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ORIGINAL RESEARCH

Quantitative Flow Ratio to Predict Non–
Target- Vessel Events Before Planned 
Staged Percutaneous Coronary Intervention 
in Patients With Acute Coronary Syndrome
Sarah Bär , MD*; Raminta Kavaliauskaite , MD*; Tatsuhiko Otsuka , MD; Yasushi Ueki, MD, PhD; 
Jonas Häner , MD; Jonas Lanz , MD, MSc; Monika Fürholz , MD; Fabien Praz , MD; 
Lukas Hunziker , MD; George CM Siontis , MD, PhD; Thomas Pilgrim , MD, MSc;  
Stefan Stortecky , MD, MPH; Sylvain Losdat, PhD; Stephan Windecker , MD; Lorenz Räber, MD, PhD

BACKGROUND: The optimal time point of staged percutaneous coronary intervention (PCI) among patients with acute coronary 
syndrome (ACS) remains a matter of debate. Quantitative flow ratio (QFR) is a novel noninvasive method to assess the hemo-
dynamic significance of coronary stenoses. We aimed to investigate whether QFR could refine the timing of staged PCI of 
non- target vessels (non- TVs) on top of clinical judgment for patients with ACS.

METHODS AND RESULTS: For this cohort study, patients with ACS from Bern University Hospital, Switzerland, scheduled to 
undergo out- of- hospital non- TV staged PCI were eligible. The primary end point was the composite of non- TV myocardial 
infarction and urgent unplanned non- TV PCI before planned staged PCI. The association between lowest QFR per patient 
measured in the non- TV (from index angiogram) and the primary end point was assessed using multivariable adjusted Cox 
proportional hazards regressions with QFR included as linear or penalized spline (nonlinear) term.

QFR was measured in 1093 of 1432 patients with ACS scheduled to undergo non- TV staged PCI. Median time to staged 
PCI was 28 days. The primary end point occurred in 5% of the patients. In multivariable analysis (1018 patients), there was 
no independent association between non- TV QFR and the primary end point (hazard ratio, 0.87 [95% CI, 0.69–1.05] per 0.1 
increase; P=0.125; nonlinear P=0.648).

CONCLUSIONS: In selected patients with ACS scheduled to undergo staged PCI at a median of 4 weeks after index PCI, QFR 
did not emerge as an independent predictor of non- TV events before planned staged PCI. Thus, this study does not provide 
conceptual evidence that QFR is helpful to refine the timing of staged PCI on top of clinical judgment.
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Multivessel disease (MVD) among patients with 
acute coronary syndrome (ACS) is present in up to 
50% of patients with both ST- segment–elevation 

myocardial infarction (STEMI) and non–ST- segment–
elevation acute coronary syndrome (NSTE- ACS)1 and 
is associated with impaired prognosis.2 Complete re-
vascularization results in improved clinical outcomes 
compared with culprit- lesion- only revascularization in 
STEMI,3–7 and indirect evidence supports the same for 
NSTE- ACS.8,9 Accordingly, complete revascularization 
obtains a class I (level of evidence A) recommendation 
for STEMI and a class IIa (level of evidence C) for NSTE- 
ACS in the current European Society of Cardiology 
guidelines.1 However, the optimal time point of non–
target- vessel (non- TV) staged percutaneous coronary 
intervention (PCI) remains a matter of ongoing de-
bate.1,10 Coronary hemodynamics as assessed by frac-
tional flow reserve (FFR) of medically treated nonculprit 
lesions have been reported to be inversely related to 
an increased risk of subsequent events among patients 
presenting with ACS.11,12 However, it remains unknown 
whether coronary hemodynamics are useful to deter-
mine the optimal time point of staged PCI in patients 
with ACS and MVD.

FFR represents the current gold standard for the 
hemodynamic assessment of coronary lesions.13 
Notwithstanding, FFR is infrequently used in patients 
with ACS owing to cost considerations, the invasive 
nature of the investigation, the need for vasodilator ad-
ministration, additional time required to complete the 
study,14 and concerns about its accuracy in the acute 
setting, especially in STEMI.15 Quantitative flow ratio 
(QFR) is a novel, noninvasive, hyperemia- free method 
to calculate FFR derived from biplane coronary an-
giography using 3- dimensional quantitative coro-
nary analysis (QCA) and Thrombolysis in Myocardial 
Infarction frame counting.16–18 Among patients with 
chronic coronary syndrome, a QFR- based revascular-
ization strategy using 0.80 as the cutoff for ischemia 
(and treatment), has shown to improve 1- year clinical 
outcomes as compared with an angiography- guided 
approach.19 In ACS, good correlation with FFR,20 pre-
dictive ability for clinical events,20,21 as well as good 
agreement between acute QFR compared with staged 
QFR have been reported.20,22,23

CLINICAL PERSPECTIVE

What Is New?
• This was the first study to investigate the as-

sociation between non–target- vessel (non-
 TV) quantitative flow ratio (QFR) and non- TV 
events occurring before planned staged per-
cutaneous coronary intervention (PCI) among 
patients with acute coronary syndrome with 
multivessel disease to derive first conceptual 
knowledge whether QFR could be helpful to 
optimize the timing of staged PCI on top of 
clinical judgment.

• Among 1093 patients with acute coronary 
syndrome and 1262 non- TVs scheduled to un-
dergo out- of- hospital staged PCI within a me-
dian of 28 days from index PCI, QFR did not 
emerge as an independent predictor of non- TV 
events occurring prior to the planned staged 
PCI.

What Are the Clinical Implications?
• Among patients with acute coronary syndrome 

in whom, according to the operator’s judgment, 
it is feasible to perform out- of- hospital staged 
PCI within a median of 1 month from the index 
PCI, this study does not provide conceptual evi-
dence that QFR could be helpful to optimize the 
timing of the staged PCI (ie, to schedule staged 
PCI earlier in case of lower QFR) on top of clini-
cal judgment.

Nonstandard Abbreviations and Acronyms

COMPARE- ACUTE Comparison Between FFR 
Guided Revascularization 
Versus Conventional 
Strategy in Acute STEMI 
Patients With MVD

COMPLETE Complete Versus Culprit- 
Only Revascularization 
Strategies to Treat 
Multivessel Disease After 
Early PCI for STEMI

DS diameter stenosis
FFR fractional flow reserve
MVD multivessel disease
non- TV non–target- vessel
QCA quantitative coronary 

angiography
QFR quantitative flow ratio

RCT SMILE Impact of Different 
Treatment in Multivessel 
Non ST Elevation 
Myocardial Infarction 
Patients: One Stage Versus 
Multistaged Percutaneous 
Coronary Intervention
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To assess whether QFR is able to refine the timing 
of staged PCI on top of clinical judgment in patients 
with ACS and MVD, we investigated the association 
between QFR of non- target vessels (non- TV) planned 
for staged PCI and non- TV events before planned 
staged PCI within the large, prospective Cardiobase 
Bern PCI registry.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Patient Population
The Cardiobase Bern PCI registry (NCT02241291) is a 
prospective, single- center, observational registry of all 
consecutive patients undergoing PCI at Bern University 
Hospital, Switzerland, established in 2009. There are 
no exclusion criteria other than inability or unwilling-
ness to provide written informed consent. Baseline 
procedural and clinical outcomes are assessed at hos-
pital discharge and 1 year after PCI by an independent 
clinical events committee. The registry complies with 
the Declaration of Helsinki and is approved by the insti-
tutional ethics committee.

Specific clinical inclusion and exclusion criteria for 
this investigation have been reported previously.24 In 
brief, all patients with ACS included in the Cardiobase 
Bern PCI registry scheduled to undergo single staged 
PCI between 2009 and 2017 were eligible for this anal-
ysis. According to the institutional protocol, patients 
were mostly scheduled between 2 and 8 weeks from 
index PCI; however, up to 6 months was allowed.24 
Patients with in- hospital staged PCI were excluded, 
as reported previously,24 since they usually represent 
different subsets of patients with either critical lesions 
requiring urgent intervention or patients who are not 
willing to return for staged PCI procedures (ie, ad-
vanced age or living far away). Patients with cardio-
genic shock, multiple staged PCIs, staged cardiac 
surgery, or missing information on staged PCI were 
also excluded.24

QFR and 3- Dimensional QCA Analysis
QFR was assessed post hoc and had no role in patient 
management. QFR was assessed using the index pro-
cedure angiogram in the non- TVs planned for staged 
PCI by experienced and certified analysts blinded for 
patient outcomes at the Corelab of Bern University 
Hospital, Switzerland, using a dedicated software 
(QAngio XA 3D version 1.2; Medis Medical Imaging 
Systems, Leiden, the Netherlands). QFR- specific exclu-
sion criteria were absence of 2 projections with angle 

≥25° apart, lack of isocenter calibration, substantial 
vessel overlap or vessel foreshortening, severe tortu-
osity, poor contrast, ostial left main or right coronary 
artery stenosis, slow flow, tachycardia >100/min, and 
arrhythmias (ie, atrial fibrillation, atrial flutter, idioven-
ticular rhythm, [nonsustained] ventricular tachycardia). 
Contrast QFR using frame counting25 was measured 
from the ostium to a distal landmark at a minimum of 
1.5 mm distal vessel reference diameter, as reported 
previously.21,22 The conventional QFR cutoff of ≤0.80 
was used to detect significant ischemia.16–18 Lesion 
complexity was assessed according to the American 
College of Cardiology/American Heart Association 
(ACC/AHA) criteria.26 Two of the authors (S.B. and 
R.K.) had full access to all data and take responsibility 
for its integrity and the data analysis.

Treatment
PCI was performed according to the recommenda-
tions and guidelines27–30 valid at the time of presen-
tation. Briefly, unfractionated heparin (initial bolus of 
70–100 IU/kg body weight) was administrated during 
the procedure. Dual antiplatelet therapy consisting of 
acetylsalicylic acid and a potent P2Y12 inhibitor was 
initiated before or immediately after the index proce-
dure. The recommended dual antiplatelet therapy 
duration was usually 12 months from the index treat-
ment but modified among patients taking oral antico-
agulants or at high bleeding risk. Drug- eluting stents 
were routinely used. From 2009 onward, angiography- 
guided complete revascularization was performed in 
non- TVs of patients with ACS with visual angiographic 
stenosis ≥50% if deemed technically feasible. Staged 
procedures were usually performed between 2 and 
8 weeks following index PCI according to institutional 
practice, but the exact timing was left to the opera-
tors’ discretion.24 It cannot be excluded that patient-  
or lesion- related factors may have played a role in the 
scheduling. Therefore, this study aimed at investigating 
the potential value of QFR on top of clinical judgment.

Patient Follow- Up
Patients were systematically and prospectively fol-
lowed throughout 1 year to assess clinical outcomes 
and status of medical treatment. A health question-
naire was sent to all living patients with questions on 
rehospitalization and adverse events, followed by tel-
ephone contact in case of missing response. General 
practitioners, referring cardiologists, and patients were 
contacted as necessary for additional information. For 
patients who underwent treatment for adverse events 
at other medical institutions, external medical records, 
discharge letters, and coronary angiography docu-
mentation were systematically collected and reviewed.
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Primary Analysis and End Point Definition
The primary analysis was an independent predictor 
analysis of the association between the lowest QFR 
per patient (per 0.1 increase) and the composite of non-
 TV myocardial infarction (MI) and urgent unplanned 
non- TV PCI, occurring before the planned staged 
PCI (Figure 1). MI was defined according to a modi-
fied historical definition.31 Non- TV MI was defined as 
MI attributed to nonculprit vessels at baseline. Urgent 
unplanned non- TV PCI was defined as urgent PCI in 
non- TVs performed earlier than planned due to ≥1 of 
the following: (1) recurrent MI,31 (2) unstable angina,28 
(3) worsening congestive heart failure, (4) cardiogenic 
shock, or (5) symptomatic arrhythmia refractory to 
medication. This event had to be clearly distinguisha-
ble from the staged PCI procedure scheduled at index 
presentation.24 Clinical events were adjudicated by a 
clinical event committee consisting of 2 cardiologists 
(and a third one in case of disagreement) with use of 
original source documents.

QFR was assessed linearly, and, based on previous 
evidence of an inverse, nonlinear relationship between 
FFR and non- TV events plateauing at FFR 0.60,12 an 
additional analysis with a nonlinear term for QFR was 
performed. Other covariates were added on the basis 
of clinical reasoning and consisted of age (per 1- year 
increase), female sex, renal failure (ie, glomerular fil-
tration rate <60 mL/min), diabetes, and 3- dimensional 
QCA diameter stenosis (DS%) (per 5% increase). We 
also assessed these associations separately for the 
primary end point components, except for nonlinear 
QFR, owing to the limited number of events. In addi-
tion, we planned 2 sensitivity analyses: (1) patient level, 
using the same model as described, but with DS% 
replaced by ACC/AHA lesion complexity, and (2) ves-
sel level, using the following QFR and angiographic/3- 
dimensional QCA characteristics: QFR per vessel (per 
0.1 increase), 3- dimensional QCA DS% (per 5% in-
crease), minimum lumen diameter (per 1- mm increase), 
residual QFR (per 0.1 increase) (ie, the residual QFR 

Figure 1. Study design and key findings.
Study design (left) and primary end point results (right). For nonlinear QFR, hazard ratios were calculated using the reference hazard 
corresponding to QFR=0.80 (gray dashed line) from a Cox proportional hazards model with penalized splines. 1°EP indicates primary 
end point; ACS, acute coronary syndrome; DS, diameter stenosis; HR, hazard ratio; non- TV MI, non–target- vessel myocardial infarction; 
non- TV PCI, non–target- vessel percutaneous coronary intervention; PCI, percutaneous coronary intervention; and QFR, quantitative 
flow ratio.
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after virtual PCI predicted by an inherent algorithm in 
the QAngio XA 1.2 software), and ACC/AHA lesion 
complexity. As exploratory analyses, we assessed the 
primary analysis model with 25% increments of DS% 
(more aligned with clinical practice) and QFR using the 
common ischemic threshold 0.8016–18 as well as 0.60 
on the basis of previous evidence on FFR.12

Statistical Analysis
All analyses were performed using Stata 16 (StataCorp, 
College Station, TX) and R version 4.2.0 (R Foundation 
for Statistical Computing, Vienna, Austria). Continuous 
variables are expressed as mean±SD, and categorical 
variables are expressed as counts with percentages. 
For the primary end point, we fitted univariable and 
multivariable Cox proportional hazards regressions 
including the variables as indicated above. We also 
fitted lowest QFR per patient as nonlinear using pe-
nalized smoothing splines with 2 degrees of freedom. 
The models were run using the survival R package. For 
the vessel- level analysis we used mixed- effects Cox 
proportional hazards models including patient identity 
as a random factor to correct for multiple vessels per 
patient using the coxme R package.32,33 Owing to the 
model’s higher complexity, we did not use a nonlinear 
term for QFR. For all multivariable models, we checked 
for the presence of multicollinearity by calculating the 
variance inflation factors of all independent variables 
and confirmed that all variance inflation factors were 
<2. For all Cox models, we also checked the propor-
tional hazard assumption and can confirm that it was 
met for all reported end points.

Patients were censored at the time of the primary 
end point event, or at the time of the planned staged 
PCI, whichever occurred first. For vessel- level analy-
sis, the culprit vessel of a non- TV MI was attributed 
a non- TV MI event and an urgent unplanned non- TV 
PCI. If other vessels were treated during this same pro-
cedure, these were not adjudicated to have an event, 
since this treatment is likely to have been driven by lo-
gistical reasons; that is, if a patient presents for another 
urgent invasive procedure, all remaining vessels are 
usually treated, even though they may not be respon-
sible for the acute presentation. For urgent unplanned 
PCI, if no clear culprit vessel could be identified from 
source data, all vessels treated during this procedure 
were adjudicated as an urgent unplanned PCI event. 
Significance tests were 2- tailed, with a significance 
level set to 0.05.

RESULTS
Patient Population
Between January 2009 and December 2017, 8657 
patients with ACS (STEMI and NSTE- ACS) were 

consecutively enrolled in the Cardiobase Bern PCI 
Registry. Staged PCI was scheduled for 1764 patients, 
of whom 1432 patients (1702 vessels, 2197 lesions) ful-
filled the clinical eligibility criteria24 and were evaluated 
for QFR measurements. None were lost to follow- up, 
and only 1 death occurred during a planned staged 
PCI. A total of 1262 vessels with 1558 lesions from 
1093 patients were analyzable by QFR. The most fre-
quent exclusion criteria were absence of 2 appropriate 
projections, missing angiographic data, or missing iso-
center calibration (Figure 2).

Baseline clinical characteristics and medical treat-
ment at hospital discharge are summarized in Table 1. 
There were no significant differences in clinical charac-
teristics between patients with QFR analysis available 
(N=1093) and those fulfilling the clinical eligibility criteria 
(N=1432)24 (Table S1). Mean patient age was 65 years, 
78% were male, 17% had diabetes, 56% of patients 
presented with STEMI, and 44% presented with NSTE- 
ACS. The median duration to planned staged PCI was 
28 (interquartile range [IQR], 28–42) days, similar as 
for the total cohort.24 Procedural characteristics of 
planned staged PCI and urgent unplanned non- TV PCI 
are provided in Table  S2. Baseline characteristics of 
patients with versus without a primary end point event 
were comparable (Table S3). The indication for urgent 
premature non- TV PCI was most frequently unstable 
angina (n=31, 60%), followed by MI (n=9, 17%). In 13 
(n=7) it was related to congestive heart failure, and 
only in a minority to refractory arrhythmia (n=3 [6%]) 
or cardiogenic shock (n=2 [4%]). Total clinical events 
throughout 1 year, premature events occurring before 
planned staged PCI for patients scheduled <4 weeks 
versus ≥4 weeks from index PCI, and treatment ad-
herence at 1 year of this cohort have been reported 
previously.24

QFR and 3- Dimensional QCA 
Characteristics
Of 1262 vessels analyzed by QFR, 41.1% were left 
anterior descending (n=519), 30.6% left circumflex 
(n=386), 27.1% right coronary artery (n=342), and 1.2% 
(n=15) left main vessels. Mean QFR per patient was 
QFR 0.73±0.17, mean DS% 54.8±11.2%, and ACC/
AHA angiographic lesion complexity (lesion level) was 
most frequently C, followed by B1 (Table 2; Figure 3).

Primary and Secondary Analyses
A total of 55 (5.0%) primary end point events had oc-
curred within a median of 11 (IQR, 5–16) days before 
planned staged PCI. In multivariable analysis (1018 pa-
tients, 51 events), there was no independent associa-
tion between linear or nonlinear QFR and the primary 
end point (multivariable HR, 0.87 [95% CI, 0.69–1.05]; 
P=0.125; QFR nonlinear P=0.648) (Figure 1; Table 3). 
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Overall, none of the variables in the model showed 
a significant association with the primary end point 
composite (Table 3). The sensitivity analysis on patient 
level using ACC/AHA lesion complexity instead of DS% 
showed consistent results (multivariable HR, 0.90 
[95% CI, 0.74–1.05]; P=0.173; QFR nonlinear P=0.603) 
(Table 3). Also, in the sensitivity analysis on vessel level, 
there was no independent association between QFR 

and the primary end point (multivariable HR, 0.84 [95% 
CI, 0.65–1.04]; P=0.083) (Table  3). Cumulative event 
curves of the primary end point components and 
planned staged PCI are shown in Figure 4.

With respect to the individual primary end point 
components, there was a significant univariable as-
sociation between linear QFR (per 0.1) and non- TV MI 
(HR, 0.69 [95% CI, 0.52–0.91]; P=0.008), but not with 

Figure 2. Flowchart.
ACS indicates acute coronary syndrome; LM, left main; PCI, percutaneous coronary intervention; QFR, quantitative flow ratio; and 
RCA, right coronary artery.
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urgent premature non- TV PCI (HR, 0.92 [95% CI, 0.79–
1.07]; P=0.299) (Table 4). Owing to the limited sample 
size, nonlinear QFR terms and multivariable associa-
tions were not assessed.

Exploratory Analyses
As exploratory analyses, we assessed univariable as-
sociations for DS% in more clinically applicable incre-
ments, that is, 25% and binary QFR, using the common 
ischemic threshold of 0.80 and 0.60 as derived from 
an FFR study on the topic.12 These results are consist-
ent with the main analysis and are shown in Table S4 
and Figure S1.

DISCUSSION
In this cohort study of patients with ACS and MVD 
scheduled to undergo out- of- hospital staged PCI within 
a median of 28 (IQR, 28–42) days from the index pres-
entation, non- TV QFR of vessels scheduled for staged 
PCI using the index procedure angiogram did not show 
an independent association with non- TV events oc-
curring before the planned staged PCI. Therefore, this 
study does not provide conceptual evidence for QFR 
being able to optimize the timing of staged PCI (ie, to 
plan earlier in case of lower QFR) on top of clinical judg-
ment. These results apply to patients scheduled on 
average 4 weeks after the index procedure and mean 
QFR value of 0.73 in the untreated nonculprit vessel.

Current Recommendations on Nonculprit 
Lesion Revascularization in ACS
Current European Society of Cardiology guidelines on 
the management of STEMI1 provide a class I (level of 
evidence A) recommendation for nonculprit- lesion re-
vascularization during the index procedure or within 
45 days from the index PCI, based on the treatment 
strategies in the randomized controlled trials (RCTs) 
that compared culprit- lesion- only versus complete 
revascularization.3–7 In a pivotal subanalysis of one of 
these trials, that is, the COMPLETE (Complete Versus 
Culprit- Only Revascularization Strategies to Treat 
Multivessel Disease After Early PCI for STEMI) trial,7 the 
benefit of complete revascularization over culprit- lesion- 
only PCI was independent of whether staged PCI was 

Table 1. Patient Characteristics

Patients (N=1093)

Age, y 65±11

Female sex 238 (22)

BMI, kg/m2 27.3±4.2

Smoker 403 (37)

Hypercholesterolemia 564 (52)

Hypertension 633 (58)

Diabetes 188 (17)

Family history of CAD 267 (24)

Previous MI 62 (5.7)

Previous PCI 92 (8.4)

Previous CABG 12 (1.1)

Left ventricular function, % 51±11

Indication

Unstable angina 45 (4.1)

NSTEMI 440 (40)

STEMI 608 (56)

Congestive heart failure

Killip I 948 (87)

Killip II 113 (10)

Killip III 32 (2.9)

Renal failure (GFR <60 mL/min) 172 (16)

Renal failure requiring dialysis 15 (1.4)

Peripheral arterial disease 42 (3.8)

History of stroke or TIA 46 (4.2)

History of gastrointestinal bleeding 13 (1.2)

History of malignancy 93 (8.5)

COPD 57 (5.2)

Anemia* 155 (14)

Days from index to planned staged PCI 28 (28–42)

Medication at hospital discharge

Aspirin 1082 (99)

Potent P2Y12 inhibitor (prasugrel or ticagrelor) 851 (78)

Clopidogrel 240 (22)

Any dual antiplatelet therapy 1081 (99)

Oral anticoagulation (vitamin K antagonists 
or NOAC)

60 (5.5)

Statin 1043 (95)

Values are n (%), mean±SD, or median (interquartile range). ACS indicates 
acute coronary syndrome; BMI, body mass index; CABG, coronary artery 
bypass graft; CAD, coronary artery disease; COPD, chronic obstructive 
pulmonary disease; GFR, glomerular filtration rate; MI, myocardial infarction; 
NOAC, novel oral anticoagulant; NSTEMI, non–ST- segment–elevation 
myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST- 
segment–elevation myocardial infarction; and TIA, transitory ischemic attack.

*Anemia was defined as hemoglobin <130 g/L in men and <120 g/L in 
women.

Table 2. QFR and 3- Dimensional QCA

Patients 
(N=1093)

Vessels 
(N=1262)

Diameter stenosis, % 54.8±11.2 53.6±11.5

Area stenosis, % 70.4±12.6 69.0±13.4

Lesion length, mm 26.1±12.1 25.0±12.0

Proximal diameter, mm 2.86±0.59 2.82±0.59

Distal diameter, mm 2.45±0.57 2.47±0.57

Minimum lumen diameter, mm 1.36±0.57 1.34±0.56

QFR 0.73±0.17 0.75±0.17

Values are mean±SD. QCA indicates quantitative coronary angiography; 
and QFR quantitative flow ratio.

D
ow

nloaded from
 http://ahajournals.org by on January 4, 2024



J Am Heart Assoc. 2024;13:e031847. DOI: 10.1161/JAHA.123.031847 8

Bär et al Staged PCI QFR

performed during the index hospitalization (median, 1 
[IQR, 1–3] days) or after hospital discharge within maxi-
mum 45 days (median, 23 [IQR, 12.5–33.5] days).10 In 
line, with this investigation, we had observed similar out-
comes with early (ie, <4 weeks from index PCI) versus 
late (≥4 weeks from index PCI) staged PCI24 in the same 
study population as reported here.24

For NSTE- ACS, a class IIa (level of evidence C) rec-
ommendation is given for immediate complete revascu-
larization1 based on the RCT SMILE34 (Impact of Different 
Treatment in Multivessel Non ST Elevation Myocardial 
Infarction Patients: One Stage Versus Multistaged 
Percutaneous Coronary Intervention) and a meta- 
analysis,9 where immediate complete revascularization 
was superior as compared with staged PCI.28 Further, 
functional evaluation of the non- TV may be considered 
according to a IIb (level of evidence B) recommendation, 
even though the hemodynamic significance is not men-
tioned to be directly considered in the timing of staged 

PCI. Of note, in NSTE- ACS the superiority of complete 
revascularization versus culprit- lesion- only PCI is less 
established as compared with STEMI, and the evidence 
consists of meta- analyses of post hoc randomized or 
observational studies8,9 as well as 1 prospective RCT 
on an elderly population with a median age of 80 years 
including 65% patients with NSTEMI.35

In the total cohort of our current study,24 subgroup 
analysis on STEMI versus NSTE- ACS had not indi-
cated a differential effect of staged PCI within ≤4 ver-
sus >4 weeks from the index PCI in terms of premature 
events before staged PCI.24 Accordingly, and owing to 
the limited sample size, we had not assessed the as-
sociation between QFR and premature non- TV events 
for STEMI versus NSTE- ACS.

Two recent RCTs on ACS patients with MVD showed 
noninferiority of immediate complete revascularization 
as compared with staged PCI (within 19–45 days36 or 
in- hospital up to 42 days from index PCI37) including 

Figure 3. QFR and 3- dimensional QCA characteristics.
ACC/AHA indicates American College of Cardiology/American Heart Association; DS, diameter stenosis; 
MLD, minimum lumen diameter; QCA, quantitative coronary angiography; and QFR, quantitative flow 
ratio.
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100%36 or 40%37 patients with STEMI. While indicat-
ing that immediate complete revascularization is safe 
(in hemodynamically stable patients) and, according 
to the secondary superiority analyses of these trials, 
immediate complete revascularization may even be 
protective with respect to early events before planned 
staged PCI, no evidence on the optimal duration to 
staged PCI can be derived from these trials. Additional 
RCTs are currently investigating the issue (instan-
taneous wave- free ratio (iFR) Guided Multi- vessel 
Revascularisation During Percutaneous Coronary 
Intervention for Acute Myocardial Infarction (iMOD-
ERN),38 STaged Interventional Strategies for Acute 
ST- seGment Elevation Myocardial Infarction Patient 
With Multi- vessel Disease (STAGED) (NCT04918030), 
Timing of FFR- guided PCI for Non- IRA in NSTEMI and 
MVD (OPTION- NSTEMI) (NCT04968808)).

Link Between Coronary Physiology and 
Non- TV Events
In a subanalysis of the COMPARE- ACUTE (Compari-
son Between FFR Guided Revascularization Versus 

Conventional Strategy in Acute STEMI Patients With 
MVD) trial,12 an inverse nonlinear relationship between 
deferred lesions among patients with STEMI inves-
tigated by FFR and non- TV events was observed, 
which plateaued at FFR 0.60. Additional evidence ex-
ists from retrospective analyses from mixed popula-
tions including 29% ACS, where FFR was shown to 
be continuously and inversely related to ischemic event 
risk.11 These analyses support the concept that the 
functional significance of nonculprit lesions may rep-
resent an ischemic continuum with increasing inverse 
event risk, rather than a dichotomous state dividing at 
FFR 0.80. With respect to QFR, among patients with 
chronic coronary syndrome, QFR- guided revasculari-
zation has been reported to improve 1- year outcomes 
as compared with angiography- guided revasculari-
zation.19 Further, in patients with STEMI, acute QFR 
shows even better agreement with 30- day FFR as 
acute FFR itself,39 which in addition to its noninvasive 
and hyperemia- free nature makes it an interesting di-
agnostic tool for the ACS population.

However, in our investigation, we did not observe 
any independent association between QFR and 

Table 3. Cox Regressions Primary End Point

Primary analysis
N patients  
(N events)

Univariable
N patients  
(N events)

Multivariable

HR (95% CI) P value HR (95% CI) P value

Age (per 1- y increase) 1093 (55) 1.01 (0.99–1.03) 0.419 1018 (51) 1.00 (0.98–1.03) 0.750

Female sex 1093 (55) 1.12 (0.60–2.08) 0.723 1018 (51) 1.17 (0.52–1.83) 0.637

Diabetes 1092 (55) 0.79 (0.37–1.67) 0.536 1018 (51) 0.80 (0.04–1.56) 0.573

Renal failure 1018 (51) 1.35 (0.69–2.64) 0.373 1018 (51) 1.15 (0.36–1.94) 0.728

DS% (per 5% increase) 1093 (55) 1.01 (0.90–1.13) 0.925 1018 (51) 0.97 (0.83–1.12) 0.726

QFR (per 0.1 increase) 1093 (55) 0.90 (0.78–1.04) 0.141 1018 (51) 0.87 (0.69–1.05) 0.125

Sensitivity analysis 1
N Patients  
(N Events)

Univariable
N Patients  
(N Events)

Multivariable

HR (95% CI) P value HR (95% CI) P value

Age (per 1- y increase) 1093 (55) 1.01 (0.99–1.03) 0.419 1018 (51) 1.00 (0.98–1.03) 0.774

Female sex 1093 (55) 1.12 (0.60–2.08) 0.723 1018 (51) 1.17 (0.51–1.82) 0.642

Diabetes 1092 (55) 0.79 (0.37–1.67) 0.536 1018 (51) 0.81 (0.05–1.57) 0.588

Renal failure 1018 (51) 1.35 (0.69–2.64) 0.373 1018 (51) 1.16 (0.37–1.95) 0.710

Lesion complexity (B2 or C vs A or B1) 1093 (55) 1.17 (0.68–2.01) 0.577 1018 (51) 1.10 (0.48–1.73) 0.764

QFR (per 0.1 increase) 1093 (55) 0.90 (0.78–1.04) 0.141 1018 (51) 0.90 (0.74–1.05) 0.173

Sensitivity analysis 2
N vessels  
(N events)

Univariable
N vessels  
(N events)

Multivariable

HR (95% CI) P value HR (95% CI) P value

QFR (per 0.1 increase) 1262 (59) 0.84 (0.61–1.14) 0.265 1262 (59) 0.83 (0.52–1.32) 0.422

DS% (per 5% increase) 1262 (59) 1.01 (0.84–1.22) 0.885 1262 (59) 0.82 (0.58–1.16) 0.257

MLD (per 1- mm increase) 1262 (59) 0.54 (0.15–1.96) 0.351 1262 (59) 0.31 (0.06–1.72) 0.181

Residual QFR (per 0.1 increase) 1177 (54) 0.83 (0.53–1.28) 0.392 1262 (59) 1.05 (0.56–1.96) 0.883

Lesion complexity (B2 or C vs A or B1) 1262 (59) 1.09 (0.47–2.52) 0.839 1262 (59) 0.89 (0.37–2.16) 0.801

Values are HR and associated 95% CI, extracted from Cox models. Main analysis and sensitivity analysis 1 correspond to Cox proportional hazards 
regressions. Sensitivity analysis 2 corresponds to a mixed- effects Cox model including patient identity as random factor to correct for multiple vessels per 
patient. Sample size for the multivariable model corresponds to the lowest sample size in the univariable models (ie, renal failure). DS indicates diameter 
stenosis; HR, hazard ratio; MLD, minimum lumen diameter; and QFR, quantitative flow ratio.
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non- TV events occurring before staged PCI. These 
findings suggest that non- TV QFR may not be able to 
refine the timing of staged PCI, among patients under-
going operators’ scheduled out- of- hospital staged PCI 
within a median of 28 days from index PCI. The overall 
event rate was 5%, the number of low QFR values (ie, 
<0.60) small, and the time frame for the events to occur 
short with a median of 28 days. Therefore, we cannot 
definitely exclude a potential association between QFR 
and non- TV events before staged PCI in a larger pa-
tient population with more pronounced ischemia and 
longer duration to staged PCI. Along these lines, we 
observed a significant univariable association between 
linear QFR and non- TV MI, as well as a trend toward 
higher clinical events with lower QFR (Figure S2), but 
these investigations are limited by low sample size. 
Further, there was a small trend, also impacted by the 
sample size, that patients with lower QFR seemed to 
be scheduled slightly earlier for staged PCI (Figure S3). 
This may have diluted outcomes, and further studies 
are required.

Finally, none of the other classical covariates in 
the prediction models showed an independent as-
sociation with the primary end point, and also patient 

characteristics of patients with versus without a pri-
mary end point event were similar, implying that, taking 
into account all limitations of the current study, other 
factors may drive this type of event.

Plaque Morphology as a Potential Driver 
of Events
At variance to the clinical setting of chronic coronary 
syndrome demonstrating improved short-  and middle- 
term outcomes with physiology- guided compared 
with angiography- guided revascularization using 
FFR40 and QFR,19 no superiority of FFR- guided versus 
angiography- guided complete nonculprit lesion revas-
cularization has been observed in the STEMI popula-
tion.41 Vulnerable nonculprit plaque features such as 
high plaque burden, thin fibrous cap, and low minimal 
lumen area are highly prevalent in patients with ACS42 
and have been shown to be associated with subse-
quent events.42 Therefore, and based on the findings 
of this study, it may be hypothesized, that plaque mor-
phology may play a more important role as compared 
with physiology in driving early non- TV events occur-
ring before planned staged PCI. This should be investi-
gated in future intracoronary imaging studies.

Limitations
The study results need to be considered in light of sev-
eral limitations:

 1. It is an observational, nonrandomized, post 
hoc, single- center study.

Figure 4. Cumulative event curves.
Cumulative event curves of urgent unplanned non- TV staged 
PCI, non- TV MI, and planned staged PCI. MI indicates myocardial 
infarction; non- TV, non–target- vessel; and PCI, percutaneous 
coronary intervention.

Table 4. Univariable Cox Regressions Primary End Point 
Components

Non- TV MI
N patients 
(N events)

Univariable HR 
(95% CI)

P 
value

Age (per 1- y increase) 1093 (9) 1.03 (0.97–1.09) 0.377

Female sex 1093 (9) 1.88 (0.47–7.52) 0.374

Diabetes 1093 (9) … …

Renal failure 1093 (9) 2.41 (0.60–9.64) 0.214

DS% (per 5% increase) 1093 (9) 1.07 (0.80–1.42) 0.650

QFR (per 0.1 increase) 1093 (9) 0.69 (0.52–0.91) 0.008

Urgent premature 
non- TV PCI

N patients  
(N events) HR (95% CI)

P 
value

Age (per 1- y increase) 1093 (52) 1.01 (0.98–1.03) 0.480

Female sex 1093 (52) 1.20 (0.64–2.24) 0.576

Diabetes 1093 (52) 0.84 (0.40–1.78) 0.649

Renal failure 1093 (48) 1.30 (0.65–2.61) 0.458

DS% (per 5% increase) 1093 (52) 1.02 (0.91–1.15) 0.758

QFR (per 0.1 increase) 1093 (52) 0.92 (0.79–1.07) 0.299

Values are HR and associated 95% CI, extracted from Cox models. 
DS indicates diameter stenosis; HR, hazard ratio; non- TV MI, non–target- 
vessel myocardial infarction; non- TV PCI, non–target- vessel percutaneous 
coronary intervention; and QFR, quantitative flow ratio.
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 2. Although statistical significance was not met for 
the primary end point, we observed a 13% risk 
reduction in the primary end point per 0.1 units 
of QFR that could be impacted by limited power.

 3. The time point of staged PCI (and thus time 
to event) was defined by operators’ judgment; 
however, the aim of the study was to investigate 
potential add- on value of QFR for the timing of 
staged PCI on top of clinical judgment and not 
QFR alone. A small trend toward staged PCIs 
scheduled later in case of higher QFR was ob-
served, which may have diluted QFR- related out-
comes, highlighting the need for further studies.

 4. The number of vessels with low QFR was lim-
ited, and we observed a significant univariable 
association between linear QFR and non- TV MI 
as well as a trend toward a higher percentage 
of events with lower QFR, so that we cannot ex-
clude a potential association between QFR and 
non- TV events occurring before staged PCI in 
larger patient populations with more pronounced 
ischemia and longer duration to staged PCI.

 5. Highest- risk patients, that is, those undergo-
ing in- hospital staged PCI (n=139) or those with 
cardiogenic shock at index presentation (n=70), 
were excluded from this study,24 and thus, the re-
sults do not pertain to this higher risk population.

 6. FFR and intracoronary imaging were used clini-
cally at the discretion of the operators and could 
not be collected systematically.

 7. Twenty- four percent of the patients had to be ex-
cluded due to unanalyzable QFR, most frequently 
angiographic quality related (absence of 2 suitable 
projections, overlap, poor contrast, foreshortening) 
(148 patients [10%]). Further issues were incom-
plete patient- related or angiographic data (84 pa-
tients [6%]) or missing isocenter calibration, which 
was sometimes not available in the angiograms 
from 2009 to 2011 (45 patients [3%]). However, 
the proportion of excluded patients is even smaller 
as compared with previous post hoc QFR analy-
ses,21–23 and we have compared the character-
istics of included versus excluded patients from 
this cohort study with no relevant differences. 
Importantly, these technical issues do not repre-
sent a limitation to the QFR technique per se, since 
in prospective QFR studies, analyzability of the an-
giograms is usually 96% to 99%.17,18

 8. The percentage of female patients was lower than 
in unselected cohorts of patients with ACS.43

CONCLUSIONS
In this cohort study of 1093 patients with ACS and 
MVD scheduled to undergo out- of- hospital staged PCI 

within 28 to 42 days from the index presentation, non-
 TV QFR derived from vessels planned for staged PCI 
using the baseline angiogram was not independently 
associated with non- TV events before staged PCI. 
Therefore, this study does not provide conceptual evi-
dence that QFR may be able to help refine the timing 
of staged PCI on top of clinical judgment. The concept 
may warrant further investigation among larger popu-
lations with more pronounced ischemia and longer du-
ration to staged PCI.
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