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ABSTRACT

BACKGROUND The role of quantitative flow ratio (QFR) in the treatment of nonculprit vessels of patients with
myocardial infarction (MI) is a topic of ongoing discussion.

OBJECTIVES This study aimed to investigate the predictive capability of QFR for adverse events and its noninferiority
compared to wire-based functional assessment in nonculprit vessels of M| patients.

METHODS The FIRE (Functional Assessment in Elderly MI Patients With Multivessel Disease) trial randomized 1,445
older MI patients to culprit-only (n = 725) or physiology-guided complete revascularization (n = 720). In the culprit-only
arm, angiographic projections of nonculprit vessels were prospectively collected, centrally reviewed for QFR computa-
tion, and associated with endpoints. In the complete revascularization arm, endpoints were compared between nonculprit
vessels investigated with QFR or wire-based functional assessment. The primary endpoint was the vessel-oriented
composite endpoint (VOCE) at 1 year.

RESULTS QFR was measured on 903 nonculprit vessels from 685 patients in the culprit-only arm. Overall, 366 (40.5%)
nonculprit vessels showed a QFR value =0.80, with a significantly higher incidence of VOCEs (22.1% vs 7.1%; P < 0.001).
QFR =0.80 emerged as an independent predictor of VOCEs (HR: 2.79; 95% Cl: 1.64-4.75). In the complete arm, QFR was
used in 320 (35.2%) nonculprit vessels to guide revascularization. When compared with propensity-matched nonculprit
vessels in which treatment was guided by wire-based functional assessment, no significant difference was observed
(HR: 0.57; 95% Cl: 0.28-1.15) in VOCEs.

CONCLUSIONS This prespecified subanalysis of the FIRE trial provides evidence supporting the safety and efficacy of
QFR-guided interventions for the treatment of nonculprit vessels in M| patients. (Functional Assessment in Elderly Ml
Patients With Multivessel Disease [FIRE]; NCT03772743) (J Am Coll Cardiol Intv 2024;17:1425-1436) © 2024 The Authors.
Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ABBREVIATIONS
AND ACRONYMS

DS = diameter stenosis

FFR = fractional flow reserve

Id-TVR = ischemia-driven
target vessel revascularizati

MI = myocardial infarction

NSTEMI = non-ST-segment
elevation myocardial infarction

PCI = percutaneous coronary

intervention

PS = propensity score

QFR = quantitative flow ratio

STEMI = ST-segment elevation

myocardial infarction

TVMI = target vessel-related

myocardial infarction

VOCE = vessel-oriented
composite endpoint

any studies and meta-analyses
have consistently favored the su-
periority of complete revasculari-
zation over a culprit-only strategy in patients
presenting with myocardial infarction (MI)
and multivessel disease.' The determination
and treatment of nonculprit lesions can be
guided by conventional angiography, intra-

ion

coronary imaging, or coronary physiology.”
However, the optimal modality for achieving
better outcomes remains uncertain.
Quantitative flow ratio (QFR) represents
an angiography-derived, wire-free modality
for functional evaluation of coronary steno-
ses.> Several studies have investigated its
accuracy and concordance with wire-based
fractional flow reserve (FFR) in stable pa-
tients.*® The FAVOR (Functional Assessment
by Virtual Online Reconstruction) III China

trial demonstrated that QFR-based revascularization
of intermediate lesions results in a reduction of major
cardiovascular events compared to standard angiog-
raphy guidance.” Several authors have proposed the
use of QFR to discriminate nonculprit vessels in MI
patients needing percutaneous coronary intervention
(PCI), but conclusive evidence is lacking.®'° The FIRE
(Functional Assessment in Elderly MI Patients With
Multivessel Disease) trial enrolled older MI patients
with multivessel disease, randomizing them to
culprit-only treatment or physiology-guided com-
plete revascularization.'"'” In patients randomized to
culprit-only treatment, the angiographic projections
for QFR computation were  prospectively
collected.'"” In patients randomized to physiology-
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guided complete revascularization, functional
assessment of nonculprit vessels was mandatory to
discriminate lesions needing PCI, and QFR was
allowed, at the discretion of the operator, as an
alternative to wire-based physiology.''* Based on
these considerations, the FIRE study population
presents a distinctive opportunity to explore 2 critical
aspects: 1) the prognostic role of QFR value in the
discrimination of nonculprit vessels associated with
adverse events; and 2) the noninferiority of QFR
guidance for the treatment of nonculprit lesions vs
wire-based assessment.

METHODS

The present Quantitative Flow Ratio in FIRE trial
(QfiRE) substudy constitutes a prespecified analysis
within the framework of the FIRE trial, with the aim
of confirming the reliability of QFR as a tool for the
functional assessment of nonculprit lesions of MI
patients.’>> The FIRE trial, a multicenter,
investigator-initiated, randomized trial,""'*> was con-
ducted with the approval of the Institutional Review
Board at each participating center, and it was regis-
tered at ClinicalTrials.gov (NCT03772743). All
enrolled patients provided written informed consent
before randomization. The primary objective of the
FIRE trial was to compare the efficacy of physiology-
guided complete revascularization vs a culprit-only
strategy in older MI patients with multivessel dis-
ease, as previously detailed in the study design and
primary results.'>"” The FIRE trial showed that the
implementation of physiology-guided complete
revascularization yielded a statistically significant
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reduction in the risk of the composite endpoint of
death, reinfarction, stroke, and ischemia-driven
revascularization.''?

STUDY PATIENTS. The main inclusion criteria were
individuals aged 75 years or older admitted to the
hospital with either ST-segment elevation myocardial
infarction (STEMI) or non-ST-segment elevation
myocardial infarction (NSTEMI) who underwent suc-
cessful PCI of the culprit lesion and had at least 1
nonculprit lesion in a different vessel with a mini-
mum diameter of 2.5 mm and a diameter stenosis (DS)
of 50% to 99%.'"'> The main exclusion criteria were
the inability to distinctly identify a culprit lesion, the
presence of the nonculprit lesion in the left main ar-
tery, planned or prior surgical revascularization, and
a life expectancy of <1 year.'>"?

STUDY PROCEDURES. Patients assigned to the
culprit-only arm did not undergo revascularization
for nonculprit lesions."'* For the purpose of the
QfiRe substudy, investigators were required to pro-
spectively acquire, during the index procedure, the
recommended angiographic projections for the off-
line QFR computation. Patients assigned to the
physiology-guided complete arm received physio-
logical assessment of nonculprit lesions. At the
discretion of the investigator, wire-based functional
assessment (with hyperemic or nonhyperemic in-
dexes) or QFR could be used. The functional assess-
ment could be performed during the index or staged
procedures.'>'” Patients were categorized as either
QFR guided or wire guided on the basis of the func-
tional tool used by the investigator during the pro-
cedure. All nonculprit lesions identified as
functionally significant (wire-based FFR =0.80 or
wire-based resting index =0.89 or QFR =0.80) were
subjected to PCI with subsequent stent implanta-
tion.">'” Conversely, the treatment of non-flow-
limiting lesions (wire-based FFR >0.80 or wire-based
resting index >0.89 or QFR >0.80) was deferred. The
implantation of sirolimus-eluting biodegradable-
polymer ultrathin stents (Supraflex Cruz, Sahajanand
Medical Technologies Ltd) was strongly recom-
mended.'>"* All individuals within both treatment
arms received optimal medical therapy in accordance
with the established guidelines.

QUANTITATIVE FLOW RATIO. In the culprit-only
arm, QFR analyses were performed off-line by the
angiographic core lab (University of Ferrara). For pa-
tients in the physiology-guided complete revascular-
ization arm, QFR analyses were performed locally by
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the investigator. Both the reviewers of the core lab
and local investigators were certified QFR operators.
Core lab reviewers remained blinded to outcomes
during the analysis. The acquisition of angiographic
projections involved capturing 2 images at least 25°
apart, ensuring no vessel overlap and optimal
contrast filling, after the administration of nitroglyc-
erin (100-200 mg) at 15 frames/s. This adhered to a
recommended table of projection angles. QFR
computation was performed in agreement with the
step-by-step procedure validated in previous studies
using validated software (Qangio XA/3D, Medis
Medical Imaging)."*'® A nonculprit vessel was classi-
fied as negative (no flow limiting) if the QFR value
was >0.80 and positive (flow limiting) if the value
was =0.80. A patient was classified as having a
negative QFR if all the nonculprit lesions showed a
QFR value >0.80. Otherwise, if at least 1 nonculprit
lesion showed a QFR value =0.80, the patient was
categorized as having a positive QFR.

STUDY ENDPOINTS. The analysis was performed at a
vessel level. The primary endpoint was the 1-year
occurrence of vessel-oriented composite endpoints
(VOCEs), defined as the composite of cardiac death,
target vessel myocardial infarction (TVMI), and
ischemia-driven target vessel revascularization (id-
TVR). The secondary endpoints included the indi-
vidual components of the primary endpoint. Outcome
events were adjudicated according to definitions of
the Academic Research Consortium.'” A clinical
events committee, blinded to the randomization arm,
meticulously adjudicated adverse events by review-
ing the original source documents. In case of repeated
adverse events, priority was given to the first occur-
rence. The committee further categorized events as
target vessel related or not, relying on the available
information such as electrocardiography, cardiac
biomarkers, echocardiography, and coronary artery
angiography. Specifically, in the occurrence of car-
diovascular death among patients with multiple
study vessels, the event was attributed to each
vessel individually.'®

STATISTICAL ANALYSIS. Statistical analysis was
conducted in accordance with the intention-to-treat
principle in which all patients were assessed based
on their designated treatment group. The normal
distribution of continuous variables was assessed
through the Shapiro-Wilk test. Continuous variables
were presented as mean 4 SD or median (Q1-Q3), and
comparisons of patient-level variables were con-
ducted using either the Student’s t-test or the Mann-
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TABLE 1 Baseline Characteristics of Study Patients
Culprit-Only Arm Physiology-Guided Compl Arm
Negative QFR Positive QFR Wire Guided QFR Guided
(n = 366) (n =319) P Value (n = 451) (n =249) P Value
Age, y 814 +5 80.6 +5 0.030 81+ 4 81+4 0.993
Female 143 (39.1) 13 (35.4) 0.365 173 (38.4) 84 (33.7) 0.257
Medical history
Hypertension 293 (80.1) 265 (83.1) 0.360 368 (81.6) 210 (84.3) 0.417
Dyslipidemia 189 (51.6) 165 (51.7) 1 239 (53) 135 (54.2) 0.817
Diabetes 14 (31.1) 12 (35.1) 0.308 144 (31.9) 81 (32.5) 0.937
Current smoker 30 (8.2) 28 (8.8) 0.893 40 (8.9) 20 (8) 0.812
Prior MI 55 (15) 53 (16.6) 0.643 72 (16) 30 (12) 0.196
Prior PCI 70 (19.1) 58 (18.2) 0.828 74 (16.4) 45 (18.1) 0.648
History of AF 52 (14.2) 51 (16) 0.587 53 (11.8) 38 (15.3) 0.228
eGFR <60 mL/min 208 (56.8) 196 (61.4) 0.252 289 (64.1) 142 (57) 0.079
PAD 58 (15.8) 62 (19.4) 0.258 66 (14.6) 53 (21.3) 0.033
CVA 34 (9.3) 25 (7.8) 0.590 29 (6.4) 24 (9.6) 0.165
Clinical presentation
STEMI 18 (32.2) 123 (38.6) 0.100 155 (34.4) 86 (34.5) 1
NSTEMI 248 (67.8) 196 (61.4) 296 (65.6) 163 (65.5)
Killip =2 88 (24) 105 (32.9) 0.013 149 (33) 50 (20.1) <0.001
LVEF, % 49 £ M 49 £ M 0.612 50 +£10 48 £ 11 0.024
Culprit vessel
Left main coronary artery 17 (4.6) 22 (6.9) <0.001 30 (6.7) 5(2) 0.094
Left anterior descending artery 190 (51.9) 121 (37.9) 207 (45.9) 114 (45.8)
Circumflex artery 74 (20.2) 52 (16.3) 78 (17.3) 51 (20.5)
Right coronary artery 80 (21.9) 118 (37) 126 (27.9) 73 (29.3)
Ramus intermedius artery 5(1.4) 6 (1.9) 10 (2.2) 6 (2.4)
Values are mean =+ SD or n (%). eGFR was calculated by the Chronic Kidney Disease Epidemiology Collaboration formula.
AF = atrial fibrillation; CVA = cerebrovascular accident; eGFR = estimated glomerular filtration rate; LVEF = left ventricular ejection fraction; Ml = myocardial infarction;
NSTEMI = non-ST-segment elevation myocardial infarction; PAD = peripheral artery disease; PCl = percutaneous coronary intervention; QFR = quantitative flow ratio;
STEMI = ST-segment elevation myocardial infarction.

Whitney test as deemed appropriate. Notably, QFR
values did not follow a normal distribution. Categoric
variables were summarized by frequency and per-
centage and compared with the Pearson chi-square or
Fisher exact test as appropriate. Group comparisons
of lesion-level variables were assessed using multi-
level models, with patient included as a random ef-
fect. Time-to-event endpoints were evaluated with
the use of Kaplan-Meier estimates and Cox propor-
tional hazards models, having tested the proportional
hazards assumption. In the first set of analysis, we
considered the patients randomized to the culprit-
only arm. Data from nonculprit vessels of the
culprit-only arm were used to calculate the optimal
cutoff value of QFR for predicting VOCEs by maxi-
mizing the sum of sensitivity and specificity, using
time-dependent receiver-operating characteristic
curve analysis. Subsequently, the predictive capa-
bility of the QFR value (>0.80 vs =0.80) for VOCEs
was investigated by using a multilevel Cox regression
model. This model included patient identification as a

random effect to account for the nonindependence of
lesions. Adjustment for potential confounding factors
was performed, incorporating both prespecified vari-
ables and those found to be significant among the
variables listed in Tables 1 and 2. After the evaluation
of QFR’s predictive ability for VOCEs, the second set
of analyses focused on patients randomized to the
physiology-guided complete arm. This involved
comparing the QFR-guided group against the wire-
guided group. Given the observed disparities in
baseline characteristics between these 2 groups, a
propensity score (PS) model was constructed. This
model used a logistic regression model, incorporating
significant variables identified during the analysis.
The score was then included as an adjustment co-
variate in the multilevel Cox proportional hazards
model in order to assess the association between QFR
guidance vs wire guidance and VOCEs. As a sensi-
tivity analysis, 2 different PS matching procedures
were conducted, resulting in smaller yet highly
comparable groups in terms of characteristics. In the
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TABLE 2 Baseline Characteristics of Study Vessels

Culprit-Only Arm Physiology-Guided Compl Arm
Negative QFR Positive QFR Wire Guided QFR Guided
(n =537) (n = 366) P Value (n =589) (n = 320) P Value
Nonculprit vessels
Left anterior descending artery 124 (23.2) 154 (42.2) <0.001 179 (30.4) 103 (32.3) 0.004
Circumflex artery 201 (37.6) 103 (28.2) 213 (36.2) 85 (26.6)
Right coronary artery 198 (37) 99 (27.1) 179 (30.4) 18 (37)
Ramus intermedius artery 12 (2.2) 9 (2.5) 18 (3.1) 13 (4.1)
Quantitative coronary analysis
Reference vessel diameter, mm 2.8 (2.4-3.3) 2.8 (2.4-3.2) 0.256 2.8 (2.5-3.3) 2.8 (2.4-3.3) 0.069
Diameter stenosis, % 60 + 15 70 £ 16 <0.001 68 + 29 65 + 15 0.076
Lesion length, mm 10 (7-16) 14.1 (9.7-22.4) <0.001 14.3 (10-21.7) 12 (8-19.5) 0.004
Quantitative flow ratio
Vessels investigated with QFR 537 (100) 366 (100) 320 (100)
Value 0.90 (0.87-0.93) 0.70 (0.60-0.80) <0.001 0.80 (0.70-0.90)
Positive QFR (=0.80) 0(0) 366 (100) <0.001 129 (40.3)
Wire-based functional assessment
Vessels investigated with FFR 451 (76.6)
Value 0.80 (0.70-0.90)
Positive FFR (=0.80) 230 (51)
Vessels investigated with resting index 138 (23.4)
Resting index, mean value 0.90 (0.81-0.99)
Positive resting index (=0.89) 67 (48.6)
Positive wire based, number 297 (50.4)

Values are n (%), median (Q1-Q3), or mean + SD.
FFR = fractional flow reserve; QFR = quantitative flow ratio.

first PS matching, subjects in the QFR guidance group
were matched with wire-guided subjects based on
their PS and allowing for a PS difference <10%. For
the second PS matching, all the subjects in the QFR-
guided group were matched with 1 of the wire-
guided subjects. The impact of QFR and wire guid-
ance on VOCEs was subsequently assessed and re-
All statistical
analyses were performed using R statistical software
(Foundation for Statistical Computing) by indepen-
dent statisticians (G. Carrara and N.P).

ported for these subpopulations.

RESULTS

The FIRE trial included 1,445 MI patients; 509
(35.2%) were admitted for STEMI and 936 (64.8%)
for NSTEMI. Overall, 725 patients (951 nonculprit
vessels) were randomized to the culprit-only arm,
whereas 720 patients (948 nonculprit vessels) were
randomized to  physiology-guided complete
revascularization.

CULPRIT-ONLY ARM: PATIENTS AND NONCULPRIT
VESSELS. QFR was computed in 903 (of 951, 94.9%)
nonculprit vessels of 685 (of 720, 94.5%) patients
(Tables 1 and 2). No significant differences were found

comparing the included vs the excluded patients and
vessels. The median QFR value was 0.84 (Q1-Q3: 0.74-
0.91), ranging from 0.1 to 1. Among these vessels, 537
(of 903, 59.5%) had QFR values >0.80 (negative QFR),
whereas 366 (40.5%) had QFR values =0.80 (positive
QFR) (Table 2). Further breakdown indicates that 366
(of 685, 53.4%) patients had all nonculprit vessels
with a negative QFR, whereas 319 (46.6%) had at least
1 vessel with a positive QFR (Table 1). Comparative
analysis revealed that, in contrast to patients with at
least 1 positive QFR, those with a negative QFR were
younger and less frequently admitted with Killip
class =2 (Table 1). Additionally, nonculprit vessels
with a negative QFR compared to those with a posi-
tive QFR were less frequently the left anterior
descending artery, had a lower percentage DS, and
had a shorter lesion length (Table 2).

CULPRIT-ONLY ARM: QFR AND ADVERSE EVENTS.
Of the total cohort (N = 903), 78 (8.6%) experienced
cardiovascular death, 30 (3.3%) suffered TVMI, and 38
(4.2%) underwent id-TVR for a total of 119 (13.2%)
VOCEs. In comparison to those free from an adverse
event, nonculprit vessels with VOCEs showed lower
values of QFR (0.77 [Q1-Q3: 0.69-0.85] vs 0.85 [Q1-Q3:
0.75-0.91]; P < 0.001). Time-dependent (365 days)
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FIGURE 1 Adverse Events in Nonculprit Vessels (Culprit-Only Arm) Stratified According to QFR Value (=0.80 vs >0.80)
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infarction; VOCE = vessel-oriented composite endpoint.

CV = cardiovascular; id-TVR = ischemia-driven target vessel revascularization; QFR = quantitative flow ratio; TVMI = target vessel myocardial

receiver-operating characteristic curve analysis iden-
tified a QFR cutoff of 0.81 as having the best predic-
tive accuracy for the VOCE, with 68% sensitivity and
64% specificity (AUC: 0.65; 95% CI: 0.60-0.70;
P < 0.001). Nonculprit vessels showing QFR
values =0.80 (positive QFR) had a significantly higher
VOCE rate compared to those with values >0.80
(22.1% Vs 7.1%; P < 0.001; HR: 3.11; 95% CI: 1.89-5.12)
(Figure 1). Similar trends were found for TVMI (6.6%
vs 1.1%; P < 0.001) and id-TVR (8.7% vs 1.1%;
P < 0.001) (Figure 1). After correction for potential
confounding factors, such as age, Killip class, esti-
mated glomerular filtration rate, clinical presenta-
tion, left ventricular ejection fraction, localization of
the culprit lesion, DS percentage, lesion length, and
clinical presentation (STEMI vs NSTEMI), QFR =0.80
remained associated with an increase in the risk of
VOCEs (adjusted HR: 2.79; 95% CI: 1.64-4.75; P <
0.001). Notably, a QFR value =0.80 also emerged as
an independent predictor of TVMI (adjusted HR: 6.81;
95% CI: 2.59-17.93; P < 0.001) and id-TVR (adjusted
HR: 8.63; 95% CI: 3.27-22.8; P < 0.001).

PHYSIOLOGY-GUIDED COMPLETE ARM: PATIENTS
AND NONCULPRIT VESSELS. Operators performed
functional assessment in 909 (of 948, 95.9%) non-
culprit vessels. Operators selected QFR for the func-
tional assessment in 320 (of 909, 35.2%) nonculprit
vessels of 249 (34.6%) patients (Tables 1 and 2). The
median QFR value was 0.80 (Q1-Q3: 0.70-0.90). In 191
(of 320, 59.7%) nonculprit vessels, the QFR value was
>0.80 and treatment was deferred, whereas in 129
(40.3%) the QFR value was positive (=0.80) and PCI
with stent implantation was performed. Wire-based
functional assessment was preferred in 589 (of 909,
64.8%) nonculprit vessels of 451 (of 720, 62.6%) pa-
tients (Tables 1 and 2). FFR and the nonhyperemic
index were measured in 451 (76.6%) and 138 (23.4%)
nonculprit vessels (n = 589), respectively (Table 2).
Wire-based functional assessment identified 297 (of
589, 50.4%) positive nonculprit vessels that were
treated with PCI and a stent. The remaining 292
(49.6%) nonculprit vessels were negative, and treat-
ment was deferred. Comparing patient and vessel
characteristics of the QFR- and wire-guided groups,
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Wire Guidance

FIGURE 2 Adverse Events in Nonculprit Vessels (Physiology-Guided Complete Revascularization Arm) Stratified According to QFR vs

[ QFR-guided (n=320 vessels)
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Abbreviations as in Figure 1.

we found significant differences in the distribution of
peripheral artery disease, Killip class, left ventricular
ejection fraction, location of the nonculprit vessel,
and lesion length (Tables 1 and 2).

PHYSIOLOGY-GUIDED COMPLETE ARM: QFR VS
WIRE GUIDANCE. Overall, we observed 41 (4.5%)
cardiovascular deaths, 17 (1.9%) TVMIs, and 13 (1.4%)
id-TVRs for a total of 64 (of 909, 7%) VOCEs. We did
not find significant differences in the occurrence of
VOCEs and singular endpoints between QFR-guided
and wire-guided nonculprit vessels (Figure 2).
Comparing QFR-guided vs wire-guided nonculprit
vessels, the unadjusted HR was 0.50 (95% CI: 0.17-
1.50; P = 0.210). The finding was consistent also after
stratification according to clinical presentation
(STEMI vs NSTEMI). To adjust for differences in pa-
tient and vessel characteristics, a PS model was built.
As shown in Figure 3, also adjusting for PS, the 1-year
VOCE occurrence did not differ between QFR guid-
ance and wire guidance (HR: 0.51; 95% CI: 0.22-1.19;
P = 0.120). In the sensitivity analysis, we used our PS
model to perform 2 matched comparisons (Table 3).
The first comparison (PS difference <10%) involved

284 QFR-guided nonculprit vessels (229 patients),
which were matched with 284 wire-guided nonculprit
vessels (262 patients) (Table 3). No significant differ-
ence was found in terms of VOCEs (HR: 0.57; 95% CI:
0.28-1.15; P = 0.120). In the second comparison,
we matched the QFR-guided nonculprit vessels (319
nonculprit vessels, 249 patients) with the same
number of wire-guided nonculprit vessels (319 non-
culprit vessels, 290 patients) (Table 3). The analysis
confirmed the lack of difference comparing QFR
guidance vs wire guidance in terms of VOCEs (HR:
0.57; 95% CI: 0.29-1.13; P = 0.110).

DISCUSSION

The main findings of the present prespecified sub-
analysis of the FIRE trial are as follows (Central
Illustration):

1. A QFR value =0.80 effectively identifies nonculprit
vessels at a heightened risk of adverse events.

2. After adjustments for potential confounding fac-
tors, a QFR value =0.80 stands out as an inde-
pendent predictor of VOCEs.
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FIGURE 3 Cumulative Occurrence of VOCEs in Nonculprit Vessels Stratified According to QFR vs Wire Guidance (After Adjusting for Propensity Score)
0 _|
I3V
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Solid lines indicate the cumulative occurrence in the subgroups. Colored areas indicate the 95% Cl in the subgroups. Abbreviations as in Figure 1.

3. In comparison to wire-based functional assess- the index procedure to avoid un-necessary staged
ment, QFR guidance is associated with a compa- procedures for the assessment of negative nonculprit
rable rate of adverse events related to nonculprit vessels. QFR was developed in order to overcome the
vessels. limitations of wire-based physiology.> As anticipated,

. . initial studies demonstrated agreement with wire-
Complete revascularization improves outcomes

. . . based FFR, and subsequent investigations have
compared to culprit-only treatment in ACS patients

b 1o . demonstrated its safety in terms of adverse events.* ™
regardless of age."'>'%?° Notably, conventional y

angiography served as the guidance for PCI in the
largest randomized clinical trial on the topic.’® How-
ever, a dedicated subanalysis showed that the benefit
of preventive revascularization was limited to non-

The main advantages include the following:

. The less invasive nature of the assessment, elimi-
nating the need for pressure wire or pharmacologic
hyperemia induction

. The capability to compute QFR both online and
off-line

culprit vessels with DS percentage =60%, indicating ,
that in approximately 35% of lesions (DS <60%) the
treatment did not demonstrate a clinical advantage.” 3
Coronary physiology is superior to DS percentage in

. A reduced time requirement for the assessment

compared to wire-based physiology®
the discrimination of prognostically impactful le- 4

sions.”” In addition, in an MI setting, the identifica-
tion of flow-limiting nonculprit lesions may enhance

. The automatic longitudinal reconstruction of the
pressure drops, allowing for the discrimination of
disease patterns and facilitating a detailed and

the appropriateness of coronary revascularization, effective procedural plan'#'>

maximizing benefits and reducing complications.

Wire-based indexes represent the gold standard for Some of the advantages, such as off-line compu-

coronary physiology.”>** They require the use of a tation and longitudinal pull back, make QFR partic-

dedicated pressure wire and its advancement through ularly attractive in the specific setting of nonculprit
the target vessel. Hyperemic measurement addition- vessels of MI patients. During the index procedure,
ally mandated the administration of either adenosine  operators can focus their attention on the treatment
or papaverine, with possible side effects. Moreover, of the culprit lesion. The off-line QFR, based on the
the measurement should ideally be performed during primary PCI projections of the nonculprit lesion,
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TABLE 3 Propensity Score-Matched Subgroups
Matching 1 Matching 2
Wire Guided QFR Guided Wire Guided QFR Guided
(n = 262) (n =229) P Value (n =290) (n =249) P Value
Age, y 81+ 4 81+4 0.226 81+4 81+ 4 0.182
Female 98 (37.4) 78 (34.1) 0.499 109 (37.6) 84 (33.7) 0.401
Medical history
Hypertension 213 (81.3) 196 (85.6) 0.250 238 (82.1) 210 (84.3) 0.558
Dyslipidemia 135 (51.5) 126 (55) 0.494 148 (51) 135 (54.2) 0.515
Diabetes 76 (29) 75 (32.8) 0.424 85 (29.3) 81 (32.5) 0.475
Current smoker 24 (9.2) 19 (8.3) 0.859 27 (9.3) 20 (8) 0.710
Prior Ml 38 (14.5) 27 (11.8) 0.452 40 (13.8) 30 (12) 0.637
Prior PCI 43 (16.4) 40 (17.5) 0.849 48 (16.6) 45 (18.1) 0.725
History of AF 38 (14.5) 33 (14.4) 1 41 (14.1) 38 (15.3) 0.806
eGFR <60 mL/min 166 (63.4) 132 (57.6) 0.230 184 (63.4) 142 (57) 0.152
PAD 35 (13.4) 47 (20.5) 0.045 38 (13.1) 53 (21.3) 0.016
CVA 13 (5) 21(9.2) 0.098 15 (5.2) 24 (9.6) 0.067
Clinical presentation
STEMI 102 (38.9) 77 (33.6) 0.261 11 (38.3) 86 (34.5) 0.419
NSTEMI 160 (61.1) 152 (66.4) 179 (61.7) 163 (65.5)
Killip =2 66 (25.2) 49 (21.4) 0.377 72 (24.8) 50 (20.1) 0.226
LVEF, % 48 + 11 48 £ 11 0.881 49 £ 11 48 £ 11 0.615
Culprit vessel
Left main coronary artery 13 (5) 5(2.2) 0.401 15 (5.2) 5() 0.349
Left anterior descending artery 121 (46.2) 107 (46.7) 131 (45.2) 114 (45.8)
Circumflex artery 55 (21) 43 (18.8) 60 (20.7) 51 (20.5)
Right coronary artery 65 (24.8) 68 (29.7) 75 (25.9) 73 (29.3)
Ramus intermedius artery 8 (3.1) 6 (2.6) 9 (3.1) 6 (2.4)
Nonculprit vessels
Number (nonculprit vessels) 284 284 319 319
Location
Left anterior descending artery 95 (33.5) 96 (33.8) 0.337 106 (33.2) 103 (32.3) 0.787
Circumflex artery 68 (23.9) 78 (27.5) 82 (25.7) 85 (26.6)
Right coronary artery 109 (38.4) 101 (35.6) 18 (37) 18 (37)
Ramus intermedius artery 12 (4.2) 9@3.2) 13 (4.1) 13 (4.)
Flow-limiting (positive) 130 (45.8) N7 (41.2) 0.269 149 (46.7) 129 (40.4) 0.m
Quantitative coronary analysis
Reference vessel diameter, mm 2.8 (2.5-3.3) 2.8 (2.4-3.3) 0.268 2.8 (2.4-3.3) 2.8 (2.4-3.3) 0.191
Diameter stenosis, % 65 £ 15 65+ 15 0.755 67 £ 37 65 £+ 15 0.274
Lesion length, mm 12 (8.2-18.9) 12 (8-20) 0.986 12.8 (8.4-19.3]) 12 (8-19.5) 0.708
Values are n, mean =+ SD, n (%), or median (IQR). For matching 1, the matching was done tolerating a propensity score difference <10%. For matching 2, it was built matching
the entire QFR-guided nonculprit vessel with the closest wire-guided nonculprit vessel in terms of propensity score value.
Abbreviations as in Table 1.

could determine the need for a staged PCI and indi- the potential utility of QFR in the context of primary
cate the procedural planning through the pull back PCI. Furthermore, the same consistency was demon-
interpretation and PCI simulation. The findings of the  strated in the physiology-guided arm in which the
QfiRe analysis corroborate these hypotheses. In fact, analysis was performed by certified operators in the
QFR feasibility in the culprit-only arm was higher participating center. The efficacy of QFR in a STEMI
than in previous reports at around 95%.”° This setting is further underscored by its superior ability to
heightened feasibility can be attributed to continuous perform the physiology assessment within the same
technological advancements and the prospective na- index procedure compared to wire-based systems.
ture of the present analysis, in contrast to the retro- Indeed, in 77 cases (89.5%) of 86 STEMI patients
spective nature of previous studies.®'° The study within the QFR-guided group, the QFR computation
protocol, stipulating the acquisition of at least 2 was based on projections acquired during the index
projections suitable for QFR measurements in non- procedure. In contrast, only 38 (24.5%) STEMI pa-
culprit lesions of culprit-only patients, contributed to  tients within the wire-guided group received func-
this elevated feasibility. Such enhancement implies tional assessment during the index procedure
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CENTRAL ILLUSTRATION Functional Assessment in Elderly MI Patients With Multivessel Disease
Prespecified Substudy Assessing Quantitative Flow Ratio for the Revascularization of Nonculprit Lesions

FIRE Prespecified Substudy Assessing QFR for the Revascularization of
Nonculprit Lesions

Older (=75 years) MI patients with multivessel disease (n = 1,445) randomized to culprit-only vs
physiology-guided complete revascularization

\

951 nonculprit vessels in the
culprit-only arm

948 nonculprit vessels in the complete arm

v

\

320 nonculprit vessels with
QFR guidance

* QFR <0.80 was an independent predictor of VOCE (adjHR: 2.79; 95% Cl: 1.64-4.75)

 QFR- and wire-guidance are associated with a comparable rate of adverse events related to
nonculprit vessels (adjHR: 0.51; 95% Cl: 0.22-1.19; P = 0.120)

» This prespecified subanalysis provides evidence supporting the safety and efficacy of QFR-guided
interventions for the treatment of nonculprit vessels in older (275 years) patients with Ml

Y

589 nonculprit vessels with
wire (FFR or NHPR) guidance

Erriquez A, et al. J Am Coll Cardiol Intv. 2024;17(12):1425-1436.

FIRE = Functional Assessment in Elderly MI Patients With Multivessel Disease; FFR = fractional flow reserve; Ml = myocardial infarction; NHPR = non-
hyperemic pressure ratio (resting index); QFR = quantitative flow ratio; VOCE = vessel-oriented composite endpoint.

(P < 0.001 vs the QFR-guided group). This operational
efficiency helps avoid un-necessary procedures per-
formed only to obtain a negative physiology assess-
ment, addressing 1 of the challenges previously
encountered in trials comparing FFR vs angiog-
raphy.?®?’ Interestingly, the identified QFR cutoff
value of 0.805 aligns with validated thresholds from
prior studies,>’ reinforcing the prognostic value of
this threshold. The overall rate of VOCEs in the
physiology group is reassuring, with a TVMI rate of
1.9% and an id-TVR rate of 1.4%. This rate is consis-
tent, if not lower, compared with previous reports.®
Particularly noteworthy is the fact that these

outcomes are observed in a high-complexity popula-
tion enrolled in the FIRE trial. QFR guidance has been
demonstrated to be noninferior in terms of adverse
events to wire-based guidance. Although the events
were numerically lower with QFR, this difference did
not reach statistical significance. The reason is prob-
ably related to the investigators’ decision to use QFR
in less complex cases, aiming to maximize its benefits
by avoiding un-necessary procedures, particularly in
cases of negative assessment and especially among
STEMI patients. However, the noninferiority of QFR
was confirmed also after multiple adjustments sup-
porting the reliability of the data. The implication of
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our results is clinically meaningful. QFR guidance
could be suggested as a valuable option for the
management of MI patients with multivessel disease
and a clearly identifiable culprit lesion. Based also on
recent data,'® we may speculate that QFR guidance
may reduce not only un-necessary procedures and
related complications (access site bleeding, contrast-
induced acute kidney injury, and so on) but also
adverse events associated with the revascularization
of no flow-limiting lesions. However, this hypothesis
should be confirmed by adequately powered ran-
domized clinical trials, and the results of the ongoing
AIR-STEMI  (Functional Coronary Angiography
Guided Revascularization in STEMI; NCT05818475)
trial are needed to confirm the superiority of
angiography-derived FFR guidance over conven-
tional angiography. This trial will use angiography-
derived FFR to stratify nonculprit lesions of STEMI
patients, overcoming the main limitations of the
FLOWER MI (Flow Evaluation to Guide Revasculari-
zation in Multivessel ST-Elevation Mpyocardial
Infarction) trial, namely the dedicated staged pro-
cedure for FFR measurement in most patients and the
absence of pull back acquisition to guide

revascularization.?®-%7

STUDY LIMITATIONS. First, QFR analyses of the
culprit arm were performed off-line by the blinded
reviewers of the central core lab. However, previous
studies showed no difference between off-line and
online measurements if performed by certified op-
erators. Second, investigators were aware of the
substudy and committed to prospectively collect
angiographic projections of high quality. We cannot
exclude that this factor played an important role in
the feasibility of the analyses and in the results.
Third, the comparison QFR vs wire guidance was
not randomized, and the number of adverse events
in the complete arm was limited. Therefore, it
should be considered hypothesis generating, and
the results of the ongoing randomized clinical trial
FAVOR III Europe Japan are clearly needed to
confirm the noninferiority of QFR compared to
wire-based FFR.?®

CONCLUSIONS

The prespecified QfiRe subanalysis demonstrated that
QFR can be safely used to discriminate nonculprit
lesions requiring revascularization in patients with
MI and multivessel disease.

Erriquez et al
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PERSPECTIVES

WHAT IS KNOWN? Physiology-guided complete revasculari-
zation, in contrast to a culprit-only strategy, has been shown to
reduce ischemic endpoints in patients with MI and multivessel
disease. QFR is an angiography-based, wire-free modality for FFR
estimation, potentially applicable for nonculprit lesion
evaluation.

WHAT IS NEW? The QfiRe substudy showed that QFR is a
reliable tool for the discrimination of nonculprit vessels needing
revascularization. QFR is able to predict nonculprit lesions at
higher risk for future events. Although this information should be
considered with caution because of the nonrandomized nature of
the comparison, we found that QFR was noninferior in guiding
treatment compared to the current gold standard, wire-based
physiology.

WHAT IS NEXT? The ongoing AIR-STEMI randomized trial is
essential to provide the prospective validation of the superiority
of QFR guidance over conventional angiography for nonculprit
lesion revascularization in M| patients. The ongoing FAVOR lI|
Europe Japan trial is crucial to confirm the noninferiority of QFR
compared to wire-based FFR for evaluating physiology evalua-
tion of intermediate coronary stenosis.

1435


https://www.clinicaltrials.gov/study/NCT05818475?term=NCT05818475&amp;rank=1
mailto:cmpglc@unife.it
https://twitter.com/GianlucaCampo78

1436

Erriquez et al

QFR in Nonculprit Lesions of Older Ml Patients

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 17, NO. 12, 2024

JUNE 24, 2024:1425-1436

REFERENCES

1. Pavasini R, Biscaglia S, Barbato E, et al. Com-
plete
death in patients with ST-segment elevation
myocardial infarction and multivessel disease:
systematic review and meta-analysis of random-
ized clinical trials. Eur Heart J. 2020;41:4103-4110.

revascularization reduces cardiovascular

2. Faro DC, Laudani C, Agnello FG, et al. Complete
percutaneous coronary revascularization in acute
coronary syndromes with multivessel coronary
disease: a systematic review. J Am Coll Cardiol
Intv. 2023;16:2347-2364.

3. Cesaro A, Gragnano F, Di Girolamo D, et al.
Functional assessment of coronary stenosis: an
overview of available techniques. Is quantitative
flow ratio a step to the future? Expert Rev Car-
diovasc Ther. 2018;16:951-962.

4. Tu S, Westra J, Yang J, et al. Diagnostic accu-
racy of fast computational approaches to derive
fractional flow reserve from diagnostic coronary
angiography: the international multicenter FAVOR
pilot study. J Am Coll Cardiol Intv. 2016;10(9):
2024-2035.

5. Westra J, Krogsgaard Andersen B, Campo G,
et al. Diagnostic performance of in-procedure
angiography-derived quantitative flow reserve
compared to pressure-derived fractional flow
reserve: the FAVOR Il Europe-Japan study. J Am
Heart Assoc. 2018;7:e009603.

6. Hwang D, Choi KM, Lee JM, et al. Diagnostic
agreement of quantitative flow ratio with frac-
tional flow reserve and instantaneous wave-free
ratio. J Am Heart Assoc. 2019;8:e011605.

7. Xu B, Tu S, Song L, et al. Angiographic quanti-
tative flow ratio-guided coronary intervention
(FAVOR Il China): a multicentre, randomised,
sham-controlled trial. Lancet. 2021;398:2149-
2159.

8. Spitaleri G, Tebaldi M, Biscaglia S, et al. Quan-
titative flow ratio identifies nonculprit coronary
lesions requiring revascularization in patients with
ST-segment-elevation myocardial infarction and
multivessel disease. Circ Cardiovasc
2018;11:e006023.

Interv.

9. Lauri FM, Macaya F, Mejia-Renteria H, et al.
Angiography-derived functional assessment of
non-culprit coronary stenoses in primary percuta-
neous coronary intervention. Eurolntervention.
2020;15:€1594-€1601.

10. Lee SH, Hong D, Shin D, et al. QFR assessment
and prognosis after nonculprit PCl in patients with
acute myocardial infarction. J Am Coll Cardiol Intv.
2023;16:2365-2379.

11. Biscaglia S, Guiducci V, Santarelli A, et al.
Physiology-guided ~ revascularization  versus
optimal medical therapy of nonculprit lesions in
elderly patients with myocardial infarction: ratio-
nale and design of the FIRE trial. Am Heart J.
2020;229:100-109.

12. Biscaglia S, Guiducci V, Escaned J, et al. Com-
plete or culprit-only PCl in older patients with
myocardial infarction. N Engl J Med. 2023;389:
889-898.

13. Biscaglia S, Tebaldi M, Brugaletta S, et al.
Prognostic value of QFR measured immediately
after successful stent implantation: the interna-
tional multicenter prospective HAWKEYE study.
J Am Coll Cardiol Intv. 2019;12:2079-2088.

14. Biscaglia S, Verardi FM, Tebaldi M, et al. QFR-
Based virtual PCI or conventional angiography to
guide PCl: the AQVA trial. J Am Coll Cardiol Intv.
2023;16:783-794.

15. Biscaglia S, Verardi FM, Erriquez A, et al. Cor-
onary physiology guidance vs conventional angi-
ography for optimization of percutaneous
coronary intervention: the AQVA-II trial. J Am Coll
Cardiol Intv. 2024;17:277-287.

16. Westra J, Tu S, Winther S, et al. Evaluation of
coronary artery stenosis by quantitative flow ratio
during invasive coronary angiography: the WIFI Il
study (Wire-Free Functional Imaging Il). Circ Car-
diovasc Imaging. 2018;11:e007107.

17. Garcia-Garcia HM, McFadden EP, Farb A, et al.
Standardized end point definitions for coronary
intervention trials: the Academic Research
Consortium-2 consensus document. Circulation.
2018;137:2635-2650.

18. Piroth Z, Toth GG, Tonino PAL, et al. Prog-
nostic value of fractional flow reserve measured
immediately after drug-eluting stent implanta-
tion. Circ Cardiovasc Interv. 2017;10(10):
e005233.

19. Mehta SR, Wood DA, Storey RF, et al. Com-
plete revascularization with multivessel PCI for
myocardial infarction. N Engl J Med. 2019;381:
1411-1421.

20. Bainey KR, Wood DA, Bossard M, et al. Effects
of complete revascularization according to age in
patients with ST-segment elevation myocardial
infarction and multivessel disease (COMPLETE-
AGE). Am Heart J. 2024;267:70-80.

21. Sheth T, Pinilla-Echeverri N, Moreno R, et al.
Nonculprit lesion severity and outcome of revas-
cularization in patients with STEMI and multivessel
coronary disease. J Am Coll Cardiol. 2020;76:1277-
1286.

22, Ciccarelli G, Barbato E, Toth GG, et al. Angi-
ography versus hemodynamics to predict the
natural history of coronary stenoses: Fractional
Flow Reserve Versus Angiography in Multivessel
Evaluation 2 substudy. Circulation. 2018;137:1475-
1485.

23. Biscaglia S, Uretsky B, Barbato E, et al. Inva-
sive coronary physiology after stent implantation:
another step toward precision medicine. J Am Coll
Cardiol Intv. 2021;14:237-246.

24. Kogame N, Ono M, Kawashima H, et al. The
impact of coronary physiology on contemporary
clinical decision making. J Am Coll Cardiol Intv.
2020;13:1617-1638.

25. Erbay A, Penzel L, Abdelwahed YS, et al.
Prognostic impact of pancoronary quantitative
flow ratio assessment in patients undergoing
percutaneous coronary intervention for acute
coronary syndromes. Circ Cardiovasc Interv.
2021;14:e010698.

26. Puymirat E, Cayla G, Simon T, et al. Multi-
vessel PCl guided by FFR or angiography for
myocardial infarction. N Engl J Med. 2021;385:
297-308.

27. Leone AM, Liuzzo G. No blossom for fractional
flow reserve in FLOWER-MI. Eur Heart J. 2021;42:
2971-2972.

28. Andersen BK, Sejr-Hansen M, Westra J, et al.
Quantitative flow ratio versus fractional flow
reserve for guiding percutaneous coronary inter-
vention: design and rationale of the randomised
FAVOR Il Europe Japan trial. Eurolntervention.
2023;18:e1358-e1364.

KEY WORDS complete revascularization,
multivessel disease, myocardial infarction,
nonculprit lesions, quantitative flow ratio


http://refhub.elsevier.com/S1936-8798(24)00691-5/sref1
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref1
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref1
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref1
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref1
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref1
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref2
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref2
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref2
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref2
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref2
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref3
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref3
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref3
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref3
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref3
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref4
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref4
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref4
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref4
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref4
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref4
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref5
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref5
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref5
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref5
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref5
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref5
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref6
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref6
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref6
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref6
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref7
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref7
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref7
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref7
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref7
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref8
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref8
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref8
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref8
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref8
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref8
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref9
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref9
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref9
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref9
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref9
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref10
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref10
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref10
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref10
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref11
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref11
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref11
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref11
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref11
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref11
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref12
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref12
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref12
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref12
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref13
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref13
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref13
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref13
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref13
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref14
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref14
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref14
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref14
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref15
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref15
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref15
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref15
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref15
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref16
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref16
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref16
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref16
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref16
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref17
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref17
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref17
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref17
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref17
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref18
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref18
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref18
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref18
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref18
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref19
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref19
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref19
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref19
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref20
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref20
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref20
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref20
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref20
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref21
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref21
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref21
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref21
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref21
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref22
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref22
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref22
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref22
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref22
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref22
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref23
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref23
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref23
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref23
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref24
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref24
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref24
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref24
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref25
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref25
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref25
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref25
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref25
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref25
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref26
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref26
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref26
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref26
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref27
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref27
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref27
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref28
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref28
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref28
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref28
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref28
http://refhub.elsevier.com/S1936-8798(24)00691-5/sref28

	QFR for the Revascularization of Nonculprit Vessels in MI Patients
	Methods
	Study patients
	Study procedures
	Quantitative flow ratio
	Study endpoints
	Statistical analysis

	Results
	Culprit-only arm: patients and nonculprit vessels
	Culprit-only arm: QFR and adverse events
	Physiology-guided complete arm: patients and nonculprit vessels
	Physiology-guided complete arm: QFR vs wire guidance

	Discussion
	Study limitations

	Conclusions
	Funding Support and Author Disclosures
	References


