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Abstract
Background: The quantitative flow ratio (QFR) identifies functionally ischaemic lesions that may benefit 
more from percutaneous coronary intervention (PCI) than from medical therapy. 
Aims: This study investigated the association between QFR and myocardial infarction (MI) as affected by 
PCI versus medical therapy.
Methods: All vessels requiring measurement (reference diameter ≥2.5 mm and existence of at least one 
stenotic lesion with diameter stenosis of 50-90%) in the FAVOR III China (5,564 vessels) and PANDA-III 
trials (4,471 vessels) were screened and analysed for offline QFR. The present study reported clinical out-
comes on a per-vessel level. Interaction between vessel treatment and QFR as a continuous variable was 
evaluated for the threshold of 2-year MI estimated by Cox proportional hazards model. 
Results: Compared with medical therapy at 2 years, PCI reduced the MI risk in vessels with a QFR ≤0.80 
(3.0% vs 4.6%) but increased the MI risk in vessels with a QFR >0.80 (3.6% vs 1.2%). Additionally, con-
tinuous QFR showed an inverse association with spontaneous MI (hazard ratio [HR] 0.89, 95% confidence 
interval [CI]: 0.79-0.99; p=0.04) that was reduced by PCI compared to medical therapy (HR 0.26, 95% CI: 
0.17-0.40; p<0.0001). The interaction indicated a net benefit for PCI over medical therapy to reduce total 
MI beginning at QFR ≤0.64.
Conclusions: The present study demonstrated a continuous, inverse relationship between the QFR value of 
a vessel and its subsequent risk for MI, and PCI, compared to medical therapy, reduced this risk beginning 
at a QFR value of 0.64. These novel findings provide physicians with an angiographic tool for optimising 
vessel selection for PCI.
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Abbreviations 
FFR fractional flow reserve
ID ischaemia-driven
MI myocardial infarction
PCI percutaneous coronary intervention
QFR quantitative flow ratio
RCT randomised controlled trials
TVR target vessel revascularisation

Introduction
A series of 5 randomised controlled trials (RCT) enrolling over 
11,000 total subjects has demonstrated that percutaneous coro-
nary intervention (PCI) reduces spontaneous myocardial infarc-
tion (MI) compared to modern medical therapy alone for stable 
lesions1-3. While this benefit does not translate into less cardio-
vascular death in patients without multivessel disease4, which is 
perhaps due to competing risks and our generally successful treat-
ments for MI, it nevertheless raises the question of lesion selec-
tion. Namely, trials showing that PCI reduces the risk of MI have 
used a variety of inclusion criteria from angiographic severity2 to 
non-invasive stress testing3 and intracoronary pressure wire meas-
urement of fractional flow reserve (FFR)1.

Angiography-based simulations of coronary physiology have 
recaptured clinical interest after a long period of dormancy and 
invasive assessment. Among several techniques, the quantitative 
flow ratio (QFR) stands out for its evidence base5. QFR offers 
negligible bias and reasonable imprecision versus FFR6-8; addi-
tionally, QFR has provided superior clinical outcomes versus angi-
ographic assessment9-11.

Bringing these two themes together, we sought to study the 
association between QFR and MI as affected by PCI versus med-
ical therapy. Given that FFR displays a continuous relationship 
between its numerical value and prognosis12, we conjectured that 
QFR would provide a similar risk continuum for MI. To test our 
hypothesis, we pooled data from 2 large RCT that measured QFR 
and monitored clinical outcomes.

Editorial, see page 365

Methods
In brief, we combined individual-level patient data from the pre-
viously published FAVOR III China9,10 and PANDA-III13,14 trials. 
Because QFR provides a vessel-specific diagnosis, and PCI treats 
an individual vessel, our analysis was performed at the vessel 
level. QFR was analysed offline and in a blinded fashion for every 
major coronary artery with a diameter stenosis ≥50%. The study 
was registered with PROSPERO (CRD42023401604).

SUMMARY OF POOLED TRIALS
Supplementary Table 1 contains detailed inclusion and exclusion 
criteria for these 2 trials. FAVOR III China was an investigator-
initiated, multicentre, blinded, randomised, sham-controlled trial 
comparing clinical outcomes after PCI guided by QFR or stand-
ard angiography. A total of 3,825 adults (≥18 years) were enrolled 

from 26 hospitals in the People’s Republic of China. Patients pre-
sented with stable or unstable angina pectoris, or an MI at least 
72 hours before screening. All subjects had an initial plan for PCI 
based on angiographic assessment, with at least 1 major coronary 
artery (≥2.5 mm reference vessel diameter) containing a visual 
diameter stenosis of 50-90%. Subjects were randomly assigned 
to a PCI strategy using either standard angiographic guidance or 
QFR. In the QFR-guided group, a local (“online”) measurement 
of QFR determined treatment: QFR ≤0.80 received PCI, whereas 
QFR >0.80 received medical treatment.

PANDA-III was a prospective, multicentre RCT comparing 
2 stent platforms (both biodegradable polymers eluting siroli-
mus but with differing elution and absorption kinetics) in an all-
comers population with few limitations. A total of 2,348 adults 
(≥18 years) were enrolled from 46 hospitals in the People’s 
Republic of China. Patients presented with chronic, stable ischae-
mic heart disease or acute coronary syndromes, including MI with 
or without ST-segment elevation. All subjects had at least 1 major 
coronary artery (2.5-4.0 mm reference vessel diameter) with a vis-
ual diameter stenosis >50%. PCI treatment was based on standard 
angiographic guidance.

In both trials, subjects received loading doses of aspirin 300 mg 
(starting at least 24 hours before PCI) and either clopidogrel 300-
600 mg or ticagrelor 180 mg (at least 6 hours before PCI). After 
PCI, subjects received ≥100 mg of aspirin daily for an indefinite 
period and clopidogrel (75 mg once daily) or ticagrelor (90 mg 
twice daily) for at least 12 months. For subjects without PCI in the 
QFR-guided arm of FAVOR III China, optimal medical therapy 
alone was prescribed. Both trials were approved by the study sites 
and their local ethics committees or institutional review boards. 
All patients provided informed consent before participation.

OFFLINE QFR MEASUREMENT
QFR was measured as previously described9. Briefly, it accounted 
for the entire contoured segment from the ostium to the distal ves-
sel. For bifurcation lesions, QFR assessed both the main vessel and 
its daughter branch. An analyst selected the angiographic sequence, 
then chose the starting frame (as contrast entered the vessel) and 
the final frame (as contrast reached the distal vessel). Dedicated 
QFR software (AngioPlus system; Pulse Medical) delineated the 
lumen contour and reference vessel diameter automatically, which 
could be adjusted manually by fixed proximal segment mode or 
normal mode. Contrast flow velocity was calculated using the 
Thrombolysis in Myocardial Infarction (TIMI) frame count. With 
these acquired parameters, the QFR value was then calculated.

In FAVOR III China, central (“offline”) QFR assessment was 
prospectively mandated for all enrolled vessels by a blinded and 
independent core laboratory (Core Medical, Beijing, People’s 
Republic of China). Offline QFR assessment was retrospectively 
performed in all vessels enrolled in PANDA-III by a blinded 
and independent core laboratory (CCRF, Beijing, People’s 
Republic of China)15. Vessels with a valid and successful QFR 
analysis in FAVOR III China and PANDA-III were pooled into 
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a common database, along with associated clinical and procedural 
characteristics.

ENDPOINTS
The primary endpoint was spontaneous (not periprocedural) MI 
during the next 24 months. Secondary endpoints, during 2 years 
of follow-up, included cardiac death, periprocedural and sponta-
neous MI, and ischaemia-driven target vessel revascularisation 
(ID-TVR), both immediate (as part of the initial procedure) and 
delayed (either a first PCI of a medically treated vessel or repeat 
PCI of an initially revascularised vessel). The detailed definitions 
of the endpoints are listed in Supplementary Table 2. Both the 
FAVOR III China and PANDA-III trials used the same definitions 
for cardiac death, ID revascularisation events and spontaneous 
MI. While PANDA-III used the Academic Research Consortium 
(ARC) definition for periprocedural MI, the FAVOR III China trial 
used the protocol definition (creatine kinase [CK]-MB >3x upper 
limit of normal [ULN] or troponin >21x ULN with absence of 
CK-MB). To eliminate the difference, we readjudicated periproce-
dural MI events in PANDA-III using the FAVOR III China trial's 
protocol definition.

In both the FAVOR III China and PANDA-III trials, clini-
cal events were adjudicated by the independent clinical events 
committees blinded to the randomisation assignment. In order 
to re-adjudicate clinical events into vessel level, two interven-
tional cardiologists (R. Zhang and Z. Qiao) blinded to baseline 
clinical and procedural details – including QFR – reviewed all 
adverse event-related documents including medical records, elec-
trocardiographs, or angiograms. Those events lacking clear evi-
dence of a culprit vessel were excluded. A total of 132 patients 
with 193 vessels were excluded from the present analysis, which 
included 36 cardiac deaths (36 patients with 63 vessels) and 
28 MIs (28 patients with 38 vessels) that did not receive a follow-
up angiography at the time of event, had ambiguous angiographic 
evidence to identify a specific culprit vessel or were related to 
vessels unavailable for QFR calculation at baseline. A total of 
78 revascularisations (78 patients with 92 vessels) were excluded 
because of plaque progression from non-significant narrowings 
with diameter stenosis <50% at baseline or in vessels unavailable 
for offline QFR calculation due to poor angiographic image qual-
ity, precluding vessel contour detection or other reasons.

STATISTICAL ANALYSIS
Analyses were performed using SAS version 9.4 (SAS Institute) 
or R version 3.2.4 (R Foundation for Statistical Computing). We 
employed standard descriptive statistical techniques. Applicable 
tests were 2-tailed and p<0.05 was considered statistically signifi-
cant, and an interaction p-value <0.10 was considered statistically 
important in keeping with international suggestions16.

Survival curves were constructed for time-to-event variables 
with the Kaplan-Meier method and compared using the log-rank 
test. A mixed-effects Cox proportional hazards model contained 
random effects to account for multiple vessels per subject and 

potential variation between the 2 trials. Its fixed effects included 
vessel treatment (PCI or medical therapy). QFR as a continuous 
variable between 0 and 1 was analysed, given that an interaction 
term was observed in a previous study12. The proportional hazards 
assumption was examined visually and via Schoenfeld residuals. 
Hazard ratios (HR) and their 95% confidence intervals (CI) from 
these Cox models demonstrate the treatment effect of PCI. For 
a parallel comparison, these same models were built using per-
centage diameter stenosis from quantitative coronary angiography 
instead of QFR.

Because treatment was not randomised across the QFR spec-
trum, we developed a propensity score to predict treatment with 
PCI compared to medical therapy. All clinical and procedural 
variables excluding QFR (since it was part of the main model) 
were entered into a multivariable logistic regression model to 
predict PCI treatment of the vessel. An additional Cox model 
adding this propensity score accounted for non-random treatment 
assignment.

Results
Figure 1 summarises the pooled cohort that included 8,044 ves-
sels from 5,197 subjects. As depicted in Figure  1 and Figure  2, 
6,013 of 8,044 (74.8%) vessels had a QFR ≤0.80, while 2,031 of 
8,044 (25.2%) vessels had a QFR >0.80. A large majority of ves-
sels with a QFR ≤0.80 underwent PCI: 5,304 of 6,013 (88.2%); 
however, a sizable minority of vessels with a QFR >0.80 also 
received PCI: 821 of 2,031 (40.4%). The sharp treatment transi-
tion around QFR=0.80 in Figure 2 reflects the FAVOR III China 
protocol.

Supplementary Table 3 summarises the subject characteristics 
for the total cohort that were broadly similar between the 2 trials. 
Supplementary Table 4 and Supplementary Table 5 compare sub-
ject and procedural characteristics between vessels, stratified by 
QFR=0.80 and also treatment (PCI or medical therapy). Broadly 
speaking, and as has long been appreciated for FFR, clinical and 
angiographic characteristics showed considerable overlap between 
vessels with high versus low QFR, with more severe and longer 
lesions producing a QFR ≤0.80, especially in the left anterior 
descending coronary artery.

CLINICAL OUTCOMES
Table 1 details the number of clinical events for the primary end-
point (spontaneous MI) and secondary endpoints (cardiac death, 
periprocedural and total MI, and ID-TVR) in binary categories 
using QFR=0.80. PCI for vessels with a QFR ≤0.80 experienced 
MI less often than when vessels were treated medically (3.0% 
vs 4.6%; p=0.03). In contrast, PCI for vessels with a QFR >0.80 
increased the MI risk compared with medical treatment (3.6% vs 
1.2%; p<0.0001) (Figure 3).

These raw percentages using binary QFR were confirmed using 
continuous QFR in the Cox models summarised in Table  2. QFR 
showed an inverse association with spontaneous MI (HR 0.89, 95% 
CI: 0.79-0.99; p=0.04) that was reduced by PCI compared to medical 
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therapy (HR 0.26, 95% CI: 0.17-0.40; p<0.0001). Additionally, the 
interaction term between continuous QFR and PCI treatment was 
modestly important (p=0.09) and numerically positive, indicating 
a larger treatment benefit for lesions with lower QFR values. Using 
a previously published interpretation12, this interaction indicated 
a net benefit for PCI over medical therapy to reduce total MI (spon-
taneous and periprocedural) beginning at QFR ≤0.64. Figure 4 and 
Supplementary Figure 1 display these results visually.

Only 4 cardiac deaths were attributable to a specific vessel, 
compared to 36 cardiac deaths without an attributable vessel. The 
4 deaths all occurred in vessels with a QFR ≤0.80, whereas none 
occurred when the QFR >0.80. As detailed in Table 2, PCI treat-
ment was not significantly associated with vessel-specific cardiac 
death, whereas continuous QFR displayed a borderline association 
(upper limit of confidence interval 1.01 without propensity adjust-
ment, and 0.91 afterwards).

By definition, periprocedural MI occurred only in vessels treated 
with PCI, as did initial ID-TVR. While delayed ID-TVR was more 
common after initial medical therapy (3.2% vs 2.5%; p=0.32 when 
QFR >0.80, and 6.9% vs 1.9%; p<0.0001 when QFR ≤0.80), total 
ID-TVR (initial plus delayed) remained far more common after an 
initial strategy of PCI.

Supplementary Table 6 provides a parallel analysis to Table 2 
but using quantitative percentage diameter stenosis instead of 
QFR. Unlike the results in Table 2 for QFR, percentage diameter 
stenosis did not show a significant association with spontaneous 
MI. Additionally, it showed no significant association with vessel-
specific cardiac death.

TREATMENT PROPENSITY SCORE
Supplementary Table 7 provides the coefficients for each para-
meter used to build a model to predict PCI treatment. In gen-
eral, baseline vessel and lesion characteristics including vessel 

A total of 6,173 patients enrolled in the FAVOR III China Study (N=3,825) and 
in the PANDA-III trial (N=2,348) were included in the present analysis

10,035 vessels with RVD and any lesion with %DS 50-90% (5,564 vessels 
in the FAVOR III China trial and 4,471 vessels in the PANDA-III trial) were assessed for eligibility 

with offline QFR assessment

Offline QFR assessments were available in 8,044 vessels
(5,501 vessels in the FAVOR III China Study and 2,543 vessels in the PANDA-III trial)

1,991 vessels were excluded
– 782 failed to acquire proper angiographic image
– 551 analysis of 2 projections was not possible
– 179 poor angiographic image quality precluding vessel contour detection
– 36 ostial lesions less than 3 mm from the aorta
– 401 severe overlap in the stenosed segment or severe tortuosity
– 42 unable to complete accurate frame count

Vessels with offline QFR ≤0.80
N=6,013

Vessels with PCI treatment
N=5,304 (88.2%)

Vessels with medical treatment
N=709 (11.8%)

Vessels with PCI treatment
N=821 (40.4%)

Vessels with medical treatment
N=1,210 (59.6%)

Vessels with offline QFR >0.80
N=2,031

Figure 1. Study flowchart. From 2 large randomised trials, offline (centralised, post hoc, and blinded) QFR was measured by an angiographic 
core laboratory in all coronary arteries with any lesion of at least 50% diameter stenosis and reference vessel diameter 2.5 mm or larger. 
DS: diameter stenosis; PCI: percutaneous coronary intervention; QFR: quantitative flow ratio; RVD: reference vessel diameter

PCI treatment
Medical treatment

6,125 vessels with PCI treatment
Median QFR 0.70 (Q1 0.58, Q3 0.77)

1,919 vessels without PCI treatment
Median QFR 0.84 (Q1 0.71, Q3 0.90)
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Figure 2. QFR distribution. Histogram of QFR measurements for 
vessels treated by medical therapy (red) or revascularisation (blue). 
The shaded region denotes a QFR between 0.75 and 0.80. 
PCI: percutaneous coronary intervention; Q1: lower quartile; Q3; 
upper quartile; QFR: quantitative flow ratio
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Table 1. Vessel-level clinical events* during 2-year follow-up by Kaplan-Meier analysis.

QFR ≤0.80 QFR >0.80

PCI Medical
Hazard ratio

(95% CI)
PCI Medical

Hazard ratio
(95% CI)

Vessels 5,304 709 821 1,210

Spontaneous MI 0.6% (31/5,282) 4.6% (32/705) 0.13 (0.08-0.21) 0.9% (7/816) 1.2% (14/1,209) 0.74 (0.30-1.83)

Periprocedural MI 2.4% (128/5,298) 0% (0/709) - 2.7% (22/821) 0% (0/1,210) -

Total MI 3.0% (156/5,276) 4.6% (32/705) 0.66 (0.45-0.96) 3.6% (29/816) 1.2% (14/1,209) 3.11 (1.64-5.89)

Cardiac death <0.1% (2/5,260) 0.3% (2/702) 0.13 (0.02-0.95) 0% (0/817) 0% (0/1,202) -

Immediate ID-TVR† 100% (5,230/5,230) 0% (0/705) - 100% (808/808) 0% (0/1,209) -

Delayed ID-TVR† 1.9% (97/5,230) 6.9% (48/705) 0.26 (0.19-0.37) 2.5% (20/808) 3.2% (39/1,209) 0.76 (0.44-1.30)

Total ID-TVR 101.9% (5,327/5,230) 6.9% (48/705) - 102.5% (828/808) 3.2% (39/1,209) -

Numeric values are represented as % (number/total). *Excluded for event analysis: no clearly identifiable culprit vessel for 25 non-procedural MI events 
(25 patients with 32 vessels), 3 periprocedural MIs (3 patients with 6 vessels), and 36 cardiac deaths; additionally, 78 revascularisations (78 patients 
with 92 vessels) in vessels without ≥50% diameter stenosis at baseline and thus initially ineligible for QFR analysis or in vessels without QFR 
calculation. †Immediate = as part of the initial procedure, delayed = either a first PCI of a medically treated vessel or a repeat PCI of an initially 
revascularised vessel, total = immediate + delayed. CI: confidence interval; ID-TVR: ischaemia driven target vessel revascularisation; MI: myocardial 
infarction; PCI: percutaneous coronary intervention; QFR: quantitative flow ratio
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Figure 3. Kaplan-Meier survival curves for myocardial infarction when using a QFR of 0.80 as the cut-off value. Vessel-level spontaneous 
myocardial infarction (A, B) and all myocardial infarction (C, D) categorised by QFR (high vs low) and treatment (medical therapy or 
revascularisation). CI: confidence interval; MI: myocardial infarction; PCI: percutaneous coronary intervention; QFR: quantitative flow 
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location, bifurcation lesion, severe calcification, tandem lesion, 
reference vessel diameter, minimal lumen diameter, diameter ste-
nosis, and total lesion length per vessel showed significant differ-
ences between vessels with and without PCI treatment. Adjusting 
for this propensity score did not materially alter the earlier results, 
as detailed in Table 2.

Discussion
A continuous, inverse relationship existed in our study between 
the QFR value of a vessel and its subsequent risk for total MI 
(spontaneous plus periprocedural). PCI, compared to medical 
therapy, reduced this risk beginning at a QFR value of 0.64. 
Because of the interaction between the QFR value and the mag-
nitude of PCI benefit, our findings indicate that vessels with 
lower QFR values received a proportionally larger reduction in 
their risk of MI (Central illustration). This same continuum was 
not observed for quantitative percentage diameter stenosis, indi-
cating a unique advantage offered by QFR over a simplistic ana-
tomical metric.

We did not find that PCI significantly reduced the risk of vessel-
related cardiac death, which was a rare event. Despite including 
over 8,000 vessels followed for 2 years, we could identify only 4 
cardiac deaths arising from a specific coronary artery, outnumbered 
by the more numerous 36 cardiac deaths that occurred without 
a definitive relationship to an epicardial territory. These results 
support prior randomised trials that have also shown no benefit 
of increased revascularisation on cardiac death1-3 as well as cross-
sectional studies showing no relationship between rates of MI and 
cardiac death across trials17.

It is tempting to focus solely on delayed target vessel revascular-
isation (either first PCI of a medically treated vessel or repeat PCI 
of an initially revascularised vessel), which is modestly reduced 
by a strategy of initial PCI but relatively uncommon (pooled inci-
dence <3% over 2 years). However, Table 1 makes it clear that the 
rate of total ID-TVR is over 20-fold larger when accounting for 
both initial and delayed PCI. Additionally, 77 vessels in 66 sub-
jects received delayed ID-TVR as a result of disease progression, 

despite having no initial lesion with a diameter stenosis 50%, and 
thus were ineligible for baseline QFR analysis and would not have 
been considered for PCI. The 77 delayed ID-TVR were as numer-
ous as the 87 delayed ID-TVR in vessels treated medically after 
baseline QFR assessment.

Therefore, an initial strategy of PCI leads to more ID-TVR and 
more periprocedural MI, essentially by definition. However, initial 
PCI can be associated with 2 clinical advantages when applied 
appropriately. First, vessels with a QFR ≤0.64 experience fewer 
total MI after PCI, especially as the QFR value falls. Second, 
PCI improves angina for patients with symptoms. Although not 
a metric collected by either FAVOR III China or PANDA-III, free-
dom from angina was more prevalent after PCI in COURAGE18, 
ORBITA19, and ISCHEMIA20, especially when considering only 
the subset with frequent angina.

COMPARISON TO EXISTING LITERATURE
To our knowledge, no prior study has examined the relationship 
between continuous QFR and subsequent clinical events as modi-
fied by PCI. However, a substantial parallel literature exists for 
FFR12,21,22, which largely shows similar inverse associations and 
comparable threshold values of 0.6422 and 0.6712 that support the 
0.64 displayed in Figure 4. Supplementary Table 8 compares our 
results against 5 prior RCT using different selection criteria for 
revascularisation. All studies show a reduction in spontaneous MI, 
reinforcing the reproducibility of this finding. Potentially, addi-
tional information such as plaque composition, pressure gradients 
along the vessel, and biomarkers may further augment the absolute 
and relative benefits to PCI already seen (Supplementary Table 
7), using primarily functional, hyperaemic tools like FFR, QFR, 
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myocardial infarction (MI) when treated medically. Percutaneous 
coronary revascularisation (PCI) reduces this risk most at lower 
values and, due to periprocedural MI, increases risk for higher 
values with an outcome-based threshold of 0.64. 
QFR: quantitative flow ratio

Table 2. Cox proportional hazards models for 2-year endpoints

Spontaneous MI 
hazard ratio

(95% CI)

Cardiac death  
hazard ratio  

(95% CI)

Continuous QFR* 0.89 (0.79-0.99) 0.66 (0.43-1.01)

PCI treatment† 0.26 (0.17-0.40) 0.31 (0.04-2.22)

Propensity score adjustment‡

Continuous QFR 0.84 (0.72-0.97) 0.58 (0.37-0.91)

PCI treatment 0.29 (0.17-0.48) 0.28 (0.03-2.48)

Numeric values are hazard ratios (95% CI).*Hazard ratio per 0.05 
increase in QFR. †Compared to medical therapy. ‡Variables included in 
propensity score model were vessel location, bifurcation lesion, severe 
tortuosity, severe calcification, tandem lesion, reference vessel diameter, 
minimal lumen diameter, diameter stenosis, and total lesion length per 
vessel. CI: confidence interval; MI: myocardial infarction; 
QFR: quantitative flow ratio; PCI: percutaneous coronary intervention
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and non-invasive stress testing. Parallel working on the ischae-
mic continuum of risk using FFR12 supports our findings using 
QFR. Both bodies of work use post hoc or observational designs, 
with logistical tradeoffs between FFR (cost of invasive wire but 
superior precision) and QFR (can be applied retrospectively to any 
angiogram after initial equipment and software acquisition).

Limitations
In addition to the intrinsic limitations of any post hoc observa-
tional design that was not prespecified, our study excluded 1,991 
of 10,035 (19.8%) vessels whose QFR could not be computed, as 
reported in Figure 1. Treatment assignment was not randomised 
on a per-vessel basis due to both the underlying RCT protocols 
and operator compliance, leading to the uneven distribution seen 
in Figure 2. Our propensity score may not have fully neutral-
ised the selection bias of patients and vessels for a specific treat-
ment. As a retrospective study, detailed medication information 
was not collected. Some events could not be definitively attrib-
uted to a specific vessel, due to lack of repeat angiography or 

clinical ambiguity. Angina severity was not quantified before or 
after treatment, with either physician or patient assessments. In 
the present study, follow-up extended for only 2 years. Therefore 
the 3- to 5-year outcomes presented in Supplementary Table 8 
need further study. These limitations could be overcome through 
a dedicated randomised trial whereby lesions along the QFR 
continuum receive either PCI or medical therapy. However, 
we believe that such a trial poses significant practical limita-
tions given results from the studies in Table 1 already showing 
a reduction in spontaneous MI from revascularisation. As such, 
the strength of the current analysis comes from its insights into 
the QFR continuum via existing randomised trials.

Conclusions
Vessels with a reduced QFR experienced a higher rate of sponta-
neous MI when treated medically instead of with PCI. A continu-
ous, inverse relationship between the QFR value of a vessel and 
its subsequent risk for MI was demonstrated, providing physicians 
with an angiographic tool for optimising vessel selection for PCI.

EuroIntervention

CENTRAL ILLUSTRATION A continuous, inverse relationship exists between the QFR value of a vessel and its 
subsequent risk for MI, with a net benefit for PCI over medical therapy to reduce MI beginning at QFR=0.64. 
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Spontaneous MI    0.001

QFR ≤0.80 0.6% 4.6% 0.13 (0.08-0.21)

QFR >0.80 0.9% 1.2% 0.74 (0.30-1.83)

All MI    <0.001

QFR ≤0.80 3.0% 4.6% 0.66 (0.45-0.96)

QFR >0.80 3.6% 1.2% 3.11 (1.64-5.89)

Coronary artery (RVD ≥2.5 mm) with a percentage diameter stenosis of 50-90%

QFR assessment

CI: confidence interval; HR: hazard ratio; MI: myocardial infarction; PCI: percutaneous coronary intervention; QFR: quantitative flow 
ratio; RVD: reference vessel diameter
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Continuous QFR and MI

Impact on daily practice
The quantitative flow ratio (QFR) identifies functionally ischae-
mic lesions that may benefit more from percutaneous coronary 
intervention (PCI) than medical therapy. Vessels with lower 
QFR values receive a proportionally larger reduction in their 
risk of MI when treated with PCI instead of medical therapy. 
A continuous, inverse relationship exists between the QFR 
value of a vessel and its subsequent risk for myocardial infarc-
tion (MI), with a net benefit for PCI over medical therapy to 
reduce MI beginning at QFR ≤0.64. Further research is needed 
to refine the role of QFR in guiding vessel revascularisation 
decisions.
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Supplementary Table 1. Detailed inclusion and exclusion criteria in FAVOR III China and PANDA-III trials. 

 FAVOR III China trial PANDA III trial 

Inclusion criteria General inclusion criteria: 

1. Age ≥18 years 

2. Stable or unstable angina pectoris, or post-acute 

myocardial infarction (≥72 hours) 

3. Able to understand the trial design and provide 

written informed consent 

4. Eligible for PCI by operator assessment 

Angiographic inclusion criteria: 

At least one lesion of 50%-90% diameter stenosis in a 

coronary artery with ≥2.5 mm reference vessel 

diameter by visual assessment 

General inclusion criteria: 

1. Subject must be at least 18 years of age at the time of signing 

informed consent form. 

2. Subject has symptomatic coronary artery disease or silent ischemia 

with objective evidence of ischemia, or acute coronary syndromes 

including non-ST-elevation and ST-elevation myocardial infarction 

and qualifies for PCI. 

3. Subject has one or more coronary target lesion with stenosis of more 

than 50% in a vessel with visually estimated RVD of 2.25 mm -4.0 

mm. 

4. Subjects without known contraindication to investigated stents and 

DAPT. 

5. Lesion length and diameter of the target lesion is suitable for the 

investigated stents. 

6. Subject must be an acceptable candidate for CABG surgery. 



7. Subject can understand the study objectives psychologically and 

linguistically and shows sufficient compliance to the study protocol. 

Subjects express acceptance of the risks and benefits described in the 

informed consent form. 

Exclusion criteria General exclusion criteria: 

1. Cardiogenic shock or severe heart failure (NYHA 

≥III) 

2. Severely impaired renal function: creatinine >150 

μmol/L or Cockcroft-Gault calculated GFR <45 

ml/kg/1.73 m2 (calculated with Cockcroft-Gault 

formula) 

3. Allergy to iodine-containing contrast agents which 

cannot be adequately pre-medicated 

4. Pregnancy or intention to become pregnant during 

the course of the trial 

5. Life expectancy less than one year 

Angiographic exclusion criteria: 

1. Patients with only one coronary artery lesion with 

DS >90% with TIMI flow <3 

2. An interrogated lesion is at the site of a 

myocardial bridge 

Exclusion criteria: 

1. Pregnant or nursing subjects and those who plan pregnancy in the 

period up to 1 year following index procedure. 

2. Subject has a known hypersensitivity or contraindication to aspirin, 

heparin, clopidogrel/ticlopidine, stainless steel alloy, cobalt chromium, 

rapamycin, PLA and PLGA polymer, and/or contrast sensitivity that 

cannot be adequately pre-medicated. 

3. Planned surgery within 6 months after the index procedure. 

4. Subject is currently participating in another investigational drug or 

device study that has not yet completed its primary endpoint. 

5. Subject has other medical illness (e.g., cancer, known malignancy, 

congestive heart failure), which in the investigator’s opinion may 

interfere with the patient’s optimal participation in the study. 



3. An interrogated lesion is a culprit lesions related 

to acute myocardial infarction 

4. An interrogated lesion is in a bypass graft 

5. Poor angiographic image quality precluding vessel 

contour detection or with suboptimal contrast 

opacification 

6. Severe overlap in the stenosed segment or severe 

tortuosity of any interrogated vessel deemed not 

amenable to QFR measurement 

CABG = coronary artery bypass graft; DAPT = dual antiplatelet therapy; DS% = percent diameter stenosis; GFR = glomerular filtration rate; NYHA = New 

York Heart Association; PCI = percutaneous coronary intervention; QFR = quantitative flow ratio; RVD = reference vessel diameter; TIMI = thrombolysis in 

myocardial infarction.



Supplementary Table 2. Definitions of endpoints. 
Endpoint Definition 
Cardiovascular 
death 

Cardiovascular death was defined as death resulting from cardiovascular causes, 
which including: 
1) Death caused by acute MI 
2) Death caused by sudden cardiac, including unwitnessed, death 
3) Death resulting from heart failure 
4) Death caused by stroke 
5) Death caused by cardiovascular procedures 
6) Death resulting from cardiovascular hemorrhage 
7) Death resulting from other cardiovascular cause 

Myocardial 
infarction  

Peri-procedural MI:  
 Stable patients (baseline CK-MB normal): 

- CK-MB rise to >3x ULN 
 Patients with acute coronary syndrome (baseline CK-MB elevation) 

If the CK-MB is stable or falling: 
- CK-MB increment rise >3x above the most recent level 
If the peak value has not been reached: 
- CK-MB increment rise >3x above the most recent level, with either new 
EKG changes or persistent angiographic complications. 
*If baseline CK-MB is not available, a troponin elevation of >21x ULN 
will be used. 

Non-procedural (spontaneous) MI: Events occurring 48 hours after the index PCI 
Rise in cTn > ULN or CK-MB > 99th percentile URL (or ULN) with at 
least one of the following conditionts: 
- Symptoms of ischemia; 
- ECG changes indicative of new ischemia (new ST-T changes or new 
LBBB); 
- Development of pathological Q-waves in the ECG; 
- Imaging evidence of new loss of viable myocardium or new regional 
wall motion abnormalities. 

Ischaemia-driven 
(ID) 
Revascularisation 

• Unplanned Revascularisation: Defined as revascularisation not performed as 
part of standard care during the first PCI procedure, and that was not planned 
as a staged procedure to occur within 60 days. Unplanned revascularisation 
includes PCI or CABG treatment with symptoms of ischemia. Target vessel 
revascularisation (TVR) and target lesion revascularisation (TLR) will be 
assessed. 

• Ischaemia-driven (ID) Revascularisation: Revascularisation is defined as 
ischaemia-driven if it is associated with any of the following conditions: 

− ACL-reported QFR or site-reported FFR ≤0·80 or iFR ≤0·89; 
− Patients with ischaemic symptoms or positive non-invasive functional 

test, with quantatitive coronary angiography [QCA] demonstrating a 
lesion with diameter stenosis ≥50%; 



− Patients without ischaemic symptom or positive non-invasive functional 
test, with QCA demonstrating a lesion with diameter stenosis ≥70% 

• Target Vessel Revascularisation (TVR): Defined as any repeat PCI or 
surgical revascularisation of any segment of the target vessel. The target vessel 
is defined as all vessel segments of the main epicardial vessel proximal and/or 
distal to the target lesion, inclusive of all branches upstream and downstream 
of the target lesion as well as the target lesion itself. Target vessel 
revascularisation events are classified by investigators as ischaemia-driven or 
non-ischemia-driven. 

 



Supplementary Table 3. Baseline patient characteristics in the enrolled 
population. 

Characteristic 
Total Patients 

N=5197 

FAVOR III China 

N=3806 

PANDA III Trial 

N=1391 

Age 62.3 ± 10.3 62.8 ± 10.1 60.9 ± 10.6 

Male 70.3% (3655) 70.6% (2687) 69.6% (968) 

Body mass index 24.5 ± 4.8 24.3 ± 5.2 24.8 ± 3.5 

Hypertension 64.5% (3351) 65.9% (2510) 60.5% (841) 

Hyperlipidemia 36.0% (1872) 38.2% (1452) 30.2% (420) 

Diabetes mellitus 30.8% (1598) 33.9% (1292) 22.0% (306) 

Current smoker 35.4% (1841) 29.8% (1136) 50.7% (705) 

Family history of coronary artery disease 6.9% (361) 7.8% (295) 4.7% (66) 

Previous myocardial infarction 11.8% (614) 9.3% (354) 18.7% (260) 

Previous percutaneous coronary intervention 21.0% (1092) 24.8% (945) 10.6% (147) 

Previous stroke 9.6% (499) 9.4% (356) 10.3% (143) 

Peripheral arterial disease 3.3% (172) 3.3% (126) 3.3% (46) 

Left ventricular ejection fraction, % 54.5 ± 21.4 52.8 ± 24.1 59.2 ± 8.8 

Clinical presentation    

Asymptomatic ischemia 9.0% (466) 10.8% (411) 4.0% (55) 

Stable angina 22.6% (1172) 25.9% (986) 13.4% (186) 

Unstable angina 56.5% (2936) 57.9% (2205) 52.6% (731) 

Post myocardial infarction (within 30 days) 11.9% (623) 5.4% (204) 30.1% (419) 

Data are mean ± SD or % (n). 



Supplementary Table 4. Baseline patient characteristics between vessels with or without functional ischaemia.* 

 Offline QFR≤0.80 Offline QFR>0.80 P-value (QFR

≤0.8 vs. 

QFR>0.8)  
Characteristic 

Total 

vessels, N=6013 

Treated 

vessels, N=5304 

Non-treated 

vessels, N=709 
P-value 

Total 

vessels, N=2031 

Treated 

vessels, N=821 

Non-treated 

vessels, N=1210 
P-value 

Age 62.1 ± 10.3 62.0 ± 10.3 62.9 ± 10.6 0.05 63.0 ± 9.8 63.0 ± 9.9 63.0 ± 9.7 0.44 0.001 

Male 71.2% (4282) 71.1% (3769) 72.4% (513) 0.47 69.2% (1406) 65.9% (541) 71.5% (865) 0.007 0.09 

Body mass index 24.5 ± 4.6 24.5 ± 4.7 24.5 ± 3.8 0.81 24.4 ± 4.6 24.5 ± 4.6 24.4 ± 4.7 0.17 0.12 

Hypertension 65.6% (3944) 65.2% (3458) 68.5% (486) 0.08 64.9% (3944) 64.2% (527) 65.4% (791) 0.58 0.57 

Hyperlipidemia 35.9% (729) 37.2% (1974) 34.4% (244) 0.15 35.9% (2218) 34.0% (279) 37.2% (450) 0.14 0.42 

Diabetes mellitus 31.2% (1877) 31.4% (1666) 29.8% (211) 0.37 29.4% (598) 28.9% (237) 29.8% (361) 0.64 0.14 

Current smoker 37.0% (2227) 36.2% (1920) 43.3% (307) <0.0001 35.6% (723) 32.4% (266) 37.8% (457) 0.01 0.25 

Family history of coronary 

artery disease 
6.8% (411) 6.7% (356) 7.8% (55) 0.30 6.9% (141) 5.4% (44) 8.0% (97) 0.02 0.87 

Previous myocardial infarction 12.5% (754) 12.0% (635) 16.8% (119) <0.0001 10.9% (222) 11.9% (98) 10.2% (124) 0.23 0.06 

Previous percutaneous coronary 

intervention 
19.2% (1152) 19.6% (1042) 15.5% (110) 0.009 21.5% (436) 22.2% (182) 21.0% (254) 0.53 0.02 

Previous stroke 9.8% (587) 9.5% (506) 11.4% (81) 0.11 10.5% (213) 9.1% (75) 11.4% (138) 0.10 0.35 



Peripheral arterial disease 3.2% (194) 3.1% (163) 4.4% (31) 0.07 3.7% (75) 4.6% (38) 3.1% (37) 0.07 0.31 

Left ventricular ejection 

fraction, % 
61.6 ± 7.9 61.8 ± 7.6 60.0 ± 9.2 <0.0001 61.8 ± 7.7 62.1 ± 7.8 61.5 ± 7.6 0.15 0.50 

Clinical presentation    <0.0001    0.18 <0.0001 

Asymptomatic ischemia 8.1% (488) 8.3% (441) 6.6% (47)  9.6% (194) 10.0% (82) 9.3% (112)   

Stable angina 22.1% (1331) 22.6% (1199) 18.6% (132)  22.2% (451) 21.1% (173) 23.0% (278)   

Unstable angina 55.1% (3313) 56.0% (2969) 48.5% (344)  57.3% (1163) 59.4% (488) 55.8% (675)   

Post myocardial infarction 

(within 30 days) 
14.7% (881) 13.1% (695) 26.2% (186)  11.0% (223) 9.5% (78) 12.0% (145)   

Data are mean ± SD or % (n). *Patient characteristics were reported as in vessel level, for those patients with multivessel diseases, patient characteristics were 

reported in both vessels. QFR = quantitative flow ratio. 



Supplementary Table 5. Baseline vessel and procedural characteristics between vessels with or without functional ischaemia. 

 Offline QFR≤0.80 Offline QFR>0.80 P-value 

(QFR≤

0.8 vs. 

QFR>0.8) 

Characteristic 

Total 

vessels, 

N=6013 

Treated 

vessels, 

N=5304 

Non-treated 

vessels, 

N=709 

P-value 

Total 

vessels, 

N=2031 

Treated 

vessels, 

N=821 

Non-treated 

vessels, 

N=1210 

P-value 

Vessel location    <0.001    0.02 <0.0001 

Left main 1.3% (81) 1.3% (68) 1.8% (13)  1.0% (20) 0.7% (6) 1.2% (14)   

Left anterior descending 53.5% (3214) 55.1% (2923) 41.0% (291)  31.6% (642) 35.3% (290) 29.1% (352)   

Left circumflex 21.1% (1271) 19.4% (1029) 34.1% (242)  31.6% (642) 29.6% (243) 33.0% (399)   

Right coronary artery 24.1% (1447) 24.2% (1284) 23.0% (163)  35.8% (727) 34.3% (282) 36.8% (445)   

Bifurcation lesion 39.7% (2388) 39.9% (2116) 38.4% (272) 0.43 24.8% (503) 28.3% (232) 22.4% (271) 0.003 <0.0001 

Severe tortuosity 6.6% (396) 7.0% (373) 3.2% (23) <0.0001 9.0% (182) 9.4% (77) 8.7% (105) 0.58 <0.0001 

Severe calcification 12.4% (747) 13.1% (694) 7.5% (53) <0.0001 4.6% (93) 5.9% (48) 3.7% (45) 0.02 <0.0001 

Tandem lesion 14.8% (889) 14.5% (769) 16.9% (120) 0.09 3.4% (69) 4.3% (35) 2.8% (34) 0.08 <0.0001 

Quantitative coronary angiography* N=5567 N=4935 N=632  N=2021 N=814 N=1207   

Reference vessel diameter, mm 2.70 ± 0.63 2.74 ± 0.62 2.45 ± 0.61 <0.0001 2.71 ± 0.64 2.77 ± 0.61 2.67 ± 0.66 0.001 0.85 

Minimal lumen diameter, mm 0.95 ± 0.47 0.96 ± 0.46 0.91 ± 0.55 0.02 1.35 ± 0.51 1.31 ± 0.48 1.37 ± 0.53 0.01 <0.0001 



Diameter stenosis, % 65.7 ± 14.0 65.8 ± 13.7 64.9 ± 15.8 0.16 50.5 ± 8.8 51.8 ± 8.5 49.7 ± 8.8 <0.0001 <0.0001 

Total lesion length per vessel, mm 23.8 ± 13.6 23.5 ± 13.5 25.9 ± 14.1 <0.0001 15.9 ± 8.8 16.8 ± 9.4 15.3 ± 8.3 <0.0001 <0.0001 

Data are mean ± SD or % (n). *Quantitative coronary angiography assessment was reported as vessel level. QFR = quantitative flow ratio. 
 



Supplementary Table 6. Cox proportional hazards models for 2-year endpoints. 

 Spontaneous MI 

Hazard ratio (95% CI) 

Cardiac death 

Hazard ratio (95% CI) 

Continuous DS* 1.00 (0.99-1.02) 1.01 (0.95-1.08) 

PCI treatment† 0.26 (0.17-0.40) 0.31 (0.04-2.22) 

Propensity score adjustment‡   

Continuous DS 1.01 (0.99-1.03) 1.03 (0.94-1.12) 

PCI treatment 0.29 (0.17-0.48) 0.28 (0.03-2.48) 

CI = confidence interval; MI = myocardial infarction; DS = diameter stenosis; PCI = 
percutaneous coronary intervention. Numeric values are hazard ratios (95% CI). 
aHazard ratio per 0.05 increase in QFR; bCompared to medical therapy; cVariables included in 
propensity score model were vessel location, bifurcation lesion, severe tortuosity, severe 
calcification, tandem lesion, reference vessel diameter, minimal lumen diameter, diameter 
stenosis, and total lesion length per vessel. 



Supplementary Table 7. Standard mean differences in vessel characteristics with 
or without PCI treatment. 

 Standard mean differences 

Vessel location 0.403 

Bifurcation lesion 0.214 

Severe tortuosity 0.027 

Severe calcification 0.252 

Tandem lesion 0.166 

Reference vessel diameter 0.267 

Minimal lumen diameter 0.404 

Diameter stenosis 0.616 

Total lesion length per vessel 0.287 

PCI = percutaneous coronary intervention. 

 



Supplementary Table 8. Spontaneous myocardial infarction reduction by 
revascularisation instead of medical therapy. 

Trial Selection Subjects Follow-up Revascularization Medical 

therapy 

Hazard ratio (95% 

CI) 

FFR pooled* 1 FFR 2400 5 years 8.5% 13.4% 0.59 (0.42-0.83) 

COMPLETE2 STEMI, %DS 4041 3 years 5.4% 7.9% 0.68 (0.53-0.86) 

ISCHEMIA3 functional 5179 5 years 7.1% 10.0% 0.67 (0.53-0.83) 

QFR pooled† QFR‡ 

(patient-level) 

Patients, 

4464 

2 years 1.3% 6.4% 0.19 (0.12-0.30) 

QFR 

(vessel-level) 

Vessels, 

6013 

2 years 0.6% 4.6% 0.13 (0.08-0.21) 

%DS = percent diameter stenosis; CI = confidence interval; FFR = fractional flow reserve; 

QFR = quantitative flow reserve; STEMI = ST-segment elevation myocardial infarction. 
*Pooled individual patient-level data from FAME 2, DINAMI3-PRIMULTI, and 

CompareAcute 
†Pooled individual patient/vessel-level data from FAVOR III China and PANDA III 
‡Patients level analysis included patients with only vessels with functional ischemia (QFR≤

0.80) 



 
 

Supplementary Figure 1. Kaplan-meier survival curves for myocardial infarction when 

using QFR of 0.64 as the cut-off value. 

Vessel-level spontaneous myocardial infarction (A, B) and all myocardial infarction (C, D) 

categorized by QFR (high versus low) and treatment (medical therapy or revascularization). 

HR = hazard ratios, CI = confidence interval, MI = myocardial infarction, QFR = quantitative 

flow ratio. 
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