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ABSTRACT 

Background Current guidelines recommend complete revascularization (CR) in hemodynamically stable patients with 
ST-segment elevation myocardial infarction (STEMI) and multivessel coronar y arter y disease (MVD). With regard to the 
timing of percutaneous coronary intervention (PCI) for non-infarct-related artery (non-IRA), recent randomized clinical trials 
have revealed that immediate CR was non-inferior to staged CR. However, the optimal timing of CR remains uncertain. 
The OPTION-STEMI trial compared immediate CR and in-hospital staged CR guided by fractional flow reserve (FFR) for 
intermediate stenosis of the non-IRA. 

Methods The OPTION-STEMI is a multicenter, investigator-initiated, prospective, open-label, non-inferiority randomized 

clinical trial. The study included patients with at least 1 non-IRA lesion with ≥50% stenosis by visual estimation. Patients fulfilling 

the inclusion criteria were randomized into 2 groups at a 1:1 ratio: immediate CR (i.e., PCI for the non-IRA performed during 

primary angioplasty) or in-hospital staged CR. In the in-hospital staged CR group, PCI for non-IRA lesions was performed on 
another day during the index hospitalization. Non-IRA lesions with 50%−69% stenosis by visual estimation were evaluated 

by FFR, whereas those with ≥70% stenosis was revascularized without FFR. The primary endpoint was the composite of 
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all-cause death, non-fatal myocardial infarction, and all unplanned revascularization at 1 year after randomization. Enrolment 
began in December 2019 and was completed in January 2024. The follow-up for the primary endpoint will be completed 

in January 2025, and primary results will be available in the middle of 2025. 

Conclusions The OPTION-STEMI is a multicenter, non-inferiority, randomized trial that evaluated the timing of in-hospital 
CR with the aid of FFR in patients with STEMI and MVD. 

Trial Registration URL: https://www.clinicaltrials.gov . Unique identifier: NCT04626882; and URL: https://cris. 
nih.go.kr . Unique identifier: KCT0004457. (Am Heart J 2024;273:35–43.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Background 

Multivessel coronary artery disease (MVD) is a com-
mon clinical condition, affecting almost half of all pa-
tients with ST-segment elevation myocardial infarction
(STEMI). It is associated with worse clinical outcomes
than single-vessel disease. 1 , 2 Current guidelines and ran-
domized clinical trials recommend complete revascular-
ization (CR) in patients with STEMI and MVD. 3 , 4 CR dur-
ing primary angioplasty or in a staged manner has sev-
eral advantages compared to culprit-vessel only revascu-
lar ization. 5-7 Fur thermore, fractional flow reserve (FFR)-
guided percutaneous coronary intervention (PCI) for the
non-infarct-related artery (non-IRA) was more effective
than angiography-guided PCI of the non-IRA for reducing
need for repeat revascularization. 8 , 9 

There has been concern regarding the timing of PCI
for the non-IRA following primary PCI. Although current
guidelines recommend CR based on the results of the
aforementioned randomized tr ials, the y have not made
recommendations for the timing of CR. These guidelines
suggest that CR should be performed dur ing pr imary an-
gioplasty or in a staged manner during initial hospital-
ization or after discharge. 3 , 4 Recently, 2 large-scale ran-
domized clinical trials regarding the timing of CR re-
vealed that immediate CR was non-inferior to staged CR
in patients with acute coronary syndrome or STEMI and
MVD. 10 , 11 However, these trials have certain limitations,
such as the long interval between randomization and
non-IRA PCI and the lack of routine use of FFR guidance
for the non-IRA. Although FFR is widely used to evaluate
significant ischemia due to moderate stenosis, most pre-
vious studies evaluating FFR have not enrolled patients
with acute myocardial infarction (AMI). 12 , 13 FFR is reli-
able in the acute-to-stable stages of AMI, and several re-
cent randomized trials have used FFR guidance for the
non-IRA, revealing that it is safe in patients with AMI and
MVD. 14-17 

Therefore, we designed a large-scale randomized trial
to investigate the optimal timing of in-hospital CR
with the aid of FFR. The OP timal TI ming of
Fractional Flow Reserve-Guided Complete Revascular-
izati ON for Non-Infarct-Related Artery in ST -Segment
E levation M yocardial I nfarction with Multivessel Dis-
ease (OPTION-STEMI) trial is a multicenter, investigator-
initiated, prospective, open-label, non-infer ior ity ran-
domized clinical trial comparing immediate CR during
primary PCI and in-hospital staged CR under FFR guid-
ance for intermediate stenosis of the non-IRA in patients
with STEMI and MVD. 

Methods 

Study overview 

The OPTION-STEMI is a multicenter, investigator-
initiated, prospective, open-label, non-infer ior ity ran-
domized clinical trial. The primary aim of this trial
was to determine the optimal timing of in-hospital CR
with the aid of FFR in hemodynamically stable patients
with STEMI and MVD. The primary analysis focused
on evaluating non-infer ior ity. The tr ial protocol was ap-
proved by the Institutional Review Board of each par-
ticipating center. The study was conducted in accor-
dance with the Declaration of Helsinki, the Interna-
tional Conference on Harmonization, and Good Clin-
ical Practice guidelines. The trial was registered at
ClinicalTrials.gov (NCT04626882). At the time of reg-
istration, the trial had already begun patient enrol-
ment. However, before enrolment of the first patient,
the trial was registered at the Clinical Research Infor-
mation Service ( www.cris.nih.go.kr ), a non-profit on-
line registration system for clinical trials to be con-
ducted in Korea (KCT0004457). This registry is a part
of the WHO International Clinical Trials Registration
Platform ( www.who.int/clinical- trials- registry- platform/
network/pr imary-registr ies ). 

Study participants 
Table 1 presents the study eligibility cr iter ia. Patients

with STEMI and MVD were screened and randomized
following successful PCI for IRA. Latecomers with is-
chemic symptom onset > 12 h ago were excluded. MVD
was defined as at least one non-IRA with diameter ≥2.5
mm and 50% stenosis by visual estimation. Patients with
chronic total occlusion at the non-IRA, as well as those
with unprotected left main coronary artery disease with
≥50% stenosis, initial thrombolysis in myocardial infarc-
tion (TIMI) flow at the non-IRA ≤2, or cardiogenic shock

https://www.clinicaltrials.gov
https://cris.nih.go.kr
http://www.cris.nih.go.kr
http://www.who.int/clinical-trials-registry-platform/network/primary-registries
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Table 1. Inclusion and exclusion criteria. 

Inclusion criteria 
1. Age ≥19 years 
2. ST-segment elevation myocardial infarction 

1) ST-segment elevation ≥0.1 mV in at least 2 contiguous leads or, 
2) New onset left bundle branch block 

3. Primary PCI within 12 hours after symptom development 
4. Multivessel disease: Non-IRA with diameter ≥2.5 mm and 50% stenosis by visual estimation 
5. Patient’s or guardian’s consent after understanding the study 

Exclusion criteria 
1. Cardiogenic shock at initial presentation or after IRA treatment 
2. Unprotected left main coronary artery disease with ≥50% stenosis by visual estimation 
3. TIMI flow at non-IRA ≤2 
4. Severe procedural complications as judged by operators 
5. Non-IRA lesion not suitable for PCI treatment as judged by operators 
6. Chronic total occlusion at non-IRA 

7. History of anaphylaxis to contrast agent 
8. Pregnancy and lactation 
9. Life expectancy < 1 year 

10. Severe valvular disease 
11. History of CABG, or planned CABG 

12. Fibrinolysis before admission 
13. Severe asthma 
14. Patient’s refusal to participate in study 

Abbreviations: CABG, coronary artery bypass grafting; IRA, infarct-related artery; PCI, percutaneous coronary intervention; TIMI, Thrombolysis in Myocardial Infarction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

at initial presentation or after IRA treatment were ex-
cluded. Patients with a non-IRA that was unsuitable for
PCI and those with severe procedural complications
were considered ineligible, as per the operators’ discre-
tion. 

Following successful PCI for IRA, written informed
consent was obtained from patients or their legal repre-
sentatives if the patient was unable to provide consent at
the end of the primary PCI for IRA. In cases where con-
sent was obtained from legal representatives, informed
consent was also obtained from patients after they have
been stabilized. Patients were not enrolled until informed
consent was obtained from themselves or their legal rep-
resentatives. 

Randomization and study intervention 

Patients were randomized at a 1:1 ratio to the im-
mediate CR during primary PCI or in-hospital staged
CR group ( Figure 1 ). Randomization was performed
based on randomly permuted blocks of various sizes us-
ing a web-based randomization system ( https://ecrf.kr/
optionstemi ) developed by an independent organization
(TnW Software, Seoul, Korea). Successful PCI for IRA was
considered as reduction of minimum stenosis < 20% on
angiography in the presence of TIMI grade 2 or 3 flow. In
the immediate CR group, revascularization for the non-
IRA was performed during the index procedure immedi-
ately following PCI for IRA. However, in the in-hospital
staged CR group, revascularization for the non-IRA was
performed on another day during hospitalization. PCI for
the non-IRA was performed as soon as possible unless
necessary, such as in cases of renal insufficiency. In both
groups, non-IRA lesions with stenosis ≥70% by visual es-
timation were revascularized without FFR. Conversely,
FFR was evaluated for non-IRA lesions with 50%–69%
stenosis using a pressure-sensor guide wire (Abbott Vas-
cular, Santa Clara, CA, USA; Philips Volcano, San Diego,
CA, USA). Subsequently, PCI was performed for lesions
with FFR ≤0.80. During FFR, hyperemia was induced by
intravascular infusion of adenosine (140 µg/kg/min) or
intracoronary nicorandil (bolus of 2 mg). 18 

PCI was performed for both the IRA and non-IRA us-
ing everolimus-eluting stents with a bioabsorbable poly-
mer (Synergy; Boston Scientific, Marlborough, MA, USA),
drug-coated balloon, or standard balloon angioplasty. We
did not exclude patients with stent thrombosis present-
ing with STEMI in this trial. In these patients, additional
stent may not be needed in the majority of cases. Fur-
thermore, we think that drug-coated balloon is an al-
ternative option to treat lesions which are distally lo-
cated or with small diameter. However, we think that
the usage rate of drug-coated balloon and balloon an-
gioplasty only will be very low. The usage rate of drug-
coated balloon was 0.7% in the FRAME-AMI (fractional
flow reserve vs. angiography-guided strategy for manage-
ment of non-infarction related artery stenosis in patients
with acute myocardial infarction) trial which compared
angio- and FFR-guided PCI for AMI and multivessel dis-
ease, and no one treated with balloon angioplasty only
in that trial. 15 Medical treatment was administered to all
participants according to the guidelines. Furthermore,
dual antiplatelet therapy was continued for at least 12
months. 19 , 20 The choice of P2Y12 inhibitor (clopidogrel,
prasugrel, or ticagrelor), vascular access site, thrombus

https://ecrf.kr/optionstemi
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Figure 1. Study flow chart of the OPTION-STEMI trial. Abbreviations: IRA, infarct-related artery; MVD, multivessel disease; PCI, 
percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aspiration device, glycoprotein IIb/IIIa inhibitor, and in-
travascular imaging, such as intravascular ultrasound or
optical coherence tomography, was at the operators’ dis-
cretion. Left ventricular ejection fraction was assessed by
transthoracic echocardiography during hospitalization. 

Study measurements 
The following data were collected at the time of ran-

domization or during hospitalization: age, sex, body
mass index, comorbidities, blood pressure, heart rate, in-
farct location on 12-lead electrocardiogram, Killip class,
left ventricular ejection fraction, laboratory findings, dis-
charge medications, complications during hospitaliza-
tion, and length of hospital stay. 

The following procedure-related data were also col-
lected: symptom-to-balloon time, door-to-balloon time,
number of diseased ar ter ies, PCI character istics for both
the IRA and non-IRA (location of the IRA or non-IRA,
vascular access, lesion location, number of lesions, pre-
procedure quantitative coronary angiography data [ref-
erence vessel diameter, minimum lumen diameter, diam-
eter stenosis, and lesion length], post-procedure quan-
titative coronary angiography data [diameter stenosis],
ACC/AHA lesion type, pre- and post-TIMI flow grade,
thrombus aspiration, use of glycoprotein IIb/IIIa in-
hibitor, treatment method [balloon angioplasty only,
drug-eluting stent, or drug-coated balloon angioplasty],
use of intravascular imaging, number of stents, stent
diameter and length, and time to staged procedure in
the in-hospital CR group). FFR characteristics (FFR mea-
surement, mean FFR value, FFR > 0.80, FFR ≤0.80, no
FFR measurement due to stenosis ≥70% by visual assess-
ment), baseline and residual SYNTAX (SYNergy between
percutaneous coronary intervention with TAXus and car-
diac surgery) score, and contrast amount/fluoroscopic
time/radiation dose (index, staged procedure, and total
quantity). 

Study endpoints 
Table 2 presents the study endpoints. The primary end-

point is the cumulative incidence of a composite of all-
cause death, non-fatal myocardial infarction, and all un-
planned revascularization at 1 year after randomization.
The secondary endpoints include the individual compo-
nents of the primary endpoint, target lesion revascular-
ization, target vessel revascularization, non-target vessel
revascularization, cardiac death, non-cardiac death, hos-
pitalization for unstable angina, hospitalization for heart
failure, definite or probable stent thrombosis, stroke, ma-
jor bleeding by the Bleeding Academic Research Con-
sortium, and contrast-induced nephropathy. Although
short-term outcomes are important in this trial because
CR is achieved during initial admission in the OPTION-
STEMI trial contrary to BIOVASC (percutaneous com-
plete revascularization strategies using sirolimus-eluting
biodegradable polymer-coated stents in patients present-
ing with acute coronary syndrome and multivessel dis-
ease) and MULTISTARS AMI (MULTi-vessel Immediate
versus STAged RevaScularization in Acute Myocardial In-
farction) trials, study endpoints had occurred continu-
ously within 1 year despite the achievement of CR in BIO-
VASC and MULTISTARS tr ials. Fur ther more, long-ter m
event rate up to 5 years is not low after achievement of
CR in the 5-year results of the CvLPRIT (Complete versus
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Table 2. Primary and secondary endpoints. 

Primary endpoint 

• A composite of all-cause death, non-fatal MI, or all unplanned revascularization at 1 year after randomization 
Secondary endpoints 

• All unplanned revascularization 
• Target-lesion revascularization 
• Target-vessel revascularization 
• Non-target vessel revascularization 
• All-cause death 
• Cardiac death 
• Non-cardiac death 
• Non-fatal MI 
• Hospitalization for unstable angina 
• Hospitalization for heart failure 
• Definite or probable stent thrombosis 
• Stroke 
• Major bleeding by BARC classification 
• Contrast-induced nephropathy 

Abbreviations: BARC, Bleeding Academic Research Consortium; MI, myocardial infarction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lesion-only Primary PCI Trial) trial. 21 Therefore, we set
a follow-up period for the primary endpoint as 1 year
similar to other trials regarding STEMI and MVD. We will
also examine study endpoints at 1, 6, 24, 36, 48, and 60
months for the short- and long-term clinical outcomes.
Supplementary File 1 presents the study endpoints. All
primary and secondary endpoints were independently
adjudicated by a clinical events committee (CEC) blinded
to the group assignments. 

Clinical follow-up will be performed with office visits
or telephone calls at 1, 6, and 12 months and annually
thereafter. The schedule of visits and measurements is
provided in Supplementary File 2. 

Statistical methods 
The incidence of a composite of all-cause death, non-

fatal myocardial infarction or repeat revascularization at
1 year was 13.4% in the Korean nationwide study, 7.8%
in the FFR-guided CR group in the COMPARE-ACUTE
(Comparison between FFR guided revascularization ver-
sus conventional strategy in acute STEMI Patients With
MVD) trial and 6.5% in the FFR-guided CR group in the
DANAMI3-PRIMULTI (primary PCI in patients With ST-
elevation myocardial infarction and multivessel disease:
treatment of culprit lesion only or complete revascular-
ization) trial. 8 , 9 , 22 Based on the results of aforementioned
studies, we assumed a 12-month rate of the primary
composite endpoint of 10.5% in the in-hospital staged
CR group. The non-infer ior ity margin for the hazard ra-
tio was 1.42, selected based on clinical judgement and
contemporary trials of FFR-guided PCI. 23 , 24 Although a
non-infer ior ity margin for hazard ratio of 1.43 seems to
be large in this trial, the majority of non-inferiority tri-
als including device and pharmacologic trials set a non-
infer ior ity margin as a more than 1.40. 25 Furthermore,
the non-infer ior ity margin of the BIOVASC and MULTI-
STARS AMI trial was 1.39 and 1.46, respectively. There-
fore, we thought that a non-inferior margin for hazard
ratio of 1.42, which was equivalent to a 4.4% increase in
the expected event rate was clinically acceptable. We as-
sumed that an accrual time of 4 years and follow-up of
1 year for the primary outcome were needed. Thus, we
estimated that 994 patients would be needed to achieve
a power of 80%, one-sided type I error rate of 0.025, and
dropout rate of 4%. The sample size was evaluated using
PASS 16 software (NCSS, Kaysville, UT, USA). 

Baseline and procedure-related characteristics will be
analyzed for both treatment groups. Continuous vari-
ables are presented as means ±SD or medians (IQRs)
as appropriate. If variables are normally distributed, the
variables will be compared using Student’s t-test; other-
wise, they will be compared using the Mann–Whitney
U test. Categor ical var iables will be presented as fre-
quencies with percentages and compared using the chi-
square or Fisher’s exact test as appropriate. The pri-
mary endpoint will be analyzed on an intention-to-treat
basis. The cumulative event rate of the primary end-
point will be estimated using the Kaplan–Meier method
and compared using log-rank tests. In the Cox propor-
tional hazard model, the hazard ratio for immediate CR
compared to in-hospital staged CR will be assessed for
non-infer ior ity. If the upper limit of the one-sided 97.5%
confidence interval of the hazard ratio is less than the
prespecified non-infer ior ity margin of 1.42, immediate
CR will be considered non-inferior to in-hospital staged
CR. If the non-infer ior ity cr iter ia are fulfilled, super ior-
ity will also be tested. Additional sensitivity analysis will
be performed in the per-protocol population. Secondary
endpoints will be analyzed using the Kaplan–Meier
method with the log-rank test and Cox proportional
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hazard model. Cumulative event rates of study end-
points will be estimated using the Kaplan–Meier method
and compared using log-rank tests. The occurrence of
contrast-induced nephropathy will be analyzed using the
chi-square test. P -values < .05 will be considered indica-
tive of statistical significance. Cox proportional hazard
models with an interaction test will be used for subgroup
analyses of the primary endpoint according to age ( < 65
or ≥65 years), sex (male or female), Killip class (I or ≥II),
diabetes mellitus (yes or no), number of diseased arter-
ies (2 or 3), left ventricular ejection fraction ( < 45% or
≥45%), IRA distribution (LAD or non-LAD), and type of
P2Y12 inhibitor (clopidogrel, prasugrel, or ticagrelor). 

Study organization 

The study organization includes an executive commit-
tee (EC), a data safety monitoring board (DSMB), and a
CEC. The EC is responsible for the study design, proto-
col, and management. Safety data, including those col-
lected during follow-up, will be independently reviewed
by the DSMB for serious adverse events and protocol de-
viations. The DSMB, consisting of 3 cardiologists, will
meet every 6 months after the start of the study and in
cases of safety issues. The study protocol, definitions, and
endpoints were discussed in the first DSMB meeting. The
DSMB chairperson informed the EC regarding any safety
issues. All primary and secondary endpoints will be inde-
pendently adjudicated by the CEC, who will be blinded
to the group assignments. The CEC will meet regularly
to review and adjudicate all clinical events for which the
required minimum data are available. 

The OPTION-STEMI trial is an investigator-initiated trial
funded by Boston Scientific (Marlborough, MA, USA).
The funder has no role in study design, data collec-
tion, data management, data analysis, or manuscr ipt wr it-
ing. The authors are solely responsible for the study de-
sign and conduct, data analysis and interpretation, and
manuscript publication and final content. 

Current status of the trial 
Between 30 December 2019 and 15 January 2024, 994

patients were enrolled at the 14 participating sites in Ko-
rea. The follow-up of the last enrolled patient will be fin-
ished in January 2025. The primary results of this trial are
anticipated to be available in the middle of 2025. 

Discussion 

Recent guidelines for acute coronary syndrome recom-
mend CR in patients with STEMI and MVD, irrespective
of the timing of PCI at the non-IRA, based on the results
of randomized clinical trials. 5-9 In addition, 2 large-scale
randomized clinical trials revealed the non-infer ior ity of
immediate CR compared to staged CR. 10 , 11 However,
certain issues still remain, such as how to identify le-
sions that can be targeted by PCI (e.g., angiography-
or physiology-guided) and when to treat the non-IRA
in the staged strategy (e.g., performed in-hospital or
electively after discharge). 26 The OPTION-STEMI trial in-
vestigated whether immediate CR is non-inferior to in-
hospital staged CR in patients with STEMI and MVD.
In contrast to recently published randomized trials, 10 , 11

staged PCI for the non-IRA was performed during hos-
pitalization in the OPTION-STEMI tr ial. Fur thermore, all
non-IRA lesions with intermediate stenosis were evalu-
ated using FFR ( Table 3 ). 

Timing of staged PCI of the non-IRA: Performed 

in-hospital or electively after discharge 

The post-hoc analysis of the Complete vs. Culprit-Only
Revascularization Strategies to Treat Multivessel Disease
after Early PCI for STEMI (COMPLETE) trial revealed the
benefits of CR over culprit-only PCI, irrespective of the
timing of PCI for the non-IRA, i.e., during or after the in-
dex hospitalization. 27 However, there is uncertainty be-
cause the timing for non-IRA PCI was at the discretion
of operators in the aforementioned study. In the BIO-
VASC trial, the timing of staged PCI was planned to be
within 6 weeks after the index PCI (during hospitaliza-
tion or after discharge). Furthermore, the median time
to staged procedure was 15 days (interquartile range: 4-
28 days). 10 In the MULTISTARS AMI trial, the staged pro-
cedure was performed within 19-45 days after the index
procedure, with a median time to staged procedure of 37
days (interquartile range: 30-43 days). 11 Notably, both un-
planned ischemia-driven revascularization and non-fatal
MI occurred more frequently in the staged CR group
compared to the immediate CR group in both trials. 10 , 11

These results might be attributable to the untreated un-
stable lesion of the non-IRA. Theoretically, there is a risk
of progression of a non-IRA lesion if the interval between
the index PCI and staged PCI of the non-IRA is long as the
plaque instability in AMI may not be limited to the cul-
prit lesion. 28 , 29 However, there were no exact data for
time to endpoint occurrence in the BIOVASC and MULTI-
STARS AMI trials, the events seemed to be more occurred
in the staged group during the early phase after random-
ization. Therefore, we think there is a possibility for oc-
currence of study endpoint related to untreated non-IRA
lesions in the very first day. However, the event rate in un-
treated non-IRA will be minimized in the OPTION-STEMI
tr ial consider ing the relatively shor t time to PCI for non-
IRA in the in-hospital staged CR and the fact that events
in the BIOVASC and MULTISTARS AMI trials were mostly
derived from untreated non-IRA lesions. In the OPTION-
STEMI tr ial, the compar ison between immediate CR and
in-hospital staged CR will provide us with additional in-
formation related to the optimal timing of CR. 

FFR guidance for non-IRA lesions before PCI 
In the OPTION-STEMI trial, the use of FFR was manda-

tory for intermediate lesions with 50%−69% stenosis
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Table 3. Summary of OPTION-STEMI trial and recently published randomized clinical trials. 

Trials OPTION-STEMI 
(NCT04626882) 

BIOVASC 

10 (NCT03621501) MULTISTARS AMI 11 (NCT03135275) 

Study population STEMI ACS STEMI 
No. of patients 994 1,525 (606 patients with STEMI) 840 
Treatment strategy Immediate CR Immediate CR Immediate CR 
Comparator In-hospital staged CR Staged CR within 6 weeks after index 

procedure 
Staged CR within 19-45 days after index 
procedure 

Guidance of FFR for 
non-IRA 

All lesion with 50-69% 

diameter stenosis by visual 
estimation 

Operator’s discretion Operator’s discretion 

Hypothesis Non-inferiority Non-inferiority Non-inferiority 
Primary endpoint ACD, non-fatal MI, or all 

unplanned revascularization 
at 1 year 

ACD, MI, any unplanned 
ischemia-driven revascularization, or 
cerebrovascular events at 1 year 

ACD, non-fatal MI, stroke, unplanned 
ischemia-driven revascularization, or 
hospitalization for HF at 1 year 

Key finding Not revealed yet Immediate CR (7.6%) was non-inferior to 
staged CR (9.4%) for the primary 
endpoint (HR 0.78, 95% CI 0.55-1.11, 
P < .001 for non-inferiority). 

Primary endpoint occurred in 8.5% in 
immediate CR group as compared with 16.3% 

in staged CR group (risk ratio 0.52, 95% CI 
0.38-0.72, P < .001 for non-inferiority). 

Abbreviations: ACD, all-cause death; ACS, acute coronar y syndrome; CI, confidence inter val; CR, complete revascularization; FFR, fractional flow reserve; HF, heart failure; 
HR, hazard ratio; IRA, infarct-related artery; MI, myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of the non-IRA. Two trials have compared FFR with
angiography-guided PCI in non-IRA patients with STEMI
and MVD. Our protocol for FFR guidance was similar
to that used in previous trials. In the flow evaluation
to guide revascularization in multivessel ST-elevation my-
ocardial infarction (FLOWER-MI) trial, the FFR-guided
strategy did not demonstrate any significant benefits
compared to the angiography-guided strategy. 16 How-
ever, this trial had several limitations, such as the high
rate of staged PCI (96%), lower-than-expected event rate,
and wide confidence interval, which necessitates caution
when interpreting the study results. Conversely, the FFR-
guided strategy was superior to the angiography-guided
strategy in the FRAME-AMI trial. 15 

The European guideline for myocardial revasculariza-
tion recommends the use of FFR for an intermediate
stenosis of 40-90% diameter stenosis. 19 The FFR crite-
ria for lesions of more than 50% in the OPTION-STEMI
trial is derived from the previous trials such as DANAMI3-
PRIMULTI and COMPARE-ACUTE tr ials. Fur thermore, the
FLOWER-MI and FRAMI-AMI tr ial also used the 50% cr i-
teria. In the COMPLETE trial, the FFR was recommended
for non-IRA lesions with 50%-69% diameter stenosis (al-
though the most PCI was performed with angiography-
guided). However, we acknowledge that a window for
definition of an intermediate stenosis in the OPTION-
STEMI trial is large. We will perform quantitative coro-
nary angiography analysis in the core laboratory, and
will perform additional analysis using quantitative coro-
nary angiography and FFR data. No clear guidelines ex-
ist for the FFR evaluation of the non-IRA in STEMI pa-
tients. However, the use of FFR at the non-IRA in STEMI
can reduce unnecessary coronary stenting. Furthermore,
it is more cost-effective for AMI than the angiography-
guided strategy. 30 We believe that routine FFR-guided
evaluation of the non-IRA will be an effective method for
the management of the non-IRA in the OPTION-STEMI
trial. 

There have been concerns regarding the presence of
plaque instability in the non-IRA because intravascular
imaging was not performed routinely in this trial. In the
post-hoc analysis of the FLOWER-MI trial, patients who
received PCI showed favorable clinical outcomes com-
pared to those who did not undergo PCI based on FFR
results, suggesting that vulnerable plaques had a role in
the progression of untreated lesions due to functional
insignificance. 31 Therefore, additional analysis using in-
travascular imaging will be required in the OPTION-
STEMI trial. 

Issues concerning immediate CR 

Immediate CR is not a common clinical practice for the
management of patients with STEMI and MVD. Although
current guidelines and randomized clinical trials recom-
mend that CR should be performed at the time of pri-
mary PCI or in a staged manner, many patients in these
trials received staged CR rather than immediate CR, as
per the operator’s decision. 6 , 19 , 16 The disadvantages of
immediate CR include the high-risk of contrast-induced
nephropathy, radiation exposure, complications during
treating additional lesions, hemodynamic, and general
clinical instability when treating additional lesions, risk
of stent thrombosis, prothrombotic, and inflammatory
milieu in the acute phase of STEMI, and overestimation of
stenosis severity in the non-IRA due to coronary spasm. 28 

It is possible that the operator may hesitate to perform
immediate treatment of the non-IRA during off-hours
due to the aforementioned factors and fatigue. However,
immediate CR has an important advantage over staged
CR. It can immediately treat secondary unstable lesions
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which may have plaque instability. 28 In the BIOVASC and
MULTISTARS AMI trials, the main difference between im-
mediate and staged CR group was a higher incidence of
non-fatal MI and repeat revascularization for untreated
non-IRA lesions in the staged group. Interestingly, there
were no significant differences in safety outcomes in the
BIOVASC and MULTISTARS AMI trial between immedi-
ate and staged CR strategies. The crossover rate between
groups was also low. 10 , 11 Furthermore, there was no sig-
nificant interaction effect between office hours and off
hours on the primary endpoint in the prespecified sub-
group analysis of the BIOVASC trial. 10 However, further
studies are needed to establish the efficacy and safety of
the immediate CR strategy for patients with STEMI and
MVD. The OPTION-STEMI trial will provide further in-
sights into the clinical applications of immediate CR in
patients with STEMI and MVD. 

Summary 

The optimal timing of CR in patients with STEMI and
MVD remains uncertain. Although the results of recently
published randomized clinical trials were introduced,
current guidelines have not made recommendations in
relation to the timing of CR. The OPTION-STEMI trial will
compare immediate CR during primary PCI to in-hospital
staged CR with routine FFR guidance for intermediate
stenosis of the non-IRA in patients with STEMI and MVD.
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