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Abstract
Background: Quantitative flow ratio (QFR) is a novel angiography-based physiological index for fast 
computation of fractional flow reserve without the use of a pressure wire or induction of hyperaemia.
Aims: We sought to investigate the prevalence and prognostic implications of achieving physiology- 
consistent percutaneous coronary intervention (PCI) according to the baseline angiographic QFR in an all-
comers cohort.
Methods: QFR was retrospectively analysed from the angiograms of 1,391 patients enrolled in the ran-
domised PANDA III trial. Patients in whom all functionally ischaemic vessels (baseline QFR ≤0.80) were 
treated and in whom all non-ischaemic vessels (baseline QFR >0.80) were deferred were termed as hav-
ing had QFR-consistent treatment; otherwise, they were termed as having had QFR-inconsistent treatment. 
The major outcome was two-year major adverse cardiac events (MACE; a composite of all-cause death, all 
myocardial infarction (MI), or any ischaemia-driven revascularisation).
Results: Overall, 814 (58.5%) patients had QFR-consistent PCI, while 577 (41.5%) patients received QFR-
inconsistent PCI. Patients with QFR-consistent versus those with QFR-inconsistent treatment had a lower 
risk of two-year MACE (8.4% vs 14.7%; hazard ratio [HR] 0.56, 95% confidence interval [CI]: 0.41-0.78). 
After adjusting for differences in baseline covariates, two-year rates of MACE remained significantly lower 
in the QFR-consistent group (8.8% vs 13.6%; adjusted HR 0.64, 95% CI: 0.44-0.93), due mainly to reduced 
ischaemia-driven revascularisation (2.9% vs 8.0%; adjusted HR 0.35, 95% CI: 0.20-0.60).
Conclusions: In this post hoc analysis of an all-comers PCI trial, approximately 60% of patients were 
treated in accordance with what the QFR measurement would have recommended, the achievement of which 
was associated with improved two-year clinical outcomes. ClinicalTrials.gov identifier: NCT02017275
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Abbreviations
CAD coronary artery disease
MACE major adverse cardiac events
PCI percutaneous coronary intervention
QFR quantitative flow ratio
QFR-OT QFR-based overtreatment
QFR-OUT QFR-based overtreatment and undertreatment
QFR-UT QFR-based undertreatment

Introduction
Whether percutaneous coronary intervention (PCI) reduces death 
or myocardial infarction (MI) in patients with stable coronary 
artery disease (CAD) remains controversial. The ISCHEMIA 
(International Study of Comparative Health Effectiveness With 
Medical and Invasive Approaches) trial showed that, compared with 
an initial conservative strategy of optimal medical therapy (OMT), 
an initial invasive strategy did not improve the prognosis of patients 
with stable CAD (other than relieving angina)1. In contrast, the 
long-term prognosis of patients undergoing fractional flow reserve 
(FFR)-guided PCI was improved compared with angiography-
guided PCI in the earlier FAME (Fractional Flow Reserve versus 
Angiography for Multivessel Evaluation) trial2 and compared with 
OMT in the FAME 2 (Fractional Flow Reserve versus Angiography 
for Multivessel Evaluation 2) trial3, suggesting that physiology-
guided assessment might identify patients and lesions that could 
potentially benefit from PCI. However, concerns about prolonged 
procedural time, side effects from pressure wire equipment, and 
hyperaemia induced by vasodilator medications have limited the 
widespread adoption of pressure wire-based physiological assess-
ment (e.g., FFR, instantaneous wave-free ratio [iFR] and others)4.

Quantitative flow ratio (QFR) is a novel angiography-based 
physiological index that has been validated as having good repro-
ducibility and diagnostic accuracy in identifying physiologically 
significant coronary stenoses compared with FFR as the refer-
ence standard5. However, there is a lack of knowledge regard-
ing how frequently QFR-consistent revascularisation is achieved, 
and whether this criterion is associated with an improved progno-
sis. Therefore, in the present study we analysed the performance 
of PCI according to the baseline QFR of patients enrolled in the 
all-comers randomised PANDA III (Comparison of BuMA eG 
Based BioDegradable Polymer Stent With EXCEL Biodegradable 
Polymer Sirolimus-eluting Stent in “Real-World” Practice) trial 
(NCT02017275)6, and examined the outcomes of PCI according 
to QFR-based stratification.

Editorial, see page 1199

Methods
PANDA III TRIAL AND THE PRESENT STUDY
The present study was a post hoc analysis from the PANDA III trial in 
which QFR analysis was retrospectively performed. PANDA III was 
a multicentre trial with few exclusion criteria in which 2,348 patients 
were randomised to two biodegradable polymer-based sirolimus-
eluting stents with differing elution and absorption kinetics. In this 

all-comers cohort, patients underwent angiography-guided PCI; 
physiological assessment (including FFR and iFR) was infrequently 
used, and QFR was not available to the operators. The one-year and 
two-year rates of major adverse cardiac events (MACE) were simi-
lar with both stent types6,7. Data from the two arms were pooled 
for the present analysis. The PANDA III trial and the present study 
were approved by an institutional review committee and all subjects 
provided written informed consent.

MEASUREMENT OF QFR
For the present analysis, QFR assessment was retrospectively per-
formed in all eligible vessels, defined as those containing lesions 
with ≥50% diameter stenosis (DS) and with reference vessel diam-
eter (RVD) ≥2.5 mm by visual assessment. Off-line QFR analysis 
was performed by technicians at an independent core laboratory 
(CCRF, Beijing, China), blinded to clinical outcomes using a QFR 
system (AngioPlus; Pulse Medical Imaging Technology, Shanghai, 
China). QFR analysis was performed following a standard opera-
tion procedure, as previously reported5,8, the details of which are 
described in Supplementary Appendix 1. QFR has been well vali-
dated against FFR as the reference standard5; the cut-off value of 
QFR for physiological significance has been established as 0.80, 
which is also being used in the ongoing FAVOR III China trial 
(NCT03656848)8 and FAVOR III EJ trial (NCT03729739).

QUANTITATIVE CORONARY ANGIOGRAPHY (QCA) AND 
SYNTAX SCORE
QCA characteristics, including the RVD, minimal lumen diameter 
(MLD), DS% and lesion length, were analysed at the core labo-
ratory using well-validated software (QAngio version 7.3; Medis 
Medical Imaging Systems, Leiden, the Netherlands).

From the baseline or post-procedure angiograms, the SYNTAX 
score (SS) and residual SYNTAX score (rSS) were determined 
using an online calculator based on a specific scoring algorithm. 
The functional SYNTAX score (FSS) was calculated by summing 
only the individual SS of lesions with vessel QFR ≤0.809.

STRATIFICATION STRATEGY
Vessels were defined as having physiologically significant ischae-
mia if the baseline QFR of the vessel was ≤0.80. As shown in 
Supplementary Figure 1, patients in whom all physiologically sig-
nificant ischaemic vessels were treated by PCI and in whom all 
vessels with QFR >0.80 were deferred were termed as having had 
QFR-consistent treatment; otherwise, they were termed as hav-
ing had QFR-inconsistent treatment. The QFR-inconsistent group 
was further stratified into three subgroups: 1) QFR-based under-
treatment (QFR-UT; patients with at least one physiologically 
significant ischaemic vessel [baseline QFR ≤0.80] in which PCI 
was not performed and in whom all vessels that were physiologi-
cally non-ischaemic [baseline QFR >0.80] were also not treated); 
2) QFR-based overtreatment (QFR-OT; patients with at least 
one physiologically non-ischaemic vessel [baseline QFR >0.80] 
in which PCI was performed and in whom all vessels that were 
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physiologically significant ischaemic [baseline QFR ≤0.80] were 
also treated); and 3) QFR-based overtreatment and undertreatment 
(QFR-OUT; patients with at least one physiologically significant 
ischaemic vessel not treated and at least one physiologically non-
ischaemic vessel treated).

ENDPOINTS AND FOLLOW-UP
The primary outcome for the present study was the two-year rate 
of MACE (defined as the composite of all-cause death, all MI, 
or any ischaemia-driven revascularisation). Secondary outcomes 
included the individual components of MACE and stent throm-
bosis. All definitions of clinical endpoints were identical to the 
PANDA III trial6. Detailed endpoint definitions are provided in 
Supplementary Appendix 2. All adverse events were adjudicated 
by a clinical events committee blinded to QCA and QFR analyses.

STATISTICAL ANALYSIS
Baseline characteristics and two-year clinical outcomes were com-
pared in patients stratified according to their post-procedural QFR-
consistent versus QFR-inconsistent status. Continuous variables are 
expressed as mean±SD or median (interquartile range [IQR]) and 
were compared using the Student’s t-test or the Mann-Whitney U 
test, as appropriate.

Categorical variables are presented as counts (%) and were 
compared using the chi-square test or Fisher’s exact test, as 

appropriate. The cumulative incidence of clinical events is pre-
sented as Kaplan-Meier estimates. The Cox proportional hazards 
model was used to estimate the HR and 95% CI. Confounding 
due to differences in baseline characteristics was addressed 
using two propensity analysis methods (inverse probability of 
treatment weighting [IPTW] and propensity score matching 
[PSM]). Standardised mean differences (SMD) were used to 
assess the balance between the groups, with a standardised dif-
ference of 10% or less deemed to be an excellent balance and 
a standardised difference of 20% or less deemed to be an accept-
able balance. The details of IPTW and PSM are described in 
Supplementary Appendix 3. Unless otherwise specified, a two-
sided p-value <0.05 was considered to indicate statistical signifi-
cance. Database management and data analyses were performed 
by an independent clinical research organisation (CCRF, Beijing, 
China). All statistical analyses were performed using SAS soft-
ware, version 9.4 (SAS Institute, Cary, NC, USA).

Results
PATIENTS AND QFR STRATIFICATION
Among the 2,348 patients enrolled in the PANDA III trial, 
957 patients in whom QFR in at least one stenotic vessel was 
unanalysable were excluded, mostly due to the absence of cali-
bration data in the DICOM files (Figure 1). Details of the exclu-
sion criteria are shown in Supplementary Appendix 1. Therefore, 

PANDA III trial (N=2,348)

QFR performed in 1,391 patients

Major endpoint: 2-year MACE, defined as a composite of all-cause death,
all MI or any ischaemia-driven revascularisation

Exclusion*: N=957
Reasons
– No calibration data in DICOM file: N=430 (44.9%)
– No analysable 2 projections: N=266 (27.8%)
– Poor angiographic quality images affecting contour delineation: 
 N=64 (6.7%)
– Ostial lesions less than 3 mm from the aorta: N=18 (1.9%)
– Severe vessel overlap or tortuosity at the stenotic segments: 
 N=168 (17.6%)
– Unable to complete accurate frame count: N=11 (1.1%)

814 patients had
QFR-consistent treatment

577 patients had
QFR-inconsistent treatment

Two-year follow-up
completed: 790 (97.1%) 

Two-year follow-up
completed: 559 (96.9%)

Figure 1. Study flow chart. *A hierarchical listing based on the processes for QFR assessment was used to identify the exclusion reasons per 
patient. DICOM: Digital Imaging and Communication in Medicine; MACE: major adverse cardiac events; MI: myocardial infarction; 
N: number of patients; QFR: quantitative flow ratio
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1,391 patients (59.2%) were included in the present study. The 
baseline characteristics of the included and excluded cohorts 
are shown in Supplementary Table 1. The excluded patients 
were more likely to possess features reflecting lower measur-
ability of patient-level QFR analysis (e.g., multivessel CAD, 
left main lesion) and a higher incidence of comorbidities. The 
two-year MACE rates were similar between these two groups 
(Supplementary Table 2).

Among the 1,391 study patients, QFR was assessed in 2,543 ves-
sels (3,017 lesions) and PCI was performed in 1,717 vessels (1,980 
lesions). QFR-consistent treatment was performed in 814 (58.5%) 
patients while 577 (41.5%) had QFR-inconsistent treatment, includ-
ing 344 (24.7%) QFR-UT, 205 (14.7%) QFR-OT, and 28 (2.0%) 
QFR-OUT. Details of the QFR-based physiological assessment are 
presented in Figure 2.

BASELINE CHARACTERISTICS
Baseline characteristics of the QFR-consistent and QFR-
inconsistent groups are summarised in Table 1. Patients with 
QFR-inconsistent treatment were more likely to have multi-
vessel CAD, a higher SYNTAX score and coexisting comor-
bidities (e.g., older age, diabetes mellitus). Patients with 
QFR-inconsistent treatment also had more lesions treated with 
greater numbers of stents and a higher residual SYNTAX score. 
Moreover, baseline vessel QFR in the QFR-consistent group was 
comparable to the QFR-inconsistent group, with a higher propor-
tion of physiologically significant ischaemic vessels and lower 

FSS. The baseline characteristics of the four subgroups (QFR-
consistent, QFR-UT, QFR-OT, and QFR-OUT) are presented in 
Supplementary Table 3.

TWO-YEAR CLINICAL OUTCOMES (UNADJUSTED)
The Kaplan-Meier estimates for two-year MACE were 8.4% and 
14.7% in the QFR-consistent and QFR-inconsistent groups, respec-
tively; HR 0.56, 95% CI: 0.41-0.78 (Supplementary Figure 2A). 
The differences in MACE between groups were driven princi-
pally by fewer ischaemia-driven revascularisations in the target 
and non-target vessels (3.0% vs 8.6%; HR 0.35, 95% CI: 0.22-
0.56; p<0.0001) (Supplementary Figure 2D). The rates of other 
individual components of MACE and stent thrombosis are pre-
sented in Table 2 and Supplementary Figure 2. The two-year rela-
tive rates of MACE were consistent across the examined major 
subgroups (Supplementary Figure 3). In addition, Figure 3 shows 
the Kaplan-Meier estimates for two-year MACE and its individual 
components in the QFR-consistent, QFR-OT, QFR-UT, and QFR-
OUT groups. The cumulative incidences of two-year MACE were 
8.4%, 8.3%, 18.5% and 14.3% in the QFR-consistent, QFR-OT, 
QFR-UT, and QFR-OUT groups, respectively.

INVERSE PROBABILITY OF TREATMENT WEIGHTING 
ANALYSIS
The area under the curve (AUC) of the propensity model and the 
distribution of propensity scores are presented in Supplementary 
Figure 4 and Supplementary Figure 5. IPTW, based on propensity 

Treated lesions per patient: 1.36±0.70
Stents per patient: 1.57±0.85

Balloons per patient: 2.05±1.34

Treated lesions per patient: 1.51±0.67
Stents per patient: 1.89±1.00

Balloons per patient: 2.37±1.46

QFR assessment available in 1,391 (59.2%) patients with 2,614 vessels, 3,089 lesions

Exclusion: 71 vessels, 72 lesions with reference luminal diameter <2.5 mm by visual assessment

1,391 (59.2%) patients with 2,543 vessels, 3,017 lesions
Actually treated vessel: 1,717; lesions: 1,980

QFR-UT group
Patients, N=344 (24.7%)

QFR assessed vessel, N=979 (38.5%)
Actually treated vessel, N=429 (25.0%)

QFR-consistent treatment
Patients, N=814 (58.5%)

QFR assessed vessel, N=1,176 (46.2%)
Actually treated vessel, N=964 (56.1%)

QFR-inconsistent treatment
Patients, N=577 (41.5%)

QFR assessed vessel, N=1,367 (53.8%)
Actually treated vessel, N=753 (43.9%)

Vessels with QFR ≤0.80
N=964 (82.0%)

Vessels-treated
N=964 (100%)

Vessels with QFR >0.80
N=212 (18.0%)

Vessels with QFR ≤0.80
N=858 (87.6%)

Vessels with QFR >0.80
N=121 (12.4%)

Vessels-treated
N=0 (0%)

Vessels-
treated
N=429
(50%)

Vessels-
untreated

N=429
(50%)

Vessels-
treated

N=0
(0%)

Vessels-
untreated

N=121
(100%)

Treated lesions per patient: 1.45±0.67
Stents per patient: 1.63±0.91

Balloons per patient: 2.11±1.52

QFR-OT group
Patients, N=205 (14.7%)

QFR assessed vessel, N=306 (12.0%)
Actually treated vessel, N=279 (16.2%)

Vessels with QFR ≤0.80
N=66 (21.6%)

Vessels with QFR >0.80
N=240 (78.4%)

Vessels-
treated
N=66

(100%)

Vessels-
untreated

N=0
(0%)

Vessels-
treated
N=213
(88.7%)

Vessels-
untreated

N=27
(11.3%)

Treated lesions per patient: 1.82±0.95
Stents per patient: 1.75±0.65

Balloons per patient: 2.68±1.59

QFR-OUT group
Patients, N=28 (2.0%)

QFR assessed vessel, N=82 (3.2%)
Actually treated vessel, N=45 (2.6%)

Vessels with QFR ≤0.80
N=44 (53.7%)

Vessels with QFR >0.80
N=38 (46.3%)

Vessels-
treated
N=12

(27.3%)

Vessels-
untreated

N=32
(72.7%)

Vessels-
treated
N=33

(86.8%)

Vessels-
untreated

N=5
(13.2%)

Figure 2. Incidence of QFR-based physiological revascularisation. N: number of patients; QFR: quantitative flow ratio; QFR-OT: QFR-based 
overtreatment; QFR-OUT: QFR-based overtreatment and undertreatment; QFR-UT: QFR-based undertreatment
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Table 1. Baseline and procedural patient and lesion characteristics.

QFR-consistent 
(814 patients, 
1,176 vessels, 
1,369 lesions)

QFR-inconsistent 
(577 patients, 
1,367 vessels, 
1,648 lesions)

p-value

Pre-QFR assessment

Clinical Age, years 60.2±10.6 61.9±10.5 0.003

Male 572 (70.3) 396 (68.6) 0.51

Body mass index, kg/m2 24.9±3.6 24.8±3.2 0.74

Diabetes mellitus 163 (20.0) 143 (24.8) 0.03

Hypertension 478 (58.7) 363 (62.9) 0.12

Hyperlipidaemia 245 (30.1) 175 (30.3) 0.93

Smoking 418 (51.4) 287 (49.7) 0.55

Family history of coronary artery disease 35 (4.3) 31 (5.4) 0.35

Previous myocardial infarction 152 (18.7) 108 (18.7) 0.98

Previous PCI 85 (10.4) 62 (10.8) 0.86

Left ventricular ejection fraction, % 59.4±8.4 59.0±8.8 0.42

Peripheral vascular disease 22 (2.7) 24 (4.2) 0.13

Acute coronary syndrome 676 (83.1) 474 (82.2) 0.66

Angiographic SYNTAX score 12.4±7.5 16.5±10.3 <0.0001

Lesion location Left main artery 7 (0.5) 22 (1.3)

<0.0001
Left anterior descending artery 672 (49.1) 608 (36.9)

Left circumflex artery/ramus 276 (20.2) 492 (29.9)

Right coronary artery 414 (30.2) 526 (31.9)

Multivessel CAD* 265 (32.6) 422 (73.1) <0.0001

Bifurcation lesion 467 (34.1) 516 (31.3) 0.10

Total occlusion 227 (16.6) 182 (11.0) <0.0001

Severe tortuosity 14 (1.0) 22 (1.3) 0.43

Severe calcification 51 (3.7) 72 (4.4) 0.37

Quantitative coronary 
angiography

Reference vessel diameter, mm¶ 2.63±0.58 2.51±0.53 <0.0001

Minimal lumen diameter, mm¶ 0.83±0.54 0.91±0.52 <0.0001

Diameter stenosis, %¶ 68.2±18.7 64.0±17.8 <0.0001

Lesion length, mm¶ 21.5±10.6 21.7±11.4 0.71

Post-QFR assessment

Procedure Transradial approach 774 (95.1) 551 (95.5) 0.72

Treated lesions per patient 1.36±0.70 1.50±0.69 0.0003

Treated vessels per patient 1.18±0.44 1.31±0.50 <0.0001

Balloon predilation 1,026 (92.4) 798 (92.0) 0.80

Stents per patient 1.57±0.85 1.79±0.96 <0.0001

Stents diameter, mm 3.06±0.43 3.00±0.42 0.001

Total stent length per patient, mm 39.2±24.4 44.2±27.4 0.0003

Balloon post-dilation 579 (52.1) 467 (53.9) 0.44

Balloons per patient 2.05±1.34 2.29±1.49 0.002

After 
procedure

Lesion success‡ 1,090 (98.1) 850 (98.0) 0.91

Residual SYNTAX score 2.0±3.4 7.8±7.9 <0.0001

Physiological characteristics

Baseline vessel QFR 0.66±0.18 0.67±0.22 0.60

Physiologically significant ischaemic vessels (QFR ≤0.80) 964 (82.0) 968 (70.8) <0.0001

Functional SYNTAX score (FSS) 10.4±6.7 13.2±10.9 <0.0001

Values are mean±SD, counts (%) or median (interquartile range). *Site-reported data. ¶Value derived from 3-dimensional angiography in QFR analysis. 
‡Defined as a final residual diameter stenosis of <50 percent using any percutaneous method. FSS: functional SYNTAX score; N: number of patients; 
PCI: percutaneous coronary intervention; QCA: quantitative coronary angiography; QFR: quantitative flow ratio; SYNTAX: Synergy Between Percutaneous 
Coronary Intervention with Taxus and Cardiac Surgery 
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score, resulted in excellent or acceptable between-group balance on 
most pre-QFR-assessment baseline characteristics (Supplementary 
Table 4), although left anterior descending (LAD) lesions (SMD, 
0.113), multivessel CAD (SMD, 0.113) and DS (SMD, 0.114) 
were slightly higher among QFR-inconsistent patients.

After IPTW, the two-year rates of MACE (8.8% vs 13.6%; 
adjusted HR 0.64, 95% CI: 0.44-0.93; p=0.02) (Figure 4A) and 
ischaemia-driven revascularisation (2.9% vs 8.0%; adjusted HR 
0.35, 95% CI: 0.20-0.60; p<0.0001) remained significantly lower 
in the QFR-consistent group than in the QFR-inconsistent group 
(Figure 4D). Comparison of other adverse events is shown in 
Figure 4 and Table 2.

SENSITIVITY ANALYSES
Sensitivity analysis was performed comparing the characteristics 
and outcomes between the QFR-consistent group and the QFR-UT 
group after 1:1 propensity matching. The AUC of the propensity 
model, the distribution of propensity scores, and between-group 
baseline characteristics are presented in Supplementary Table 5, 
Supplementary Figure 6 and Supplementary Figure 7. The QFR-
consistent group was associated with lower two-year MACE com-
pared with the QFR-UT group in both unadjusted and matched 
samples (unadjusted sample, HR 0.43, 95% CI: 0.31-0.61; matched 

sample, adjusted HR 0.55, 95% CI: 0.33-0.92) (Supplementary 
Table 6, Supplementary Figure 8).

In a second sensitivity analysis, a comparison between 
the QFR-consistent group and the QFR-OT group was per-
formed. Supplementary Table 7, Supplementary Figure 9 and 
Supplementary Figure 10 show the AUC of the propensity model, 
the distribution of propensity scores, and the between-group base-
line characteristics. The difference between the QFR-consistent 
group and the QFR-OT group in two-year adverse events was not 
statistically significant (Supplementary Table 8, Supplementary 
Figure 11). However, in a PSM analysis, fewer stents and balloons 
were used in the QFR-consistent group than in the QFR-OT group 
(stents per patient, 1.52 vs 1.75, p=0.02; balloons per patient, 2.02 
vs 2.37, p=0.02).

The rationale for the decision-making of treating vessels on the 
basis of angiography was investigated in a third sensitivity analy-
sis (Supplementary Table 9). In vessels with QFR ≤0.80, non-
LAD lesions with smaller reference vessel diameter and with 
lesser anatomical complexity (e.g., low vessel SYNTAX score, 
non-occlusion, low DS%) were more likely to be deferred. In con-
trast, among vessels with QFR >0.80, LAD lesions with larger 
reference vessel diameter and with greater anatomical complexity 
(e.g., high vessel SYNTAX score) were more likely to be treated.

Table 2. Kaplan-Meier cumulative events up to two years.

Unweighted sample (N=1,391) IPTW adjustment (N=1,366)*

QFR-consistent 
(N=814)

QFR-inconsistent 
(N=577)

Hazard ratio¶ 
(95% CI)

p-value‡ Hazard ratio¶ 
(95% CI)

p-value‡

MACE 68 (8.4) 84 (14.7) 0.56 (0.41, 0.78) 0.0004 0.64 (0.44, 0.93) 0.02

All-cause death 17 (2.1) 17 (3.0) 0.71 (0.36, 1.39) 0.31 0.77 (0.34, 1.73) 0.52

All MI 39 (4.8) 34 (5.9) 0.81 (0.51, 1.28) 0.36 1.01 (0.60, 1.70) 0.98

Any ID revascularisation 24 (3.0) 49 (8.6) 0.35 (0.22, 0.56) <0.0001 0.35 (0.20, 0.60) <0.0001

MACE excluding periprocedural MI 44 (5.4) 64 (11.2) 0.48 (0.33, 0.71) 0.0002 0.52 (0.34, 0.82) 0.004

Other clinical endpoints

Cardiac death 9 (1.1) 7 (1.2) 0.91 (0.34, 2.44) 0.85 1.11 (0.35, 3.52) 0.86

Periprocedural MI 30 (3.7) 29 (5.0) 0.73 (0.44, 1.21) 0.22 0.94 (0.52, 1.69) 0.83

Spontaneous MI 9 (1.2) 5 (0.9) 1.26 (0.42, 3.75) 0.68 1.44 (0.45, 4.58) 0.54

Target vessel MI§ 36 (4.4) 33 (5.7) 0.77 (0.48, 1.23) 0.27 0.99 (0.58, 1.70) 0.97

Non-target vessel MI§ 3 (0.4) 1 (0.2) 2.12 (0.22, 20.34) 0.52 1.70 (0.18, 16.6) 0.65

ID TLR§ 9 (1.1) 12 (2.2) 0.52 (0.22, 1.22) 0.13 0.68 (0.28, 1.63) 0.39

TLR§ 10 (1.3) 12 (2.2) 0.57 (0.25, 1.33) 0.19 0.79 (0.34, 1.85) 0.58

ID TVR§ 13 (1.6) 17 (3.1) 0.56 (0.28, 1.14) 0.11 0.64 (0.29, 1.41) 0.27

TVR§ 14 (1.8) 17 (3.1) 0.60 (0.30, 1.20) 0.15 0.82 (0.41, 1.64) 0.58

ID non-TVR§ 12 (1.5) 37 (6.6) 0.22 (0.12, 0.43) <0.0001 0.21 (0.11, 0.43) <0.0001

Non-TVR§ 12 (1.5) 39 (7.0) 0.21 (0.11, 0.40) <0.0001 0.21 (0.10, 0.41) <0.0001

All-cause death or all MI 50 (6.2) 44 (7.7) 0.80 (0.53, 1.20) 0.27 0.92 (0.57, 1.48) 0.73

Definite or probable ST 7 (0.9) 6 (1.0) 0.83 (0.28, 2.46) 0.73 1.22 (0.39, 3.82) 0.73

Values are Kaplan-Meier estimated rates, summarised as counts (%). *The number is presented as an integer. ¶QFR-inconsistent group as reference. 
‡p-values are calculated by Cox regression analysis. §Target vessel and lesion are defined as the PCI-treated vessel and lesion. ID: ischaemia-driven; 
IPTW: inverse probability of treatment weighting; MACE: major adverse cardiac events; MI: myocardial infarction; N: number of patients; 
QFR: quantitative flow ratio; ST: stent thrombosis; TLR: target lesion revascularisation; TVR: target vessel revascularisation
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Discussion
The main findings of the present retrospective analysis in 
which patient-level baseline QFR assessment was feasible in 
1,391 patients from the all-comers randomised PANDA III trial 
are: 1) according to retrospective QFR analysis of the all-comers 
PANDA III trial, angiography-guided PCI did not address flow-
limiting disease correctly in a large number of patients (41%); 
2) QFR-consistent treatment was associated with a lower risk of 
two-year MACE compared with the QFR-inconsistent group, with 
differences driven by fewer ischaemia-driven revascularisations 
during follow-up; and 3) after accounting for differences in base-
line covariates between the groups, being QFR-consistent was an 
independent predictor of freedom from two-year MACE (Central 
illustration).

Patient-level QFR assessment was available in 59.2% of patients. 
The main reason for unavailable QFR was the lack of calibration 
data in DICOM files (44.9%). There are several prerequisites for 
a DICOM file to be analysed by the current QFR system, namely 
three DICOM tags, i.e., 1) tag ID (0018,1110), 2) tag ID (0018,1111), 
and 3) tag ID (0018,1164); DICOM files were not analysable if any 
of the three parameters were missing, which may be related to the 
angiography mode or the angiography device model. In addition, 
in the PANDA III trial, without specific angiographic guidelines, 
the lack of analysable projections (27.8%) and severe vessel over-
lap or tortuosity (17.6%) were also important reasons for patient 
exclusion. The availability of QFR can be improved by specifying 
appropriate equipment and modes before angiography and follow-
ing specific angiographic guidelines.
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Figure 3. Time-to-event curves of two-year clinical outcomes among the QFR-consistent, QFR-UT, QFR-OT, and QFR-OUT groups. 
Kaplan-Meier time-to-first-event curves showing the two-year cumulative incidence of the following. A) Major adverse cardiac events 
(MACE). B) All-cause death. C) All myocardial infarction. D) Ischaemia-driven revascularisation. CI: confidence interval; HR: hazard ratio; 
MACE: major adverse cardiac events; QFR-OT: QFR-based overtreatment; QFR-OUT: QFR-based overtreatment and undertreatment; 
QFR: quantitative flow ratio; QFR-UT: QFR-based undertreatment
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QFR-consistent PCI in an all-comers cohort

QFR has been developed as a simple-to-use adjunct to angi-
ography and PCI which enables physiological lesion and vessel 
assessment without the need for pressure wire measurement of 
non-standard hyperaemic agents5. Its simplicity, shorter assess-
ment times, and fewer complications compared to FFR may pro-
mote the routine online use of this technique to assist the decision 
making of interventionalists4. However, while QFR has been 
shown to have very good correlation with FFR5, no randomised 
trials have compared clinical outcomes of QFR-based and FFR-
based or iFR-based revascularisation decisions. Also, no prior 
studies have assessed what proportion of patients undergoing 
angiography-guided PCI achieve functionally consistent revascu-
larisation according to QFR indices, and whether such categorisa-
tion might be of prognostic utility. In this post hoc analysis from 
an all-comers randomised trial in which PCI was performed with 
contemporary drug-eluting stents (DES), we found that ~59% of 
patients achieved QFR-consistent physiological revascularisation 
– that is, all vessels with a baseline QFR at or below the ischae-
mic threshold of 0.80 were treated and no vessels with a QFR 

above this threshold were treated. Conversely, ~41% of patients 
received QFR-inconsistent physiological revascularisation, of 
whom approximately 60% were undertreated and 36% were over-
treated. After adjusting for differences in clinical and angiographic 
covariates, MACE rates up to two-year follow-up were lower if 
QFR-based treatment guidance had been followed. These findings 
suggest that an angiographic QFR-guided revascularisation strat-
egy may improve clinical outcomes of patients undergoing PCI.

QFR-consistent treatment was associated with lower one-year 
and two-year rates of MACE, with the hazard curves continuing 
to diverge with longer-term follow-up, as reported in previous 
studies3,10,11. The improved late prognosis of QFR-consistent treat-
ment was due mostly to the reduction of ischaemia-driven revas-
cularisation, with differences noted especially in the non-target 
vessel but also in the target vessel. Although the differences in 
all-cause death or all MI were not significant between the groups, 
numerically fewer events occurred in the QFR-consistent group. 
Examining the differences between treated and untreated vessels, 
it was observed that the interventionalists (using angiographic 
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Figure 4. Time-to-event curves of two-year clinical outcomes by QFR-consistent and QFR-inconsistent groups after IPTW. Kaplan-Meier 
time-to-first-event curves showing the two-year cumulative incidence of the following. A) MACE. B) All-cause death. C) Any myocardial 
infarction. D) Ischaemia-driven revascularisation. The numbers are presented as integers. CI: confidence interval; HR: hazard ratio; 
IPTW: inverse probability of treatment weighting; MACE: major adverse cardiac events; QFR: quantitative flow ratio
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guidance) tended to treat LAD lesions of greater anatomic com-
plexity more frequently than right coronary artery (RCA) or left 
circumflex (LCx) lesions of lesser complexity. However, this is 
a suboptimal manner to identify physiologically significant ischae-
mia. Therefore, vessels truly in need of angioplasty could be effec-
tively identified by physiological assessment, which has been 
demonstrated to improve the prognosis of patients undergoing PCI 
in the present study.

Sensitivity analysis demonstrated that the worse outcomes in 
the QFR-inconsistent group compared with the QFR-consistent 
group were driven most strongly by adverse outcomes in the 
QFR-UT group, indicating that contemporary DES treatment of 
vessels with QFR-based physiologically significant ischaemia 
is especially important to improve clinical outcomes (consistent 

with the findings from FAME 2 and other studies using FFR-
based physiological assessment)3,8,12,13. Patients with a deferred 
functional ischaemia vessel (baseline QFR ≤0.80) were more 
likely to suffer from recurrent angina, which means a higher pos-
sibility of undergoing coronary angiography again and further 
intervention on the deferred vessels. This might explain the fact 
that the improved late prognosis of QFR-consistent treatment was 
mostly due to the reduction of ischaemia-driven revascularisation, 
especially in the non-target vessel. Compared with the QFR-OT 
group, no significant long-term clinical benefits were observed in 
the QFR-consistent group, consistent with the DEFER study out-
comes14,15 and the long-term clinical results from the FAME trial2. 
However, by avoiding treatment of vessels that are physiologi-
cally non-ischaemic, QFR-consistent treatment compared with 
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QFR-consistent PCI in an all-comers cohort

QFR-OT may reduce the per-patient use of interventional devices 
(e.g., stents, balloons), thereby lowering the cost of medical care 
and the risk of procedural complications, as was observed in the 
economic evaluation of the FAME study16. Nevertheless, over-
treatment of physiologically insignificant vessels might theoreti-
cally be related to adverse events such as periprocedural MI, stent 
thrombosis, in-stent restenosis, and target lesion revascularisa-
tion, detection of the differences which depend on a large sam-
ple size. In the present retrospective analysis, as the sample size 
was limited (QFR-OT, N=205), there was not enough power to 
test differences in these events, so the findings of this study are 
hypothesis generating and need a future massive prospective ran-
domised trial for validation.

In the present study, by retrospective off-line QFR analysis 
of an all-comer cohort undergoing angiography-guided PCI, we 
sketched a picture that almost 59% achieved physiology-con-
sistent PCI, while 41% received physiology-inconsistent PCI. 
These findings revealed the net benefits and rationale behind the 
improved clinical prognosis of physiology-guided revascularisa-
tion, as nearly 40% of the patients whose intervention strategies 
were guided by angiography could be converted to achieve func-
tional revascularisation based on preprocedural physiology assess-
ment. This supports the use of physiology-guided decisions in the 
catheter laboratory and lends confidence to clinicians to adopt this 
approach to optimise decision making. However, the findings of 
the present study are hypothesis generating, and the utility and 
cost-effectiveness of QFR-guided PCI compared with angiography 
guidance alone is being examined in 3,830 randomised patients in 
the ongoing prospective FAVOR III China trial (NCT03656848)8.

Limitations
A strength of the present study is that the large-scale all-comers 
PANDA III trial incorporated numerous high-quality measures, 
including on-site monitoring, clinical event adjudication and inde-
pendent QCA analysis. However, PANDA III was not designed to 
facilitate QFR analysis. Thus, many of the angiographic images 
retrospectively analysed in the present study failed to meet the 
analysis requirements of the QFR analysing system, resulting in 
the exclusion of 40.8% of patients from the final analysis, which 
is in line with previous studies of retrospective QFR analysis9. 
Some baseline characteristics were not evenly distributed between 
included and excluded patients. The extent to which these consid-
erations may affect the external validity of the present results is 
unknown. Also, patients in whom QFR-consistent treatment was 
achieved had fewer comorbidities and less extensive CAD than 
those with QFR-inconsistent treatment.

Although the differences in outcomes favouring the QFR-
consistent group persisted after adjusting for most of these imbal-
ances, we cannot exclude an effect from unmeasured confounders. 
Third, a few patients received a planned staged procedure but 
exceeded the pre-defined staged window of the PANDA III 
trial6, the grouping of whom might have introduced selection 
bias. Fourth, as a post hoc analysis to investigate the impact of 

physiology consistency on PCI outcomes by using the data from 
a head-to-head DES trial, there might be some inherent bias: 1) the 
primary outcome of the present study was a composite of all-cause 
death, all MI, or any ID revascularisation, which is inconsistent 
with the original primary endpoint (composite of cardiac death, 
target vessel MI, or ischaemia-driven target lesion revascularisa-
tion [ID-TLR]) in the PANDA III trial; 2) during the follow-up of 
the PANDA III trial, as the treatment decision was unblinded with 
participating patients, those with deferred vessels/lesions were 
more likely to undergo repeat coronary angiography and further 
revascularisation procedures due to self-reported symptoms. Fifth, 
the post-PCI QFR was reported to have a substantial impact on 
long-term clinical outcome17. The prognostic value of the strategy 
combining guidance of pre-PCI QFR and assessment of post-PCI 
QFR will be investigated in future studies. Sixth, intracoronary 
imaging (e.g., optical coherence tomography [OCT], intravascular 
ultrasound [IVUS]) was used relatively infrequently in PANDA III. 
Although physiology is recommended principally for lesion selec-
tion whereas intracoronary imaging is relied upon more for stent 
optimisation, the extent to which the present results may have dif-
fered had a greater reliance on intracoronary imaging been used is 
uncertain. Finally, the present study did not include a control arm 
of angiography-guided or FFR-guided revascularisation.

Conclusions
In this post hoc analysis of an all-comers PCI trial, approximately 
60% of patients were treated in accordance with the QFR meas-
urement which would have been recommended, the achievement 
of which was associated with improved clinical outcomes during 
two-year follow-up. The utility of QFR to guide revascularisation 
of patients undergoing PCI is being tested in the ongoing prospec-
tive randomised FAVOR III China trial.

Impact on daily practice
The present study in which QFR was retrospectively assessed in 
1,391 patients from the all-comers PANDA III randomised trial 
demonstrated that ~60% of patients undergoing angiography-
based PCI had QFR-consistent functional revascularisation, the 
achievement of which was associated with improved two-year 
clinical outcomes. This study supports the use of physiology-
guided decisions in the catheterisation laboratory and lends con-
fidence to clinicians to adopt this approach to optimise decision 
making.
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Supplementary data 

 

Supplementary Appendix 1. Measurements of QFR 

QFR was analysed from the ostium of the main vessels (left anterior descending, left 

circumflex, and right coronary artery) to a landmark (e.g., bifurcation) distal to the farthest 

measurement-requiring lesion. The software delineated the lumen contour automatically by 

well-validated algorithms. Manual correction, following a standard operation procedure, 

could be performed in cases with suboptimal angiographic image quality. The reference 

vessel diameter was generally obtained by selecting the automatic reference interpolation 

mode. However, if the reference-interpolated line was inconsistent with the actual situation 

(e.g., coronary artery ectasia), it could be adjusted by the fixed proximal segment mode or 

normal mode (specifying non-diseased proximal or distal segments). The contrast flow 

model, which yields contrast flow velocity by the frame count method, was used in this study 

for QFR measurement. 

 

A hierarchical strategy was developed to identify the priority exclusion reason at the patient 

level. Patients were excluded from the analysis according to the following priorities: 1) 

DICOM file with auto-calibration data lacking; 2) there were not two analysable projections, 

including no or one available projection and images with an angiographic projection position 

less than 25 degrees; 3) images had poor angiographic quality affecting contour delineation; 

4) lesions were located <3 mm from the aorta; 5) there was severe vessel overlap or tortuosity 

at the stenosis or proximal segments of the stenosis; or 6) there were restrictions in frame 

count. 

 

 

  



 

 

Supplementary Appendix 2. Endpoints and definitions 

Primary endpoint 

Major adverse cardiac events (MACE), a composite of all-cause death, all MI, or any 

ischaemia-driven revascularisation. 

 

Secondary endpoints 

MACE excluding periprocedural MI, a composite of all-cause death, spontaneous MI, or 

any ischaemia-driven revascularisation. 

 

Clinical endpoint in hospital and each follow-up point (30 days, 6 months, 1 year, and 

annually up to 5 years) 

a) Death. All deaths were considered cardiac unless an unequivocal non-cardiac cause 

could be established. Specifically, any unexpected death even in patients with 

coexisting potentially fatal non-cardiac disease (e.g., cancer, infection) were 

classified as cardiac. 

Cardiac death was any death due to proximate cardiac cause (e.g., MI, low-

output failure, fatal arrhythmia), unwitnessed death and death of unknown cause, 

and all procedure-related deaths including those related to concomitant treatment. 

Vascular death was a death due to non-coronary vascular causes such as 

cerebrovascular disease, pulmonary embolism, ruptured aortic aneurysm, 

dissecting aneurysm, or other vascular cause. 

Non-cardiovascular death was any death not covered by the above definitions, 

such as death caused by infection, malignancy, sepsis, pulmonary causes, 

accident, suicide or trauma. 

b) Myocardial infarction (MI). 

Periprocedural MI (within 48 hours after PCI) was defined according to the 

modified ARC definition [3,4]: 

PCI (percutaneous coronary intervention) 

Ia. Baseline biomarkers of myocardial damage (CK and CKMB and 

troponin <1*URL) and not acute MI in progress. 

Periprocedural <48 hours post PCI 

A. New pathologic Q-waves in ≥2 contiguous ECG leads AND 

- Any CKMB >1*URL or  

- In the absence of CKMB: troponin >1*URL or 

- In the absence of CKMB and troponin: CK >1*URL or  

- In the absence of CKMB and troponin and CK: CEC decision upon 

clinical scenario  

B. Appropriate cardiac enzyme data: 

b1. CK ≥2* URL confirmed by: 

- CKMB >1*URL or 

- In the absence of CKMB, troponin >1*URL or 

- In the absence of CKMB and troponin: CEC decision upon clinical 

scenario 

OR 



 

 

b2. In the absence of CK: CKMB >3*URL 

OR 

b3. In the absence of CK and CKMB: troponin >3*URL 

Ib. If baseline biomarkers of myocardial damage: CK and/or 

CKMB > 1*URL or acute MI in progress: 

Myocardial infarction, reinfarction (extension) <48 hours post PCI 

A. If CK (or CKMB) from index MI has not yet reached its maximum level: 

- Recurrent thoracic chest pain or ischaemia equivalent >20 minutes (or 

new ECG changes consistent with MI) 

AND 

- Appropriate cardiac enzyme data: 

- A rise in CK within 24 hours of the index event >2*URL (confirmed 

by either CKMB or troponin >1*URL) and ≥50% above the previous 

level or 

- In the absence of CK: a (post-PCI) rise in CKMB within 24 hours of 

the index event >3*URL and ≥50% above the previous level or 

- In the absence of CK and CKMB: a (post-PCI) rise of troponin within 

24 hours of the index event >3*URL and ≥50% above the previous 

level. 

B. If elevated CK (or CKMB) following the index MI has peaked AND CK 

level has returned <URL then any new rise in: 

- CK >2*URL (confirmed by either CKMB >URL or troponin >URL) or 

- In the absence of CK: CKMB >3*URL or 

- In the absence of CK and CKMB, troponin >3*URL 

C. If CK (or CKMB) following the index MI has peaked AND CK level has 

NOT returned to <URL: 

- A rise in CK ≥50% above the previous level and >2*URL confirmed by 

either CKMB >URL or troponin >URL or 

- In the absence of CK, when CKMB has NOT returned to <URL, a rise 

in CKMB ≥50% above the previous level and >3*URL or 

- In the absence of CK, when CKMB and troponin have not returned to 

<URL a rise in troponin ≥50% above the previous level and >3*URL 

Spontaneous MI >48 hours (PCI) 

A. Recurrent thoracic chest pain or ischaemic equivalent AND new 

pathologic Q-waves in ≥2 contiguous ECG leads AND  

- Any CKMB >1*URL or 

- In the absence of CKMB: troponin >1*URL or 

- In the absence of CKMB and troponin: CK >1*URL or 

- In the absence of CKMB and troponin and CK: CEC decision upon 

clinical scenario 

B. Appropriate cardiac enzyme data (respecting top-down hierarchy): 

b1. CK ≥2* URL confirmed by: 

- CKMB >1*URL or 

- In the absence of CKMB: troponin >1*URL or 



 

 

- In the absence of CKMB and troponin: CEC decision upon clinical 

scenario 

OR 

b2. In the absence of CK: CKMB >3*URL 

OR 

b3. In the absence of CK and CKMB: troponin >3*URL 

OR 

b4. In the absence of CK, CK-MB and troponin, clinical decision based 

upon clinical scenario 

c) Repeat revascularisation 

Target lesion revascularisation (TLR) was defined as any repeat percutaneous 

intervention of the target lesion or bypass surgery of the target vessel performed for 

restenosis or other complication of the target lesion. All TLR should be classified 

prospectively as ischaemia-driven (ID) or not ischaemia-driven by the investigator 

prior to repeat angiography. The target lesion is defined as the treated segment from 

5 mm proximal to the stent and to 5 mm distal to the stent. 

Target vessel revascularisation (TVR) was defined as any repeat percutaneous 

intervention or surgical bypass of any segment of the target vessel. The target vessel 

was defined as the entire major coronary vessel proximal and distal to the target 

lesion which includes upstream and downstream branches and the target lesion itself. 

Ischaemia-driven revascularisation (ID-TLR/TVR) was considered ischaemia-

driven if associated with any of the following: 1) positive functional ischaemia study 

including positive FFR; 2) angiographic diameter stenosis ≥50% by core laboratory 

QCA with positive functional ischaemic symptoms; or 3) angiographic diameter 

stenosis ≥70% by core laboratory QCA without angina or positive functional study. 

d) Stent thrombosis. Stent thrombosis was defined according to Academic Research 

Consortium (ARC) criteria [3]. 

Definite stent thrombosis was considered to have occurred by either angiographic 

or pathologic confirmation. Angiographic confirmation of stent thrombosis was 

defined as the presence of a thrombus that originates in the stent or in the segment 5 

mm proximal or distal to the stent, with at least one of the following criteria within a 

48-hour time window: 1) acute onset of ischaemic symptoms at rest; 2) new 

ischaemic ECG changes that suggested acute ischaemia; 3) typical rise and fall in 

cardiac biomarkers (refer to definition of spontaneous MI); 4) non-occlusive 

thrombosis (a spherical, ovoid, or irregular non-calcified filling defect or lucency 

surrounded by contrast material on three sides or within a coronary stenosis seen in 

multiple projections, or persistence of contrast material within the lumen, or a visible 

embolisation of intraluminal material downstream); 5) occlusive thrombus (TIMI 0 

or TIMI 1) intrastent or proximal to a stent up to the most adjacent proximal side 

branch or main branch (if it originates from the side branch). Pathological 

confirmation of stent thrombosis was defined as evidence of recent thrombus within 

the stent determined at autopsy or via examination of tissue retrieved following 

thrombectomy. Note: the incidental angiographic documentation of stent occlusion 

in the absence of clinical signs or symptoms was not considered a confirmed stent 



 

 

thrombosis (silent occlusion). 

Probable stent thrombosis was considered to have occurred in the following cases: 

1) any unexplained death within the first 30 days after intracoronary stent 

implantation (note: for patients presenting with STEMI, one might consider the 

exclusion of unexplained death within 30 days as evidence of probable stent 

thrombosis); 2) irrespective of the time after the index procedure, any MI that was 

related to documented acute ischaemia in the territory of the implanted stent without 

angiographic confirmation of stent thrombosis and in the absence of any other 

obvious cause. 

 

 

  



 

 

Supplementary Appendix 3. Propensity analysis 

Confounding due to differences in baseline characteristics was addressed using two 

propensity analysis methods (inverse probability of treatment weighting [IPTW] and 

propensity score matching [PSM]). To calculate the propensity score, a hierarchical logistic 

regression model was fitted with QFR-consistent treatment as the outcome with all the pre-

QFR assessment baseline variables in Table 1 included as covariates in the propensity score 

model, including the following 23 variables: age, male, body mass index, diabetes mellitus, 

hypertension, hyperlipidaemia, smoking, family history of coronary artery disease, previous 

myocardial infarction, previous PCI, left ventricular ejection fraction, peripheral vascular 

disease, acute coronary syndrome, SYNTAX score, LAD involved, multivessel CAD, 

bifurcation lesion, total occlusion, severe tortuosity, severe calcification, averaged reference 

vessel diameter (RVD), averaged diameter stenosis, averaged lesion length. Three propensity 

models were constructed for three different populations (QFR-consistent vs QFR-

inconsistent, QFR-consistent vs QFR-UT, and QFR-consistent vs QFR-OT). Receiver 

operating characteristic (ROC) curve analysis with AUC was used to evaluate the propensity 

score model. On the basis of the propensity score, IPTW, which weighted patients by the 

inverse of the probability of the observed revascularisation strategy by the propensity score 

for the revascularisation strategy received, was developed to adjust for the differences 

between the QFR-consistent and QFR-inconsistent groups. In sensitivity analysis (QFR-

consistent vs QFR-UT, QFR-consistent vs QFR-OT), patients were matched 1:1 using a 

calliper of 0.1 of the logit of the propensity score. 

  



 

 

Supplementary Table 1. Baseline and procedural characteristics of QFR analysable and 

unanalysable patients. 

 

QFR analysable 

(1,391 patients, 2,543 

vessels, 3,017 lesions) 

QFR unanalysable  

(957 patients, 1,928 

vessels, 2,306 lesions) 

p-value 

Clinical    

Age, years 60.9±10.6 61.5±10.7 0.18 

Male 968 (69.6) 690 (72.1) 0.19 

Body mass index, kg/m2 24.8±3.4 24.9±3.2 0.40 

Diabetes mellitus 306 (22.0) 264 (27.6) 0.002 

Hypertension 841 (60.5) 606 (63.3) 0.16 

Hyperlipidaemia 420 (30.2) 312 (32.6) 0.22 

Smoking 705 (50.7) 474 (49.5) 0.58 

Family history of CAD 66 (4.7) 51 (5.3) 0.52 

Previous myocardial infarction 260 (18.7) 177 (18.5) 0.90 

Previous PCI 147 (10.6) 135 (14.1) 0.01 

Left ventricular ejection fraction, % 59.2±8.8 59.5±9.3 0.48 

Peripheral vascular disease 46 (3.3) 25 (2.6) 0.33 

Acute coronary syndrome 1,150 (82.7) 773 (80.8) 0.24 

Angiographic    

SYNTAX score 14.0±8.9 15.5±9.5 <0.0001 

Lesion location   <0.0001 

Left main artery 29 (1.0) 53 (2.1)  

Left anterior descending artery 1,280 (42.4) 983 (38.9)  

Left circumflex artery/ramus 768 (25.5) 651 (25.8)  

Right coronary artery 940 (31.2) 839 (33.2)  

Multivessel CAD* 687 (49.4) 627 (65.5) <0.0001 

Bifurcation lesion 983 (32.6) 749 (29.7) 0.02 

Total occlusion 409 (13.6) 163 (6.5) <0.0001 



 

 

Severe tortuosity 36 (1.2) 45 (1.8) 0.07 

Severe calcification 123 (4.1) 76 (3.0) 0.03 

Procedure    

Transradial approach 1,325 (95.3) 916 (95.7) 0.60 

Treated lesion measures    

Treated lesions per patient 1.42±0.70 1.51±0.73 0.005 

Quantitative coronary angiography    

Reference vessel diameter, mm 2.76±0.47 2.74±0.45 0.21 

Minimal lumen diameter, mm 0.68±0.49 0.73±0.46 0.007 

Diameter stenosis, % 75.8±16.6 73.7±15.5 0.0003 

Lesion length, mm 20.0±12.0 19.4±12.1 0.09 

Balloon predilation 1,824 (92.2) 1,297 (90.0) 0.02 

Stents per patient 1.66±0.90 1.80±0.96 0.0004 

Stents diameter, mm 3.03±0.43 3.02±0.42 0.29 

Total stent length per patient, mm 41.3±25.8 43.8±26.2 0.02 

Balloon post-dilation 1,046 (52.9) 727 (50.4) 0.16 

After procedure    

Lesion success† 1,940 (98.1) 1,432 (99.3) 0.003 

Procedural success‡ 1,318 (94.8) 911 (95.2) 0.63 

Residual SYNTAX score 4.5±5.7 5.1±6.0 0.008 

Values are mean±SD or counts (%).  

*site-reported data. †defined as the attainment of a final residual diameter stenosis of less 

than 50 percent using any percutaneous method. ‡defined as the attainment at the target site 

of a final residual diameter stenosis of less than 50 percent, together with the absence of any 

in-hospital major adverse cardiac events.  

CAD: coronary artery disease; PCI: percutaneous coronary intervention; QFR: quantitative 

flow ratio; STEMI: ST-segment elevation myocardial infarction; SYNTAX: Synergy Between 

Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery   



 

 

Supplementary Table 2. Kaplan-Meier cumulative events up to two years in the QFR 

analysable and unanalysable groups*. 

 
QFR analysable 

(N=1,391) 

QFR 

unanalysable  

(N=957) 

p-value* 

MACE 152 (11.0) 116 (12.9) 0.42 

All-cause death 34 (2.5) 32 (3.6) 0.20 

All MI 73 (5.3) 46 (4.8) 0.63 

Any ID revascularisation 73 (5.3) 52 (6.1) 0.89 

MACE excluding periprocedural MI 108 (7.8) 86 (9.7) 0.33 

Other clinical endpoints    

Cardiac death 16 (1.2) 19 (2.2) 0.10 

Periprocedural MI 59 (4.2) 34 (3.6) 0.40 

Spontaneous MI 14 (1.1) 12 (1.3) 0.58 

Target vessel MI† 69 (5.0) 41 (4.3) 0.45 

Non-target vessel MI† 4 (0.3) 5 (0.5) 0.36 

ID TLR† 21 (1.6) 22 (2.4) 0.16 

TLR† 22 (1.6) 22 (2.4) 0.21 

ID TVR† 30 (2.2) 26 (3.4) 0.45 

TVR† 31 (2.3) 26 (3.4) 0.52 

ID non-TVR† 49 (3.6) 26 (2.8) 0.29 

Non-TVR† 51 (3.8) 27 (2.9) 0.28 

All-cause death or all MI 94 (6.8) 72 (7.7) 0.49 

Definite or probable ST 13 (0.9) 11 (1.2) 0.61 

Values are Kaplan-Meier estimated rates, summarised as counts (%). * p-values are 

calculated with the use of the log-rank test. †Target vessel and lesion are defined as the PCI-

treated vessel and lesion.  

ID: ischaemia-driven; MACE: major adverse cardiac events; MI: myocardial infarction; N: 

number of patients; PCI: percutaneous coronary intervention; ST: stent thrombosis; TLR: 

target lesion revascularisation; TVR: target vessel revascularisation 

 



 

 

Supplementary Table 3. Baseline and procedural patient and lesion characteristics among four groups. 

 

QFR-consistent 

(814 patients, 

1,176 vessels, 

1,369 lesions) 

QFR-UT 

(344 patients, 

979 vessels, 

1,219 lesions) 

QFR-OT 

(205 patients, 

306 vessels, 

330 lesions) 

QFR-OUT 

(28 patients,  

82 vessels, 

99 lesions) 

Pre-QFR assessment     

Clinical     

Age, years 60.2±10.6 62.0±10.8 61.9±10.0 61.7±12.3 

Male 572 (70.3) 250 (72.7) 125 (61.0) 21 (75.0) 

Body mass index, kg/m2 24.9±3.6 24.9±3.2 24.7±3.3 24.8±2.6 

Diabetes mellitus 163 (20.0) 97 (28.2) 39 (19.0) 7 (25.0) 

Hypertension 478 (58.7) 230 (66.9) 117 (57.1) 16 (57.1) 

Hyperlipidaemia 245 (30.1) 108 (31.4) 59 (28.8) 8 (28.6) 

Smoking 418 (51.4) 180 (52.3) 94 (45.9) 13 (46.4) 

Family history of coronary artery disease 35 (4.3) 24 (7.0) 6 (2.9) 1 (3.6) 

Previous myocardial infarction 152 (18.7) 75 (21.8) 29 (14.2) 4 (14.3) 

Previous PCI 85 (10.4) 41 (11.9) 19 (9.3) 2 (7.1) 

Left ventricular ejection fraction, % 59.4±8.4 58.7±9.2 59.5±7.8 59.6 ± 11.1 

Peripheral vascular disease 22 (2.7) 11 (3.2) 9 (4.4) 4 (14.3) 

    Acute coronary syndrome 676 (83.1) 279 (81.1) 172 (83.9) 23 (82.1) 

Angiographic     

SYNTAX score 12.4±7.5 20.7±9.7 9.2±7.0 17.5±7.6 

Lesion location     

Left main artery 7 (0.5) 20 (1.6) 2 (0.6) 0 (0) 

Left anterior descending artery 672 (49.1) 433 (35.5) 141 (42.7) 34 (34.3) 

Left circumflex artery/ramus 276 (20.2) 357 (29.3) 104 (31.5) 31 (31.3) 

Right coronary artery 414 (30.2) 409 (33.6) 83 (25.2) 34 (34.3) 



 

 

Multivessel CAD* 265 (32.6) 318 (92.4) 77 (37.6) 27 (96.4) 

Bifurcation lesion 467 (34.1) 384 (31.5) 103 (31.2) 29 (29.3) 

Total occlusion 227 (16.6) 167 (13.7) 7 (2.1) 8 (8.1) 

Severe tortuosity 14 (1.0) 11 (0.9) 10 (3.0) 1 (1.0) 

Severe calcification 51 (3.7) 60 (4.9) 6 (1.8) 6 (6.1) 

Quantitative coronary angiography     

Reference vessel diameter, mm† 2.63±0.58 2.47±0.54 2.64±0.52 2.48±0.45 

Minimal lumen diameter, mm† 0.83±0.54 0.81±0.49 1.24±0.47 1.03±0.48 

Diameter stenosis, %† 68.2±18.7 67.4±17.5 53.4±14.3 58.0±17.4 

Lesion length, mm† 21.5±10.6 22.9±11.6 18.7±10.3 19.2±9.8 

Post-QFR assessment     

Procedure     

Transradial approach 774 (95.1) 326 (94.8) 199 (97.1) 26 (92.9) 

Treated lesions per patient 1.36±0.70 1.51±0.67 1.45±0.67 1.82±0.95 

Treated vessels per patient 1.18±0.44 1.25±0.46 1.36±0.54 1.61±0.63 

Balloon predilation 1,026 (92.4) 486 (93.8) 263 (88.3) 49 (96.1) 

Stents per patient 1.57±0.85 1.89±1.00 1.63±0.91 1.75±0.65 

Stents diameter, mm 3.06±0.43 2.96±0.40 3.06±0.44 2.96±0.45 

Total stent length per patient, mm 39.2±24.4 48.9±28.4 36.6±24.7 42.5±20.1 

Balloon post-dilation 579 (52.1) 287 (55.4) 156 (52.4) 24 (47.1) 

Balloons per patient 2.05±1.34 2.37±1.46 2.11±1.52 2.68±1.59 

After procedure     

Lesion success‡ 1,090 (98.1) 505 (97.5) 295 (99.0) 50 (98.0) 

Residual SYNTAX score 2.0±3.4 11.6±7.6 1.2±2.7 9.3±5.7 

Physiological characteristics     

Baseline vessel QFR 0.66±0.18 0.60±0.21 0.83±0.12 0.74±0.17 

Physiologically significant  964 (82.0) 858 (87.6) 66 (21.6) 44 (53.7) 



 

 

ischaemic vessels (QFR ≤0.80) 

Functional SYNTAX score (FSS) 10.4±6.7 19.5±8.6 2.8±5.2 12.3±7.8 

Values are mean±SD, counts (%). *Site-reported data. †Value derived from three-dimensional angiography in QFR analysis. ‡Defined as a final 

residual diameter stenosis of <50 percent using any percutaneous method.  

CAD: coronary artery disease; FSS: functional SYNTAX score; N: number of patients; PCI: percutaneous coronary intervention; QFR: 

quantitative flow ratio; QFR-OT: QFR-based overtreatment; QFR-OUT: QFR-based overtreatment and undertreatment; QFR-UT: QFR-based 

undertreatment; STEMI: ST-segment elevation myocardial infarction; SYNTAX: Synergy Between Percutaneous Coronary Intervention with 

Taxus and Cardiac Surgery  

  



 

 

Supplementary Table 4. Standardised mean differences in baseline characteristics. 

 Unweighted IPTW 

Pre-QFR assessment   

Clinical   

Age, years 0.162 0.007 

Male 0.036 0.003 

Body mass index, kg/m2 0.018 0.011 

Diabetes mellitus 0.114 0.012 

Hypertension 0.086 0.012 

Hyperlipidaemia 0.005 0.009 

Smoking 0.032 0.005 

Family history of CAD 0.050 0.089 

Previous myocardial infarction 0.001 0.041 

Previous PCI 0.010 0.027 

Peripheral vascular disease 0.080 0.009 

Left ventricular ejection fraction, % 0.043 0.013 

Acute coronary syndrome 0.024 0.005 

Angiographic   

SYNTAX score 0.455 0.009 

LAD lesion 0.248 0.113 

    Multivessel CAD* 0.890 0.113 

Bifurcation lesion 0.060 0.011 

Total occlusion 0.161 0.040 

Severe tortuosity 0.029 0.034 

Severe calcification 0.033 0.014 

Quantitative coronary angiography   

Reference vessel diameter, mm† 0.227 0.027 

Minimal lumen diameter, mm† 0.148 0.094 

Diameter stenosis, %† 0.233 0.114 

Lesion length, mm† 0.015 0.101 

Post-QFR assessment   

Procedure   

Transradial approach 0.019 0.016 



 

 

Treated lesions per patient 0.198 0.219 

Treated vessels per patient 0.254 0.068 

Balloon predilation 0.011 0.005 

Stents per patient 0.239 0.128 

Stents diameter 0.155 0.100 

Total stent length per patient, mm 0.194 0.165 

Balloon post-dilation 0.035 0.017 

Balloons per patient 0.172 0.044 

After procedure   

Lesion success‡ 0.005 0.024 

Residual SYNTAX score 0.962 0.402 

*Site-reported data. †Value derived from 3-dimensional angiography in QFR analysis. 

‡Defined as the attainment of a final residual diameter stenosis of less than 50 percent using 

any percutaneous method. 

CAD: coronary artery disease; IPTW: inverse probability of treatment weighting; LAD: left 

anterior descending artery; PCI: percutaneous coronary intervention; QFR: quantitative flow 

ratio; SYNTAX: Synergy Between Percutaneous Coronary Intervention with TAXUS and 

Cardiac Surgery



 

 

Supplementary Table 5. Standardised mean differences in baseline characteristics between the QFR-consistent and QFR-UT groups. 

 Unweighted sample (N=1,158)  Propensity 1:1 matching (N=482) 

 

QFR-consistent 

(814 patients,  

1,176 vessels,  

1,369 lesions) 

QFR-UT 

(344 patients, 

979 vessels, 

1,219 lesions) SMD 

 

QFR-consistent 

(241 patients, 

526 vessels, 

624 lesions) 

QFR-UT 

(241 patients, 

665 vessels 

809 lesions) SMD 

Pre-QFR assessment        

Clinical        

Age, years 60.2±10.6 62.0±10.8 0.166  60.1±10.5 61.7±10.4 0.055 

Male 572 (70.3) 250 (72.7) 0.053  171 (71.0) 172 (71.4) 0.009 

Body mass index, kg/m2 24.9±3.6 24.9±3.2 <0.001  25.0±3.7 25.0±3.3 0.001 

Diabetes mellitus 163 (20.0) 97 (28.2) 0.192  56 (23.2) 56 (23.2) 0 

Hypertension 478 (58.7) 230 (66.9) 0.169  157 (65.1) 151 (62.7) 0.052 

Hyperlipidaemia 245 (30.1) 108 (31.4) 0.028  82 (34.0) 78 (32.4) 0.035 

Smoking 418 (51.4) 180 (52.3) 0.019  123 (51.0) 121 (50.2) 0.017 

Family history of CAD 35 (4.3) 24 (7.0) 0.116  13 (5.4) 15 (6.2) 0.035 

Previous myocardial infarction 152 (18.7) 75 (21.8) 0.078  49 (20.3) 51 (21.2) 0.020 

Previous PCI 85 (10.4) 41 (11.9) 0.047  31 (12.9) 33 (13.7) 0.024 

Peripheral vascular disease 22 (2.7) 11 (3.2) 0.029  8 (3.3) 10 (4.1) 0.044 

Left ventricular ejection fraction, % 59.4±8.4 58.7±9.2 0.083  59.0±8.7 59.0±8.8 <0.001 

Acute coronary syndrome 676 (83.1) 279 (81.1) 0.051  193 (80.1) 194 (80.5) 0.010 

Angiographic        

SYNTAX score 12.4±7.5 20.7±9.7 0.959  16.7±8.5 18.2±9.3 0.169 

LAD lesion 672 (49.1) 433 (35.5) 0.277  256 (41.0) 287 (35.5) 0.114 

    Multivessel CAD* 265 (32.6) 318 (92.4) 1.574  220 (91.3) 215 (89.2) 0.070 

Bifurcation lesion 467 (34.1) 384 (31.5) 0.056  201 (32.2) 246 (30.4) 0.039 

Total occlusion 227 (16.6) 167 (13.7) 0.080  81 (13.0) 101 (12.5) 0.015 

Severe tortuosity 14 (1.0) 11 (0.9) 0.012  10 (1.6) 9 (1.1) 0.042 



 

 

Severe calcification 51 (3.7) 60 (4.9) 0.059  31 (5.0) 36 (4.4) 0.024 

Quantitative coronary angiography        

Reference vessel diameter, mm† 2.63±0.58 2.47±0.54 0.296  2.50±0.51 2.53±0.49 0.049 

Minimal lumen diameter, mm† 0.83±0.54 0.81±0.49 0.045  0.86±0.50 0.83±0.48 0.054 

Diameter stenosis, %† 68.2±18.7 67.4±17.5 0.047  65.6±17.5 67.2±16.8 0.091 

Lesion length, mm† 21.5±10.6 22.9±11.6 0.121  21.6±10.3 22.1±10.5 0.049 

Post-QFR assessment        

Procedure        

Transradial approach 774 (95.1) 326 (94.8) 0.015  228 (94.6) 229 (95.0) 0.019 

Treated lesions per patient 1.36±0.70 1.51±0.67 0.205  1.85±0.97 1.44±0.66 0.503 

Treated vessels per patient 1.18±0.44 1.25±0.46 0.139  1.54±0.64 1.23±0.46 0.551 

Balloon predilation 1,026 (92.4) 486 (93.8) 0.058  422 (94.4) 328 (94.8) 0.017 

Stents per patient 1.57±0.85 1.89±1.00 0.341  2.16±1.10 1.73±0.90 0.421 

Stents diameter 3.06±0.43 2.96±0.40 0.243  2.97±0.33 2.99±0.38 0.053 

Total stent length per patient, mm 39.2±24.3 48.9±28.4 0.367  55.3±31.0 44.5±25.8 0.379 

Balloon post-dilation 579 (52.1) 287 (55.4) 0.066  222 (49.7) 195 (56.4) 0.134 

Balloons per patient 2.05±1.34 2.37±1.46 0.229  2.25±1.48 2.30±1.60 0.035 

After procedure        

Lesion success‡ 1,090 (98.1) 505 (97.5) 0.042  440 (98.4) 342 (98.8) 0.035 

Residual SYNTAX score 2.0±3.4 11.6±7.6 1.644  4.1±4.7 8.5±7.1 0.719 

Values are mean±SD or counts (%). *Site-reported data. †Value derived from 3-dimensional angiography in QFR analysis. ‡ Defined as the 

attainment of a final residual diameter stenosis of less than 50 percent using any percutaneous method. 

CAD: coronary artery disease; LAD: left anterior descending artery; PCI: percutaneous coronary intervention; QFR: quantitative flow ratio; 

QFR-UT: QFR-based undertreatment. SMD: standardised mean difference; SYNTAX: Synergy Between Percutaneous Coronary Intervention with 

TAXUS and Cardiac Surgery  



 

 

Supplementary Table 6. Differences between patients in the QFR-consistent and QFR-UT groups. 

 Unmatched sample (N=1,158)  Propensity 1:1 matching (N=482) 

 Hazard ratio (95% CI)* p-value  Hazard ratio (95% CI)* p-value 

MACE 0.43 (0.31, 0.61) <0.0001  0.55 (0.33, 0.92) 0.02 

All-cause death 0.64 (0.30, 1.37) 0.25  0.84 (0.26, 2.75) 0.77 

All MI 0.62 (0.38, 1.02) 0.057  0.85 (0.39, 1.84) 0.68 

Any ID revascularisation 0.27 (0.16, 0.44) <0.0001  0.35 (0.16, 0.74) 0.006 

MACE excluding periprocedural MI 0.37 (0.25, 0.56) <0.0001  0.44 (0.23, 0.82) 0.01 

Other clinical endpoints      

Cardiac death 0.75 (0.25, 2.24) 0.61  2.00 (0.18, 22.1) 0.57 

Periprocedural MI 0.59 (0.34, 1.03) 0.06  0.83 (0.36, 1.91) 0.66 

Spontaneous MI 0.73 (0.25, 2.18) 0.57  1.00 (0.14, 7.12) 1.00 

Target vessel MI 0.59 (0.36, 0.99) 0.045  0.92 (0.42, 2.01) 0.83 

Non-target vessel MI† 1.24 (0.13, 11.95) 0.85  - - 

ID TLR† 0.51 (0.19.1.37) 0.18  0.62 (0.10, 3.73) 0.60 

TLR† 0.57 (0.22, 1.49) 0.25  0.94 (0.19, 4.64) 0.94 

ID TVR† 0.55 (0.25, 1.25) 0.15  2.00 (0.18, 22.1) 0.57 

TVR† 0.59 (0.27, 1.32) 0.20  1.40 (0.39, 4.95) 0.60 

ID non-TVR† 0.16 (0.08, 0.32) <0.0001  0.05 (0.01, 0.35) 0.003 

Non-TVR† 0.15 (0.08, 0.30) <0.0001  0.04 (0.01, 0.32) 0.002 

All-cause death or all MI 0.64 (0.41, 0.999) 0.049  0.73 (0.37, 1.46) 0.37 

Definite or probable ST 0.58 (0.19, 1.84) 0.36  0.97 (0.06, 15.57) 0.99 

*QFR-based undertreatment group as reference. †Target means PCI treated.  

ID: ischaemia-driven; MACE: major adverse cardiac events; MI: myocardial infarction; N: number of patients; QFR: quantitative flow ratio;  QFR-

UT: QFR-based undertreatment; ST: stent thrombosis; TLR: target lesion revascularisation; TVR: target vessel revascularisation  

  



 

 

Supplementary Table 7. Standardised mean differences in baseline characteristics between the QFR-consistent and QFR-OT groups. 

 Unweighted sample (N=1,019)  Propensity 1:1 matching (N=286) 

 

QFR-consistent 

(814 patients,  

1,176 vessels,  

1,369 lesions) 

QFR-OT 

(205 patients, 

306 vessels, 

330 lesions) SMD 

 

QFR-consistent 

(143 patients, 

215 vessels 

279 lesions) 

QFR-OT 

(143 patients, 

229 vessels 

245 lesions) SMD 

Pre-QFR assessment        

Clinical        

Age, years 60.2±10.6 61.9±10.0 0.161  60.6±10.2 61.0±10.3 0.034 

Male 572 (70.3) 125 (61.0) 0.197  97 (67.8) 92 (64.3) 0.074 

Body mass index, kg/m2 24.9±3.6 24.7±3.3 0.045  24.8±3.3 24.7±3.2 0.041 

Diabetes mellitus 163 (20.0) 39 (19.0) 0.025  28 (19.6) 32 (22.4) 0.069 

Hypertension 478 (58.7) 117 (57.1) 0.033  78 (54.5) 85 (59.4) 0.099 

Hyperlipidaemia 245 (30.1) 59 (28.8) 0.029  38 (26.6) 44 (30.8) 0.093 

Smoking 418 (51.4) 94 (45.9) 0.110  71 (49.7) 69 (48.3) 0.028 

Family history of CAD 35 (4.3) 6 (2.9) 0.074  6 (4.2) 5 (3.5) 0.036 

Previous myocardial infarction 152 (18.7) 29 (14.2) 0.122  25 (17.5) 22 (15.4) 0.057 

Previous PCI 85 (10.4) 19 (9.3) 0.039  18 (12.6) 14 (9.8) 0.089 

Peripheral vascular disease 22 (2.7) 9 (4.4) 0.091  6 (4.2) 6 (4.2) 0 

Left ventricular ejection fraction, % 59.4±8.4 59.5±7.8 0.017  59.1±7.9 60.2±7.3 0.143 

Acute coronary syndrome 676 (83.1) 172 (83.9) 0.023  122 (85.3) 120 (83.9) 0.039 

Angiographic        

SYNTAX score 12.4±7.5 9.2±7.0 0.435  10.5±5.7 10.3±7.5 0.028 

LAD lesion 672 (49.1) 141 (42.7) 0.128  110 (39.4) 105 (42.9) 0.070 

    Multivessel CAD* 265 (32.6) 77 (37.6) 0.105  67 (46.9) 63 (44.1) 0.056 

Bifurcation lesion 467 (34.1) 103 (31.2) 0.062  75 (26.9) 75 (30.6) 0.082 

Total occlusion 227 (16.6) 7 (2.1) 0.513  9 (3.2) 7 (2.9) 0.021 

Severe tortuosity 14 (1.0) 10 (3.0) 0.143  7 (2.5) 7 (2.9) 0.022 



 

 

Severe calcification 51 (3.7) 6 (1.8) 0.116  5 (1.8) 5 (2.0) 0.018 

Quantitative coronary angiography        

Reference vessel diameter, mm† 2.63±0.58 2.64±0.52 0.013  2.62±0.57 2.62±0.51 0.012 

Minimal lumen diameter, mm† 0.83±0.54 1.24±0.47 0.814  1.14±0.47 1.13±0.45 0.023 

Diameter stenosis, %† 68.2±18.7 53.4±14.3 0.891  56.7±14.7 57.4±13.9 0.049 

Lesion length, mm† 21.5±10.6 18.7±10.3 0.277  19.4±8.1 19.3±10.4 0.006 

Post-QFR assessment        

Procedure        

Transradial approach 774 (95.1) 199 (97.1) 0.103  138 (96.5) 135 (94.4) 0.101 

Treated lesions per patient 1.36±0.70 1.45±0.67 0.129  1.46±0.67 1.53±0.70 0.102 

Treated vessels per patient 1.18±0.44 1.36±0.54 0.358  1.12±0.35 1.45±0.58 0.705 

Balloon predilation 1,026 (92.4) 263 (88.3) 0.139  193 (92.3) 194 (88.6) 0.128 

Stents per patient 1.57±0.85 1.63±0.91 0.063  1.52±0.72 1.75±0.99 0.267 

Stents diameter 3.06±0.43 3.06±0.44 0.007  3.06±0.41 3.07±0.41 0.019 

Total stent length per patient, mm 39.2±24.4 36.6±24.7 0.106  36.9±22.2 39.6±27.0 0.109 

Balloon post-dilation 579 (52.1) 156 (52.4) 0.005  100 (47.8) 115 (52.5) 0.093 

Balloons per patient 2.05±1.34 2.11±1.52 0.042  2.02±1.13 2.37±1.47 0.267 

After procedure        

Lesion success‡ 1,090 (98.1) 295 (99.0) 0.074  203 (97.1) 216 (98.6) 0.104 

Residual SYNTAX score 2.0±3.4 1.2±2.7 0.238  3.6±4.5 2.8±4.2 0.168 

Values are mean±SD or counts (%). * Site-reported data. † Value derived from 3-dimensional angiography in QFR analysis. ‡ Defined as the 

attainment of a final residual diameter stenosis of less than 50 percent using any percutaneous method. 

CAD: coronary artery disease; LAD, left anterior descending artery; N: number of patients; PCI: percutaneous coronary intervention; QFR: 

quantitative flow ratio; QFR-OT: QFR-based overtreatment; SMD: standardised mean difference; SYNTAX: Synergy Between Percutaneous 

Coronary Intervention with TAXUS and Cardiac Surgery 

 

  



 

 

Supplementary Table 8. Differences between patients in the QFR-consistent and QFR-OT groups. 

 Unweighted sample (N=1,019)  Propensity 1:1 matching (N=286) 

 Hazard ratio (95% CI)* p-value  Hazard ratio (95% CI)* p-value 

MACE 1.04 (0.61, 1.76) 0.89  0.64 (0.27, 1.47) 0.29 

All-cause death 0.72 (0.29, 1.84) 0.50  0.20 (0.02, 1.70) 0.14 

All MI 1.67 (0.71, 3.93) 0.24  1.24 (0.33, 4.62) 0.75 

Any ID revascularisation 0.63 (0.30, 1.30) 0.21  0.36 (0.10, 1.37) 0.14 

MACE excluding periprocedural MI 0.81 (0.45, 1.48) 0.49  0.32 (0.10, 1.00) 0.05 

Other clinical endpoints      

Cardiac death 1.15 (0.25, 5.32) 0.86  - - 

Periprocedural MI 1.28 (0.53, 3.07) 0.58  1.24 (0.33, 4.62) 0.74 

Spontaneous MI - -  - - 

Target vessel MI† 1.54 (0.65, 3.65) 0.33  0.79 (0.21, 2.95) 0.73 

Non-target vessel MI† - -  - - 

ID TLR† 0.46 (0.15, 1.36) 0.16  0.49 (0.09, 2.65) 0.40 

TLR† 0.51 (0.17, 1.48) 0.21  0.49 (0.09, 2.65) 0.40 

ID TVR† 0.50 (0.20, 1.23) 0.13  0.20 (0.02, 1.67) 0.14 

TVR† 0.53 (0.22, 1.31) 0.17  0.32 (0.07, 1.60) 0.17 

ID non-TVR† 0.51 (0.19, 1.35) 0.17  0.59 (0.14, 2.45) 0.46 

Non-TVR† 0.51 (0.19, 1.35) 0.17  0.59 (0.14, 2.45) 0.46 

All-cause death or all MI 1.29 (0.65, 2.54) 0.47  0.75 (0.26, 2.15) 0.59 

Definite or probable ST 1.79 (0.22, 14.55) 0.59  1.00 (0.06, 15.93) 1.00 

*QFR-based over-treatment group as reference. †Target means PCI treated.  

CI: confidence interval; ID: ischaemia-driven; MACE: major adverse cardiac events; MI: myocardial infarction; N: number of patients; QFR: 

quantitative flow ratio; QFR-OT: QFR-based overtreatment; ST: stent thrombosis; TLR: target lesion revascularisation; TVR: target vessel 

revascularisation   



 

 

Supplementary Table 9. Characteristics between treated and untreated vessels. 

 Vessels with QFR ≤0.80 (NV=1,932)  Vessels with QFR >0.80 (NV=611) 

 
Treated vessels 

(NV=1,471) 

Untreated 

vessels 

(NV=461) 

p-value  
Treated vessels 

(NV=246) 

Untreated 

vessels 

(NV=365) 

p-value 

Angiographic        

Vessel SYNTAX score 8.59±5.82 6.94±5.55 <0.0001  4.61±3.37 3.37±2.42 <0.0001 

Vessel location   <0.0001    0.01 

Left main artery 11 (0.7) 11 (2.4)   2 (0.8) 5 (1.4)  

Left anterior descending artery 750 (51.0) 179 (38.8)   85 (34.6) 88 (24.1)  

Left circumflex artery/ramus 279 (19.0) 171 (37.1)   95 (38.6) 139 (38.1)  

Right coronary artery 431 (29.3) 100 (21.7)   64 (26.0) 133 (36.4)  

Bifurcation lesion 583 (39.6) 202 (43.8) 0.11  76 (30.9) 96 (26.3) 0.22 

Total occlusion 339 (23.0) 72 (15.6) 0.001  0 0  

Severe tortuosity 14 (1.0) 5 (1.1) 0.80  8 (3.3) 7 (1.9) 0.30 

Severe calcification 81 (5.5) 22 (4.8) 0.54  3 (1.2) 9 (2.5) 0.28 

Quantitative coronary angiography        

Reference vessel diameter, mm * 2.65±0.46 2.40±0.51 <0.0001  2.67±0.53 2.37±0.58 <0.0001 

Minimal lumen diameter, mm * 0.65±0.46 0.75±0.45 <0.0001  1.33±0.40 1.17±0.44 <0.0001 

Diameter stenosis, % * 75.4±16.2 69.1±16.6 <0.0001  50.6±10.2 51.5±10.0 0.28 

Lesion length, mm * 28.5±14.9 29.8±13.9 0.14  18.5±10.0 18.1±8.9 0.61 

Values are mean±SD or n (%). *Value derived from 3-dimensional angiography in QFR analysis. 

NV: number of vessels; PCI: percutaneous coronary intervention; SYNTAX: Synergy Between Percutaneous Coronary Intervention with Taxus and 

Cardiac Surgery; QFR: quantitative flow ratio  



 

 

 

 

 

 

Supplementary Figure 1. Criteria defining the present study groups and QFR-consistent 

versus QFR-inconsistent treatment. 

OT: overtreatment; OUT: overtreatment and undertreatment; QFR: quantitative flow ratio; 

UT: undertreatment 

 



 

 

 

 

Supplementary Figure 2. Time-to-event curves of two-year clinical outcomes by QFR-

consistent and inconsistent groups before adjustment. 

Kaplan-Meier time-to-first event curves showing the 2-year cumulative incidence of (A) 

MACE, (B) all-cause death, (C) any myocardial infarction, and (D) ischaemia-driven 

revascularisation.  

CI: confidence interval; HR: hazard ratio; MACE: major adverse cardiac events; QFR: 

quantitative flow ratio  

  



 

 

 

Supplementary Figure 3. Subgroup analysis of major adverse cardiac events at two years. 

The p-value for interaction represents the likelihood of interaction between the variable and 

the relative treatment effect.  

*Subgroups for continuous data were selected by median.  

CAD: coronary artery disease; SYNTAX: Synergy Between Percutaneous Coronary 

Intervention with Taxus and Cardiac Surgery 

 



 

 

 

 

Supplementary Figure 4. Area under the curve of the propensity score model for calculating 

potential confounding between the QFR-consistent and QFR-inconsistent groups. 

AUC: area under the curve; CI: confidence interval 



 

 

 

 

 

Supplementary Figure 5. Distribution of propensity scores and stabilised weights in the 

QFR-consistent and QFR-inconsistent groups. 

IQR: interquartile range 

 



 

 

 

 

Supplementary Figure 6. Area under the curve of the propensity score model for calculating 

potential confounding between the QFR-consistent and QFR-UT groups. 

AUC: area under the curve; CI: confidence interval 

 



 

 

 

 

Supplementary Figure 7. Distribution of propensity scores in the QFR-consistent and QFR-

UT groups. 

IQR: interquartile range; QFR-UT: QFR-based undertreatment 



 

 

 

 

 

Supplementary Figure 8. Time-to-event curves of two-year clinical outcomes in the QFR-

consistent and QFR-UT groups. 

Kaplan-Meier time-to-first-event curves showing the two-year cumulative incidence of (A) 

MACE before adjustment, (B) ischaemia-driven revascularisation before adjustment, (C) 

MACE after propensity 1:1 matching, and (D) ischaemia-driven revascularisation after 

propensity 1:1 matching.  

CI: confidence interval; HR: hazard ratio; MACE: major adverse cardiac events; QFR: 

quantitative flow ratio; QFR-UT: QFR-based undertreatment 

 



 

 

 

 

Supplementary Figure 9. Area under the curve of the propensity score model for calculating 

potential confounding between the QFR-consistent and QFR-OT groups. 

AUC: area under the curve; CI: confidence interval; QFR: quantitative flow ratio; QFR-OT: 

QFR-based overtreatment 

 

 

  



 

 

 

 

Supplementary Figure 10. Distribution of propensity scores in the QFR-consistent and 

QFR-OT groups. 

IQR: interquartile range; QFR-OT: QFR-based overtreatment 

  



 

 

 

 

Supplementary Figure 11. Time-to-event curves of two-year clinical outcomes in the QFR-

consistent and QFR-OT groups. 

Kaplan-Meier time-to-first-event curves showing the two-year cumulative incidence of (A) 

MACE before adjustment, (B) ischaemia-driven revascularisation before adjustment, (C) 

MACE after propensity 1:1 matching, and (D) ischaemia-driven revascularisation after 

propensity 1:1 matching.  

CI: confidence interval; HR: hazard ratio; MACE: major adverse cardiac events; QFR: 

quantitative flow ratio; QFR-OT: QFR-based overtreatment; R: quantitative flow ratio 


