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Summary
Background Compared with visual angiographic assessment, pressure wire-based physiological measurement more 
accurately identifies flow-limiting lesions in patients with coronary artery disease. Nonetheless, angiography remains 
the most widely used method to guide percutaneous coronary intervention (PCI). In FAVOR III China, we aimed to 
establish whether clinical outcomes might be improved by lesion selection for PCI using the quantitative flow ratio 
(QFR), a novel angiography-based approach to estimate the fractional flow reserve.

Methods FAVOR III China is a multicentre, blinded, randomised, sham-controlled trial done at 26 hospitals in China. 
Patients aged 18 years or older, with stable or unstable angina pectoris or patients who had a myocardial infarction at 
least 72 h before screening, who had at least one lesion with a diameter stenosis of 50–90% in a coronary artery with 
a reference vessel of at least 2·5 mm diameter by visual assessment were eligible. Patients were randomly assigned to 
a QFR-guided strategy (PCI performed only if QFR ≤0·80) or an angiography-guided strategy (PCI based on standard 
visual angiographic assessment). Participants and clinical assessors were masked to treatment allocation. The primary 
endpoint was the 1-year rate of major adverse cardiac events, a composite of death from any cause, myocardial 
infarction, or ischaemia-driven revascularisation. The primary analysis was done in the intention-to-treat population. 
The trial was registered with ClinicalTrials.gov (NCT03656848).

Findings Between Dec 25, 2018, and Jan 19, 2020, 3847 patients were enrolled. After exclusion of 22 patients who 
elected not to undergo PCI or who were withdrawn by their physicians, 3825 participants were included in the 
intention-to-treat population (1913 in the QFR-guided group and 1912 in the angiography-guided group). The mean 
age was 62·7 years (SD 10·1), 2699 (70·6%) were men and 1126 (29·4%) were women, 1295 (33·9%) had diabetes, 
and 2428 (63·5%) presented with an acute coronary syndrome. The 1-year primary endpoint occurred in 
110 (Kaplan-Meier estimated rate 5·8%) participants in the QFR-guided group and in 167 (8·8%) participants in the 
angiography-guided group (difference, –3·0% [95% CI –4·7 to –1·4]; hazard ratio 0·65 [95% CI 0·51 to 0·83]; 
p=0·0004), driven by fewer myocardial infarctions and ischaemia-driven revascularisations in the QFR-guided group 
than in the angiography-guided group.

Interpretation In FAVOR III China, among patients undergoing PCI, a QFR-guided strategy of lesion selection 
improved 1-year clinical outcomes compared with standard angiography guidance.
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Introduction
In patients with obstructive coronary artery disease, 
angiography-based visual assessment remains the most 
widely used method to guide percutaneous coronary 
intervention (PCI).1 Compared with visual assessment, 
pressure wire-based physiological measurement with or 
without the administration of hyperaemia-inducing 
agents more accurately identifies flow-limiting lesions 
than angiography alone.2–6 Randomised trials have 
demonstrated that pressure wire-based physiology-
guided lesion selection for PCI improves clinical 

outcomes.4,6–10 Despite the strong recommendation in the 
2018 European Society of Cardiology and European 
Association for Cardio-Thoracic Surgery guidelines on 
myocardial revas cularisation to use pressure wire-based 
physiology to assess the haemodynamic relevance of 
intermediate-grade stenoses if evidence of ischaemia 
is not otherwise available,5 this method is largely 
underused in practice because of long procedural 
time, potential complications from pressure wire 
instrumentation, side-effects from hyperaemic agents, 
and costs.11–13
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The quantitative flow ratio (QFR), derived from 
three dimensional (3D) coronary artery reconstruction 
and fluid dynamics computations from the angiogram, 
enables online estimation of the fractional flow reserve 
without the use of a pressure wire or pharmacological 
agents to induce hyperaemia.14 Previous studies in China,15 
Europe, and Japan16 have demonstrated the feasibility 
and accuracy of online QFR assessment in assessing 
the haemodynamic significance of coronary stenoses 
compared with pressure wire-based fractional flow reserve 
measurement. Whether lesion selection for PCI using a 
QFR-guided strategy might improve outcomes compared 
with a standard angiography-guided strategy is unknown. 
We therefore performed the Comparison of Quantitative 
Flow Ratio Guided and Angiography Guided Percutaneous 
Intervention in Patients with Coronary Artery Disease 
(FAVOR III China) randomised trial to assess the use of 
QFR guidance in patients who have PCI.

Methods
Study design
The trial design and rationale have been described previ-
ously.17 FAVOR III China was an investigator-initiated, 
multicentre, blinded, randomised, sham-controlled trial 
done at 26 hospitals in China (appendix pp 2–4). The trial 
was designed by the principal investigators, steering 
committee, and an international advisory board. An 
independent data safety and monitoring board approved 

the trial protocol and monitored patient safety at regular 
intervals (appendix pp 4–6). The trial was approved by the 
ethics committee at each participating site, and all 
patients provided written informed consent.

Participants
Adults (≥18 years) in whom PCI was planned on the 
basis of angiographic assessment were eligible. Further 
eligibility criteria were stable or unstable angina pectoris; 
or a myocardial infarction at least 72 h before screening, 
with at least one lesion with a percentage diameter 
stenosis of 50–90% in a coronary artery with at least a 
2·5 mm reference vessel diameter by visual assessment. 
Principal exclusion criteria were moderate or severe 
chronic kidney disease (defined as creatinine >150 μmol/L 
or estimated glomerular filtration rate <45 mL/kg per 
1·73 m²) and severe vessel tortuosity, vessel overlap, 
or suboptimal angiography likely to preclude QFR 
determination. Complete inclusion and exclusion criteria 
are in the appendix (p 7).

Randomisation and masking
Eligible patients were randomly assigned in a 1:1 ratio to 
QFR-guided PCI (intervention group) or angiography-
guided PCI (control group) via an internet-enabled 
web-based response system in block sizes of 6. 
Randomisation was stratified by diabetes, multivessel 
disease, the presence of any vessel with diameter stenosis 
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Research in context

Evidence before this study
We searched PubMed for reports published in English up to 
Aug 28, 2021, to identify relevant published clinical studies 
using the search terms “randomised trial”, “meta-analysis”, 
AND “angiography-derived FFR” OR “quantitative flow ratio” 
OR “FFRangio”. This search demonstrated that, to date, no 
randomised clinical trial comparing an angiography-derived 
fractional flow reserve guided strategy with a standard 
angiography-guided strategy for lesion selection in patients 
undergoing percutaneous coronary intervention (PCI) has been 
performed. Pressure wire-based physiological assessment with 
fractional flow reserve and the instantaneous wave-free ratio 
more accurately identify flow-limiting lesions than 
angiographic assessment alone. In previous randomised trials, 
clinical outcomes after PCI were improved when lesions were 
identified for treatment (or deferral) on the basis of fractional 
flow reserve rather than angiography. Nevertheless, PCI guided 
by physiological lesion assessment is underused in practice 
because of prolonged procedural time, potential complications 
from pressure wire instrumentation, side-effects from 
hyperaemic agents, and higher costs. The quantitative flow 
ratio (QFR) is a novel computational approach in which 
fractional flow reserve is estimated in real time using 
three dimensional coronary artery reconstruction and 
computational fluid dynamics from the standard angiogram. 

Previous studies have demonstrated a strong correlation 
between QFR and fractional flow reserve.

Added value of this study
FAVOR III China is the first randomised trial to compare the 
clinical outcomes of PCI guided by angiography-derived 
physiological lesion selection and standard angiography-guided 
lesion selection. QFR guidance resulted in a 35% risk reduction 
in the 1-year rate of major adverse cardiac events, a composite 
of death from any cause, myocardial infarction, or ischaemia-
driven revascularisation, compared with standard angiography 
guidance. The benefit was driven mainly by fewer myocardial 
infarctions (including both periprocedural and non-procedural 
myocardial infarctions) and fewer ischaemia-driven 
revascularisations, with similar mortality between groups. 
Additionally, QFR guidance led to use of fewer stents and less 
contrast and patient radiation exposure, as well as shorter 
procedural time.

Implications of all the available evidence
In patients undergoing PCI, a QFR-guided strategy improved 
1-year clinical outcomes compared with standard angiography 
guidance while reducing resource consumption. QFR is simpler 
to implement than wire-based physiological measurements, 
which should facilitate the adoption of physiological lesion 
assessment into routine clinical practice.



Articles

www.thelancet.com   Published online November 4, 2021   https://doi.org/10.1016/S0140-6736(21)02248-0 3

greater than 90% with Thrombolysis in Myocardial 
Infarction (TIMI) flow less than 3, and study centre.

The patients and all post-catheterisation laboratory 
physicians and research personnel were masked to 
randomisation allocation. To ensure participant masking, 
patients in both groups wore music-playing headphones 
during the procedure and had a preset 10-min delay for 
real or sham QFR calculation before PCI. A masking 
questionnaire was administered to each patient at 
discharge and at 6 months and 1 year after the procedure 
to assess the success of randomisation concealment and 
the perception of treatment allocation. Complete details 
of the masking methods are in the appendix (p 9).

Procedures
The target vessels intended to be treated with standard 
angiography guidance were declared by the operator and 
recorded before randomisation. In the QFR-guided group, 
QFR was measured in all coronary arteries containing any 
lesion with visually assessed diameter stenosis of at 
least 50% up to 90% and reference vessel diameter of at 
least 2·5 mm. Following a standard operating procedure 
as described in the appendix (pp 10–11), two angiographic 
imaging runs with minimum 25° separation in projection 
angle were taken and the data was transmitted to the 
AngioPlus system (Pulse Medical Imaging Technology, 
Shanghai, China) by a local network of sites for real-time 
QFR calculation. A pullback curve displays the QFR value 
at each position of the target vessel. PCI treatment was 
performed in all lesions with QFR of 0·80 or less and was 
deferred in lesions with QFR greater than 0·80. PCI 
was also performed in all lesions with angiographic 
diameter stenosis greater than 90%. If no lesions had a 
diameter of stenosis greater than 90% and all interrogated 
vessels had QFR greater than 0·80, the patient was treated 
with medical therapy alone.

In the angiography-guided group, PCI was performed 
on the basis of visual angiographic assessment 
according to local standard practice. Per protocol, 
pressure wire-based physiological assessment was not 
allowed in either treatment group. In both groups, a 
planned staged PCI procedure was allowed in patients 
with multivessel disease within 60 days after the index 
procedure. Patients were followed up by telephone or 
clinic visits at 1 and 6 months and 1, 2, and 3 years after 
randomisation. Optimal medical therapy was required 
in both groups during follow-up based on physician 
decision and local standard practice (appendix p 12).

Clinical outcomes were adjudicated by an independent 
clinical events committee masked to randomisation. An 
angiographic core laboratory performed offline QFR 
measurements in both groups, in addition to standard 
quantitative coronary angiographic analyses.

Outcomes
The primary endpoint was the 1-year rate of major 
adverse cardiac events, defined as the composite of death 

from any cause, myocardial infarction, or ischaemia-
driven revascularisation. The major secondary endpoint 
was the 1-year rate of major adverse cardiac events 
excluding periprocedural myocardial infarction arising 
from the index or planned staged procedures (appendix 
pp 7–9). Other secondary endpoints were lesion success 
(residual stenosis <30% for patients treated with stents 
or 50% for patients treated with drug-coated balloon by 
visual estimation, with TIMI flow grade 3, in the treated 
vessel) and procedural success; major adverse cardiac 
events at 1 and 6 months and 2 and 3 years; death, 
myocardial infarction, target vessel revascularisation, any 
revascularisation, and stent thrombosis at 1 and 6 months 
and 1, 2, and 3 years; PCI strategy changes; and cost-
effectiveness at 1 and 6 months and 1 year.

Statistical analysis
The trial was powered for the primary and major 
secondary endpoints. We assumed a 1-year rate of 
major adverse cardiac events in the angiography-guided 
group of 8·7% from two large multicentre clinical trials 
in which physiology was not used,18,19 and an event 
rate of 6·1% in the QFR-guided group from clinical 
trials using physiological assessment.9,10 Accounting 
for a 5% loss to follow-up, 3830 patients provided 
85% power to demonstrate that the QFR-guided 
strategy was superior to the angiography-guided 
strategy at a one-sided 0·025 significance level. For the 
major secondary endpoint, assuming 1-year rates of 
major adverse cardiac events excluding periprocedural 
myocardial infarction of 6·0% in the angiography-
guided group18,19 and 4·0% in the QFR-guided group,9,10 
3830 patients provided 80% power to demonstrate 
superiority at a one-sided α level of 0·025.

Data were collected and analysed according to the 
predefined statistical analysis plan. The primary and 
major secondary endpoints were analysed in the 
intention-to-treat population for the principal analysis 
and in the per-protocol population as a sensitivity analysis. 
Protocol deviations included violations in key inclusion or 
exclusion criteria, any inconsistency between actual 
treatment and preprocedural intended treatment plan in 
the angiography-guided group, the QFR measurement 
not performed per protocol in the QFR-guided group, and 
treatment not performed based on QFR measurements 
in the QFR-guided group. Categorical variables were 
compared between the two groups using the likelihood 
ratio χ² test or Fisher’s exact test. Continuous variables 
with normal distributions were compared using two 
sample t tests, and non-normal continuous data were 
compared with the Wilcoxon rank-sum test. The time-to-
first event rates for each group were estimated using 
Kaplan-Meier methods and were compared by the 
log-rank test. Between-group differences were estimated 
by hazard ratios (HRs) with 95% Cls using a Cox propor-
tional hazards model. Sensitivity analyses of the primary 
and major secondary endpoints were done by 
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multivariable Cox regression: model 1 included study 
centre as a random effect; model 2 included the 
three stratification factors (diabetes, multivessel disease, 
and the presence of any vessel with diameter 
stenosis >90% with TIMI flow <3) as fixed effects and 
study centre as a random effect; and model 3 included the 
three stratification factors (diabetes, multivessel disease, 
and the presence of any vessel with diameter 
stenosis >90% with TIMI flow <3) and additional baseline 
covariates (age, sex, hypertension, hyper cholesterolaemia, 
previous myocardial infarction, clinical presentation, and 
anatomic Synergy between Percutaneous Coronary 
Intervention with Taxus and Cardiac Surgery 
[SYNTAX] score) as fixed effects and study centre as a 
random effect. All analyses were performed with 
SAS software, version 9.4. The trial was registered with 
ClinicalTrials.gov (NCT03656848).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
Between Dec 25, 2018, and Jan 19, 2020, 5881 patients 
were screened for enrolment, 3847 (65·4%) of whom were 
enrolled. The most common reasons for screening failure 
were inappropriate anatomy for PCI (n=526) and absence 
of at least one lesion with diameter stenosis 50–90% and 
reference vessel diameter of at least 2·5 mm (n=860; 
appendix p 27). After randomisation, 22 participants 
withdrew consent and refused use of any data, 17 of whom 
elected not to undergo PCI and five of whom were 
withdrawn by their physicians. Thus, 3825 patients were 
included in the intention-to-treat population (1913 in the 
QFR-guided group and 1912 in the angiography-guided 
group; figure 1; appendix pp 25–26). Baseline clinical 
characteristics were well balanced between the groups 
(table 1). The mean age was 62·7 years (SD 10·1), 
2699 (70·6%) were men and 1126 (29·4%) were women, 
1295 (33·9%) had diabetes, and 2428 (63·5%) presented 
with an acute coronary syndrome (unstable angina or post 
myocardial infarction). Patients were effectively masked to 
their assignment at 1-year follow-up (appendix pp 28–29). 
Medication use between groups was similar other than 
antiplatelet therapy (appendix pp 30–31).

Angiographic characteristics were balanced between 
the groups (table 1). The mean QFR calculation time was 
3·9 min (SD 1·4) per patient. Notwithstanding 2–3 min 
for data transmission, the overall duration for establishing 
QFR was less than the preset 10-min delay for both 
groups to preserve masking. The pre-ran domisation 
vessel revascularisation plan was changed in 445 (23·3%) 
of 1913 patients in the QFR-guided group compared with 
119 (6·2%) of 1912 in the angiography-guided group, 
mainly due to treatment deferral (non-treatment) of at 
least one vessel originally intended for PCI (375 [19·6%] 
in the QFR group vs 100 [5·2%] in the angiography group) 
but also unplanned treatment of at least one vessel not 
originally intended for PCI (85 [4·4%] vs 28 [1·5%]; 
table 2). As a result of the greater rate of treatment 
deferral in the QFR group than the angiography group, 
PCI was performed in a smaller proportion of patients in 
the QFR-guided group (1731 [90·5%]) than in the 
angiography-guided group (1895 [99·1%]). Fewer stents 
and less contrast were also used in the QFR-guided 
group, with shorter fluoroscopy and procedure times.

Angiographic and QFR measurements are in the 
appendix (p 32–33). From offline QFR analysis by the core 
laboratory, a greater proportion of lesions with QFR 
0·80 or less were treated in the QFR-guided group than in 
the angiography-guided group (1990 [96·7%] of 
2058 lesions vs 1843 [91·1%] of 2023 lesions), and the 
proportion of patients achieving complete functional 
revascularisation (no residual ischaemia according to 

Figure 1: Trial profile
PCI=percutaneous coronary intervention. QFR=quantitative flow ratio.

1922 randomly assigned to QFR-guided PCI 

1913 in the intention-to-treat population 

1859 received assigned treatment 
(per-protocol population) 

1905 completed 1-year follow-up

9 withdrew consent after angiography 
and refused use of any data 

8 lost to follow-up
 

54 patients did not receive treatment 
based on QFR measurement
38 had treatment deferred in at least 

one vessel with QFR ≤0·80
15 had at least one vessel treated with 

QFR >0·80
1 had one deferred vessel with QFR 

≤0·80 and one treated vessel with 
QFR >0·80

5881 patients assessed for eligibility 

3847 enrolled 

2034 excluded
1964 did not meet eligibility criteria

57 participation declined by physician
13 technical reason

1925 randomly assigned to angiography-
guided PCI

1912 in the intention-to-treat population 

1793 received assigned treatment 
(per-protocol population) 

1897 completed 1-year follow-up

13 withdrew consent after angiography 
and refused use of any data

13 lost to follow-up
2 withdrew consent

119 patients didn’t receive treatment as 
intended
91 had treatment deferred in at least 

one vessel originally intended for 
PCI

19 had at least one vessel treated that 
was not originally intended for PCI

9 had both intended vessels deferred 
and unintended vessel treated
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post-PCI QFR assessment) was higher in the QFR-guided 
group (1669 [88·1%] of 1894 vs 1552 [82·2%] of 1887 patients 
with functional SYNTAX score available; table 2).

The composite primary endpoint occurred within 1 year 
in 110 (Kaplan-Meier estimated rate 5·8%) of 1913 patients 
in the QFR-guided group and in 167 (8·8%) of 1912 patients 

QFR-guided group (n=1913) Angiography-guided group 
(n=1912)

Age, years 62·7 (10·1) 62·7 (10·2)

Gender

Men 1349 (70·5%) 1350 (70·6%)

Women 564 (29·5%) 562 (29·4%)

Body-mass index, kg/m² 25·1 (22·9–27·0) 24·7 (22·7–27·0)

Diabetes 648 (33·9%) 647 (33·8%)

Use of insulin 166 (8·7%) 181 (9·5%)

Hypertension 1270 (66·4%) 1252 (65·5%)

Hypercholesterolaemia 729 (38·1%) 728 (38·1%)

Cigarette smoking

Current smoker 574 (30·0%) 568 (29·7%)

Former smoker 284 (14·8%) 282 (14·7%)

Never smoked 1055 (55·1%) 1062 (55·5%)

Family history of coronary artery disease 147 (7·7%) 149 (7·8%)

Previous myocardial infarction 179 (9·4%) 179 (9·4%)

Previous percutaneous coronary intervention 485 (25·4%) 466 (24·4%)

Previous coronary artery bypass grafting 5 (0·3%) 4 (0·2%)

Previous stroke 184 (9·6%) 175 (9·2%)

Peripheral artery disease 55 (2·9%) 71 (3·7%)

Clinical presentation*

Asymptomatic ischaemia 207 (10·8%) 204 (10·7%)

Stable angina 493 (25·8%) 493 (25·8%)

Unstable angina 1111 (58·1%) 1110 (58·1%)

Post myocardial infarction (within 30 days) 102 (5·3%) 105 (5·5%)

Stable angina (Canadian Cardiovascular Society functional classification)

I 176/493 (35·7%) 191/493 (38·7%)

II 164/493 (33·3%) 146/493 (29·6%)

III 103/493 (20·9%) 93/493 (18·9%)

IV 50/493 (10·1%) 63/493 (12·8%)

Unstable angina (Braunwald class)

I 511/1111 (46·0%) 511/1110 (46·0%)

II 510/1111 (45·9%) 503/1110 (45·3%)

III 90/1111 (8·1%) 96/1110 (8·6%)

Estimated glomerular filtration rate (Cockcroft-Gault formula), mL/min per 1·73m² 70·3 (58·4–83·4) 70·0 (58·0–83·9)

Left ventricular ejection fraction, % 63·0 (61·0–66·0) 63·0 (60·0–66·0)

Number of diseased vessels reported

One-vessel disease 890 (46·5%) 869 (45·4%)

Two-vessel disease 674 (35·2%) 684 (35·8%)

Three-vessel disease 306 (16·0%) 316 (16·5%)

Left main disease 43 (2·2%) 43 (2·2%)

Any vessel with one or more lesions with diameter stenosis >90% and TIMI flow <3 170 (8·9%) 182 (9·5%)

Anatomic SYNTAX score† 9·3 (6·0) 9·6 (6·3)

Functional SYNTAX score‡ 8·1 (6·3) 8·0 (6·6)

Data are mean (SD), n (%), median (IQR), or n/N (%). Data on race were not collected. QFR=quantitative flow ratio. SYNTAX=Synergy between Percutaneous Coronary 
Intervention with Taxus and Cardiac Surgery. TIMI=Thrombolysis in Myocardial Infarction. *Consistent with clinical practice in China and the study protocol, creatine kinase-
MB and non-high-sensitivity troponins were used to assess possible myocardial infarction at all participating centres. †The anatomic SYNTAX score is a scoring system that 
quantifies angiographic lesion extent and complexity; it was calculated by the angiographic core laboratory. ‡The functional SYNTAX score was calculated by summing the 
segmental anatomic SYNTAX scores only in vessels with functional ischaemia as defined by offline QFR ≤0·80 as established by the angiographic core laboratory.

Table 1: Baseline clinical and angiographic characteristics
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in the angiography-guided group (difference –3·0% 
[95% CI –4·7 to –1·4; HR 0·65 [95% CI 0·51 to 0·83]; 
p=0·0004; figure 2, table 3). The composite major secondary 
endpoint occurred within 1 year in 59 (3·1%) patients in the 
QFR-guided group and in 91 (4·8%) patients in the 
angiography-guided group (difference –1·7% [–2·9 to –0·5]; 
HR 0·64 [0·46 to 0·89]; p=0·0078). Results were similar in 
the per-protocol population (primary endpoint HR 0·70 
[0·55 to 0·90]; major secondary endpoint HR 0·68 
[0·48 to 0·96]; appendix pp 14–19) and after multivariable 
adjustment (appendix p 34). The relative treatment effects 
for the primary and major secondary endpoints were 
consistent across subgroups, except for the major secondary 

endpoint, which favoured the QFR-guided strategy more so 
in women than men (figure 3; appendix p 20).

The between-group differences in the primary and 
secondary composite outcomes were driven by lower rates 
of myocardial infarction (65 [3·4%] of 1913 in the 
QFR group vs 109 [5·7%] of 1912 in the angiography 
group) and ischaemia-driven revascularisation (38 [2·0%] 
vs 59 [3·1%]) in the QFR group than in the angiography 
group, with similar mortality rates (appendix pp 21–24). 
The rates of both periprocedural myocardial infarction 
(56 [2·9%] vs 81 [4·2%]) and non-procedural myocardial 
infarction (10 [0·5%] vs 30 [1·6%]) were lower in the 
QFR group than in the angiography group (table 3). In a 

QFR-guided group 
(n=1913)

Angiography-guided group 
(n=1912)

p value

Radial artery approach 1885 (98·5%) 1869 (97·8%) 0·071

PCI performed 1731 (90·5%) 1895 (99·1%) <0·0001

Drug-eluting stents placed 1667 (87·1%) 1812 (94·8%) <0·0001

Drug-coated balloon angioplasty 55 (2·9%) 58 (3·0%) 0·77

Non-drug-coated balloon angioplasty 9 (0·5%) 25 (1·3%) 0·0049

Number of stents placed per patient 1·45 (1·02) 1·58 (0·97) <0·0001

Stent length, mm 42·7 (26·3) 41·9 (26·3) 0·36

Stent diameter, mm 3·03 (0·41) 3·01 (0·41) 0·34

Use of pressure wire-based physiology 2 (0·1%) 1 (0·1%) 0·56

Use of intravascular imaging* 119 (6·2%) 121 (6·3%) 0·89

Contrast medium used per patient, mL 163·0 (75·6) 169·7 (74·2) 0·0060

Fluoroscopy time, min 14·1 (8·0) 14·9 (7·4) 0·0013

Procedure time, min† 53·7 (30·4) 59·4 (30·4) <0·0001

Adjusted procedure time, min† 44·6 (28·8) 49·5 (30·2) <0·0001

PCI lesion success‡ 2245/2267 (99·0%) 2561/2580 (99·3%) 0·38

PCI procedure success§ 1657/1731 (95·7%) 1796/1895 (94·8%) 0·18

Vessels intended to be treated pre randomisation

Left main 33/2503 (1·3%) 40/2559 (1·6%) 0·46

Left anterior descending 1317/2503 (52·6%) 1281/2559 (50·1%) 0·069

Left circumflex 522/2503 (20·9%) 585/2559 (22·9%) 0·084

Right coronary artery 631/2503 (25·2%) 653/2559 (25·5%) 0·80

Vessels actually treated of those originally intended 2112/2503 (84·4%) 2449/2559 (95·7%) <0·0001

Left main 29/2112 (1·4%) 38/2449 (1·6%) 0·62

Left anterior descending 1174/2112 (55·6%) 1239/2449 (50·6%) 0·0007

Left circumflex 418/2112 (19·8%) 557/2449 (22·7%) 0·015

Right coronary artery 491/2112 (23·2%) 615/2449 (25·1%) 0·14

Patients with intended vessel deferral or unintended vessel treatment 445 (23·3%) 119 (6·2%) <0·0001

Deferral (non-treatment) of at least one vessel originally intended for PCI 375 (19·6%) 100 (5·2%) <0·0001

Treatment of at least one vessel not originally intended for PCI 85 (4·4%) 28 (1·5%) <0·0001

Residual anatomic SYNTAX score 2·4 (3·6) 2·4 (4·0) 0·49

Residual functional SYNTAX score 0·7 (2·3) 1·0 (2·8) <0·0001

Residual functional SYNTAX score of 0 1669/1894 (88·1%) 1552/1887 (82·2%) <0·0001

Data are n (%), mean (SD), or n/N (%). PCI=percutaneous coronary intervention. QFR=quantitative flow ratio. SYNTAX=Synergy between Percutaneous Coronary Intervention 
with Taxus and Cardiac Surgery. *Intravascular ultrasound or optical coherence tomography. †Procedure time was defined as the time between the first and last angiogram, 
including diagnostic coronary angiography, the randomisation process, QFR calculation time or 10-min sham control time, and PCI time; in the adjusted procedure time, 
the mandated 10-min delay for the real or sham QFR calculation was subtracted. ‡Defined as residual stenosis less than 30% for patients treated with stents or less than 50% 
for patients treated with balloon angioplasty by visual estimation, with Thrombolysis in Myocardial Infarction flow grade 3 in the treated vessel. §Defined as lesion success in 
all treated lesions without in-hospital major adverse cardiac events (up to a maximum of 7 days).

Table 2: Procedural characteristics
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sensitivity analysis, the rates of periprocedural myocardial 
infarction using alternative definitions were lower in the 
QFR group than the angiography group (appendix p 35). 

In a post-hoc analysis, the lower rate of events in the 
QFR group was attributable to fewer events arising both 
from treated and deferred vessels (appendix pp 36–37).

Figure 2: Kaplan-Meier curves for the primary (A) and major secondary (B) endpoints in the intention-to-treat population
MACE=major adverse cardiac events. QFR=quantitative flow ratio.
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Hazard ratio 0·65 (95% CI 0·51–0·83)
Log-rank p=0·0004

Hazard ratio 0·64 (95% CI 0·46–0·89)
Log-rank p=0·0073

QFR-guided group 
(n=1913)

Angiography-guided 
group (n=1912)

Hazard ratio (95% CI) p value

Primary endpoint

MACE 110 (5·8%) 167 (8·8%) 0·65 (0·51–0·83) 0·0004

Death from any cause 13 (0·7%) 9 (0·5%) 1·44 (0·62–3·37) 0·40

Myocardial infarction 65 (3·4%) 109 (5·7%) 0·59 (0·44–0·81) 0·0008

Ischaemia-driven revascularisation 38 (2·0%) 59 (3·1%) 0·64 (0·43–0·96) 0·031

Major secondary endpoint

MACE excluding periprocedural myocardial infarction 59 (3·1%) 91 (4·8%) 0·64 (0·46–0·89) 0·0078

Other secondary endpoints

Cardiovascular death 9 (0·5%) 7 (0·4%) 1·28 (0·48–3·44) 0·62

Non-cardiovascular death 4 (0·2%) 2 (0·1%) 1·99 (0·37–10·9) 0·43

Periprocedural myocardial infarction 56 (2·9%) 81 (4·2%) 0·69 (0·49–0·97) 0·033

Non-procedural myocardial infarction 10 (0·5%) 30 (1·6%) 0·33 (0·16–0·68) 0·0025

Any revascularisation 49 (2·6%) 67 (3·5%) 0·73 (0·50–1·05) 0·089

Target vessel revascularisation* 22 (1·2%) 25 (1·3%) 0·88 (0·50–1·56) 0·66

Ischaemia-driven 18 (1·0%) 21 (1·1%) 0·86 (0·46–1·61) 0·63

Target lesion revascularisation 17 (0·9%) 23 (1·2%) 0·74 (0·39–1·38) 0·34

Ischaemia-driven 16 (0·8%) 19 (1·0%) 0·84 (0·43–1·64) 0·61

Non-target lesion revascularisation 5 (0·3%) 4 (0·2%) 1·25 (0·34–4·65) 0·74

Ischaemia-driven 2 (0·1%) 4 (0·2%) 0·50 (0·09–2·73) 0·42

Non-target vessel revascularisation† 32 (1·7%) 45 (2·4%) 0·71 (0·45–1·11) 0·13

Ischaemia-driven 22 (1·2%) 40 (2·1%) 0·55 (0·32–0·92) 0·022

Stent thrombosis, definite or probable 3 (0·2%) 6 (0·3%) 0·50 (0·12–1·99) 0·33

Definite 1 (0·1%) 3 (0·2%) 0·33 (0·03–3·20) 0·34

Probable 2 (0·1%) 3 (0·2%) 0·66 (0·11–3·98) 0·65

Data are n (Kaplan-Meier estimated %) unless otherwise stated. The primary endpoint was the 1-year rate of MACE, defined as the composite of death from any cause, 
myocardial infarction, or ischaemia-driven revascularisation. MACE=major adverse cardiac events. PCI=percutaneous coronary intervention. QFR=quantitative flow ratio. 
*Revascularisation of vessels that were actually treated with PCI after randomisation. †Revascularisation of vessels in which PCI was not previously performed.

Table 3: 1-year clinical outcomes
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Figure 3: Subgroup analyses 
for the primary endpoint

PCI=percutaneous coronary 
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Discussion
QFR is a novel method by which the fractional flow 
reserve, reflecting the ratio of coronary pressure distal to 
a stenosis and aortic pressure under conditions of 
maximum myocardial hyperaemia, is estimated in real 
time using 3D coronary artery reconstruction and 
computational fluid dynamics from the standard 
angiogram. Previous studies have shown a strong 
correlation between QFR and pressure wire-based 
fractional flow reserve measurements.15,16 In this large-
scale, sham-controlled, blinded, randomised trial, lesion 
selection for PCI using QFR guidance improved clinical 
outcomes at 1 year by reducing procedural complications 
and improving long-term results compared with standard 
angiography-guided PCI. These results were robust in 
both the intention-to-treat and per-protocol populations 
and were consistent across numerous prespecified 
subgroups.

A novel aspect of the present study was the pre-
randomisation declaration by the investigators of the 
revascularisation plan should the patient be assigned to 
standard angiography guidance. QFR assessment in all 
vessels with one or more lesions with diameter stenosis 
of 50–90% led to changes in the treatment plan for 
445 (23·3%) of 1913 patients. Specifically, in 
375 (19·6%) cases, at least one vessel containing 
one or more severe angiographic stenoses intended for 
PCI was not treated because the QFR result indicated the 
absence of any haemodynamically obstructive lesion. 
This led to fewer vessels and lesions being treated in the 
QFR guidance group than in the angiography guidance 
group, with fewer stents and less contrast used. Less 
intervention translated into fewer periprocedural 
myocardial infarctions with QFR guidance, a finding that 
was consistent across the numerous definitions of 
myocardial infarction that are in contemporary use. 
Avoiding PCI of non-obstructive lesions might also 
obviate the risk of re-stenosis from their treatment. 
Indeed, in 182 (9·5%) of 1913 patients, the absence of any 
physiologically significant vessels led to the PCI procedure 
being deferred entirely in preference for long-term 
medical therapy alone, explaining why dual antiplatelet 
therapy use during follow-up was lower in the QFR-guided 
group. Conversely, in 85 (4·4%) patients, QFR identified 
vessels that did contain haemodynamically obstructive 
lesions (most frequently in the left anterior descending 
artery) that would not have been treated otherwise on the 
basis of their benign angiographic appearance. As shown 
in previous studies, medical therapy only of such lesions 
results in an increased risk of non-procedural myocardial 
infarctions and recur rent angina requiring unplanned 
revascularisation procedures.20,21

The net effect was that QFR enabled identification of 
lesions and vessels that required intervention and those 
for which PCI could be safely deferred, resulting in lower 
rates of early and late myocardial infarction, as well as 
fewer unplanned ischaemia-driven revascularisation 

procedures during 1-year follow-up than angiography-
guided lesion selection. In addition, resource consumption 
was lower with the QFR-guided approach, with shorter 
procedure times, fewer stents, and less contrast used, and 
with less patient radiation exposure, similar to that 
observed with fractional flow reserve in the Fractional 
Flow Reserve Versus Angiography for Multivessel 
Evaluation (FAME) trials with pressure wire-based lesion 
selection.7,8 However, compared with invasive physiological 
assessment, QFR might be more readily adopted into 
the workflow of angiography-based diagnostic and 
interventional procedures, does not require use of 
specialised guide wires, and is easily repeatable multiple 
times during the procedure. A simple-to-implement 
technique such as QFR might thus facilitate the routine 
use of physiological assessment in clinical practice.

Major strengths of our study include its large size, 
providing adequate power to demonstrate meaningful 
improvements in clinical outcomes (including fewer 
myocardial infarctions and fewer revascularisations) 
despite the excellent results with contemporary drug-
eluting stents; incorporation of a sham control that 
effectively masked the study participants and health-care 
providers to the randomisation allocation; and the 
predeclaration of the intended revascularisation plan with 
angiography guidance. In addition, the FAVOR III China 
study population was representative of patients 
undergoing PCI in daily practice (eg, 1295 [34%] with 
diabetes and 2066 [54%] with multivessel disease). 
Nonetheless, several limitations of this trial should be 
noted. First, the accuracy and reproducibility of 
QFR measurements depend on technique and quality of 
the angiography acquisition, which currently requires 
two projections for each vessel. The next-generation QFR 
system will require only a single projection and 
incorporates more automated processes that should 
further reduce analysis variability and time.22 Second, 
FAVOR III China used angiography guidance for PCI 
lesion assessment in the control group, which, 
notwithstanding current guideline recommen dations,5 
remains the current de facto standard of care in most 
catheterisation laboratories. Although the point estimate 
for reduction in major adverse cardiac events with 
QFR guidance in the present trial was similar in 
magnitude to that observed with invasive pressure wire-
based fractional flow reserve guidance in the 
FAME I and II trials, the relative clinical use of the two 
approaches is uncertain.7,8 The ongoing FAVOR III 
European-Japan randomised trial (NCT03729739) is 
directly comparing the outcomes of QFR-guided and 
pressure wire-based fractional flow reserve-guided PCI in 
2000 patients. Third, the PCI operators were aware of the 
group assignments, potentially introducing procedural 
bias. However, operators declared treatment strategies 
before ran domisation, and the sham-controlled design 
enabled robust post-procedural masking procedures for 
patients and clinical assessors. Fourth, patients with 
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moderate and severe chronic kidney disease, acute 
ST-segment elevation myocardial infarction, and some 
complex lesions were excluded. Therefore, patients 
enrolled in the present study might reflect a lower-risk 
population than encountered in routine practice. The use 
of QFR-guided lesion selection for patients with PCI 
excluded from the present study is unknown. 
Fifth, although trial enrolment concluded before the 
COVID-19 pandemic was widespread in China, follow-up 
procedures might have been affected. We therefore 
instituted an unscheduled telephone interview to mitigate 
this effect (appendix p 13). Because patients and post-
procedure health-care assessors remained masked, 
potential ascertainment bias should have affected both 
groups equally. Sixth, to date, only 1-year follow-up has 
been completed. Follow-up is planned up to 3 years to 
assess long-term outcomes. Seventh, health economics 
and quality-of-life out comes, representing different 
dimensions of treatment effectiveness, have not yet been 
analysed and will be reported separately.

In this multicentre, randomised, sham-controlled trial 
in patients with coronary artery disease undergoing PCI, 
a QFR-guided vessel and lesion selection strategy 
improved 1-year clinical outcomes compared with 
standard angiography guidance.
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