE inhibitor or ARB 6,163 (78.9) 1,558 (76.7) 0.034
Values are mean + SD, n (%), or median (interquartile range).

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; CABG = coronary artery bypass
grafting; CK-MB = creatinine kinase-MB; HDL = high-density lipoprotein; IVUS = intravascular ultrasound;
LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; LDL = low-density li-
poprotein; NSTEMI = non-ST-segment elevation myocardial infarction; PCl = percutaneous coronary interven-
tion; RCA = right coronary artery; STEMI = ST-segment elevation myocardial infarction.
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TABLE 2 Comparison of Clinical Outcomes Between IVUS-Guided and Angiography-Guided Percut Coronary Intervention
Unadjusted Multivariate® Propensity Score Matched
Ivus Angiography HR HR HR
(n =2,032) (n =7,814) (95% CI) P Value (95% CI) P Value (95% CI) P Value

MACE 311 (15.3) 1,484 (19.0) 0.779 (0.689-0.880) <0.001 0.800 (0.706-0.907) <0.001 0.762 (0.652-0.891) <0.001
Cardiovascular death 219 (10.8) 1,036 (13.3) 0.793 (0.686-0.913) 0.002 0.822 (0.709-0.954) 0.010 0.805 (0.668-0.971) 0.023
MI 56 (2.8) 295 (3.8) 0.709 (0.533-0.944) 0.019 0.766 (0.572-1.027) 0.075 0.600 (0.417-0.862) 0.006
Culprit MI 33(1.6) 190 (2.4) 0.650 (0.449-0.940) 0.022 0.646 (0.443-0.942) 0.023 0.500 (0.320-0.782) 0.002
Nonculprit Ml 24 (1.2) 13 (1.4) 0.795 (0.511-1.234) 0.306 1.016 (0.645-1.600) 0.947 0.852 (0.461-1.575) 0.610
TLR 70 (3.4) 347 (4.4) 0.737 (0.568-0.956) 0.022 0.738 (0.565-0.963) 0.025 0.686 (0.500-0.942) 0.020
Stent thrombosis 26 (1.3) 108 (1.4) 0.906 (0.590-1.390) 0.652 0.942 (0.607-1.464) 0.792 0.766 (0.450-1.305) 0.327
All-cause death 263 (12.9) 1,323 (16.9) 0.745 (0.635-0.850) <0.001 0.804 (0.702-0.920) 0.002 0.775 (0.655-0.919) 0.003
Values are n (%), unless otherwise indicated. Adjusted variables included age, sex, body mass index, hypertension, diabetes, dyslipidemia, smoking, chronic kidney disease, end-stage renal disease, stroke,
family history of coronary artery disease, prior M, clinical diagnosis, Killip class, left ventricular ejection fraction, multivessel disease, culprit lesion, stent generation, restenosis, bifurcation, clopidogrel,
potent P2Y3, inhibitor, and angiotensin-converting enzyme inhibitor or angiotensin receptor blocker.

IVUS = intravascular ultrasound; MACE = major adverse cardiovascular event (a composite of cardiovascular death, myocardial infarction, or target lesion revascularization); Ml = myocardial infarction;
TLR = target lesion revascularization.
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CENTRAL ILLUSTRATION Intravascular Ultrasound or Angiography-Guided Percutaneous
Coronary Intervention After Acute Myocardial Infarction (N = 9,846)

Clinical Outcomes

25 -
P < 0.001 P =0.002 P=0.019 P =0.022
20 - 19.0%
~_ o,
E\i 5 15.3% .
> 13.3%
g 10.8%
=
& 10-
s
4.4%
5 2.8%3.8% 3.4% °

MACE Cardiovascular MiI Target Lesion
Death Revascularization

® Intravascular ultrasound-Guided PCl m Angiography-Guided PCI

Choi, I.J. et al. J Am Coll Cardiol Intv. 2021; m(m):m-N.

Long-term effect of intravascular ultrasound-guided percutaneous coronary intervention in patients with acute myocardial infarction.
Landmark analysis for long-term clinical outcomes at 1 year among all patients.
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CENTRAL ILLUSTRATION Continued
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Log rank, Log rank,
p=0.010 p=0.014
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Cumulative Incidence of MACE (%)

0% -
0 365 730 1,095 1,460
Days
Angiography 7,814 6,558 6,063 5,606 4,455
Intravascular 2,032 1,742 1,619 1,522 1,326
ultrasound

I Intravascular ultrasound-Guided PCI m Angiography-Guided PCI

B Cardiovascular Death

30% -

20% -

Log rank, Log rank,
p=0.001 p = 0.326

10% -

Cumulative Incidence of Cardiovascular
Death (%)

0 365 730 1,095 1,460

Days
Angiography 7,814 6,768 6,383 5,964 4,818
Intravascular 2,032 1,793 1,698 1,609 1,407

ultrasound
M Intravascular ultrasound-Guided PClI m Angiography-Guided PCI

Choi, I.J. et al. J Am Coll Cardiol Intv. 2021; m(m):m-N.
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CENTRAL ILLUSTRATION Continued
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Log rank, i Log rank,
p=0.181 p = 0.045

10% A

Cumulative Incidence of Ml (%)
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0] 365 730 1,095 1,460

Days
Angiography 7,814 6,663 6,235 5,796 4,646
Intravascular 2,032 1,770 1,662 1,569 1,369

ultrasound

M Intravascular ultrasound-Guided PCI m Angiography-Guided PCI

D TLR
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p=0.263} p=0.036
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Cumulative Incidence of Target Lesion
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0 365 730 1,095 1,460

Days
Angiography 7,814 6,624 6,161 5,718 4,565
Intravascular 2,032 1,762 1,649 1,554 1,355

ultrasound
M Intravascular ultrasound-Guided PCI W Angiography-Guided PCI

Choi, 1.J. et al. J Am Coll Cardiol Intv. 2021;m(m): m-H.
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FIGURE 2 Kaplan-Meier Curves for the Endpoints
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(A) Major adverse cardiovascular event (MACE). (B) Cardiovascular death. (C) Myocardial infarction (MI). (D) Target lesion revascularization (TLR). IVUS = intravascular

ultrasound; PCl = percutaneous coronary intervention.
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TABLE 3 Landmark Analysis for Clinical Outcomes at 1 Year
Unadjusted Multivariate® Propensity Score Matched
HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value
Within 1y
MACE 0.766 (0.650-0.903) 0.002 0.808 (0.683-0.956) 0.013 0.793 (0.642-0.979) 0.031
Cardiovascular death 0.724 (0.595-0.881) 0.001 0.785 (0.643-0.959) 0.018 0.745 (0.580-0.957) 0.021
Ml 0.762 (0.512-1.136) 0.183 0.809 (0.537-1.218) 0.309 0.657 (0.400-1.079) 0.097
Culprit MI 0.735 (0.450-1.202) 0.220 0.748 (0.453-1.235) 0.256 0.559 (0.308-1.013) 0.055
Nonculprit Ml 0.805 (0.407-1.592) 0.532 0.944 (0.467-1.907) 0.872 0.987 (0.392-2.486) 0.978
TLR 0.807 (0.554-1.175) 0.264 0.775 (0.527-1.140) 0.195 0.805 (0.501-1.293) 0.369
Stent thrombosis 0.966 (0.568-1.646) 0.900 0.916 (0.527-1.592) 0.755 0.782 (0.397-1.539) 0.476
All-cause death 0.730 (0.609-0.874) <0.001 0.822 (0.683-0.989) 0.038 0.793 (0.628-1.002) 0.052
After 1y
MACE 0.796 (0.663-0.956) 0.014 0.796 (0.660-0.960) 0.017 0.728 (0.578-0.916) 0.007
Cardiovascular death 0.896 (0.720-1.115) 0.326 0.883 0.706-1.104) 0.274 0.890 (0.671-1.179) 0.416
Ml 0.660 (0.438-0.994) 0.047 0.721 (0.474-1.098) 0.128 0.542 (0.318-0.923) 0.024
Culprit MI 0.561 (0.320-0.984) 0.044 0.535 (0.302-0.950) 0.033 0.435 (0.221-0.860) 0.017
Nonculprit Ml 0.788 (0.442-1.402) 0.417 1.076 (0.592-1.954) 0.811 0.759 (0.333-1.732) 0.513
TLR 0.681 (0.475-0.977) 0.037 0.688 (0.475-0.994) 0.046 0.605 (0.395-0.928) 0.021
Stent thrombosis 0.810 (0.394-1.667) 0.567 0.916 (0.434-1.932) 0.818 0.741 (0.312-1.758) 0.496
All-cause death 0.764 (0.629-0.927) 0.007 0.792 (0.649-0.966) 0.021 0.757 (0.591-0.968) 0.026
?Adjusted variables included age, sex, body mass index, hypertension, diabetes, dyslipidemia, smoking, chronic kidney disease, prior M, clinical diagnosis, left ventricular
ejection fraction, door-to-balloon time, multivessel disease, culprit lesion, stent generation, restenosis, bifurcation, clopidogrel, angiotensin-converting enzyme inhibitor or
angiotensin receptor blocker, tertiary hospital, and year of enrollment.
Abbreviations as in Table 2.
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FIGURE 3 Subgroup Analysis in the Propensity Score-Matched Cohort

Angiography
Overall 1484/7814 (19.0%)
Age <65 449/3878 (11.6%)
Age 265 1035/3936 (26.3%)
Female 559/2249 (24.9%)
Male 925/5565 (16.6%)

Hypertension (-) 547/3717 (14.7%)

Hypertension (+) 937/4097 (22.9%)
Diabetes mellitus (-) 853/5318 (16.0%)
Diabetes mellitus (+) 631/2496 (25.3%)
Chronic kidney disease (-) 740/5770 (12.8%)

Chronic kidney disease (+) 737/2011 (36.6%)

NSTEMI 672/3477 (19.3%)
STEMI 812/4337 (18.7%)
LVEF >40% 1163/6917 (16.8%)
LVEF <40% 321/897 (35.8%)

Multivessel disease (-) 564/3586 (15.7%)

Multivessel disease (+) 920/4228 (21.8%)
Non-left main disease 1392/7616 (18.3%)
Left main disease 92/198 (46.5%)
1t DES

27 DES

441/2242 (18.3%)
1043/5572 (18.7%)

Complex PCI (-)
Complex PCI (+)

918/4917 (18.7%)
566/2897 (19.5%)

IVUS

311/2032 (15.3%)

12171175 (10.3%)
190/857 (22.2%)

93/499 (18.6%)
218/1533 (14.2%)

127/1023 (12.4%)
184/1009 (18.2%)

186/1437 (12.9%)
125/474 (26.4%)

186/1557 (11.9%)
125/474 (26.4%)

162/979 (16.5%)
149/1053 (14.2%)

247/1824 (13.5%)
64/208 (30.8%)

110/844 (13.0%)
201/1188 (16.9%)

266/1815 (14.7%)
45/217 (20.7%)

104/629 (16.5%)
207/1403 (14.8%)

146/1064 (13.7%)
165/968 (17.0%)
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HR (95% CI)

0.783 (0.693-0.885)

0.885 (0.724-1.082)
0.810 0.694-0.945)

0.723 (0.581-0.901)
0.836 (0.721-0.969)

0.831 (0.685-1.008)
0.765 (0.653-0.896))

0.786 (0.671-0.922))
0.807 (0.666-0.977))

0.927 (0.789-1.089))
0.653 (0.540-0.789)

0.844 (0.711-1.002))
0.727 (0.610-0.865)

0.787 (0.686-0.903)
0.806 (0.616-1.054)

0.808 (0.659-0.991)
0.752 (0.645-0.875)

0.778 (0.682-0.887)
0.361 (0.253-0.516)

0.818 (0.660-1.012)
0.766 (0.660-0.889)

0.709 (0.595-0.844))
0.855 (0.719-1.017)
1

0.20 0.50
<IVUS—

T T
1.0 2.0
—-Angiography-—>

5.0

<0.001

0.232
0.008

0.004
0.017

0.061
0.001

0.003
0.028

0.355
<0.001

0.053
<0.001

0.001
0.115

0.041
<0.001

<0.001
<0.001

0.065
<0.001

<0.001
0.077

P value P for interaction

0.492

0.278

0.515

0.844

0.005

0.218

0.874

0.574

<0.001

0.621

0.135

DES = drug-eluting stent; LVEF = left ventricular ejection fraction; NSTEMI = non-ST-segment elevation myocardial infarction; PCl = percutaneous coronary inter-
vention; STEMI = ST-segment elevation myocardial infarction.
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ABSTRACT

BACKGROUND

Patients with three-vessel coronary artery disease have been found to have better outcomes with
coronary-artery bypass grafting (CABG) than with percutaneous coronary intervention (PCI), but
studies in which PCI is guided by measurement of fractional flow reserve (FFR) have been lacking.

METHODS

In this multicenter, international, noninferiority trial, patients with three-vessel coronary artery
disease were randomly assigned to undergo CABG or FFR-guided PCI with current-generation
zotarolimus-eluting stents. The primary end point was the occurrence within 1 year of a major
adverse cardiac or cerebrovascular event, defined as death from any cause, myocardial infarction,
stroke, or repeat revascularization. Noninferiority of FFR-guided PCI to CABG was prespecified as
an upper boundary of less than 1.65 for the 95% confidence interval of the hazard ratio. Secondary
end points included a composite of death, myocardial infarction, or stroke; safety was also assessed.

RESULTS

A total of 1500 patients underwent randomization at 48 centers. Patients assigned to undergo PCI
received a mean (£SD) of 3.7£1.9 stents, and those assigned to undergo CABG received 3.4+1.0
distal anastomoses. The 1-year incidence of the composite primary end point was 10.6% among
patients randomly assigned to undergo FFR-guided PCI and 6.9% among those assigned to undergo
CABG (hazard ratio, 1.5; 95% confidence interval [CI], 1.1 to 2.2), findings that were not consistent
with noninferiority of FFR-guided PCI (P = 0.35 for noninferiority). The incidence of death,
myocardial infarction, or stroke was 7.3% in the FFR-guided PCI group and 5.2% in the CABG
group (hazard ratio, 1.4; 95% CI, 0.9 to 2.1). The incidences of major bleeding, arrhythmia, and
acute kidney injury were higher in the CABG group than in the FFR-guided PCI group.
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CONCLUSIONS

In patients with three-vessel coronary artery disease, FFR-guided PCI was not found to be
noninferior to CABG with respect to the incidence of a composite of death, myocardial infarction,
stroke, or repeat revascularization at 1 year. (Funded by Medtronic and Abbott Vascular; FAME 3
ClinicalTrials.gov number, NCT02100722.)
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Table 1. Characteristics of the Patients at Baseline.*
PCI CABG
Characteristic (N=757) (N=743)
Age —yr 65.2+8.6 65.1+8.3
Male sex — no. (%) 616 (81.4) 619 (83.3)
White race — no. (%) 7 711 (93.9) 686 (92.3)
Body-mass indexi: 28.6+4.5 28.7+4.3
Diabetes — no. (%) 214 (28.3) 214 (28.8)
Insulin-dependent 55 (7.3) 61 (8.2)
Non—insulin-dependent 159 (21.0) 153 (20.6)

Hypertension — no./total no. (%)

Dyslipidemia — no./total no. (%)

Smoking status — no./total no. (%)
Current tobacco user

Previous tobacco user

Family history of coronary artery disease — no./total no. (%)

Previous myocardial infarction — no./total no. (%)
Previous PCl — no./total no. (%)

History of TIA or CVA — no./total no. (%)

Kidney disease — no./total no. (%)§

Noninvasive test for ischemia — no./total no. (%)
LVEF =50% — no./total no. (%)

Hospitalized with NSTE-ACS — no./total no. (%)

538/756 (71.2)
521/756 (68.9)

145/756 (19.2)
296/756 (39.2)
246/756 (32.5)
252/756 (33.3)
98/756 (13.0)
49/756 (6.5)
37/756 (4.9)
311/756 (41.1)
137/753 (18.2)
300/756 (39.7)

556/741 (75.0)
531/741 (71.7)

136/741 (18.4)
296/741 (39.9)
213/740 (28.8)
248/741 (33.5)
104/741 (14.0)
56/741 (7.6)
44/741 (5.9)
301/741 (40.6)
130/740 (17.6)
287/741 (38.7)

* Plus—minus values are means +SD. CABG denotes coronary-artery bypass grafting, CVA cerebrovascular accident, LVEF
left ventricular ejection fraction, NSTE-ACS non—ST-segment elevation acute coronary syndrome, PCl percutaneous
coronary intervention, and TIA transient ischemic attack.

 Race was reported by the patients.

1 The body-mass index is the weight in kilograms divided by the square of the height in meters.

§ Kidney disease was defined as an estimated glomerular filtration rate (calculated with the Modification of Diet in Renal

Disease Study equation) of less than 60 ml per minute per 1.73 m? of body-surface area.
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Table 2. Angiographic and Procedural Characteristics.

Characteristic

Median time to procedure (IQR) — days
Median procedure duration (IQR) — min
Median length of hospital stay (IQR) — days

No. of lesions

At least one chronic total occlusion — no./total no. (%)

At least one bifurcation lesion — no./total no. (%)
SYNTAX score
SYNTAX score category — no./total no. (%)
Low, 0 to 22
Intermediate, 23 to 32

PCl
(N=757)

4 (1-13)
87 (67-113)
3 (1-7)
43+13
157/755 (20.8)
522/755 (69.1)
26.0+7.1

237/734 (32.3)
365/734 (49.7)

CABG
(N=743)

13 (6-26)
197 (155-239)
11 (7-16)
424122
171/739 (23.1)
491/739 (66.4)
25.8+7.1

245/710 (34.5)
343/710 (48.3)

High, >32 132/734 (18.0) 122/710 (17.2)
PCI characteristics

Staged procedure — no./total no. (%) 166/750 (22.1) NA

No. of stents 3.7£1.9 NA

Median total length of stents placed (IQR) — mm 80 (52-116) NA

Intravascular imaging used — no./total no. (%) 87/744 (11.7) NA
CABG characteristics

Multiple arterial grafts — no./total no. (%) NA 173/705 (24.5)

No. of distal anastomoses NA 3.4+1.0

LITA used as graft — no./total no. (%) NA 684/705 (97.0)

Off-pump surgery — no./total no. (%) NA 168/698 (24.1)

FFR used before CABG — no./total no. (%) NA 72/718 (10.0)

* Plus—minus values are means +SD. Data on time to procedure were missing for 11 patients in the PCl group and 37
in the CABG group, data on procedure duration were missing for 12 patients in the PCl group and 77 patients in the
CABG group, data on length of hospital stay were missing for 8 patients in the PCl group and 15 patients in the CABG
group, and data on number of lesions were missing for 2 patients in each group. In the PCI group, data on number of
stents were missing for 12 patients, and data on total length of stents were missing for 30 patients. In the CABG group,
data on the number of distal anastomoses were missing for 51 patients. FFR denotes fractional flow reserve, IQR inter-
quartile range, LITA left internal thoracic artery, and NA not applicable.

" The Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) score is an angiogra-
phy-based score evaluating the severity of the coronary artery disease; lower scores indicate less complexity of coronary
artery disease and predict a better outcome with PCI (the lowest score is 0, and there is no upper limit). Scores were
calculated by the core laboratory. Data were missing for 23 patients in the PCl group and 33 patients in the CABG group.
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Table 3. End Points at 1 Year.
PCI CABG Hazard Ratio
End Point (N=757) (N=743) (95% CI) P Value
no. of patients (%)*
Primary end point
Death from any cause, myocardial infarction, stroke, 80 (10.6) 51 (6.9) 1.5 (1.1-2.2) 0.357
or repeat revascularization
Secondary end points::
Death 12 (1.6) 7 (0.9) 1.7 (0.7-4.3)
Death from cardiac causes 6 (0.8) 4 (0.5)
Myocardial infarction 39 (5.2) 26 (3.5) 1.5 (0.9-2.5)
Spontaneous 25 (3.3) 17 (2.3)
Procedural 13 (1.7) 9(1.2)
Stroke 7 (0.9) 8 (1.1) 0.9 (0.3-2.4)
Death, myocardial infarction, or stroke 55 (7.3) 39 (5.2) 1.4 (0.9-2.1)
Repeat revascularization 45 (5.9) 29 (3.9) 1.5 (0.9-2.3)
PCI 39 (5.2) 26 (3.5)
CABG 6 (0.8) 3 (0.4)
Safety end points(
BARC type 3-5 bleeding¥| 12 (1.6) 28 (3.8) <0.01
Acute kidney injury | 1(0.1) 7 (0.9) <0.04
Atrial fibrillation or clinically significant arrhythmia 18 (2.4) 105 (14.1) <0.001
Definite stent thrombosis 6 (0.8) NA
Definite symptomatic graft occlusion NA 10 (1.3)
Rehospitalization within 30 days 42 (5.5) 76 (10.2) <0.001

* Percentages are crude values based on an intention-to-treat analysis.

T This P value was obtained from a test of noninferiority with respect to the primary end point.

I Confidence intervals (Cls) were not adjusted for multiplicity and should not be interpreted to inform definitive treatment
effects.

§ P values were obtained from chi-square or Fisher's exact tests. Patients who were lost to follow-up before the end of the
first year were excluded from comparisons with respect to safety end points.

9§ Bleeding Academic Research Consortium (BARC) type 3-5 indicates severe bleeding.

| Acute kidney injury was defined as an increase in serum creatinine level by at least 0.3 mg per deciliter (=26.5 ymol
per liter) within 48 hours, an increase in serum creatinine level to at least 1.5 times the baseline level that was known
or presumed to have occurred within the previous 7 days, or a urine volume of less than 0.5 ml per kilogram of body
weight per hour for 6 hours.
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Figure 1. Kaplan—Meier Curves for the Primary End Point.

The primary end point was the occurrence within 1 year of a major adverse
cardiac or cerebrovascular event, defined as death from any cause, myocar-
dial infarction, stroke, or repeat revascularization. The inset shows the same

data on an enlarged y axis. CABG denotes coronary-artery bypass grafting,

and PCI percutaneous coronary intervention.
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Subgroup PCI  CABG PCI  CABG Adjusted Hazard Ratio (95% ClI)
total no. 1-yr incidence (%)
All patients 757 743 10.6 6.9 ——
Age
=65 yr 434 409 9.4 8.1 —r—
<65 yr 323 334 12.1 5.4 —
Sex
Female 141 124 11.3 13.7 —
Male 616 619 10.4 5.5 ——
Diabetes
No 543 529 9.4 7.0 -
Yes 214 214 13.6 6.5 —
NSTE-ACS
No 456 454 10.1 5.9 —a—
Yes 300 287 11.3 8.4 —1T
LVEF
>50% 616 610 10.4 6.6 ——
30-50% 137 130 10.9 8.5 —_—
Previous PCI
No 658 637 9.3 6.8 ——
Yes 98 104 19.4 7.7 —
SYNTAX score
0-22 237 245 5.5 8.6 —a—
23-32 365 343 13.7 6.1 —a—
=33 132 122 12.1 6.6 i
0.I25 0 I50 1.0 210 4I0 8IO
PCI Better CABG Better
Figure 2. Subgroup Analyses of the Primary End Point.
The Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) score is an
angiography-based score evaluating the severity of coronary artery disease; lower scores indicate less complexity
of coronary artery disease and predict a better outcome with PCI (the lowest score is 0, and there is no upper limit).
Scores were calculated by the core laboratory. Cl denotes confidence interval, LVEF left ventricular ejection fraction,
and NSTE-ACS non-ST-segment elevation acute coronary syndrome.
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