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Abstract

IMPORTANCE Treatment strategies for intermediate coronary lesions guided by fractional flow
reserve (FFR) and intravascular ultrasonography (IVUS) have shown comparable outcomes.
Identifying low-risk deferred vessels to ensure the safe deferral of percutaneous coronary
intervention (PCI) and high-risk revascularized vessels that necessitate thorough follow-up can help
determine optimal treatment strategies.

OBJECTIVES To investigate outcomes according to treatment types and FFR and IVUS parameters
after FFR- or IVUS-guided treatment.

DESIGN, SETTING, AND PARTICIPANTS This cohort study included patients with intermediate
coronary stenosis from the Fractional Flow Reserve and Intravascular Ultrasound-Guided
Intervention Strategy for Clinical Outcomes in Patients With Intermediate Stenosis (FLAVOUR) trial,
an investigator-initiated, prospective, open-label, multicenter randomized clinical trial that assigned
patients into an IVUS-guided strategy (which recommended PCI for minimum lumen area [MLA] �3
mm2 or 3 mm2 to 4 mm2 with plaque burden [PB] �70%) or an FFR-guided strategy (which
recommended PCI for FFR �0.80). Data were analyzed from November to December 2022.

EXPOSURES FFR or IVUS parameters within the deferred and revascularized vessels.

MAIN OUTCOMES AND MEASURES The primary outcome was target vessel failure (TVF), a
composite of cardiac death, target vessel myocardial infarction, and revascularization at 2 years.

RESULTS A total of 1619 patients (mean [SD] age, 65.1 [9.6] years; 1137 [70.2%] male) with 1753
vessels were included in analysis. In 950 vessels for which revascularization was deferred, incidence
of TVF was comparable between IVUS and FFR groups (3.8% vs 4.1%; P = .72). Vessels with FFR
greater than 0.92 in the FFR group and MLA greater than 4.5 mm2 or PB of 58% or less in the IVUS
group were identified as low-risk deferred vessels, with a decreased risk of TVF (hazard ratio [HR],
0.25 [95% CI, 0.09-0.71]; P = .009). In 803 revascularized vessels, the incidence of TVF was
comparable between IVUS and FFR groups (3.6% vs 3.7%; P = .95), which was similar in the
revascularized vessels undergoing PCI optimization (4.2% vs 2.5%; P = .31). Vessels with post-PCI
FFR of 0.80 or less in the FFR group or minimum stent area of 6.0 mm2 or less or with PB at stent
edge greater than 58% in the IVUS group had an increased risk for TVF (HR, 7.20 [95% CI,
3.20-16.21]; P < .001).

CONCLUSIONS AND RELEVANCE In this cohort study of patients with intermediate coronary
stenosis, FFR- and IVUS-guided strategies showed comparable outcomes in both deferred and
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Abstract (continued)

revascularized vessels. Binary FFR and IVUS parameters could further define low-risk deferred
vessels and high-risk revascularized vessels.
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Introduction

Coronary physiological and intravascular imaging assessments are verified tools with additive
diagnostic and prognostic implications in addition to coronary angiography.1,2 According to clinical
practice guidelines,3,4 the use of physiological indices, such as fractional flow reserve (FFR), is
recommended to identify ischemia-causing lesions that can benefit from revascularization, while
intravascular imaging, such as intravascular ultrasonography (IVUS), is recommended for the
planning and optimization of percutaneous coronary intervention (PCI). Although these 2 modalities
have been considered distinct in guidance of PCI, several studies have proposed a similar prognostic
impact of physiology- and imaging-guided treatment.5,6 In particular, a 2022 randomized clinical trial,
the Fractional Flow Reserve and Intravascular Ultrasound-Guided Intervention Strategy for Clinical
Outcomes in Patients With Intermediate Stenosis (FLAVOUR) trial, demonstrated comparable
outcomes of FFR-guided and IVUS-guided decision-making, with a lower revascularization rate in the
FFR group in patients with intermediate coronary stenosis.6 Therefore, FFR- and IVUS-guided
therapies are currently considered the optimal treatment strategies for intermediate coronary
stenosis. Nonetheless, direct comparisons of clinical outcomes based on treatment types (deferral of
PCI vs PCI) between these strategies have rarely been reported, and clinical events still occur after
physiology- or imaging-guided treatment. In this context, it is important to identify low-risk vessels in
which PCI has been deferred to warrant the safe continued deferral of PCI and high-risk
revascularized vessels that should be considered for additional procedures or meticulous follow-up
to optimize treatment strategies following physiology- or imaging-guided PCI.7,8 Considering prior
studies have proposed cutoff values to determine low-risk deferred vessels and high-risk
revascularized vessels based on FFR or IVUS parameters,9-11 we hypothesized that it might be
possible to identify high-risk lesion subsets based on treatment types using binary FFR or IVUS
parameters even after physiology- or imaging-guided treatment for intermediate stenosis. In this
post hoc analysis of the FLAVOUR trial, we aimed to investigate the clinical outcomes of FFR- and
IVUS-guided strategies in deferred and revascularized vessels and to define high-risk groups using
FFR and IVUS parameters via a binary approach in each group.

Methods

This cohort study used data from the FLAVOUR trial, and the trial protocol was approved by the
institutional review board at each participating site. This study was conducted following the
principles of the International Council for Harmonization Guidelines for Good Clinical Practice and the
principles of the Declaration of Helsinki, and all patients provided written informed consent. This
study adhered to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

Study Flow and Population
The FLAVOUR trial was an investigator-initiated, prospective, open-label, multinational randomized
clinical trial performed at 18 sites in Korea and China (ClinicalTrials.gov identifier: NCT02673424).
The detailed study protocol has been published elsewhere.6,12 Briefly, the FLAVOUR trial was
designed to compare the clinical outcomes of FFR- and IVUS-guided treatment. Patients with an
angiographically intermediate stenosis (ie, 40% to 70% diameter stenosis) in a target vessel sized at
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least 2.5 mm were included. The main exclusion criteria were patients who had noncardiac comorbid
conditions with a life expectancy of 2 years or less, target lesion located in the left main coronary
artery or in a coronary artery bypass graft, and patients with high bleeding risk. Patients who met all
inclusion criteria without any exclusion criteria were 1:1 randomized into the FFR or IVUS groups after
enrollment. In this study, clinical outcomes were compared between IVUS and FFR groups and by
whether PCI was deferred vessels or vessels were revascularized. Then, the deferred and
revascularized vessels were classified according to binary FFR and IVUS parameters, and their clinical
outcomes were further investigated (Figure 1).

Invasive Coronary Angiography
Invasive coronary angiography was conducted using standard techniques. After the procedure,
quantitative coronary angiography was performed at the core laboratory (Seoul National University
Hospital, Seoul, South Korea) to assess reference diameter, minimal lumen diameter, percentage of
diameter stenosis, and lesion length using a validated software program (CAAS II; Pie
Medical System).

FFR-Guided and IVUS-Guided Revascularization and Criteria for Optimal PCI
In the IVUS group, PCI was performed if lesions had IVUS-derived minimum lumen area (MLA) less
than 3 mm2 or MLA of 3 mm2 to 4 mm2 with plaque burden of 70% or greater.13,14 IVUS images were
acquired after intracoronary administration of nitroglycerin using commercially available systems.
Then, MLA, external elastic membrane (EEM) area, and plaque burden (calculated by the percentage
value of 1 – MLA / EEM area) were obtained. Minimal stent area (MSA) was defined as the smallest
area observed along the entire length of the stent.

In the FFR group, PCI was performed if lesions had FFR no greater than 0.80.8 For FFR
measurement, a pressure sensor guide wire was located at the distal segment of the target vessel
after calibration and equalization to aortic pressure after engagement of a guide catheter.
Intravenous adenosine and adenosine triphosphate (140 μg/kg/min) or intracoronary nicorandil (2
mg) was used to induce maximal hyperemia. The FFR value was calculated as the mean distal
coronary arterial pressure divided by the aortic pressure during maximum hyperemia.

Figure 1. Study Recruitment Flowchart

1682 Patients with 1820 vessels with intermediate lesions

844 Patients assigned to the IVUS group838 Patients assigned to the FFR group

950 Deferred vessels (600 vessels [FFR group]
and 350 vessels  [IVUS group])

819 Patients with 899 vessels included in
per-protocol analysis

803 Revascularized vessels (299 vessels [FFR group]
and 504 vessels  [IVUS group])

800 Patients with 854 vessels included in
per-protocol analysis

19 Patients excluded
3 Failed to get adequate FFR data

12 Deferred with positive FFR
4 Underwent PCI with negative FFR

44 Patients excluded
16 Failed to get adequate IVUS data

5 Received only plain balloon
angioplasty or DCB treatment

16 Deferred with positive IVUS
7 Underwent PCI with negative IVUS

High-risk
deferred vessels

Low-risk
deferred vessels

High-risk
revascularized vessels

Low-risk
revascularized vessels

DCB indicates drug-coated balloon; FFR, fractional
flow reserve; IVUS, intravascular ultrasonography; and
PCI, percutaneous coronary intervention.
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The FFR and IVUS raw data were collected and analyzed in independent core laboratories
blinded to clinical and procedural characteristics (Seoul National University Hospital for FFR data;
Ulsan University Hospital for IVUS data). In cases of 2 or more separate lesions in the same vessel, the
vessels were assigned as revascularized vessels if there were any lesions undergoing
revascularization according to the prespecified IVUS or FFR criteria in that vessel. The prespecified
criteria for optimal PCI were plaque burden at the stent edge 55% or less and MSA of at least 5.5 mm2

or MSA equal to or greater than the distal reference lumen area in the IVUS group and a post-PCI FFR
of at least 0.88 or change in FFR across the stent less than 0.05 in the FFR group.12,15,16

Primary Outcomes and Definitions
The primary outcome was target vessel failure (TVF), a composite of cardiac death, target vessel
myocardial infarction, and target vessel revascularization (TVR) at 24 months after randomization. All
outcome definitions were in accordance with the Academic Research Consortium consensus.17 TVR
was defined as any revascularization event of the target vessel with 1 of the following: (1) a positive
history of recurrent angina pectoris, (2) objective signs of ischemia at rest or during exercise test (or
equivalent), (3) positive results on any invasive functional diagnostic test, or (4) a diameter stenosis
of 70% or greater at angiography, even in the absence of ischemic signs or symptoms. Ischemia-
driven TVR was defined as a revascularization event meeting criteria 1, 2, or 3. An independent
committee adjudicated all clinical events and was blinded to treatment assignment.

Statistical Analysis
Detailed statistical methods are described in the eMethods in Supplement 1. Outcome analysis was
performed on a per-vessel basis. The marginal Cox proportional hazard regression was applied to
account for the clustering of the interrogated vessels within the same patient. The optimal cutoff
values of FFR and IVUS parameters were obtained using the maximal log-rank statistics to define
low-risk deferred vessels and high-risk revascularized vessels. P values were 2-sided, and P < .05 was
considered statistically significant. All analyses were performed using R statistical software version
4.2.0 (R Project for Statistical Computing). Data were analyzed from November to December 2022.

Results

Baseline Characteristics
Among 1682 patients in the FLAVOUR trial, this cohort study included 1619 patients (mean [SD] age,
65.1 [9.6] years; 1137 [70.2%] male) with 1753 vessels who met the inclusion criteria (Figure 1). During
the 2-year follow-up, 14 patients were lost to follow-up. Among 729 patients with deferred vessels,
patients in the FFR group were older and had a higher prevalence of hypertension than patients in
the IVUS group (Table 1). In 890 patients who underwent PCI, patients in the FFR group had a higher
proportion of acute coronary syndrome and prevalence of hypercholesterolemia (Table 1). Regarding
vessel characteristics, the distributions of FFR and IVUS parameters are shown in eFigure 1 in
Supplement 1. In deferred vessels, mean (SD) FFR was 0.88 (0.050), MLA was 4.5 (1.3) mm2, and
plaque burden was 62.6% (8.5%). In revascularized vessels, mean (SD) FFR was 0.73 (0.08), MLA
was 2.7 (0.6) mm2, and plaque burden was 75.4% (7.6%); after PCI, mean (SD) FFR was 0.88 (0.06),
MSA was 7.0 (2.1) mm2, and plaque burden at stent edge was 41.6% (11.9%). The mean percentage
diameter stenosis was higher and minimum lumen diameter was lower in the FFR group than the
IVUS group in both deferred and revascularized vessels (Table 1).

Clinical Outcomes in Deferral of PCI Group and Defining Low-Risk Deferred Vessels
In 950 deferred vessels, the incidence rate of TVF was 4.2% in the FFR group and 3.8% in the IVUS
group (hazard ratio [HR], 0.88 [95% CI, 0.44-1.76]; P = .72) (eFigure 2 in Supplement 1). The
per-vessel optimal cutoff values for estimating risk of TVF were 0.92 for FFR, 4.5 mm2 for MLA, and
58% plaque burden (eFigure 3 in Supplement 1). According to these features, the low-risk deferred
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vessels were defined as those with FFR greater than 0.92 in the FFR group and MLA greater than 4.5
mm2 or plaque burden no greater than 58% in the IVUS group (Figure 2A). These low-risk deferred
vessels had a decreased risk of TVF compared with high-risk deferred vessels (HR, 0.25 [95% CI,
0.09-0.71]; P = .009), which was mainly associated with ischemia-driven TVR (eTable 1 in
Supplement 1). When the outcomes of deferred vessels were compared with the revascularized
vessels, the event rate of TVF was the lowest in the low-risk deferred vessels (1.4%), followed by the
IVUS-guided revascularized vessels (3.6%), the FFR-guided revascularized vessels (3.7%), and the
high-risk deferred vessels (5.3%) (P = .03) (Figure 2B). This association was similar after adjustment

Table 1. Baseline Characteristics of Included Patients and Vessels

Characteristic

Deferral of PCI PCIa

No, (%)

P value

No, (%)

P valueFFR group IVUS group FFR group IVUS group
Patient-level

Included patients 455 (28.1) 274 (16.9) NA 364 (22.5) 526 (32.5) NA

Age, mean (SD), y 66.2 (9.2) 64.1 (9.4) .004 64.5 (9.5) 65.0 (10.1) .46

Sex

Female 167 (36.7) 87 (31.8)
.20

85 (23.4) 143 (27.2)
.23

Male 288 (63.3) 187 (68.2) 279 (76.6) 383 (72.8)

BMI, mean (SD), kg/m2 24.5 (3.3) 24.6 (3.1) .79 24.8 (3.2) 24.7 (3.4) .45

Diagnosis

Stable ischemic heart disease 370 (81.3) 215 (78.5)
.40

202 (55.5) 350 (66.5)
.001

Acute coronary syndrome 85 (18.7) 59 (21.5) 162 (44.5) 176 (33.5)

Diabetes 135 (29.7) 83 (30.3) .93 130 (35.7) 187 (35.6) >.99

Hypertension 315 (69.2) 164 (59.9) .01 249 (68.4) 371 (70.5) .55

Hypercholesterolemia 342 (75.2) 201 (73.4) .65 311 (85.4) 420 (79.8) .04

Current smoking 91 (20.0) 49 (17.9) .55 68 (18.7) 98 (18.6) >.99

Chronic kidney disease 69 (15.2) 36 (13.1) .52 68 (18.7) 104 (19.8) .75

Prior myocardial infarction 28 (6.2) 12 (4.4) .40 27 (7.4) 27 (5.1) .21

Prior PCI 86 (18.9) 42 (15.3) .26 78 (21.4) 110 (20.9) .92

LV ejection fraction, mean (SD), % 64.0 (8.0) 64.8 (8.5) .28 62.2 (9.1) 63.5 (8.2) .05

Discharge medication

Aspirin 260 (57.1) 140 (51.1) .13 353 (97.0) 517 (98.3) .29

P2Y12 inhibitor 279 (61.3) 170 (62.0) .91 359 (98.6) 523 (99.4) .38

ACEI/ARB 230 (50.5) 121 (44.2) .11 182 (50.0) 271 (51.5) .71

β-blocker 191 (42.0) 121 (44.2) .62 154 (42.3) 241 (45.8) .33

Calcium channel blocker 167 (36.7) 100 (36.5) >.99 111 (30.5) 169 (32.1) .66

Statin 428 (94.1) 266 (97.1) .10 353 (97.0) 505 (96.0) .56

Target vessel–level

No.

Included vessels 600 (34.2) 350 (20.0) NA 299 (17.1) 504 (28.8) NA

Target vessel location

Left anterior descending artery 344 (57.3) 233 (66.6)

.002

217 (72.6) 299 (59.3)

.001Left circumflex artery 93 (15.5) 29 (8.3) 24 (8.0) 69 (13.7)

Right coronary artery 163 (27.2) 88 (25.1) 58 (19.4) 136 (27.0)

Diameter stenosis, mean (SD), % 53.5 (9.1) 51.1 (9.0) <.001 62.9 (0.9) 60.9 (8.9) .002

MLD, mean (SD), mm 1.4 (0.4) 1.5 (0.4) <.001 1.1 (0.3) 1.1 (0.3) .001

Lesion length, mean (SD), mm 17.9 (8.4) 17.5 (8.1) .54 24.6 (12.1) 22.8 (12.3) .04

Reference diameter, mean (SD), mm 3.0 (0.5) 3.1 (0.5) .08 2.9 (0.4) 2.9 (0.4) .28

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index (calculated as weight in kilograms divided by height in
meters squared); FFR, fractional flow reserve; IVUS, intravascular ultrasonography; LV, left ventricle; MLD, minimum lumen diameter; NA, not applicable; PCI, percutaneous coronary
intervention.
a Patients undergoing PCI for any vessels were included in the PCI group.
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for clinical characteristics (Table 2) or accounting for multiple comparisons (eTable 2 in
Supplement 1).

Outcome Comparison Between IVUS and FFR Groups in the PCI Group
and Prespecified Optimal PCI Group
In 803 revascularized vessels, the event rates of TVF were comparable between FFR and IVUS
groups (3.7% vs 3.6%; HR, 0.97 [95% CI, 0.46-2.06]; P = .95) (eFigure 4 in Supplement 1). Among
revascularized vessels, procedural optimization data were available in 711 vessels (88.5%). According
to the prespecified PCI optimization criteria, optimal PCI was performed in 191 vessels (70.0%) in the
FFR group and 283 vessels (64.6%) in the IVUS group (eFigure 5 in Supplement 1). There were no

Figure 2. Risk of Target Vessel Failure (TVF) in Deferred Vessels by Binary Fractional Flow Reserve (FFR) and Intravascular Ultrasonography (IVUS) Parameters

10

8

6

4

2

0

Cu
m

ul
at

iv
e 

ev
en

t o
f T

VF
, %

Deferred vesselsA

FFR >0.92
(n = 133)

MLA >4.5 mm2

or PB ≤58%
(n = 167)

Low-risk

FFR ≤0.92
(n = 467)

MLA ≤4.5 mm2

or PB >58%
(n = 183)

High-risk

10

8

6

4

2

0

Cu
m

ul
at

iv
e 

ev
en

t o
f T

VF
, %

Total vesselsB

Low-risk
deferred vessels

(n = 300)

IVUS-guided
revascularized

vessels (n = 504)

FFR-guided
revascularized

vessels (n = 299)

High-risk
deferred vessels

(n =650)

P =.45

P =.07

P =.08

P =.009

P =.90

P =.009

A, Two-year rate of TVF in low-risk and high-risk deferred vessels defined by optimal cutoff values for estimating risk of TVF. Low-risk deferred vessels were defined as those with FFR
greater than 0.92 or minimum lumen area (MLA) greater than 4.5 mm2 or plaque burden (PB) of 58% or less. B, Two-year rate of TVF of low-risk deferred vessels, high-risk deferred
vessels, FFR-guided revascularized vessels, and IVUS-guided revascularized vessels.

Table 2. Risk of TVF According to High- and Low-Risk Features

Group Vessels, No. (%) 2-Y cumulative TVF, No. (%) Unadjusted HR (95% CI) P value Adjusted HR (95% CI)a P value
Deferred vessels

Low-riskb 300 (17.1) 4 (1.4) 1 [Reference] NA 1 [Reference] NA

High-riskb 650 (37.1) 34 (5.3) 4.01 (1.41-11.4) .009 3.99 (1.40-11.4) .01

FFR-guided revascularized vessels 299 (17.1) 11 (3.7) 2.78 (0.88-8.74) .08 2.68 (0.84-8.54) .10

IVUS-guided revascularized vessels 504 (28.8) 18 (3.6) 2.71 (0.92-8.00) .07 2.69 (0.91-7.99) .07

Revascularized vesselsc

High-riskd 47 (2.8) 8 (17.1) 1 [Reference] NA 1 [Reference] NA

Low-riskd 697 (41.1) 17 (2.5) 0.14 (0.06-0.31) <.001 0.14 (0.06-0.33) <.001

FFR-guided deferred vessels 600 (35.4) 25 (4.2) 0.24 (0.11-0.52) <.001 0.25 (0.11-0.56) <.001

IVUS-guided deferred vessels 350 (20.7) 13 (3.8) 0.21 (0.09-0.49) <.001 0.21 (0.09-0.51) <.001

Abbreviations: FFR, fractional flow reserve; HR, hazard ratio; IVUS, intravascular ultrasonography; MLA, minimum lumen area; MSA, minimum stent area; NA, not applicable; PCI,
percutaneous coronary intervention; TVF, target vessel failure.
a Adjusted for age, sex, body mass index, acute coronary syndrome, diabetes, hypertension, and dyslipidemia.
b High-risk deferred vessels were defined as medically treated vessels with FFR 0.92 or less in the FFR group and with MLA 4.5 mm2 or less and plaque burden greater than 58% in the

IVUS group; low-risk deferred vessels, medically treated vessels with FFR greater than 0.92 in the FFR group and with MLA greater than 4.5 mm2 or plaque burden no more than
58% in the IVUS group.

c Among revascularized vessels, 59 vessels with missing data of high-risk features were excluded.
d High-risk revascularized vessels were defined as revascularized vessels with post-PCI FFR 0.80 or less in the FFR group and with MSA 6.0 mm2 or less and plaque burden at stent

edge greater than 58% in the IVUS group; low-risk revascularized vessels, revascularized vessels with post-PCI FFR greater than 0.80 in the FFR group and with MSA greater than
6.0 mm2 or plaque burden at stent edge 58% or less in the IVUS group.
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differences in the rate of optimal PCI between the FFR and IVUS groups. In the PCI subgroup that
underwent optimal PCI, the rate of 2-year TVF was 4.2% in the FFR group and 2.5% in the IVUS group
(HR, 0.59 [95% CI, 0.21-1.63]; P = .31) (eFigure 5 in Supplement 1). This result was consistent after
adjustment for clinical characteristics (eTable 3 in Supplement 1).

Identification of High-Risk Revascularized Vessels by Post-PCI FFR
and IVUS Parameters
The per-vessel optimal cutoff values for estimating risk of TVF after PCI were 0.81 for FFR, 6.01 mm2

for MSA, and 58.1% for plaque burden at stent edge (eFigure 6 in Supplement 1). Among
revascularized vessels, 744 vessels were stratified after exclusion of 59 vessels with missing data of
these features, and the high-risk revascularized vessels were defined as those with post-PCI FFR
0.80 or less in the FFR group and MSA 6.0 mm2 or less and plaque burden at stent edge greater than
58% in the IVUS group (Figure 3A). These vessels showed an increased risk for TVF (HR, 7.20 [95%
CI, 3.2X-16.2X]; P < .001), primarily associated with ischemia-driven TVR (eTable 4 in Supplement 1).
When the outcomes of post-PCI vessels were compared with the deferred vessels, the event rate of
TVF was the highest in the high-risk revascularized vessels (17.1%), followed by the FFR-guided
deferred vessels (4.2%), the IVUS-guided deferred vessels (3.8%), and low-risk revascularized
vessels (2.5%) (P < .001) (Figure 3B). This finding was similar after adjustment for clinical
characteristics (Table 2) and accounting for multiple comparisons (eTable 5 in Supplement 1).

In the sensitivity analysis, overall findings remained consistent for 1665 vessels that excluded
88 vessels from 40 patients who had a mix of both deferred vessels and revascularized vessels that
belonged to either the FFR or IVUS group (eTable 6 in Supplement 1). When the optimal cutoff values
were calculated using receiver operating characteristic curve analysis, all cutoff values were exactly
the same as those derived from maximal log-rank statistics, except for plaque burden at stent edge
(eTable 7 in Supplement 1). Overall results were consistent when the cutoff values from the receiver
operating characteristic curve analysis (eFigure 7 in Supplement 1) or other cutoff values based on
prior literature (eFigure 8 in Supplement 1) were used.

Figure 3. Risk of Target Vessel Failure (TVF) in Revascularized Vessels by Binary Fractional Flow Reserve (FFR) and Intravascular Ultrasonography (IVUS)
Parameters After Percutaneous Coronary Intervention (PCI)
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Discussion

This cohort study investigated the clinical outcomes of FFR- and IVUS-guided treatment strategies
according to treatment type and defined low-risk deferred vessels and high-risk revascularized
vessels based on binary FFR and IVUS parameters. We found that FFR- and IVUS-guided strategies
showed comparable outcomes in the deferred vessels and that low-risk deferred vessels were those
with FFR greater than 0.92 in the FFR group or MLA greater than 4.5 mm2 or plaque burden 58% or
less in the IVUS group. Clinical outcomes were not different between FFR- and IVUS-guided
strategies in the group that underwent PCI or in the optimal PCI subgroup. High-risk revascularized
vessels were those with post-PCI FFR of 0.80 or less in the FFR group or minimum stent area of 6.0
mm2 or less and plaque burden at stent edge greater than 58% in the IVUS group.

Outcomes After FFR- and IVUS-Guided Treatment Decisions
Recent studies have suggested the similarity of FFR and IVUS modalities for treatment decision-
making in terms of clinical outcomes.5,6 Nonetheless, there is a paucity of data on the relative
prognostic value between physiology- and imaging-based approaches according to treatment type.
It is well known that the presence of high-risk plaque features, even in vessels with high FFR, is
associated with poor prognosis under medical treatment.18,19 In addition, deferred low FFR lesions,
which can happen in patients with IVUS-guided decisions, are also associated with poor prognosis.8

In this study, incidences of the composite outcome of cardiac death, target vessel myocardial
infarction, and TVR at 24 months were similar between FFR and IVUS groups in the deferred vessels
(4.2% vs 3.8%) as well as in the revascularized vessels (3.7% vs 3.7%). This result can be explained
by the high specificity of imaging criteria for detection of myocardial ischemia20,21 and a low
prevalence of high-risk plaque in lesions with high FFR22 and is supported by the correlation of both
IVUS and FFR revascularization criteria with plaque or patient risk.23-25 Moreover, when coronary
lesions were classified by FFR and IVUS parameters, the prevalence was similar between mismatch
and reverse mismatch of anatomical and physiological severity,21 which indicates similar diagnostic
performance for high-risk patients between the modalities. Therefore, the use of FFR or IVUS can be
equally appropriate for decision-making for each treatment type.

Low-Risk Deferred Vessels Identified by Binary FFR and IVUS Parameters
Although FFR-guided treatment is the standard approach in patients with intermediate coronary
stenosis,3,4 clinical events still occur in medically treated patients whose PCI was deferred because of
FFR findings,8 and this observation is similar when imaging criteria are applied for deferral of PCI.6,7

Considering prior studies have indicated that certain thresholds may exist for defining low-risk
deferred vessels,9,10 we investigated whether FFR and IVUS parameters could discriminate vessels
that were at low risk of future clinical events after FFR- or IVUS-guided deferral of PCI via a binary
approach. We found that low-risk deferred vessels (defined by the binary cutoff values) showed a
lower risk of TVF than high-risk deferred vessels (1.4% vs 5.3%). This finding is in line with those of
the PROSPECT II study,9 which reported the lowest plaque burden of 56.2% among culprit lesions
causing an adverse event or the 2023 coronary computed tomography angiography-based study10

that the prognostic value of plaque features was diminished in the range of FFR greater than 0.90.
Although the definite cutoff value needs to be further defined, our findings support the existence of
physiological or imaging criteria to warrant safe deferral of PCI and the necessity for future studies
to find an optimized diagnostic process and treatment strategy for patients with high-risk
deferred vessels.

Outcomes After Physiology- or Imaging-Based PCI Optimization
While intravascular imaging is recommended for planning and optimization of PCI,11 poststent
physiological assessment can also independently estimate risk of adverse clinical events after stent
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implantation.26,27 Nonetheless, head-to-head comparison of clinical outcomes between physiology-
and imaging-based PCI optimization has rarely been conducted. In the FLAVOUR trial, FFR- and
IVUS-guided PCI optimization were assessed by prespecified criteria, and the rate of optimal PCI was
70.0% in the FFR group and 64.6% in the IVUS group (P = .16), similar to prior reports.28-30 When
their outcomes were directly compared, the 2-year rates of TVF were not statistically different
between FFR-guided optimal PCI and IVUS-guided optimal PCI groups (4.2% vs 2.5%; P = .31), which
might suggest the similarity between strategies. Nonetheless, given that an IVUS-defined optimal
procedure is known to be associated with a lower risk of adverse events in patients overall29 and in
patients with complex lesions,31 while PCI optimization based on post-PCI FFR values failed to reduce
1-year TVF in the FFR-REACT study,32 whether physiology- or imaging-based PCI optimization can
warrant similar outcomes or not should be demonstrated in the long-term follow-up data or in a
larger study population that can provide adequate statistical power.

Prognostic Implications of Binary Post-PCI FFR or IVUS Parameters
Although clinical outcomes between IVUS and FFR groups were not significantly different according
to the prespecified optimization criteria in this study, high-risk revascularized vessels can be defined
using the optimal cutoff of post-PCI FFR, MSA, and plaque burden at stent edge, which were
associated with a higher risk of TVF than low-risk revascularized vessels. This finding aligns with prior
publications that reported the prognostic value of residual ischemia,27,33 or IVUS-defined post-PCI
plaque burden or stent underexpansion.34,35 It should be noted that there was no statistically
significant association of continuous FFR and IVUS parameters with TVF did in this study. This result
should be interpreted in consideration of the unique characteristics of the study population. Since
the FLAVOUR trial mandates FFR- or IVUS-guided treatment decision-making and stent optimization
for PCI, leading treatment strategies for intermediate stenosis, both deferred and revascularized
vessels inherently had a lower clinical event risk compared with other studies showing the prognostic
significance of FFR and IVUS parameters,27,34,36,37 which may diminish the statistical power to show
the prognostic value of each parameter. Although the prognostic significance of each parameter after
FFR- or IVUS-guided treatment should be tested in a larger study population with long-term
outcomes data and adequate statistical power, our findings were consistent across various different
cutoff values in sensitivity analyses and spotlight the potential of using binary FFR and IVUS
parameters to discern low-risk deferred and high-risk revascularized vessels after FFR- or IVUS-
guided treatment. This finding broadens the current evidence of the clinical value of FFR and IVUS
parameters to distinct study populations undergoing physiological- or imaging-guided optimal
treatment and could help physicians to determine lesion subsets necessitating thorough follow-up,
even after the current optimal treatment strategies in clinical practice. Optimal physiological- and
imaging-based procedural end points to improve clinical outcomes incorporating new indices, such
as imaged-based PCI planning or longitudinal vessel analysis with pressure pullback curve,38,39

should be defined in future studies.

Limitations
This study has several limitations. First, since this is a post hoc analysis of a randomized clinical trial,
the statistical analysis results may be underpowered to support some of the findings. Thus, these
findings should be limited to hypothesis generation. Second, several clinical characteristics were
different between FFR and IVUS groups when patients were stratified by treatment type; however,
all results were consistent after adjustment for clinical characteristics. Third, FFR and IVUS were used
as representative tools for invasive physiologic and imaging studies in our study. Further studies are
needed to assess the comparative roles of other physiologic and imaging tools. Fourth, the
medication history during follow-up was not included in the analysis, which might have caused a
potential bias in the results. Fifth, this study could not determine the association of continuous FFR
and IVUS parameters with outcomes due to an underpowered analysis. This association should be
explored in future studies with adequate statistical power. Sixth, this analysis was mainly based on a

JAMA Network Open | Cardiology Physiology- or Imaging-Guided Strategy for Intermediate Coronary Stenosis

JAMA Network Open. 2024;7(1):e2350036. doi:10.1001/jamanetworkopen.2023.50036 (Reprinted) January 3, 2024 9/13

Downloaded from jamanetwork.com by Ajou University user on 02/08/2024



binary approach, and the cutoff values of each parameter should be extrapolated in the external
cohort. Seventh, the event rate was relatively low, and a small number of events in each group could
impact the results, which necessitates adequately powered future studies to generalize the current
results. Eighth, the clinical value of FFR and IVUS parameters has already been suggested in prior
studies; however, this study population was distinct from the prior literature in that this study
comprised deferred vessels with negative FFR or negative IVUS criteria or revascularized vessels that
met stent optimization criteria in approximately two-third of vessels, which could be regarded as
already received optimal treatment strategies for intermediate stenosis under the guidance of
physiological- and imaging-based assessment. Our analysis showed the prognostic value of binary
FFR and IVUS parameters in this unique population.

Conclusions

The findings of this cohort study suggest that clinical outcomes were comparable between FFR- and
IVUS-guided treatment in both deferred and revascularized vessels, and low-risk deferred vessels
and high-risk revascularized vessels could be defined by using binary FFR and IVUS parameters after
FFR- and IVUS-guided decision-making and stent optimization. This approach can further help
determine the optimal management for patients with intermediate coronary stenosis.
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