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Angiography-derived fractional flow reserve versus
intravascular ultrasound to guide percutaneous coronary
intervention in patients with coronary artery disease
(FLAVOUR Il): a multicentre, randomised, non-inferiority
trial
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Summary

Background Revascularisation decisions based on angiography-derived fractional flow reserve (FFR) or optimisation of
stent implantation with intravascular ultrasound yield superior clinical outcomes compared with percutaneous coronary
intervention (PCI) guided by angiography alone. However, the differences in outcomes when a single approach is used
for both purposes remain unclear. We aimed to assess the non-inferiority of angiography-derived FFR versus
intravascular ultrasound guidance in terms of clinical outcomes at 12 months in patients with angiographically
significant stenosis.

Methods This investigator-initiated, open-label, multicentre, randomised, non-inferiority trial, which was done in
22 centres in China, enrolled patients aged 18 years or older with suspected ischaemic heart disease and with at least
50% stenosis in epicardial coronary arteries measuring at least 2-5 mm by visual estimation on coronary angiography.
Patients were randomly assigned (1:1) to undergo PCI guided by either angiography-derived FFR or intravascular
ultrasound, including revascularisation decisions and optimisation of the stent implantations based on prespecified
PCI criteria and optimal PCI goals. Use of both modalities simultaneously was not permitted. Randomisation as
performed using a web-based program and stratified based on the trial centre and the presence or absence of diabetes.
The primary outcome was a composite of death, myocardial infarction, or revascularisation at 12 months in the
intention-to-treat population, and the non-inferiority margin was 2-5 percentage points. This trial is registered with
ClinicalTrials.gov, NCT04397211; long-term follow-up is ongoing.

Findings Between May 29, 2020, and Sept 20, 2023, 1872 patients were enrolled. After 33 patients withdrew, 923 patients
were randomly assigned to the angiography-derived FFR group and 916 to the intravascular ultrasound group. Median
age of the study population was 66-0 years (IQR 58-0-72-0), and 1248 (67-9%) patients were male and 591 (32-1%)
were female. Revascularisation was performed in 688 (69-5%) of 990 target vessels in the angiography-derived FFR
group and 797 (81-0%) of 984 target vessels in the intravascular ultrasound group. At a median follow-up of 12 months
(IQR 12-12), the primary outcome event occurred in 56 patients in the angiography-derived FFR group and 54 patients
in the intravascular ultrasound group (6-3% vs 6-0%, absolute difference 0-2 percentage points [upper boundary of
one-sided 97-5% CI 24|, P, ,,.iuseiory=0 - 022; hazard ratio 1-04 [95% CI 0-71 to 1. 51]). Mortality did not differ between the
two groups (1-8% in the angiography-derived FFR group vs 1-3% in the intravascular ultrasound group, absolute
difference 0-4 percentage points [95% CI —0-7 to 1-6]; hazard ratio 1-34 [0-63 to 2-83], p=0-45). The incidence of
recurrent angina was low in both groups: 26 (2-8%) of 923 patients in the angiography-derived FFR group and 35 (3-8%)
of 916 patients in the intravascular ultrasound group.

Interpretation The angiography-derived FFR-guided comprehensive PCI strategy, encompassing revascularisation
decision making and stent optimisation, was non-inferior to intravascular ultrasound guidance. This finding might

have implications for future guidelines on its role and application.
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Research in context

Evidence before this study

Decision making for percutaneous coronary intervention (PCl)
and optimisation of PCl procedures are crucial for patients with
coronary artery disease who are referred to the catheterisation
laboratory. Angiography-derived fractional flow reserve (FFR),
a wire-free computational physiological index obtained directly
from angiography (European Society of Cardiology Class IB
recommendation), has been shown in previous trials to
outperform angiography alone but has not demonstrated
non-inferiority to conventional wire-based FFR in decision
making for PCl. Intravascular ultrasound (Class 1A
recommendation) is the most widely used intravascular
imaging tool for optimising stent implantation and has been
associated with better clinical outcomes than angiography-
guided PCl. Beyond current guideline recommendations,
angiography-derived FFR also has applications for PCI
procedure optimisation, whereas intravascular ultrasound
facilitates pre-PCl lesion characterisation for decision making.
However, whether a comprehensive strategy, encompassing
both PCl decision making and procedural optimisation,
performs similarly when guided by angiography-derived FFR or
intravascular ultrasound remains uncertain. On Feb 13, 2025,
we searched PubMed, without language restrictions, for articles
using the terms “angiography-derived fractional flow reserve”,
“quantitative flow ratio”, “intravascular ultrasound”,
“randomised”, and “clinical outcome”. Our search revealed no

Introduction
A comprehensive strategy is essential for patients with
coronary artery disease who are referred to the
catheterisation laboratory, which includes determining
the necessity for revascularisation and optimising
percutaneous coronary intervention (PCI) procedures.
Invasive wire-based physiological assessment is highly
effective in determining the need for PCI by evaluating
the ischaemic potential of the stenosis,”” while
intravascular imaging plays a key part in optimising PCI
through procedural planning and addressing the
suboptimal results of stent implantation.”” Fractional
flow reserve (FFR) and intravascular ultrasound are
representative intravascular physiology and imaging
tools, respectively, and are strongly recommended by
current guidelines.® Despite strong recommendations
and robust evidence, the global adoption of wire-based
physiological assessment in clinical practice remains low.
Angiography-derived FFR, a simplified physiological
assessment similar to FFR that requires no pressure
wire or hyperaemic agents, is increasingly being
adopted in clinical practice.”* For PCI decision making,
angiography-derived FFR, which carries a European
Society of Cardiology Class 1B recommendation, has
shown superiority over angiography alone but was not
non-inferior to FFR.*>* However, angiography-derived
FFR could also offer a pre-procedural physiological

randomised trials comparing an angiography-derived FFR-
guided comprehensive strategy, including PCl decision making
and procedure optimisation, with the refined PCl strategy
guided by intravascular ultrasound.

Added value of this study

To our knowledge, FLAVOUR Il is the first large-scale,
randomised, controlled trial to compare the clinical outcomes
of Pl strategies, encompassing decision making and procedure
optimisation, guided by angiography-derived FFR and
intravascular ultrasound. In this trial, the angiography-derived
FFR-guided PCl strategy was non-inferior to intravascular
ultrasound-guided strategy in terms of a composite of death,
myocardial infarction, or revascularisation at 12 months.
Additionally, angiography-derived FFR guidance was associated
with a lower rate of revascularisation, leading to fewer stent
implantations and less frequent use of dual antiplatelet therapy.

Implications of all the available evidence

The results of FLAVOUR Il provide clinical evidence that, in
patients with non-complex coronary artery disease, a
computational physiological technique can perform as
effectively as the most commonly used invasive intravascular
imaging technique when used as a comprehensive strategy.
These findings have further defined and expanded the use of
angiography-derived FFR and might have implications for
future guidelines regarding its role and application.

assessment of disease patterns and post-PCI
physiological assessment.”” Additionally, angiography-
derived FFR calculation requires a quantitative
angiographic assessment, providing more precise and
objective lesion characterisation than visual estimation
alone.” Regarding intravascular imaging, although
intravascular ultrasound is one of the most widely used
intravascular imaging tools for PCI optimisation,” it
also provides anatomical information on plaques,
including characteristics and cross-sectional lumen
area, which conventional angiography alone cannot
capture. The role of intravascular ultrasound in
revascularisation decision making has also been
increasingly recognised, extending its prognostic value
with pre-PCI lesion characterisation.” Therefore,
whether a novel computational physiological technique
can perform as effectively as the most commonly used
conventional intravascular imaging technique when
used as a comprehensive strategy encompassing both
PCI decision making and procedural optimisation
needs to be determined.

In the FLAVOUR II (Comparison of Angiography-
Derived Fractional Flow Reserve- And Intravascular
Ultrasound-Guided Intervention Strategy for Clinical
Outcomes in Patients with Coronary Artery Disease)
trial, we aimed to conduct a head-to-head comparison of
PCI strategies guided by angiography-derived FFR and
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intravascular ultrasound with respect to clinical
outcomes in patients with angiographically significant
stenosis.

Methods
Study design and participants
FLAVOUR 1II, an investigator-initiated, open-label, multi-
centre, randomised, non-inferiority trial, was conducted at
22 centres in China. The design details have been
previously described,” and a schematic diagram is provided
in the appendix (p 27). A list of all participating centres and
trial personnel can also be found in the appendix (pp 9-12).
Patients aged 18 years or older with suspected ischaemic
heart disease and a de novo stenosis of at least 50% in a
vessel measuring at least 2-5 mm by visual estimation on
coronary angiography were candidates for enrolment.
Target vessels were limited to major epicardial coronary
arteries (the left anterior descending artery, left circumflex
artery, and right coronary artery). Patients were excluded if
they had a non-cardiac coexisting illness and a life
expectancy of less than 1 year, a target lesion that was
located in the left main coronary artery or in a coronary
artery bypass graft, or a target lesion in a totally occluded
vessel. Patients were also excluded if they had a known
hypersensitivity or contraindication to any of the following
medications: heparin, aspirin, clopidogrel, prasugrel,
ticagrelor, or contrast media. Patients with documented
sensitivity to contrast media that could be effectively
premedicated with steroids and diphenhydramine could
be enrolled. Additional exclusion criteria included active
pathological ~ bleeding, major gastrointestinal or
genitourinary bleeding within the past 3 months, a history
of bleeding diathesis, or known coagulopathy (including

heparin-induced  thrombocytopenia). Comprehensive
details of the inclusion and exclusion criteria are provided
in the appendix (pp 14-15).

The trial was conducted in compliance with the
standards defined by the International Council for
Harmonisation of Technical Requirements for Good
Clinical Practice and the principles of the Declaration of
Helsinki. The trial protocol (appendix) was approved by
the institutional review board of each participating site,
and all patients provided written informed consent. The
steering committee and all the authors vouched for the
accuracy and completeness of the data and for the fidelity
of the trial to the protocol. The trial was registered with
ClinicalTrials.gov, NCT04397211; long-term follow-up is
ongoing.

Randomisation and masking

Eligible patients were randomly assigned (1:1) to undergo
either the angiography-derived FFR-guided or
intravascular ultrasound-guided procedures (appendix
p 27). A block (four blocks) randomisation was performed
using a web-based program (Apache 2, PHP 5.3, and
MySOL5) developed by an independent organisation
(S-Soft, Seoul, South Korea). Randomisation was
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stratified based on the trial centre and the presence or
absence of diabetes. The physicians at each site enrolled
the participants and assigned them to the trial groups
after accessing a web-based system. Clinical and
procedural data were collected using a web-based
electronic case report form. Blinding of group assignment
was not implemented for participants, operators, or
medical staff involved in follow-up assessment.

Procedures

In the angiography-derived FFR group, the criterion for
revascularisation was an angiography-derived FFR of
0-80 or less. For the angiography-derived FFR, the
quantitative flow ratio (QFR; Shanghai Pulse Medical
Technology, Shanghai, China) or Murray law-based QFR
(nQFR; Shanghai Pulse Medical Technology) was used.®
The pQFR is a new-generation artificial intelligence (AI)-
enhanced QFR that facilitates more automated and
reproducible FFR computations. Whereas conventional
QER requires two angiographic views, pQFR applies an
Al algorithm for automatic delineation of coronary
arteries and Murray’s bifurcation fractal law for single-
view computation, thereby improving automation and
reproducibility. The diagnostic accuracy and clinical
implications of pQFR have been shown in previous
studies.”*”* The reproducibility between onsite and core
laboratory measurement for angiography-derived FFR
was also tested in the current study. Details about pQFR
are provided in the appendix (p 18). The angiography-
derived FFR system was provided by Shanghai Pulse
Medical Technology without charge. In the angiography-
derived FFR group, optimal PCI was defined as a
post-procedural angiography-derived FFR of at least 0-88
or a difference in the angiography-derived FFR across the
stent of less than 0-05.%" In the intravascular ultrasound
group, the criteria for revascularisation were either a
minimal lumen area measuring 3 mm?2 or less or a
minimal lumen area measuring 3—4 mma2, with a plaque
burden of more than 70%. Optimal PCI was defined as a
plaque burden at the stent edge of 55% or less and a
minimal stent area of 5-5 mm?2 or more or a minimal
stent area that was equal to or larger than the distal
reference lumen area. Detailed criteria for optimal PCI
are provided in the appendix (p 19). A total of 79 operators
participated in this study, all of whom regularly
incorporated intravascular ultrasound into their clinical
practice. In addition, all centres and operators underwent
comprehensive  training and  strictly  followed
standardised operating procedures. Raw data were
analysed in independent core laboratories: the Shanghai
Jiao Tong University (CardHemo Core Laboratory in
Med-X Research Institute, Shanghai, China) for
angiography-derived FFR and the Ulsan University
Hospital (Ulsan, South Korea) for intravascular
ultrasound. In both groups, data collection for core
laboratory analyses was performed after completing the
entire procedure, including PCI. Quantitative coronary
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angiography and calculation of the Synergy between
Percutaneous Coronary Intervention with Taxus and
Cardiac Surgery (SYNTAX) scores were performed at the
Seoul National University Hospital angiographic core
laboratory (Seoul, South Korea). All data transmission
was conducted using encrypted channels, with strict
access controls to safeguard participant confidentiality
and to ensure compliance with ethical standards and
data protection regulations. Participants were excluded
from the study based on the following criteria: voluntary
withdrawal by the patient or withdrawal by the
investigator due to clinical indications. All adverse events

were systematically documented during each visit or
follow-up telephone calls at 3 months, 6 months, and
12 months.

Outcomes

The primary outcome was a patient-oriented composite
outcome of death, myocardial infarction, or any
revascularisation by 12 months after randomisation. The
secondary outcomes were the patient-oriented composite
at 24 months and 60 months, target vessel failure
(defined as a composite of cardiac death, target vessel
myocardial infarction, or target vessel revascularisation),

1403 did not meet eligibility criteria

923 declined to participate
219 angiography-derived FFR technical

123 vessel diameter <2-5 mm
52 left main coronary artery
disease
110 chronic total occlusion
1117 diameter stenosis <50%
1 bypass graft lesion

138 myocardial bridging
38 poor imaging quality
26 severe tortuosity
17 ostial lesion

19 patient withdrew consent
14 physician withdrew consent

4417 patients screened
2545 excluded
P
reason
A 4
1872 enrolled
33 withdrew
P
A 4
| 1839 randomly assigned |

v

923 assigned to the angiography-derived FFR group |

30 protocol violations
11 deferred with positive angiography-
derived FFR
4 underwent PCl with negative

—>| 14 lost to follow-up |<

v

> angiography-derived FFR o

9 underwent PCl with intravascular

ultrasound

6 received PCl with DCB treatment

v

| 893 included in the per-protocol population |

| 923 included in intention-to-treat analysis

y

| 916 assigned to the intravascular ultrasound group

48 protocol violations
16 deferred with positive intravascular
ultrasound
13 underwent PCl with negative

> intravascular ultrasound o
2 deferral guided by angiography-
derived FFR
17 received PCl with DCB treatment
A 4

868 included in the per-protocol population |

—>| 11 lost to follow-up

A 4

916 included in intention-to-treat analysis

Figure 1: Trial profile

DCB=drug-coated balloon. FFR=fractional flow reserve. PCl=percutaneous coronary intervention.
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cost-effectiveness analysis, death from any cause, death
from cardiac cause, non-fatal non-periprocedural
myocardial  infarction, non-fatal  periprocedural
myocardial infarction, any revascularisation, any target
vessel revascularisation, any non-target vessel
revascularisation, stent thrombosis, stroke, acute success
of procedure, and the rate of PCI optimisation (appendix
p 39).

Definitions of the clinical outcomes are detailed in the
appendix (pp 22-26) and the protocol. Since the cost-
effectiveness analysis for the FLAVOUR II trial is still
ongoing, its results are not reported. A composite of
death, myocardial infarction, or revascularisation at
24 months and 60 months after randomisation has not
been reported due to the insufficient follow-up duration.
However, other primary and secondary outcomes have
been fully reported.

Statistical analysis

The sample size was calculated based on the assumption
that the primary outcome event rate at 12 months was
7-0% in the angiography-derived FFR group and 8-0% in
the intravascular ultrasound group. Considering a
5% attrition rate, enrolment of 1872 patients was
determined to achieve 80% power to test the hypothesis
that the event rate in the angiography-derived FFR group
would be non-inferior to that in the intravascular
ultrasound group according to a margin of 2- 5 percentage
points, using a one-sided type I error rate of 2-5%." No
interim analysis was performed, nor was one planned
during the study.

Continuous variables were expressed as means (SDs) or
medians (IQRs), whereas categorical variables were
reported as absolute numbers (percentages). The time to
the first event was analysed using the Kaplan—-Meier
method. The proportional hazards model assumptions
were evaluated using a two-sided test of the scaled
Schoenfeld residuals over time at a level of 0-05. For
all time-to-event analyses, event-free survival with
incomplete follow-up was censored. Hazard ratios (HRs)
were estimated using Cox regression models. Outcomes
were evaluated in the intention-to-treat population and on
a per-patient or per-vessel basis, as appropriate. The
primary and secondary outcomes were first analysed
using the intention-to-treat population as the main
analysis. This approach included all participants in the
groups to which they were originally randomly assigned,
regardless of trial withdrawal. Non-inferiority of the
angiography-derived FFR group compared with the
intravascular ultrasound group was assessed by evaluating
the absolute difference in cumulative incidence, with a
prespecified non-inferiority margin of 2-5 percentage
points. A prespecified sensitivity analysis of the primary
outcome was conducted wusing the per-protocol
population. The per-protocol analysis excluded patients
according to the prespecified protocol criteria, including
those who received the assigned treatment without

www.thelancet.com Vol 405 April 26, 2025

meeting the prespecified criteria. The HR for the primary
outcome (composite of death, myocardial infarction, or
revascularisation at 12 months after randomisation) was
calculated in prespecified subgroups defined according to
age (<65 years or =065 years), sex, acute coronary
syndrome, diabetes, chronic kidney disease, multivessel
disease, previous PCI, and type of angiography-derived
FFR (QFR or pQFR) using the Cox proportional hazards
regression model. In the subgroup analysis, the reference
group of patients in the intravascular ultrasound group
with the primary outcome was used. Percentages were
cumulative incidences at 12 months. As the statistical
analysis plan did not include a provision for correcting for
multiplicity when conducting tests for secondary
endpoints, the results were reported as point estimates
with 95% Cls.

Total (n=1839) Angiography-

(n=923)

derived FFR group

Intravascular
ultrasound group
(n=916)

Demographics

Hypertension 1243 (67-6% 615 (66-6%)

( (

( (
Dyslipidaemia 1230 (66-9% 616 (66-7%)
Chronic kidney diseaset 447 (24-3%) 210 (22-8%)
Current smoking 477 (25:9%) 242 (26-2%)
Previous myocardial infarction 255 (13-9%) 129 (14-0%)
Previous PCl 559 (30-4%) 300 (32:5%)

Left ventricular ejection fraction, %~ 64-6% (60-0-69-2)

( (
Triglycerides, mg/dL 119-6 (85-9-168-3) 1205 (

area.

Age, years 66-0 (58:0-72-0) 66-0 (58:0-72-0)
Sex
Male 1248 (67-9%) 624 (67-6%)
Female 591 (32:1%) 299 (32:4%)
BMI, kg/m? 241 (22:2-26-4) 242 (22:2-26-4)
Diagnosis
Chronic coronary syndrome 736 (40-0%) 371 (40-2%)
Acute coronary syndrome 1087 (59-1%) 545 (59-0%)
STEMI 18 (1-0%) 9 (1:0%)
NSTEMI 81 (4-4%) 48 (5:2%)
Others* 16 (0-9%) 7 (0-8%)
Medical history
Diabetes 569 (30:9% 279 (30-2%)

64-9% (60-0-69-3)

Laboratory data

White blood cell count, cells per uL -2 (5-2-7-4) 6-1(5-1-7-2)

Haemoglobin, mg/dL 135-0 (124-0-146:0)  134-0 (123-0-145.0)

Creatinine, mg/dL -9 (0-7-1-0) -8 (0-7-1-0)

Total cholesterol, mg/dL 152:0 (124-9-186-4)  151.6 (125-3-186-4)
HDL, mg/dL 422 (35:6-49-1) 422 (357-49-1)
LDL, mg/dL 82.8 (62:3-109-8) 82.8 (62:3-109-2

85-9-170-1)

660 (58:0-72-0)

624 (68-1%)
292 (31:9%)
24-1(22:2-26-5)

365 (39-8%)

542 (59-2%)
9(1:0%)

33 (3-6%)

9 (1-0%)
290 (317%)
628 (68-6%)
614 (67-0%)
237(25:9%)
235 (257%
126 (13-8%
259 (28:3%)

64-0% (60-0-69-1)

)
)

63(53-75)
136 0 (125-0-146-0)
-9 (0-7-1:0)
1527 (123:7-185-6)
41-8 (35-6-49-5)
824 (62:3-110-6)
117-8 (85:9-167-4)

Data are median (IQR) or n (%). We did not collect race or ethnicity data. FFR=fractional flow reserve.
NSTEMI=non-ST-elevation myocardial infarction. PCl=percutaneous coronary intervention. STEMI=ST-elevation
myocardial infarction. *Other diagnoses included heart failure (in seven patients), syncope (four patients), atypical
chest pain (four patients), and valvular heart disease (one patient). tChronic kidney disease was defined as a history of
chronic kidney disease or an estimated glomerular filtration rate of less than 60 mL/min per 1-73 m* of body-surface

Table 1: Baseline characteristics
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Additional post-hoc analyses of outcomes were
conducted using the Kaplan-Meier method. The
post-hoc analyses included per-vessel analysis of the
cumulative incidence of target vessel failure, the
cumulative incidence of the primary endpoint in
patients who underwent PCI, the cumulative incidence
of the primary endpoint in patients who received

medical treatment, the cumulative incidence of the
primary endpoint in patients stratified by clinical
diagnosis and allocated groups, the cumulative
incidence of the primary endpoint in patients
undergoing optimal PCI based on angiography-derived
FFR criteria applied to both groups, the cumulative
incidence of the primary endpoint in the QFR and

Total (n=1839)

Angiography-derived FFR

group (n=923)

Intravascular ultrasound p value

group (n=916)

Angiographic findings

Patients who underwent PCI

1443 (78-5%) 682 (73-9%) 761 (83-1%) <0-0001
Stent data
Total number per patient 1-14 (0-91) 1-06 (0-90) 1-22 (0:92) <0-0001
Total number per patient 1(1-2) 1(0-2) 1(1-2) <0-0001
Total length per patient, mm 299 (24-7) 27-6 (24-5) 32:3(24-6) <0-0001
Total length per patient, mm 28 (15-41) 24 (0-38) 29 (18-44) <0-0001
Total number per patient who 1(1-2) 1(1-2) 1(1-2) 0-63
underwent PCl, mm
Total length per patient who 33(24-50) 30(23-48) 33 (24-50) 0-054
underwent PCl, mm
SYNTAX score*
At baseline 9 (5-15) 10 (5-15) 9(5-15) 066
After PCl 5(0-9) 5(0-9) 5(0-8) 0-92
Additional procedures due to 291/1443 (20-2%) 126/682 (18-5%) 165/761 (21-7%) 0-15
suboptimal conditionst
Target vessel findings
Number of target vessels 1974 990 984
Target vessel PCI 1485/1974 (75-2%) 688/990 (69-5%) 797/984 (81-0%) <0-0001
Location 012
Left anterior descending coronary 1171/1974 (59-3%) 565/990 (57-1%) 606/984 (61-6%)
artery
Left circumflex coronary artery 276/1974 (14-0%) 146/990 (14-8%) 130/984 (13-2%)
Right coronary artery 527/1974 (26-7%) 279/990 (28-2%) 248/984 (25-2%)
Quantitative coronary angiography findings
Lesion length, mm 197 (12-9-30-3) 19-0 (12:5-29-8) 20-3(13-2-30:5) 0-083
Reference vessel diameter, mm 30 (2:6-3-3) 2:93(2:61-3:30) 2:96 (2:65-3-35) 016
Minimal lumen diameter, mm 111 (0-83-1:39) 110 (0-82-1-38) 112 (0-83-1-39) 0-49
Diameter stenosis, % 62:2% (54-3-70-6) 62:3% (53-8-70-9) 62-2% (54-7-70-0) 0-94
Minimal stent diameter, mm 2-64 (2:38-2-96) 2-61(2:35-2:93) 2:66 (2:42-2-96) 0-022
Residual diameter stenosis, % 107% (7-1-14-5) 10-9% (7-3-15-0) 10-3% (6-8-14-4) 013
Stent data
Total number per stented vessels 1(1-2) 1(1-2) 1(1-2) 0-80
Total length per stented vessels, mm 32:0 (24-0-48-0) 31-5(23-0-48-0) 33.0 (24-0-48-0) 021
Diameter per stented vessels, mm 3-08 (0-42) 3-05(0-41) 31(0-43) 0-028
Diameter per stented vessels, mm 3-00 (2-75-3:50) 3-00 (2-75-3:50) 3-00 (2:75-3:50) 0-044
Intravascular ultrasound findings
Onsite
Minimal luminal area, mm? NA NA 2-68(2:19-3-35) NA
Plaque burden, % NA NA 76-0% (70-0-81.0) NA
Post-PCl minimal stent area, mm? NA NA 676 (5-49-8-57) NA
Core laboratory NA NA NA
Minimal luminal area, mm? NA NA 2.55(2:07-3-36) NA
Plaque burden, % NA NA 761% (69-7-81-2) NA
Post-PCl minimal stent area, mm? NA NA 5-80 (4-72-7-25) NA

(Table 2 continues on next page)
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Total (n=1839) Angiography-derived FFR Intravascular ultrasound p value
group (n=923) group (n=916)
(Continued from previous page)
Angiography-derived FFR findings
Onsite
At baseline NA 0-73 (0-56-0-84) NA NA
After PCI NA 0-96 (0-93-0-98) NA NA
Core laboratory
At baseline 0-74 (0-58-0-84) 0-74 (0-57-0-86) 0-74 (0-61-0-80) 011
After PCI 0-95(0-92-0-97) 0-95(0:93-0-97) 0-95(0-92-0-97) 0-21

Data are n (%), mean (SD), median (IQR), or n/N (%) unless otherwise stated. We did not collect race or ethnicity. FFR=fractional flow reserve. NA=not applicable.
PCl=percutaneous coronary intervention. SYNTAX=Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery. *The SYNTAX score reflects a
comprehensive angiographic assessment of the coronary vasculature; a higher score denotes higher anatomical complexity, and a score of 32 or less typically indicates low or
intermediate anatomical complexity of coronary artery disease. tIn the angiography-derived FFR group, 120 patients underwent optimisation with non-compliant balloons,
with additional stent implantation performed in six patients; following the optimisation procedure, 113 patients met the optimal criteria. In the intravascular ultrasound
group, 165 patients underwent optimisation with non-compliant balloons, with additional stent implantation performed in one patient; after optimisation, 95 patients met
the optimal criteria. $The left circumflex coronary artery included large obtuse marginal branches and ramus.

Table 2: Procedural findings

HQFR subgroups, lesion distribution and characteristics
according to angiography-derived FFR, and the clinical
outcomes based on PCI optimisation in the angiography-
derived FFR group and intravascular ultrasound group.
Absolute differences with 95% CIs were assessed based
on cumulative incidence rates.

A two-sided p value of 0- 05 or less was considered to be
significant. An independent data and safety monitoring
board oversaw the trial, and an independent clinical-
events committee adjudicated all clinical events in a
blinded manner. Statistical analyses were conducted
using the SPSS software (version 24) and the
R programming language (version 4.3.1).

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 May 29, 2020, and Sept 20, 2023, 4417 individuals
were screened, of whom 1872 patients were successfully
enrolled. After 33 patients withdrew, either voluntarily
or by physicians, 923 patients were randomly assigned
to the angiography-derived FFR group and 916 to the
intravascular ultrasound group (figure 1). The median
age of the patients was 66-0 years (IQR 58-0-72-0);
1248 (67-9%) of 1839 patients were male and 591 (32-1%)
were female (table 1). Of 1839 patients, 736 (40-0%) had
chronic coronary syndrome and 1087 (59-1%) had acute
coronary syndrome. Information regarding race and
ethnicity was not collected as part of this study.
Cardiovascular risk factors and medical history are
summarised in table 1.

In the angiography-derived FFR-guided group,
175 (19-0%) of 923 patients were guided by QFR and
748 (81-0%) patients were guided by pQFR. During the
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index procedure, protocol violations occurred in
30 patients in the angiography-derived FFR group and
48 patients in the intravascular ultrasound group
(figure 1).

The baseline median SYNTAX score was 10 (IQR 5-15)
in the angiography-derived FFR group and 9 (5-15) in the
intravascular ultrasound group. The angiography-derived
FFR group received fewer stents per patient than the
intravascular ultrasound group (mean number 1-06
[SD 0-90] vs1-22 [0-92], p<0-0001). After PCI, the median
SYNTAX score was 5 (IQR 0-9) in the angiography-
derived FFR group and 5 (I0-8) in the intravascular
ultrasound group (table 2). Optimal PCI was achieved in
606 (88-9%) of 682 patients in the angiography-derived
FFR group and 430 (56-5%) of 761 patients in the
intravascular ultrasound group (table 3). Fewer patients
were prescribed dual antiplatelet therapy in the
angiography-derived FFR group than in the intravascular
ultrasound group (711 [77-0%] of 923 patients vs 755
[82-4%)] of 916 patients), and further details on discharge
medications are provided in the appendix (p 39).

The left anterior descending coronary artery was the
target vessel in 1171 (59-3%) of 1974 vessels, with
565 (57-1%) of 990 vessels in the angiography-derived
FFR group and 606 (61-6%) of 984 vessels in the
intravascular ultrasound group. The distribution of
measured vessel locations, median lesion length, median
reference vessel diameter, and median diameter stenosis
were similar between the two groups (table 2). The
agreement of angiography-derived FFR measurements
(intraclass correlation coefficient 0-93) between the
onsite and core laboratory is presented in the appendix
(p 28), and post-PCI angiography-derived FFR similarly
showed a high level of consistency (appendix p 29). The
median  angiography-derived = FFR  was  0-73
(IQR 0-56-0-84). The median minimal lumen area was
2-68 mm2 (IQR 2-19-3-35) and plaque burden was
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76-0% (70-0-81-0), as assessed by intravascular
ultrasound. The proportion of target vessels requiring
PCI was significantly lower in the angiography-derived
FFR group than in the intravascular ultrasound group
(table 2; appendix p 40). Lesion location according to low
angiography-derived FFR is presented in the appendix
(p 41), and PCI was performed in 106 (70-2%) of 151 distal

lesions in the angiography-derived FFR group and
103 (85-8%) of 120 distal lesions in the intravascular
ultrasound group (appendix p 42). Among vessels that
underwent PCI, the median total number of stents per
vessel, median total stent length per vessel, median
residual diameter stenosis, and median post-PCI
angiography-derived FFR were similar between the

Angiography- Intravascular Absolute difference Hazard ratio (95% Cl)  p value for
derived FFR group ultrasound group (95% Cl)*, percentage hazard ratio
(n=923) (n=916) points
Primary outcomet
Death from any cause, myocardial 56 (6:3%) 54 (6:0%) 02 (-2-0to 2-4)F 1-04 (0-71to 1-51) 0-85
infarction, or revascularisation
Secondary outcomest
Target vessel failure (death from cardiac 21 (2:4%) 17 (1-9%) 0-4(-0-9t0 1-8) 124 (0-65to 2-35) 0-51
cause, target vessel myocardial
infarction, or target vessel
revascularisation)
Death
Any 16 (1-8%) 12 (1-3%) 0-4 (-0-7to0 1.6) 134 (0-63t0 2-83) 0-45
From cardiac cause 6 (0-7%) 4 (0-4%) 0-2 (-0-5t0 0:9) 1-49 (0-42 to 5-29) 0-54
Myocardial infarction
Any 6 (0-7%) 4(0-4%) 0-2(-0-5t0 0-9) 1:49 (0-42t0 5:28) 0-54
Target vessel 0 1(0-1%) -0-1(-0-3t0 0-1)
Non-fatal myocardial infarction
Periprocedural 4(0-4%) 2 (0-2%) 0-2 (-0-3t0 0-7) 1-97 (0-36 to 10-78) 043
Non-periprocedural 0 0
Stent thrombosis
Any 2(0-2%) 1(0-1%) 01(-03t005) 1.99 (018 t021.94) 0-58
Definite 0 1(0-1%) -0-1(-0-3t0 0-1)
Probable 0 0
Possible 2 (0-2%) 0 02 (-0-1to0 0-:5)
Revascularisation
Any 36 (4-1%) 41(47%) -0-6 (-2:5t0 1-4) 0-88 (0-56 t0 1-37) 056
Ischaemia driven 25 (2-8%) 29 (3:3%) -0-4(-2-0to1-2) 0-86 (0-50 to 1-47) 0-59
Target vessel 15 (1.7%) 14 (1-6%) 01(-1-1to1-3) 1-08 (0-52 t0 2-23) 0-84
Non-target vessel 21 (2-4%) 27 (3-1%) -0-7 (-2-2t0 0-8) 0-78 (0-44t0 1-38) 039
Stroke§
Any 6 (0-7%) 9(1-0%) -0-3(-1-2t0 0-5) 0-67 (0-24 t0 1-89) 045
Ischaemic 4(0-4%) 6 (0:7%) -0-2 (-0-9t0 0-5) 0-67 (0-19t0 2:37) 0-53
Haemorrhagic 2 (0-2%) 2 (0-2%) -0-0 (-0-4t0 0-4) 1-00 (0-14 to 7-13) 1.00
Procedural outcome
PCl achieved optimisation criteriaql 606/682 (88-9%) 430/761 (56-5%) <0-0001
Device success|| 688/688 (100%) 7971797 (100%) 1.00
Lesion success** 683/688 (99-3%) 791/797 (99-2%) 1.00
FFR=fractional flow reserve. PCl=percutaneous coronary intervention.*The between-group difference was measured in the angiography-derived FFR group versus the
intravascular ultrasound group. The widths of the 95% Cls have not been adjusted for multiplicity and cannot be used to infer treatment effects. tData are n (Kaplan-Meier-
estimated %). Primary and secondary outcomes were evaluated in the intention-to-treat population at 12 months after randomisation. Detailed definitions of the outcomes
are provided in the appendix (p 22). +For the between-group difference in the primary outcome, the upper boundary of the one-sided 97-5% Cl was 2-4 percentage points
(Pron infeioiy=0-022). §One stroke of unknown cause was classified as neither ischaemic nor haemorrhagic. iData are n/N (%). The PCl optimisations were counted according to
prespecified definitions: a post-procedural angiography-derived FFR of at least 0-88 or a difference in the angiography-derived FFR across the stent of less than 0-05 in the
angiography-derived FFR group; or a plaque burden at the stent edge of 55% or less and a minimal stent area of 5-5 mm? or more or a minimal stent area that was equal to or
larger than the distal reference lumen area in the intravascular ultrasound group. ||Data are n/N (%). Device success was defined as residual diameter stenosis of less than 30%
at the in-stent segment without device failure or malfunction. **Data are n/N (%). Lesion success was defined as in-stent segment diameter stenosis of less than 30% with
normal coronary flow and no more than a type C dissection.
Table 3: Primary and secondary outcomes
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two groups (table 2). The median minimal stent area
measured by intravascular ultrasound was 6-76 mm?
(IQR 5-49-8-57). Rotational atherectomy was performed
in ten (0-5%) of 1839 patients: three (0-3%) of 916 in the
intravascular ultrasound group and seven (0-8%) of 923
in the angiography-derived FFR group. The baseline and
procedural characteristics according to the assigned
groups and treatments are summarised in the appendix
(pp 43—45).

Follow-up evaluations were completed in 1814 (98-6%)
of 1839 patients, and 25 patients were lost to follow-up
(figure 1). Median follow-up time was 12 months
(IQR 12-12). During the 12-month evaluation period in
the time-to-event analysis, the primary outcome event
occurred in 56 of 923 patients in the angiography-derived
FFR group and 54 of 916 patients in the intravascular
ultrasound group (6-3% vs 6-0%, absolute difference 0-2
percentage points [upper boundary of the one-sided

97.5% CI 2-4; HR 1.04 [95% CI 0-71-1-51],
Puonineriniy=0-022; figure 2; table 3). The per-protocol
sensitivity analysis showed a similar cumulative

incidence of the primary endpoint between the
two groups (appendix p 30).

The individual components of the primary outcomes
are presented in table 3. 16 of 923 patients in the
angiography-derived FFR group and 12 of 916 patients in
the intravascular ultrasound group died (cumulative
incidence 1-8% vs 1-3%, absolute difference 0-4
percentage points [95% CI —-0-7 to 1-6]). Myocardial
infarction occurred in six of 923 patients in the
angiography-derived FFR group and four of 916 patients
in the intravascular ultrasound group (cumulative
incidence 0-7% vs 0-4%, absolute difference 0-2
percentage points [95% CI-0-5to 0-9]). Revascularisation
was performed in 36 of 923 patients in the angiography-
derived FFR group and 41 of 916 patients in the
intravascular ultrasound group (cumulative incidence
4-1% vs 4-7%, absolute difference —0- 6 percentage points
[95% CI -2-5 to 1-4]; table 3). The prespecified subgroup
analysis showed similar results between the two groups
(figure 3). In a posthoc pervessel analysis, the
cumulative incidence of target vessel failure was similar
between the angiography-derived FFR and intravascular
ultrasound groups (appendix p 31).

A post-hoc analysis showed that similar outcomes were
consistently observed between the two groups when
stratified by treatment strategy, whether PCI (7-3% vs
6-8%, absolute difference 0-5 percentage points [95% CI
—2-2 to 3-2]) or medical treatment (3-4% vs 2:6%, 0-8
percentage points [-2-7 to 4-2]; appendix pp 32-33), as
well as by clinical diagnosis (acute coronary syndrome vs
chronic coronary syndrome; appendix p 34). In the
post-hoc analysis of patients undergoing optimal PCI, the
cumulative incidence of the primary endpoint was also
similar between the two groups (7-9% vs 5-7%, absolute
difference 2-1 percentage points [95% CI -1-0 to 5-2J;
appendix p 46). This trend was similar when the same
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Number at risk Time since randomisation (months)
(number censored)
Angiography- 923 (0) 904 (7) 901 (9) 894 (10) 886 (12) 865 (25) 813(63)
derived FFR group
Intravascular 916 (0) 895 (6) 888 (9) 887(10) 878 (11) 864 (16) 809 (61)
ultrasound group

Figure 2: Cumulative incidence of the primary outcome at 12 months

FFR=fractional flow reserve. *The primary outcome was a composite of death from any cause, myocardial
infarction, or revascularisation at 12 months after randomisation among patients who underwent a procedure

guided by angiography-derived FFR or intravascular ultrasound.

optimisation criteria based on angiography-derived FFR
group were applied to both groups (appendix p 35). In
another post-hoc analysis, when the angiography-derived
FFR group was subdivided into QFR and pQFR groups,
both demonstrated a high level of agreement (appendix
p 36), and the cumulative incidence of the primary
endpoint was similar between the two groups (6-9% vs
6-1%, absolute difference 0-8 percentage points [95% CI
-3-4 10 4-9]; appendix p 37). Heart failure occurred in six
(0-7%) of 923 patients in the angiography-derived FFR
group and in eight (0-9%) of 916 patients in the
intravascular ultrasound group. Recurrent angina was
reported in 26 (2-8%) patients in the angiography-derived
FFR group and in 35 (3-8%) patients in the intravascular
ultrasound group. Other cardiovascular disease-related
adverse events in the angiography-derived FFR and
intravascular ultrasound groups are presented in table 4
and the appendix (pp 47—49).

Discussion

The main finding of the FLAVOUR II trial was that the
angiography-derived FFR-guided PCI strategy was non-
inferior to the intravascular ultrasound-guided PCI
strategy with respect to a composite of death, myocardial
infarction, or revascularisation at 12 months in patients
with angiographically significant coronary stenosis.
Angiography-derived FFR guidance was associated with
a lower frequency of PCI than intravascular ultrasound
guidance, resulting in fewer stent implantations and less
frequent use of dual antiplatelet therapy.

Physiological assessment is highly effective for
ischaemia-directed PCI decision making, whereas
intravascular imaging excels in assessing anatomical
characteristics and optimising PCI procedures.”***
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Events/patients (%*) Hazard ratio (95% Cl)

Angiography-derived Intravascular ultrasound

FFR group group
Age, years
=65 36/511(7-3%) 31/511(6-2%) 117(0-72-1-89)
<65 20/412 (5-0%) 23/405 (5-8%) 0-86 (0-47-1-57)
Sex
Male 41/624 (6-8%) 41/624 (6-8%) 1.01 (0-66-156)
Female 15/299 (51%) 13/292 (4-5%) 112 (0-53-2:36)
Acute coronary syndrome
Yes 35/545 (6:7%) 39/542 (7-4%) 0-90 (0-57-1-41)
No 21/378 (5:6%) 15/374 (4-1%) 1.40(072-272)
Diabetes
Yes 16/279 (5-9%) 27/290 (9-6%) 0-61(0-33-113)
No 40/644 (6-4%) 27/625 (4-4%) 1.46 (0-89-2:38)
Chronic kidney disease
Yes 19/210 (9:3%) 18/237 (7-8%) 1.21(0-63-2:30)
No 37/713 (5:4%) 36/679 (5-4%) 0-98 (0-62-1-56)
Mutivessel disease
Yes 46/622 (7:7%) 42/590 (7:3%) 1.03 (0-68-1.56)
No 10/301 (3-4%) 12/326 (3-8%) 0-91(0-39-2-12)
Previous PCI
Yes 19/300 (6-6%) 13/259 (5-2%) 1:30 (0-64-2-64)
No 37/623 (61%) 41/657 (6:4%) 0-97 (0-62-1-51)
Type of angiography-derived FFR
QFR 12/175 (6-9%) 10/169 (5-9%) 1.17(0-50-2:71)
PQFR 44748 (6-1%) 44/747 (6-1%) 1.01(0-66-1:53)

f I 1
01 1 10
“— —»
Favours angiography-derived FFR  Favours intravascular ultrasound

Figure 3: Prespecified subgroup analysis of the primary outcome
The widths of the CIs were not adjusted for multiplicity; therefore, they should not be used to infer the definitive treatment effects for the primary outcome.

FFR=fractional flow reserve. PCl=percutaneous coronary intervention. QFR=quantitative flow ratio. uQFR=Murray law-based quantitative flow ratio. “Percentages are
cumulative incidences at 12 months.

Angiography- Intravascular
derived FFRgroup  ultrasound group
(n=923) (n=916)
Heart failure 6 (0:7%) 8 (0-9%)
Recurrent angina 26 (2-8%) 35(3:8%)
Rehospitalisation due to coronary artery disease follow-up 22 (2:4%) 18 (2:0%)
Valvular disease 1(0-1%) 2(0-2%)
Arrhythmia 7(0-8%) 8(0-9%)
Cardiac tamponade 1(0-1%) 0
Aortic dissection 0 1(0-1%)
Peripheral vascular disease 2(0-2%) 1(0-1%)
Bleeding 6 (0-7%) 3(0:3%)
Pulmonary embolism 0 1(0-1%)
Renal insufficiency 2(0-2%) 1(0-1%)
Data are n (%). FFR=fractional flow reserve.
Table 4: Cardiovascular disease-related adverse events at 12 months

Despite  robust

evidence

supporting  wire-based

1500

physiological assessments, global adoption of these
conventional techniques in coronary catheterisation
laboratories remains low.” This restricted adoption might
be attributable to extended procedure time, risks

of pressure wire placement, discomfort from adenosine-
induced hyperaemia, and the cost of pressure wires.
Angiography-derived FFR is an imaging-based
computational physiological index, which eliminates the
need for pressure wires and hyperaemic agents, thereby
enhancing accessibility, with increasing utilisation in
contemporary practice.” Early studies showed a robust
diagnostic accuracy of angiography-derived FFR,® and its
guidance yielded better outcomes than PCI guided by
angiography alone.’ In addition, angiography-derived
FFR could aid in optimising the PCI procedure following
the revascularisation decision by enabling physiological
assessment after the PCI procedure.””** About 20% of
cases require further interventions despite angio-
graphically satisfactory procedural results; therefore, a
significant improvement in post-PCI physiological
results can be expected with post-PCI angiography-
derived FFR.® Intravascular ultrasound is widely used
for optimising PCI procedures,** which is the key
determinant of post-PCI outcomes. Additionally, pre-PCI
lesion characterisation using intravascular ultrasound
has gained increasing recognition in guiding
revascularisation decisions by providing cross-sectional
lumen area and quantitative and qualitative plaque
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characteristics that cannot be assessed with conventional
angiography.” Nonetheless, data on the differences in
clinical outcomes between angiography-derived FFR and
intravascular ultrasound guidance as a comprehensive
PCI strategy, including decision making regarding
revascularisation and optimising stent implantation,
remain scarce. The FLAVOUR II trial uniquely compared
the clinical outcomes of angiography-derived FFR and
intravascular ultrasound in PCI guidance and
optimisation.

Selection of appropriate patients for PCI is necessary
because performing PCI on functionally insignificant
stenoses increases procedural and prognostic risks.”
Conversely, deferring PCI on functionally significant
stenoses leads to worse clinical outcomes.® In this
context, physiology-guided strategies show superiority
because they have a higher negative predictive value than
angiography  or  other intravascular  imaging
modalities.>*?** Specifically, compared with angiography-
guided PCI, FFR resulted in a more than 30% reduction
in PCI rates in the FAME trial,’ whereas angiography-
derived FFR showed a nearly 10% reduction in the
FAVOR III China trial® Compared with intravascular
imaging-guided PCI in intermediate stenoses, FFR
showed a reduction of more than 20% in both the
FLAVOUR trial and the FORZA trial.** The degree of
PCI reduction with physiological assessment can be
affected by the method of physiological assessment
(imaging derived or wire based),” prespecified PCI
criteria for intravascular imaging tools, and lesion
severity. The current trial showed a 11-5% reduction in
PCI rates and a 5-4% decrease in the prescription of dual
antiplatelet therapy in the angiography-derived FFR
group compared with the intravascular ultrasound
group. Notably, although revascularisation rates were not
different between the two groups, the overall PCI rate,
including both index procedure PCI and revascularisation
events during the follow-up, remained lower in the
angiography-derived FFR group than in the intravascular
ultrasound group. This finding reinforces the
physiological basis of the angiography-derived FFR-
guided strategy in reducing unnecessary PCI.
Nonetheless, the more clinically relevant question is
whether such discordance in PCI decision making
influences clinical outcomes.”

Clinical outcomes are better with the use of both
physiological assessment and intravascular imaging than
with angiography alone.”” Physiological assessment
improves cardiovascular outcomes mainly by identifying
coronary stenoses that are prognostically significant and
likely to benefit from revascularisation.” Intravascular
imaging contributes to superior outcomes by optimising
the PCI procedure, including selecting an appropriate
stent size, ensuring precise stent placement, and
addressing suboptimal stent implantation results.”” In
our trial, predefined post-PCI goals were adopted to
optimise the PCI procedure, given that the prognostic
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implications of those assessments using wire-based
physiological indices, angiography-derived FFR, and
intravascular ultrasound have been  well
demonstrated.’**"*# The criteria applied in the
angiography-derived FFR group were derived from
previous FFR studies®”* and those used in the
intravascular ultrasound group reflected definitions
commonly used in the current practice and in previous
studies.**? With these criteria, similar PCI results were
seen between the two groups, characterised by similar
residual stenosis and post-PCI angiography-derived FFR.
Moreover, the angiography-derived FFR guidance led to
similar composite outcomes to the intravascular
ultrasound guidance, and the results remained consistent
even in the patients who underwent PCI.

The proportion of patients who had optimal PCI in our
trial differed between the angiography-derived FFR and
intravascular ultrasound groups (88-9% vs 56-5%). The
proportion of patients meeting the optimal criteria in the
intravascular ultrasound group in the current trial is
consistent with findings from previous intravascular
ultrasound  studies, including the intravascular
ultrasound-XPL trial (54%), the FLAVOUR trial
(54-8%)," and the ULTIMATE trial (53%).” Although
directly comparing optimal PCI rates between inherently
different technologies might not be methodologically
appropriate, because variations in modalities and
definitions of criteria can affect the attainment of these
goals, one plausible explanation for the obviously high
rate in the angiography-derived FFR group is that the
criteria we used were derived from wire-based physiology
studies. When patients undergoing PCI were stratified
by whether the optimal PCI criteria were met, those
meeting optimal PCI criteria showed similar clinical
outcomes between the angiography-derived FFR and
intravascular ultrasound groups, whereas patients who
received suboptimal PCI in the angiography-derived FFR
group showed an unexpectedly lower event rate,
potentially attributable to the small sample size.
Therefore, further studies are warranted to validate or
redefine the optimisation goal with angiography-derived
FFR.

The FAVOR III Europe trial found that QFR-based
treatment decisions were not non-inferior to those guided
by FFR.® The increased revascularisation rate (>20%)
observed in the QFR group without mandating stent
optimisation might partly contribute to the difference in
clinical outcomes. However, in the FLAVOUR 1I trial, in
which angiography-derived FFR was extensively used for
both treatment decision making and stent optimisation,
the outcomes were non-inferior to those in the
intravascular ultrasound group. Although the current
study does not directly address the equivalence of
angiography-derived FFR to FFR for treatment decisions,
it provides additional evidence supporting the
interchangeability of physiology-based assessments with
intravascular imaging-based treatment strategies. These
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findings align with the FLAVOUR trial results,”
reinforcing the notion that clinicians can confidently
choose, between physiological assessment versus
intravascular imaging, the technique with which they are
most familiar, facilitating integration into routine clinical
practice. Therefore, our study suggests that if physicians
opt for a single adjunctive approach to conventional
coronary angiography to manage non-complex coronary
lesions, angiography-derived FFR is a suitable choice for
both lesion selection and stent optimisation when
minimising unnecessary PCI is a priority. Conversely, if a
more aggressive PCI approach is favoured to potentially
reduce future coronary events, intravascular ultrasound
can be used for treatment decision making and procedural
optimisation. Clinicians can select the approach that best
aligns with their practice preferences, with no differences
in the 1-year clinical outcome between these two strategies.
Given the established clinical implications of intravascular
ultrasound use in complex lesions, and the demonstrated
diagnostic accuracy of angiography-derived FFR in such
lesions, the current findings might be extrapolated to

more complex lesions, which warrants further
investigation.
Previous intravascular ultrasound trials have

consistently shown that intravascular ultrasound-guided
PCI results in larger and longer stents, with an average
difference of up to 0-2 mm? in diameter and 3 mm in
length, than PCI with angiography guidance.*” Notably,
the stent size used in patients who underwent PCI was
similar between the two groups in our study, which
might be attributed to the quantitative anatomical
information provided during the angiography-derived
FFR calculation process. This observation suggests the
potential impact of the quantitative anatomical
information provided by angiography-derived FFR. The
importance of this information has been demonstrated
in previous randomised trials, which have shown that
incorporating quantitative anatomical analysis of
angiograms can yield procedural results and short-term
clinical outcomes similar to those achieved with
intravascular imaging-guided PCL» Although the
current study compared the clinical impact of
comprehensive strategies guided by angiography-derived
FFR and intravascular ultrasound, the clinical efficacy of
angiography-derived FFR should be further assessed
against a combined approach integrating wire-based FFR
for decision making with intravascular imaging for PCI
optimisation, which might be the most effective strategy
for improving PCI outcomes. Establishing this hybrid
strategy as the standard warrants further investigation to
validate and extrapolate the current findings.

To address the limitations of conventional angiography-
derived FFR—such as restricted feasibility due to the
need for two angiographic projections and operator
variability from manual input—we wused a next-
generation QFR technology, pQFR.* This Al-enhanced
algorithm enables more automated, rapid, and

reproducible FFR computation from a single-view
angiogram. Numerous studies have demonstrated its
diagnostic accuracy and clinical relevance/*** In our
study, most patients in the angiography-derived FFR
group were evaluated using pQFR, leading to highly
reliable onsite measurements that closely correlated with
core laboratory results (intraclass correlation coeflicient
0-925). This strong agreement might have contributed to
the overall quality and outcomes of the trial.

Notably, the subgroup analysis indicated a trend
favouring angiography-derived FFR in patients with
diabetes, who often have diffuse coronary disease
associated with suboptimal PCI outcomes. The higher
PCI rate in patients with diabetes guided by intravascular
ultrasound (74-2% vs 86-2%) did not appear to be
associated with the favourable clinical outcomes in the
current study, implying that a more selective approach to
revascularisation might be needed.

This study had several limitations that warrant
acknowledgment. First, the study population showed
relatively low anatomical complexity, with a median
SYNTAX score of 9, which is consistent with other
physiology studies. Given that the inclusion of relatively
non-complex lesions might have introduced selection
bias, future studies should validate these findings across
a broader range of lesion severities and complexities.
Additionally, the current findings might not be directly
generalisable to non-obstructive lesions. Second, the PCI
criteria in the intravascular ultrasound group might have
contributed to the different PCI rates between the
two groups, as no definitive standard exists for decision
making regarding revascularisation with intravascular
ultrasound. An absolute criterion of minimal lumen area
of 3 mm? or less using intravascular ultrasound led to a
higher rate of revascularisation in the distal portion of
the vessel than with angiography-derived FFR. Third, the
notably higher PCI optimisation rate was affected by the
angiography-derived FFR technique itself and the
definition of PCI optimisation, because there is no
universally accepted standard for defining optimal PCI
using angiography-derived FFR. Ongoing trials,
including PIONEER 1V, investigating similar but slightly
different optimisation criteria (ie, QFR =0-91 or delta
QFR >0-05)* are expected to provide further insights
into the optimisation criteria using angiography-derived
FFR. Fourth, the trial was designed with 80% statistical
power rather than 90% to balance feasibility and resource
constraints while maintaining sufficient sensitivity to
detect clinically meaningful differences. An 80% power
means there is an 80% probability of correctly rejecting
the null hypothesis when a true effect exists, whereas a
90% power would require a larger sample size and more
resources. Furthermore, although our findings met the
prespecified non-inferiority margin, the observed event
rates were lower than initially anticipated. This lower-
than-expected event rate should be taken into account
when interpreting the study results because it might
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limit the generalisability to high-risk populations, in
which the absolute difference in event rates could be
larger, potentially exceeding the predefined non-
inferiority margin. However, the use of a conservative
non-inferiority margin of 2- 5 percentage points provides
some reassurance for the conclusion of non-inferiority.
In addition, longer-term follow-up data would offer more
comprehensive and conclusive evidence regarding the
sustainability and durability of the observed outcomes.
Fifth, two angiography-derived FFR techniques were
used in our study, which might have introduced a
selection bias between two different modalities. Sixth,
target lesion selection was based on the physician’s
clinical judgement rather than being applied to all
identified lesions, which limited the assessment of the
feasibility of simultaneously evaluating multiple lesions
using angiography-derived FFR. Last, the hypothesised
event rates of 7% for the angiography-derived FFR group
and 8% for the intravascular ultrasound group during
sample size calculation were based on the available
clinical evidence at the time of study initiation, rather
than implying any inherent superiority. Although this
pragmatic approach enabled a feasible trial size and still
demonstrated non-inferiority, assuming identical event
rates could potentially reduce the risk of a type II error
but would require a larger sample size.

In patients with non-complex coronary artery disease,
the angiography-derived FFR-guided comprehensive PCI
strategy—encompassing both PCI decision making and
stent optimisation—demonstrated effectiveness similar
to the intravascular ultrasound-guided strategy with
respect to the composite endpoint of death, myocardial
infarction, or revascularisation at 12 months.
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