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BACKGROUND: Fractional flow reserve (FFR)-guided or angiography-guided complete revascularization has not been evaluated
in patients with acute myocardial infarction (AMI) with multivessel disease and reduced left ventricular ejection fraction (LVEF).
This study sought to evaluate the impact of FFR-guided percutaneous coronary intervention (PCI) for patients with AMI with
multivessel disease according to left ventricular systolic function.

METHODS: We performed a prespecified analysis of the FRAME-AMI (Fractional Flow Reserve Versus Angiography-Guided
Strategy in Acute Myocardial Infarction With Multivessel Disease) trial, which randomly allocated 562 patients to undergo either
FFR-guided PCI (FFR <0.80) or angiography-guided PCI (diameter stenosis >50%) for non—infarct-related arteries. Patients
were classified into preserved (>50%) and reduced (<50%) LVEF groups. Primary end point was major adverse cardiovascular
events, a composite of death, myocardial infarction, and repeat revascularization.

RESULTS: Overall, 187 patients (33.3%) had reduced LVEF. During a median 3.5-year follow-up, patients with AMI with reduced
LVEF showed an increased risk of major adverse cardiovascular events compared with those with preserved LVEF (P<0.001).
FFR-guided PCI for non—infarct-related arteries significantly reduced major adverse cardiovascular events among patients
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FFR-Guided PCI in AMI According to LVEF Status

with preserved LVEF (3.3% versus 19.0%; hazard ratio [HR], 0.26 [95% CI, 0.11-0.66]; P=0.004). Conversely, there was no
significant difference in major adverse cardiovascular events between the FFR and angiography-guided PCl among patients
with reduced LVEF (17.0% versus 21.0%; HR, 0.64 [95% ClI, 0.31-1.31]; P=0.225). In the exploratory analysis, the clinical benefit
of FFR-guided PCI was more evident with an increased LVEF (interaction P=0.028).

CONCLUSIONS: In patients with AMI with multivessel disease, FFR-guided PCI for a non—infarct-related artery had differential
clinical impact according to left ventricular systolic function. The beneficial effect of FFR-guided PCI might be maximized

among patients with preserved LVEF rather than reduced LVEF.

REGISTRATION: URL: https://clinicaltrials.gov. Unique identifier: NCT02715518.

Key Words: acute myocardial infarction m complete revascularization m fractional flow reserve m left ventricular ejection fraction
B percutaneous coronary intervention

CLINICAL PERSPECTIVE
What Is New?

Fractional flow reserve—guided percutaneous
coronary intervention for non—infarct-related ar-
tery lesions significantly reduced major adverse

FULL REVASC FFR-Guidance for Complete
Nonculprit Revascularization

IRA infarct-related artery

MACE major adverse cardiac event

TIMI Thrombolysis in Myocardial
Infarction

cardiovascular events in the preserved left ven-

tricular ejection fraction (LVEF) group but not
the reduced LVEF group.

e |n the exploratory analysis, the clinical benefit
of fractional flow reserve—guided percutaneous
coronary intervention tended to increase with
an increase in LVEF (adjusted hazard ratios for
major adverse cardiovascular events, 0.69 ver-
sus 0.66 versus 0.25 versus 0.20 for the LVEF
<40% versus 40%-50% versus 50%—-60% ver-
sus >60%; interaction P=0.028).

What Are the Clinical Implications?

e These results support the use of fractional flow
reserve—guided treatment decision making for
non-infarct-related artery lesions, but caution
is warranted in patients with acute myocardial
infarction with multivessel disease and reduced
LVEF.

Nonstandard Abbreviations and Acronyms

FFR fractional flow reserve

FLOWER-MI Flow Evaluation to Guide
Revascularization in Multivessel
ST-Elevation Myocardial
Infarction

FRAME-AMI Fractional Flow Reserve Versus
Angiography-Guided Strategy in
Acute Myocardial Infarction With
Multivessel Disease
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leading cause of death and major health prob-

lems in the world.! Multivessel disease is present
in approximately half of patients with AMI and is asso-
ciated with adverse outcomes.? Based on consistent
results from randomized controlled trials, the current
guidelines recommend complete revascularization for
patients with AMI with multivessel disease, except in
cases complicated by cardiogenic shock."3# Either
fractional flow reserve (FFR)-guided or angiography-
guided lesion assessment is able to support decision
making for revascularization of non-infarct-related ar-
tery (IRA) lesions.>~® However, debates about whether
FFR-guided percutaneous coronary intervention
(PCI) can improve clinical outcomes compared with
angiography-guided PCI continue to occur.

In the FLOWER-MI (Flow Evaluation to Guide
Revascularization  in  Multivessel ~ ST-Elevation
Myocardial Infarction) trial,’® there was no significant
difference between the FFR-guided and angiography-
guided PCI groups regarding the risk of a composite
of death, myocardial infarction (Ml), or unplanned ur-
gent revascularization in patients with ST-segment-
elevation MI, despite the lower rates of non-IRA PCI
with fewer stents in the FFR-guided PCI group. On the
contrary, the FRAME-AMI (Fractional Flow Reserve
Versus Angiography-Guided Strategy in  Acute
Myocardial Infarction With Multivessel Disease) trial
showed that FFR-guided PCI significantly reduced
the risk of a composite of death, MI, or repeat revas-
cularization at a median 3.5years of follow-up, com-
pared with angiography-guided PCI in patients with

Acute myocardial infarction (AMI) remains the
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ST-segment-levation MI or non-ST-segment-eleva-
tion MI"" Considering that FFR-guided decision mak-
ing resulted in fewer interventions, the beneficial effect
of FFR-guided PCI might be more evident in patients
with multivessel disease and reduced left ventricular
gjection fraction (LVEF)."? Nevertheless, the prognostic
impact of FFR-guided PCI for non-IRA lesions has not
been fully evaluated in patients with reduced LVEF.

In this regard, the current prespecified substudy of
the FRAME-AMI trial sought to evaluate the differen-
tial prognostic impact of FFR-guided PCI according to
LVEF compared with angio-guided PCl in patients with
AMI and multivessel disease.

METHODS

The FRAME-AMI trial is planning to continue analysis,
including post hoc subgroup analysis. Until then, no in-
dividual participant data will be available. Any relevant
inquiry should be emailed to Dr Joo Myung Lee (email:
drone80@hanmail.net) or Dr Joo-Yong Hahn (email: jy-
hahn@skku.edu).

Study Design

This substudy of the FRAME-AMI trial sought to evalu-
ate clinical outcomes according to LVEF. The FRAME-
AMI trial was an investigator-initiated, randomized,
open-label, multicenter trial conducted at 14 sites in
Korea. Patients aged >19years with ST-segment—el-
evation Ml or non-ST-segment—elevation MI undergo-
ing successful primary or urgent PCI of an IRA were
candidates for enrollment. Successful PCl for IRA
was defined as a TIMI (Thrombolysis in Myocardial
Infarction) flow grade >2 and residual angiographic
stenosis <30%. Eligible patients also had to have at
least 1 non-IRA lesion with diameter stenosis >50% in
a major epicardial coronary artery or major side branch
with a vessel diameter >2.0mm judged to be amena-
ble to PCI by operators on visual estimation. An IRA
was identified by electrocardiography and angiogra-
phy. If needed, echocardiography or intravascular im-
aging was additionally performed to assess the IRA,
especially in patients with non-ST-segment-—elevation
MI. Key exclusion criteria were single-vessel disease,
flow-limiting stenosis with a TIMI flow grade <2 in the
non-IRA, target lesion located in the left main coronary
artery, cardiogenic shock, and chronic total occlusion
in the non-IRA. The trial protocol was approved by the
institutional review board at each participating site and
has been previously published."

All patients provided written informed consent
before randomization. An independent clinical event-
adjudication committee whose members were masked
to the study group assignments assessed all clinical
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outcomes. Concealment of results according to allo-
cation was maintained for the executive committee
until the end of scheduled follow-up of the final enrolled
patient and the completion of blinded clinical event ad-
judication. An independent data and safety monitoring
board monitored the trial, and all board members were
informed of the number of enrolled patients per group
allocation. All participating centers, trial personnel, and
detailed inclusion and exclusion criteria are described
in Data S1.

Randomization and Treatment

Eligible patients were randomly assigned ina 1:1 ratio to
undergo either FFR-guided PCI or angiography-guided
PCI (Figure 1). In patients presenting with conditions
that precluded their understanding of the trial process,
informed consent was obtained after stabilization by
revascularization of the IRA, and subsequent proce-
dures for non-IRAs were performed in a staged man-
ner during the index hospitalization. Randomization
was performed using a web-based randomization
program (S-Soft, Seoul, Korea), in permuted blocks
with block sizes of 4 and was stratified by the presence
of ST-segment elevation in initial electrocardiography,
participating center, and type of stents used.

In the FFR group, FFR was measured in all non-IRAs
with lesions >50% stenosis on visual estimation using a
pressure-sensor guidewire (Certus, Abbott Vascular or
Prestige, Philips Volcano). Hyperemia was induced by
intravenous infusion of adenosine (140 pg/kg per min)
or intracoronary nicorandil (2 mg)."® The protocol spec-
ified that only stenoses with an FFR <0.80 were to be
treated with PCI. In the angiography group, any lesions
with diameter stenosis >50% on visual estimation were
treated with PCI. In both groups, complete revascular-
ization during the index procedure was recommended.
However, staged procedures during the index hospital-
ization were permitted at operators’ discretion. In both
groups, PCl was performed using zotarolimus-eluting
stents with biocompatible polymer (Resolute Onyx,
Medtronic Vascular) or sirolimus-eluting stents with
bioresorbable polymer (Orsiro, Biotronik). Regardless of
group allocation, guideline-directed medical treatment
was performed, and dual antiplatelet therapy was rec-
ommended for at least 12 months." All angiograms and
raw data of FFR measurement were analyzed in an in-
dependent core laboratory at Samsung Medical Center.
Procedural success was defined by a final in-stent di-
ameter stenosis <30% by quantitative coronary angiog-
raphy over the entire target vessel with TIMI grade 3 flow
and no more than type C dissection with or without any
adjunctive devices and without cardiac death, sponta-
neous target-vessel MI, or repeat revascularization of
the target lesion during the index hospitalization.
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1722 patients from 14 sites were d for
eligibility

1160 were not enrolled
493 had TIMIS2 in non-IRA due to severe stenosis

454 had no non-IRA stenosis
172 had chronic total occlusion in non-IRA

94 had left main disease
44 had previous CABG
39 had cardiogenic shock

562 underwent randomization

9 refused consent

'

284 assigned to
FFR-Guided PCI group

5 protocol violations

3 no PCI despite FFR<0.80
1 PCl despite FFR>0.80

1 no FFR measurement

| 1 was lost to follow-up |¢—

| 284 included in the intention-to-treat analysis

I

Preserved LVEF (250%) Reduced LVEF (<50%)
N =195 N =289

'

278 assigned to
Angiography-Guided PCI group

8 protocol violations
No PCI for non-IRA

—>| 1 was lost to follow-up |

278 included in the intention-to-treat analysis |

Preserved LVEF (250%) Reduced LVEF (<50%)
N =180 N =98

Figure 1. Study flow of LVEF substudy of the FRAME-AMI trial.

Between August 2016 and December 2020, 562 patients with AMI and multivessel disease were enrolled in the FRAME-AMI trial.
These patients were classified into preserved (>50%) and reduced (<50%) LVEF groups and used to compare the clinical benefits of
FFR- and angiography-guided PCI. CABG indicates coronary artery bypass graft; FFR, fractional flow reserve; FRAME-AMI, Fractional
Flow Reserve Versus Angiography-Guided Strategy in Acute Myocardial Infarction With Multivessel Disease; IRA, infarct-related
artery; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; TIMI, Thrombolysis in Myocardial Infarction.

Echocardiography

All patients underwent 2-dimensional echocardiog-
raphy for evaluating left ventricular systolic function
during periprocedural periods using commercially
available ultrasound systems (Vivid 7, GE Medical
Systems, Milwaukee, WI; Acuson 512, Siemens Medical
Solution, Mountain View, CA; or Sonos 5500, Philips
Medical System, Andover, MA). The median timing for
echocardiography was 1.0 day (interquartile range,
0.0-3.0days). LVEF was assessed using the biplane
Simpson technique, M-mode, or visual estimation.'®
The distribution of LVEF values is shown in Figure S1.
Patients with LVEF >50% were defined as the pre-
served LVEF group, while those with LVEF <560% were
defined as the reduced LVEF group (Figure 1).

Clinical Events and Definitions

The primary outcome was major adverse cardiac events
(MACEs), a composite of all-cause death, MI, or repeat
revascularization. Secondary outcomes were all-cause
death, cardiac death, procedure-related MI, spontane-
ous M, repeat revascularization, definite stent throm-
bosis, and cerebrovascular accident. Clinical events
were defined according to criteria from the Academic
Research Consortium,'® which provides standardized
definitions of end points used in coronary device trials.

J Am Heart Assoc. 2025;14:e043414. DOI: 10.1161/JAHA.125.043414

Cardiac death was defined as any death due to a proxi-
mate cardiac cause (eg, MI, low-output failure, fatal ar-
rhythmia), unwitnessed death and death of unknown
cause, and all procedure-related deaths including those
related to concomitant treatment. Ml was defined on
the basis of the third universal definition.!” PCl-related
Ml was defined as an elevation of cardiac troponin val-
ues in patients with normal baseline values or a >20%
increase in cardiac troponin values if the baseline values
were elevated but they are stable or falling. In addition,
either (1) symptoms suggestive of myocardial ischemia,
(2) new ischemic electrocardiographic changes, (3) an-
giographic findings consistent with a procedural com-
plication, or (4) imaging demonstration of new loss of
viable myocardium or new regional wall motion abnor-
mality were required. For procedure-related Mls from
PCI for non-IRA lesions, angiographic findings con-
sistent with a procedural flow-limiting complication like
coronary dissection, occlusion of a major epicardial
artery or a side branch occlusion/thrombus, disruption
of collateral flow, or distal embolization needed to be
confirmed. Detailed definitions of each clinical event are
given in Data S1.

Clinical follow-up was conducted during outpatient
clinic visits scheduled at 1, 6, and 12 months and yearly
thereafter. Patients unable to attend outpatient clinical visits
were contacted by telephone. For patients lost to follow-up,
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cross-validation of survival status was performed using the
Korean National Health Insurance database.

Statistical Analysis

The full statistical analysis plan, including sample-size
calculation in the FRAME-AMI trial, has been previously
published.!" All analyses were performed on an intention-
to-treat basis, under which all patients were analyzed as
part of their assigned treatment group. All categorical
or discrete variables were expressed as numbers and
relative frequencies (percentages). Continuous vari-
ables were presented as means+SDs or medians with
interquartile ranges, contingent upon their distributions,
which were assessed by the Kolmogorov—Smirnov test
and visual inspection of Q-Q plots. For per-lesion evalu-
ations of FFR, a generalized estimating equation with in-
dependent correlation structure was used to adjust for
intrasubject variability among lesions from the same pa-
tient. Kaplan—Meier analyses were performed for time-
to-event outcomes with treatment effects estimated by
Cox proportional hazard regression models, and results
are presented as hazard ratios (HRs) with 95% Cls. The
proportional hazards assumption was evaluated with a
2-sided score test of the scaled Schoenfeld residuals
over time at the 0.05 level.

To adjust the baseline differences, multivariable Cox
proportional hazards models were constructed using
all variables with P<0.1 from univariable analyses with
backward elimination based on an information crite-
rion. The final model included the variables of age, sex,
body mass index, initial presentation, and chronic renal
insufficiency. As sensitivity analyses, inverse probabil-
ity treatment weighting analyses were performed using
the propensity score from a multivariable logistic re-
gression model with a good balance.

All probability values were 2-sided, and P<0.05 were
considered statistically significant. There was no pre-
defined plan to adjust for multiple comparisons in this
trial. Secondary end points are reported with the use of
95% Cls that have not been adjusted for multiple com-
parisons and should not be used to infer definitive treat-
ment effects. Statistical analyses were performed using
SPSS 25.0 (SPSS-PC, Chicago, IL) and R version 4.2.3
(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Study Population and Overall Clinical
Outcomes According to LVEF

Among 562 patients with AMI and multivessel disease
who were randomly allocated to either FFR-guided or
angiography-guided PCI, 375 had preserved LVEF, and
187 had reduced LVEF (Figure 1 and Table S1). Patients in
the reduced LVEF group were older and showed a greater

J Am Heart Assoc. 2025;14:e043414. DOI: 10.1161/JAHA.125.043414
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incidence of chronic renal insufficiency. Considering pro-
cedural findings (Table S2), the reduced LVEF group had
higher SYNTAX scores (median, 17.5 versus 15.0 points;
P<0.001) and more frequent designation of the left ante-
rior descending artery as the IRA (51.9% versus 26.1%;
P<0.001). Although there was no significant difference in
the rate of complications during hospitalization, the hos-
pital stay was longer among patients with reduced LVEF
than those with preserved LVEF (median, 3.0 versus
2.0days; P<0.001). At a median follow-up of 3.5 (inter-
quartile range, 2.7-4.1) years, MACEs frequently occurred
in the reduced LVEF group than in the preserved LVEF
group (18.9% versus 10.8%; adjusted HR, 2.65 [95% Cl,
1.53-4.58]; P<0.001; Figure 2 and Table S3). The signifi-
cantly higher risk of MACEs in patients with reduced LVEF
than in those with preserved LVEF was similarly observed
in both ST-segment—elevation Ml and non-ST-segment—
elevation Ml population (Table S4).

Clinical Characteristics According to LVEF
and Treatment for Non-IRA Lesions

Patients were classified into 4 groups according to
LVEF and treatment strategy for non-IRA lesions,
as follows: (1) preserved LVEF and FFR-guided PCI
(N=195), (2) preserved LVEF and angiography-guided
PCI (N=180), (3) reduced LVEF and FFR-guided PCI
(N=89), and (4) reduced LVEF and angiography-guided
PCI (N=98). Table 1 shows the baseline clinical char-
acteristics. There were no significant differences in
demographics and comorbidities among patients
with preserved LVEF. The angiography-guided PCI
subgroup showed slightly higher LVEF (59.7% versus
58.4%; P=0.032) and less frequent 3-vessel disease
(30.0% versus 43.6%; P=0.009) than the FFR-guided
PCI subgroup among patients with preserved LVEF.
Similarly, there were no significant differences in the
baseline characteristics according to the treatment
strategy for non-IRAs among patients with reduced
LVEF. Table 2 summarizes procedural characteristics.
FFR-guided PCI was significantly related to reduced
numbers of non-IRA PCI procedures and stents used,
regardless of LVEF status. By generalized estimating
equation analysis, the estimated mean value of FFR
was 0.78 in the preserved LVEF group and 0.81 in the
reduced LVEF group, indicating a tendency toward
higher values in the reduced LVEF group. Among 89
patients with FFR-guided PCI and reduced LVEF, 8 pa-
tients (9.0%) had pre-PCI FFRs of 0.75-0.80.

Differential Clinical Impact of FFR-Guided
PCI for Non-IRA Lesions According to
LVEF

Among patients with preserved LVEF, FFR-guided
PCl reduced the risk of MACEs compared with



G20z ‘7€ Inbny uo Aq Bio'seunofeye//:dny woly papeojumoq

Lee et al

FFR-Guided PCl in AMI According to LVEF Status

40 == Preserved LVEF (250%)
e == Reduced LVEF (<50%)
§ 30 Adjusted HR" 2.65, 95% CI 1.53-4.58
] P <0.001
-]
‘©
£
o
2 20 [ 18.9%
] f
=
g o
3 10 ‘-,_',JJ 10.8%
0
0 1 2 3 4
Numbers at Risk Years of Follow-Up
Preserved LVEF 375 362 321 255 109
Reduced LVEF 187 166 139 104 44

Figure 2. Kaplan-Meier curves for MACEs according to LVEF status.

MACEs include a composite of time to death, MI, or repeat revascularization during the overall study
period (median, 3.5years). ‘Multivariable model included the variables of age, sex, body mass index,
initial presentation (ST-segment-elevation M| vs non-ST-segment-elevation MI), diabetes, chronic renal
insufficiency, and non-IRA treatment strategy (FFR- vs angiography-guided). FFR indicates fractional flow
reserve; HR, hazard ratio; LVEF, left ventricular ejection fraction; MACE, major adverse cardiac event; and

MI, myocardial infarction.

angiography-guided PCI (3.3% versus 19.0%; HR, 0.26
[95% CI, 0.11-0.66]; P=0.004; Table 3 and Figure 3).
Conversely, there was no significant difference in the risk
of MACEs between the FFR-guided and angiography-
guided strategies among patients with reduced LVEF
(17.0% versus 21.0%; HR, 0.64 [95% ClI, 0.31-1.31];
P=0.225). Interaction P value of this binary subgroup
was 0.128. These results remained consistent even in
the sensitivity analysis, which excluded periprocedural
MI (Figure S2). Meanwhile, there was also no significant
difference between the FFR-guided and angiography-
guided strategies according to procedural timing (imme-
diate versus staged PCI) among patients with reduced
LVEF (Figure S3). The clinical benefits of FFR-guided PCI
for non-IRA lesions might be driven by decreased risks
of cardiac death (0.5% versus 8.6%; HR, 0.11 [95% Cl,
0.01-0.89]) and MI (0.5% versus 7.3%; HR, 0.09 [95%
Cl, 0.01-0.70]) among patients with preserved LVEF.
Multivariable Cox regression and inverse probability
treatment weighting—adjusted analyses also demon-
strated consistent results (Table S5). For clinical out-
comes that did not include all-cause death, competing
risk analyses showed similar results to those of the main
analyses (Table S6).

As exploratory analysis, when we stratified patients
according to 10% intervals of LVEF, the clinical benefit
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of FFR-guided decision making was evident for pa-
tients with LVEF 50% to 60% (adjusted HR, 0.25 [95%
Cl, 0.08-0.81]) and >60% (adjusted HR, 0.20 [95% ClI,
0.04-0.95]), compared with angiography-guided deci-
sion making (interaction P=0.028; Figure S4).

DISCUSSION

This prespecified analysis of the FRAME-AMI trial as-
sessed the differential prognostic impact of FFR-guided
PCI for non-IRA lesions among patients with AMI and
multivessel disease during a median 3.5years of fol-
low-up. The major findings are as follows. First, in pa-
tients with AMI with multivessel disease, only 33% had
reduced LVEF (<50%), which was associated with an
increased risk of MACE compared with patients with
preserved LVEF (>50%). Second, FFR-guided PCI sig-
nificantly reduced the risk of MACEs compared with
angiography-guided PCl among patients with preserved
LVEF, a trend that was mainly driven by cardiac death
and MI. Conversely, FFR-guided PCI did not significantly
reduce MACEs in patients with reduced LVEF. There was
atrend of more evident clinical benefit of FFR-guided PCI
for non-IRA lesions with an increase in LVEF.

The goals of revascularization for IRA lesions in
patients with AMI are to restore coronary flow and
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Table 1. Baseline Characteristics

FFR-Guided PCl in AMI According to LVEF Status

Preserved LVEF (N=375) Reduced LVEF (N=187)
FFR-guided Angiography-guided FFR-guided Angiography-guided
Characteristic (n=195) (n=180) (n=89) (n=98)
Age, y 62.3+11.1 60.8+11.4 67.3+11.2 66.1+10.9
Male sex 165 (84.6) 156 (86.7) 75 (84.9) 78 (79.6)
Body mass index, kg/m? 251+3.1 24.9+31 23.8+2.7 24.8+3.8
Initial presentation
ST-segment-elevation M 74 (37.9) 79 (43.9) 57 (64.0) 55 (56.1)
Non-ST-segment—elevation Ml 121 (62.1) 101 (56.1) 32 (36.0) 43 (43.9)
Hemodynamic data
Systolic blood pressure, mmHg 130.1+20.6 128.6+22.7 124.5+231 132.8+23.2
Diastolic blood pressure, mmHg 78.4+13.9 77.3+15.2 77.0+£17.2 78.3+14.5
Heart rate, beats/min 73.5+13.7 74.9+15.5 82.1£19.0 80.2+15.4
Medical history
Hypertension 99 (50.8) 97 (63.9) 52 (58.4) 55 (56.1)
Diabetes 67 (34.4) 52 (28.9) 30 (33.7) 34 (34.7)
Dyslipidemia 86 (44.1) 69 (38.3) 35 (39.3) 38 (38.8)
Current smoking 65 (33.3) 72 (40.0) 26 (29.2) 33(33.7)
Family history of premature coronary artery 16 (8.2) 17 (9.4) 3(3.4) 5(5.1)
disease
Chronic renal insufficiency 3(1.5) 2(1.1) 5(5.6) 6 (6.1)
Previous stroke 4(21) 8 (4.4) 5 (5.6) 7(71)
Previous Ml 3(1.5) 6 (3.3) 4 (4.5) 1(1.0
Previous PCI 10 (56.1) 14 (7.8) 7(7.9) 6 (6.1)
Peripheral-vessel disease 1(0.5) 1(0.6) 4 (4.5) 0(0.0)
Atrial fibrillation 7(3.6) 2(1.1) 4 (4.5) 6 (6.1)
LVEF, % 58.4+6.1 59.7+6.2 41.8+6.2 42.4+5.4
Arteries with stenosis
2 110 (56.4) 126 (70.0) 47 (52.8) 62 (63.3)
3 85 (43.6) 54 (30.0) 42 (47.2) 36 (36.7)
Laboratory data
Hemoglobin, g/dL 14.4+2.0 14.3+1.8 13.8+2.2 13.8+2.1
Creatinine, mg/dL 1.0+£0.6 1.0£0.5 1.4+1.8 1.4+1.9
Glycated hemoglobin, % 6.7+1.6 6.3+1.1 6.4+1.1 6.5+1.1
Total cholesterol, mg/dL 184.5+46.0 180.1+44.5 175.1+47.0 175.6+46.9
HDL cholesterol, mg/dL 43.9+10.7 431+13.7 41.0+9.8 44.8+11.4
LDL cholesterol, mg/dL 122.9+41.4 119.2+40.4 117.8+40.6 119.1£65.3
NT-proBNP, pg/mL 113.0 240.9 (71.9-579.7) 1533.5 1771.0 (417.0-3831.5)
(34.1-768.9) (258.6-5172.2)
Discharge medication
Aspirin 192 (98.5) 180 (100.0) 87 (97.9) 97 (99.0)
P2Y, inhibitor

- Any 193 (99.0) 179 (99.4) 87 (97.8) 97 (99.0)

- Clopidogrel 47 (24.1) 39 (21.7) 38 (42.7) 35 (35.7)

- Ticagrelor 51 (26.2) 46 (25.6) 22 (24.7) 23 (23.5)

- Prasugrel 95 (48.7) 94 (52.2) 27 (30.3) 39 (39.8)
Cilostazol 1(0.5) 1(0.6) 1(1.1) 2 (2.0
Oral anticoagulant 3(1.5) 4(2.2) 9 (10.1) 3(3.1)
Statin 186 (95.4) 177 (98.3) 87 (97.8) 95 (96.9)

(Continued)
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Table 1. Continued

Preserved LVEF (N=375) Reduced LVEF (N=187)
FFR-guided Angiography-guided FFR-guided Angiography-guided
Characteristic (n=195) (n=180) (n=89) (n=98)
B Blocker 142 (72.8) 142 (78.9) 68 (76.4) 79 (80.6)
ACE inhibitor or ARB 126 (64.6) 132 (73.3) 65 (73.0) 62 (63.3)
Calcium channel blocker 18(9.2) 12 (6.7) 4 (4.5) 6 (6.1)

Data presented as mean+SD, median (interquartile range), or as n (%). ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker;
FFR, fractional flow reserve; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NT-

proBNP, N-terminal pro-B-type natriuretic peptide; and PCI, percutaneous coronary intervention.

prevent acute pump failure, avoid cardiac remod-
eling, and improve long-term outcomes. It has been
well documented that the risk of non-IRA events after
index AMI events is responsible for a substantial por-
tion of future cardiac events.'®'® Considering non-IRA
lesions in patients with AMI and multivessel disease,
previous trials have consistently demonstrated the
clinical benefit of complete revascularization over IRA-
only revascularization, regardless of FFR-guided or
angiography-guided decision making.>%2° Based on
these results, the latest updated guideline from the
European Society recommends complete revascular-
ization as a class | indication in ST-segment-elevation
Ml and a class lla indication in non—-ST-segment—ele-
vation MI." However, the recent FULL REVASC (FFR-
Guidance for Complete Nonculprit Revascularization)
trial showed that FFR-guided complete revasculariza-
tion did not improve clinical outcomes compared with
culprit-only PCI during a median 4.8-year follow-up.?’
The authors attributed their results to (1) a greater in-
cidence of restenosis, stent thrombosis, and target-
vessel revascularization in the FFR-guided complete
revascularization group than the culprit-only PCI group
and (2) limitations of the FFR in differentiating vulnera-
ble plaques, which might be associated with hard end
points. Although these conflicting data do not deny the
role of FFR-guided complete revascularization in con-
temporary practice, the proper selection of lesions and
patients may be crucial for better clinical outcomes.
The methods for evaluating non-IRA stenosis se-
verity include angiography- and physiology-guided le-
sion selection. To date, only 2 trials, the FLOWER-MI
and the FRAME-AMI trials, have directly compared
these methods.”®"" The FLOWER-MI trial evaluated
patients with ST-segment-elevation Ml and multivessel
disease and found no significant difference in clinical
outcomes between the FFR-guided and angiography-
guided strategies at 1- and 3-year follow-up.'%??
Conversely, the FRAME-AMI trial evaluated patients
with ST-segment—elevation MI and non-ST-segment-
elevation Ml and multivessel disease and determined
that FFR-guided PCI significantly reduced the risk of
adverse events compared with angiography-guided
PCI over a median follow-up of 3.5years.!" Although

J Am Heart Assoc. 2025;14:e043414. DOI: 10.1161/JAHA.125.043414

the superiority of FFR-guided PClI for patients with AMI
with multivessel disease is debatable on the basis of
these results, FFR-guided PCl was associated with the
use of fewer stents in both trials, which should result in
potentially favorable long-term outcomes.

It is well known that reduced LVEF is significantly
associated with poor clinical outcomes after patients
with  AMI undergo successful PCI.23?* Furthermore,
research shows that patients with AMI with mul-
tivessel disease have substantially lower LVEF and
demonstrate an increased risk of death, reinfarction,
and MACEs than those with single-vessel disease.?®
Reduced LVEF increases the risk of arrhythmic events,
thrombotic events, and the development of heart fail-
ure.?®28 The beneficial effects of PCI for non-IRA le-
sions include preventing future adverse cardiovascular
events from vulnerable plagues in non-IRAs and im-
proving left ventricular systolic function by restoring
flow to functionally significant stenosis. Although FFR-
guided decision making has been linked to lower rates
of cardiovascular events among stable patients and
the values of FFR were not influenced unless the ste-
noses were very tight,'>2° the role of FFR-guided PCI
for non-IRA lesions in the AMI remains questionable.

In the current analysis, reduced LVEFs were iden-
tified in one third of the study population and asso-
ciated with an increased risk of adverse events. For
those patients with AMI with reduced LVEF, there was
no significant difference the clinical outcomes between
FFR-guided and angiography-guided decision making
for non-IRA lesions. Although the FFR-guided strategy
used fewer stents, which was related to improvements
in stent-related events, this relationship did not exist for
patients with reduced LVEF. Our findings present the
opposite results from the study conducted by Di Gioia
et al,'”> which demonstrated that an FFR-guided strat-
egy in patients with reduced LVEF significantly reduced
adverse cardiovascular and cerebrovascular events at
Syears compared with angiography-guided treatment.
The discrepancies in outcomes may be attributed to
differences in study populations, as Di Gioia et al in-
cluded patients with chronic coronary artery disease
and excluded those with acute coronary syndromes.
In contrast, our study focused on patients with AMI
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Table 2. Baseline Procedural Characteristics

FFR-Guided PCl in AMI According to LVEF Status

Preserved LVEF Reduced LVEF
(N=375) (N=187)
FFR-guided Angiography-guided FFR-guided Angiography-guided
Characteristics (n=195) (n=180) P value | (n=89) (n=98) P value
Index procedure
Symptom to door time, min
ST-segment-—elevation Ml 119.5 95.0 (42.0-210.0) 0.263 143.0 121.0 (61.0-285.0) 0.604
(66.0-405.0) (66.0-260.0)
Non-ST-segment-elevation Ml 806.0 824.0 (588.0-965.0) 0.979 778.0 790.0 (696.0-1107.0) 0.664
(612.0-971.0) (624.0-1061.5)
Door to balloon time, min
ST-segment-elevation Ml 68.5 (52.0-89.0) | 65.0 (50.0-78.0) 0.221 73.0(58.5-88.5) | 73.0 (61.0-88.5) 0.802
Non-ST-segment-elevation MI 581.0 373.0 (166.0-1057.0) 0.096 804.0 660.0 (201.5-1151.0) 0.713
(208.0-1143.0) (310.5-1124.0)
SYNTAX score
Baseline score, including IRA 156.0 (11.0-20.8) | 14.0 (10.0-21.0) 0.331 17.5 (14.0-25.5) | 17.2 (13.0-24.5) 0.309
Residual score, after non-IRA PCI 3.2 (0.0-5.5) 0.0 (0.0-2.0) <0.001 3.0 (0.0-6.0) 0.0 (0.0-3.0) <0.001
Pre-PCI FFR 0.78+0.11 NA NA 0.81+0.13 NA NA
0.79 (0.16-0.97) 0.82
(0.36-0.99)
PCI of infarct related artery
Location of IRA 0.881 0.083
Left anterior descending artery 51 (26.2) 47 (26.1) 39 (43.8) 58 (59.2)
Circumflex artery 54 (27.7) 46 (25.6) 15 (16.9) 15 (156.3)
Right coronary artery 90 (46.2) 87 (48.9) 35 (39.3) 25 (25.5)
Radial access 168 (86.2) 150 (83.3) 0.538 74 (83.1) 79 (80.6) 0.796
Thrombus aspiration 30 (15.4) 29 (16.1) 0.959 22 (24.7) 16 (16.3) 0.214
Glycoprotein llb/llla inhibitor use 38 (19.5) 23 (12.8) 0.105 23 (25.8) 22 (22.4) 0.711
Treatment method 0.254 0.115
Drug-eluting stent 191 (97.9) 179 (100.0) 86 (96.6) 97 (99.0)
Drug-coated balloon angioplasty 3(1.5) 0(0) 0(0) 1(1.0)
Aspiration thrombectomy only 1(0.5) 0(0) 3(3.4) 0(0)
Intravascular imaging used 49 (25.3) 34 (18.9) 0175 14 (15.7) 25 (25.5) 0178
Direct stenting 15 (7.7) 16 (8.9) 0.816 8(9.0) 1 (11.2) 0.793
Mean no. of stents used per patient 1.2+0.5 1.2+0.5 0.750 1.3£0.7 1.2+£0.4 0.350
Dimensions of stents, mm
Mean diameter 3.2+0.5 3.2+0.6 0.584 3.1+0.4 3.1+0.4 0.482
Total length 34.4+15.6 34.1+15.6 0.850 40.6+22.6 35.9+15.0 0.103
Procedural success 195 (100.0) 179 (99.4) 0.480 89 (100.0) 98 (100.0) 1.000
PCI of non-IRA
Timing of non-IRA PCI 0.692 0.889
Immediate PCI during same procedure | 123 (63.1) 109 (60.6) 49 (55.1) 56 (57.1)
Staged intervention during same 72 (36.9) 71(39.4) 40 (44.9) 42 (42.9)
hospitalization
At least 1 non-IRA treated 127 (65.1) 173 (96.1) <0.001 55 (61.8) 97 (99.0) <0.001
Treatment method 0.311 1.000
Drug-eluting stent 125 (98.4) 166 (96.0) 52 (94.5) 90 (92.8)
Drug-coated balloon angioplasty 2(1.6) 7 (4.0) 3(5.5) 6 (6.2)
Plain balloon angioplasty 0(0) 0(0) 0(0) 1(1.0)
Intravascular imaging used 43 (33.9) 52 (30.1) 0.566 14 (25.5) 25 (25.8) 1.000
Mean no. of stents used per patient 0.9+0.9 1.3+0.7 <0.001 0.9+1.0 1.4+0.7 <0.001
(Continued)
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Table 2. Continued

FFR-Guided PCl in AMI According to LVEF Status

Preserved LVEF Reduced LVEF
(N=375) (N=187)
FFR-guided Angiography-guided FFR-guided Angiography-guided
Characteristics (n=195) (n=180) P value | (n=89) (n=98) P value
Dimensions of stents, mm
Mean diameter 3.0+£0.4 3.0+£0.5 0.725 3.0+0.4 3.1+0.5 0.169
Total length 40.9+19.2 37.0+19.3 0.085 40.6+25.8 36.8+£22.8 0.343
Procedural success 127 (100.0) 172 (99.4) 1.000 53 (96.4) 94 (96.9) 0.525
Procedural characteristics
Total no. of stents used per patient 2.1+1.0 2.5+0.9 <0.001 2.2+1.2 2.6+0.9 0.015
Volume of contrast media used, mL
During index procedure 187.6+75.4 1956.9+80.5 0.316 181.9+85.9 1938.4+81.5 0.365
During staged procedure 136.7+£73.8 146.2+£57.9 0.390 113.0£64.5 140.7+68.2 0.058
Total amount during hospitalization 2941£108.4 307.1+110.8 0.483 246.1+81.5 303.4+105.8 0.006
Complications during hospitalization
Any complications 8(4.1) 10 (5.6) 0.678 4 (4.5) 6 (6.1) 0.750
Congestive heart failure 0(0) 3(1.7) 0.110) 0(0) 2 (2.0 0.498
Cardiogenic shock 2(1.0) 4(2.2) 0.433 2(2.2) 0 (0%) 0.225
Resuscitated cardiac arrest 0(0) 2(1.1) 0.230 0(0) 0(0) 1.000
Anaphylactic reaction to contrast 1(0.5) 0(0) 1.000 0(0) 0(0) 1.000
agent
Access-site bleeding 2(1.0) 2(1.1) 1.000 0(0) 0(0) 1.000
Non-access-site bleeding 1(0.5) 2(1.1) 0.610 1(1.1) 1(1.0) 1.000
Hospital-acquired infection 1(0.5) 0(0) 1.000 1(1.1) 2 (2.0) 1.000
Arrhythmia 2(1.0) 1(0.6) 1.000 0(0) 0(0) 1.000
Median length of hospital stay, d 2.0 (1.56-4.0) 2.0 (1.0-4.0) 0.989 4.0 (2.0-5.0) 3.0 (2.0-5.0) 0.157

Data presented as mean+SD, median (interquartile range), or as n (%). FFR indicates fractional flow reserve; IRA, infarct-related artery; LVEF, left ventricular
ejection fraction; MI, myocardial infarction; NA, not available; and PCI, percutaneous coronary intervention.

with multivessel disease, which inherently represents a
more dynamic clinical scenario with distinct physiolog-
ical and pathological considerations. Additionally, one
plausible explanation for this finding is that the potential
underestimation of FFR values in the setting of nonvia-
ble myocardium and heterogeneous microvascular im-
pairment could diminish its prognostic utility in patients
with reduced LVEF. Meanwhile, the beneficial effect of
FFR-guided PCI for non-IRA lesions was more evident
than that of angiography-guided PCI among patients
with preserved LVEF in terms of a reduced risk of hard
end points like cardiac death and MI. Additionally, the
clinical benefits of FFR-guided PCI were increased with
an increase in LVEF. Interestingly, Kang et al*® analyzed
1314 cases of ST-segment—elevation M| with multives-
sel disease and reported that complete revasculariza-
tion did not reduce the number of clinical events during
a 3-year follow-up among patients with reduced LVEF.
Despite the current analysis and previous study, how-
ever, more evidence is needed to confirm the role of
FFR-guided decision making for non-IRAs in patients
with AMI with reduced LVEF. More importantly, since
our fundamental goal of treating AMI is saving myocar-
dium and lives, the importance of appropriate intensive

J Am Heart Assoc. 2025;14:e043414. DOI: 10.1161/JAHA.125.043414

medical treatment should also be considered beyond
the local therapy of vessels.

STUDY LIMITATIONS

There are several limitations in the current analysis
that need to be addressed. First, although this was a
prespecified substudy of the FRAME-AMI randomized
controlled trial, it might not have had enough power to
conclude our findings. Furthermore, due to the relatively
small sample size in the reduced LVEF group, there is
a possibility of a type Il error. Therefore, further studies
with larger cohorts are needed to confirm our results.
Second, follow-up echocardiograms were not collected
for the study population. Therefore, the changes in
LVEF could not be evaluated in the current study. Third,
treatments with sodium—glucose cotransporter 2 and
angiotensin receptor-neprylisin inhibitors have been
recommended as guideline-directed medical therapy.
However, prescription rates of these medications were
not available because they were not covered by na-
tional health insurance and were not recommended
as part of routine practice during the study enrollment

10
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Table 3. Primary and Secondary End Points

FFR-Guided PCl in AMI According to LVEF Status

End Point FFR-guided Angiography-guided Hazard ratio (95% ClI) P value
Preserved LVEF (>560%) N=195 N=180
Primary end point
Major adverse cardiovascular 6(3.3) 20 (19.0) 0.26 (0.11-0.66) 0.004
events
Death, myocardial infarction, and
repeat revascularization
Secondary end point*
All-cause death 2(1.0 8(8.6) 0.22 (0.04-1.05)
Cardiac death 1(0.5) 8(8.6) 0.11 (0.01-0.89)
Myocardial infarction 1(0.5) 10 (7.3) 0.09 (0.01-0.70)

- Procedure-related myocardial 1(0.5) 5(2.8) 0.18 (0.02-1.57)

infarction

- Spontaneous myocardial 0 (0) 5(4.6) NA

infarction
Repeat revascularization 3(1.8) 9(9.5) 0.30 (0.08-1.09)

- Infarct-related artery 1(0.7) 5(5.7) 0.18 (0.02-1.53)

- Non-infarct related artery 3(1.8) 6(5.2) 0.45 (0.11-1.81)
Definite stent thrombosis 0 (0) 1(0.6) NA
Cerebrovascular accident 1(0.5) 2(1.1) 0.46 (0.04-5.05)
Contrast induced nephropathy* 0 (0) 0(0) NA

Reduced LVEF (<50%) N=89 N=98
Primary end point
Major adverse cardiovascular 12 (17.0) 20 (21.0) 0.64 (0.31-1.31) 0.225
events
Death, myocardial infarction, and
repeat revascularization
Secondary end point*
All-cause death 3 (5.0 8(8.3) 0.41 (0.11-1.55)
Cardiac death 2 (3.9 7(7.3) 0.31 (0.07-1.52)
Myocardial infarction 6 (6.7) 11 (11.8) 0.58 (0.21-1.57)

- Procedure-related myocardial 2(2.2) 6(6.1) 0.36 (0.07-1.79)

infarction

- Spontaneous myocardial 4 (4.5) 5(5.7) 0.87 (0.23-3.25)

infarction
Repeat revascularization 7 (10.1) 7 (8.0) 1.12 (0.39-3.18)

- Infarct-related artery 3(5.8) 3(3.9 1.12 (0.23-5.54)

- Non-infarct-related artery 4 (4.5) 6 (7.0) 0.73 (0.21-2.58)
Definite stent thrombosis 0(0) 0(0) NA
Cerebrovascular accident 3(3.4) 1(1.0) 3.28 (0.34-31.57)
Contrast induced nephropathy® 2(2.2) 1(1.0) 2.23 (0.20-24.56)

Data presented as n (%). The database for the analysis presented here was locked on April 12, 2022. Clinical end points were evaluated in the intention-to-
treat population during the overall study period (ie, beginning from the time of randomization to the day of the first occurrence of a primary end-point event, the
day of the last office or phone visit, or the day of death during follow-up). Percentages are 4-year Kaplan—-Meier estimates. FFR indicates fractional flow reserve;
IPTW, inverse probability treatment-weighting; LVEF, left ventricular ejection fraction; and NA, not applicable.

“The individual end points listed are the first occurrence of that event.

fContrast-induced nephropathy is defined as an increase in serum creatinine of >0.5 mg/dL or >25% from baseline within 48 to 72 hours after contrast agent

exposure.

period. Fourth, data on myocardial viability for non-IRA
lesions were not available in this study. Fifth, identify-
ing the IRA lesions for non-ST-segment—elevation Ml
is sometimes questionable. Although the study proto-
col recommended echocardiography and intravascular
imaging for assessing the IRA lesions, data on the fre-
quency of adjunctive examinations were not available.

J Am Heart Assoc. 2025;14:e043414. DOI: 10.1161/JAHA.125.043414

CONCLUSIONS

In a population of patients with AMI with multivessel
disease, one third had reduced LVEF, which was as-
sociated with an increased 3.5-year MACE risk com-
pared with those with preserved LVEF. FFR-guided
PCI for non-IRA lesions significantly reduced future
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FFR-Guided PCI in AMI According to LVEF Status

A Preserved LVEF (N = 375)
40 ==  FFR-guided PCI
9 == Angiography-guided PCI
8 Adjusted HR" 0.23, 95% Cl 0.09-0.59
c 30
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B Reduced LVEF (N = 187)
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Figure 3. Kaplan-Meier curves for MACEs according to the treatment strategy for non-IRAs.

MACEs, a composite of time to death, MI, or repeat revascularization, were compared in patients with (A) preserved LVEF (>50%)
and (B) reduced LVEF (<50%) during the overall study period (median, 3.5years). "Multivariable model included the variables of age,
sex, body mass index, initial presentation (ST-segment-elevation MI vs non-ST-segment-elevation MI), diabetes, and chronic renal
insufficiency. FFR indicates fractional flow reserve; HR, hazard ratio; IRA, infarct-related artery; LVEF, left ventricular ejection fraction;
MACE, major adverse cardiac event; MI, myocardial infarction; and PCI, percutaneous coronary intervention.

adverse events compared with angiography-guided
PCI among patients with preserved LVEF. Conversely,
there was no significant difference in clinical outcomes
between FFR-guided and angiography-guided PCI
among patients with reduced LVEF. These results sup-
port the notion that the clinical impact of FFR-guided
decision making differs according to the left ventricular
systolic function among patients with AMI with multi-
vessel disease.
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