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ABSTRACT

BACKGROUND Focal stenotic coronary lesions, as defined by the invasive pullback pressure gradient index (PPGI)
measured before percutaneous coronary intervention (PCl), are associated with less residual angina than diffuse lesions
as assessed by the Seattle Angina Questionnaire (SAQ).

OBJECTIVES This study aims to investigate the interaction between a lesion's baseline functional phenotype (focal vs
diffuse) and the physiological success of PCl, as defined by a post-procedural Murray-based angiography-derived flow
ratio (LFR) above 0.90 (adequacy of flow [AOF]), in correlation with angina status at 2 years.

METHODS The ASET-Japan study enrolled 203 patients with chronic coronary syndrome. The baseline functional
disease pattern and the achievement of AOF (post-PCI pFR > 0.90) were analyzed as potential factors influencing the
rate of residual angina at 2 years.

RESULTS SAQ scores were obtained in 186 patients. The median follow-up duration was 771 days (Q1-Q3: 752-805).
AOF was achieved in in 61.3% (114 of 186; 95% Cl: 54.1-68.0), with the uFR post-PCl differing significantly by the
lesion's baseline phenotype (diffuse 0.92 4+ 0.06 vs focal 0.94 + 0.04; P < 0.001). At 2-year follow-up, patients in the
AOF group with preprocedural focal vs diffuse disease had significantly better angina frequency scores (99.2 + 3.3 vs
94.8 +11.7; P = 0.007), and less frequent residual angina (6.7%; 4 of 60; 95% Cl: 2.6-16.2 vs 22.0%; 11 of 50; 95% Cl:
12.5-34.9; P = 0.040).

CONCLUSIONS In patients who achieve AOF during PCl, the baseline functional phenotype of treated lesions in
patients with or without angina at follow-up is significantly different. A global physiological assessment integrating AOF
and the baseline functional pattern of disease is potentially useful to accurately predict residual angina post-PCl. (Acetyl
Salicylic Elimination Trial Japan: The ASET Japan Pilot Study [ASET-JAPAN], NCT05117866) (JACC Asia. 2026;m:m-m)
© 2026 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ABBREVIATIONS
AND ACRONYMS

AOF = adequacy of flow
CAD = coronary artery disease

CCS = chronic coronary

syndrome

FFR = fractional flow reserve

FR = Murray's law-based
quantitative flow ratio

PCI = percutaneous coronary

intervention

PPGI = pressure pullback

gradient index

QCA = quantitative coronary

angiography

SAQ = Seattle Angina
Questionnaire

he primary goal of mechanical

revascularization in patients with

chronic coronary syndrome (CCS) is
to optimize their health status, symptoms,
function, and quality of life by relieving
or eliminating angina.'> However, after
percutaneous coronary intervention (PCI),
approximately a fifth of patients have resid-
ual or recurrent symptoms.*> In some, this
may be due to the specific etiology of their
angina (eg, microvascular disease or vaso-
motor disorders) whereas in others it reflects
suboptimal post-PCI physiology. Recently,
in a substudy of the TARGET FFR (Random-
ized Controlled Trial of Angiography Versus
Pressure Ratio-Guided Enhancement Tech-
niques—Fractional Flow Reserve) trial,
Collet et al® showed that the baseline functional
pattern of coronary artery disease (CAD) (specifically
diffuse or focal) was significantly associated with the
degree of angina relief after PCI. Although this initial
work showed that PCI of physiologically focal, as
opposed to diffuse, coronary lesions resulted in less
angina, it has been hypothesized that the strength
of this association depends on the physiological suc-
cess of PCI.

The potential interaction between the baseline
functional pattern of CAD and a structured assess-
ment of anginal symptoms, such as that provided by
the Seattle Angina Questionnaire (SAQ) after PCI, has
not yet been fully investigated with angiography-
derived fractional flow reserve (FFR). Furthermore,
previous studies did not investigate the baseline
pattern of disease in the context of the completeness

of revascularization or optimal functional revascu-
1'678

larization post-PC

The concept of adequacy of flow (AOF) after PCI,
defined as an optimal functional result in treated
vessels (FFR >0.90) combined with the absence of
functionally significant untreated lesions (all un-
treated lesions with FFR >0.80), has been associated

JACC: ASIA, VOL. B, NO. W, 2026
W 2026:H-0

with the best clinical outcomes, mainly driven by
lower repeat revascularization.”"' The challenge of
performing such comprehensive assessments with
wire-based technology has recently been overcome
by advances in angiography-based physiology soft-
ware, which have made it possible to evaluate
multiple functional parameters, such as baseline
quantitative flow ratio and the pressure pullback
gradient index (PPGI), in all 3 major coronary arteries
using a single angiographic acquisition and without
the need for dedicated pressure wires.®'>'4

To address the impact and interaction of lesion
physiology at baseline and post-PCI, the ASET-Japan
(Acetyl Salicylic Elimination Trial Japan (ASET-
Japan; NCT05117866) Chronic Coronary Syndrome
study (ASET-Japan CCS) was leveraged to investigate
the baseline angiography-derived functional pattern
of CAD in stenotic lesions and assess its interaction
with the global AOF and patients’ angina status at 2
years as evaluated by the SAQ.

METHODS

STUDY DESIGN AND POPULATION. The current
study is a subanalysis of the ASET-Japan pilot study.
The design, methodology, and preliminary results of
the study have already been published else-
where.'>'® In brief, ASET-Japan was a first-in-
humans, multicenter, single-arm, open-label trial
that enrolled CCS patients with anatomical SYNTAX
(Synergy Between PCI With Taxus and Cardiac Sur-
gery) scores <23 who were undergoing PCI with the
implantation of SYNERGY platinum-chromium
Everolimus-eluting stents.'>'® The study was
approved by the certified review board (CRB4180003)
at Fujita Health University (Toyoake, Japan) and the
local ethics committees at each investigating center,
and all patients provided their written informed
consent before participation in the study. Patients
who died or were lost to follow-up and those who had
no available SAQ at 2 years were excluded. Patients
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undergoing repeat revascularization (PCI and/or
coronary artery bypass grafting) within 2 years were
also excluded from these analyses because the addi-
tional intervention would be expected to alter the
coronary physiology after the initial PCI.

ANALYSIS OF MURRAY’S LAW-BASED QUANTITATIVE
FLOW RATIO AND FUNCTIONAL PATTERN OF THE
DISEASE. Murray’s law-based quantitative flow ratio
(LFR) was performed by an independent academic
core laboratory (CORRIB Lab, University of Galway,
Ireland) using the AngioPlus system (Pulse Medical
Imaging Technology). The pFR is a computational
method applied to a single angiographic view that
considers side branch diameters in the computation
of fractal flow division; it has recently been shown to
have similar diagnostic accuracy to 3-dimensional
quantitative flow ratio and a correlation of r = 0.90
(P <0.001) and acceptable agreement with wire-
based FFR."” The functional significance of stenotic
lesions, the residual functional SYNTAX score, and
optimal hemodynamics after PCI were assessed using
WFR. The preprocedural functional distribution of
plaque (focal vs diffuse) in treated lesions was
assessed using the puFR-derived PPGI, calculated as
follows: %718

PPGindex =

Max PPG 20 mm +(1- Length with functional disease [mm]
ApFR vessel Total vessel length [mm]

2

Maximal PPGI was defined as the maximum pFR
gradient over 20 mm, and ApFR vessel as the differ-
ence between PFR values obtained at the ostium of
the vessel and the most distal point. The length with
functional disease was defined as the length in mil-
limeters, with a uFR drop =0.0015/mm."> The total
vessel length was defined as the length of the entire
interrogated vessel. The physiological distribution of
CAD was defined as predominantly diffuse or focal
according to whether the pre-PCI pFR-derived PPGI
was above (focal) or below (diffuse) the 0.68 median
in our cohort.”"?

The pFR was computed for all vessels with a
diameter of 1.5 mm or greater, as visually assessed by
coronary angiography. The baseline functional
assessment encompassed vessels that underwent PCI
(treated vessels) and those that did not. The pre-PCI
uFR-derived PPGI was only calculated in vessels in
which PCI was performed during the index proced-
ure. If more than 1 vessel was treated (n = 5), PPGI
and lesion length were derived from the vessel with
the lowest PPGI, and focal or diffuse phenotype was
categorized accordingly.

CORE LABORATORY POSTPROCEDURAL ANGIOGRAPHIC
AND puFR ANALYSES. Before PCI. In this study, the
intention-to-treat decision was initially made by the
site investigators based on their local assessment
using visual quantitative diameter stenosis or a
physiological assessment (Supplemental Figure 1).
This decision was categorized as the “investigator-
intended decision to treat.” Retrospectively, an in-
dependent core laboratory reassessed all visible
(30%-50%) lesions and analyzed the baseline diam-
eter stenosis using quantitative coronary angiog-
raphy (QCA) and assessed functional significance
using pFR (uFR =0.80 or >0.80). A retrospective
“CoreLab intention-to-treat”
quently generated with vessels having a uFR =0.80
defined as “to be treated” regardless of their QCA
results whereas those with pFR >0.80 were defined
as “not to be treated” (Supplemental Figure 1).

After PCl. The CoreLab also retrospectively analyzed
post-PCI angiograms to assess diameter stenosis us-
ing QCA, vessel uFR, and the intrastent AuFR. In this
retrospective analysis, device success was defined
according to the European Association of Percuta-

decision was subse-

neous Cardiovascular Interventions recommenda-
tions,?® which were enhanced by the addition of a
functional component consisting of an intrastent
ApFR <0.05. According to this analysis, 144 patients
achieved a post-PCI device success (QCA diameter
stenosis <20% and intrastent ApFR <0.05). This
retrospective post-PCI assessment of device success
by the core lab is more quantitative and objective
than the on-site assessment of successful implanta-
tion, which was a mandatory criterion for enrollment
into the ASET trial."® Furthermore, an optimal func-
tional result requires a vessel uFR >0.90 in all treated
lesions. Finally, global adequacy of flow (AOF) was
defined as all treated lesions having an intrastent
APFR <0.05 and all untreated vessels having a pFR
>0.80, which was considered to be functionally
optimal when the post-PCI vessel had uFR >0.90.

The functional SYNTAX score before PCI and the
residual functional SYNTAX score (SS) post-PCI"
were assessed by removing the weighting factor
attributed to each coronary segment of the Leaman/
SYNTAX segmentation whenever the segment had a
uFR >0.80.?" Completeness of functional revascu-
larization corresponding to a residual functional
SYNTAX score of 0 was assessed based on post-PCI
uFR values in “treated” vessels.

An angio-derived pFR <0.90 after PCI has a nega-
tive impact on major cardiovascular and cerebrovas-
cular 121,22 post-PCI AOF can only be
reasonably guaranteed if the uFR is >0.90 in treated
vessels and >0.80 in untreated vessels; in other

events.
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words, a post-PCI residual functional SYNTAX score
of 0 does not fully guarantee being free from angina.
Therefore, in the current study AOF was defined as
completeness of functional PCI revascularization
(residual functional SYNTAX score = 0) with an
optimal post-PCI vessel uFR value of >0.90 in all
treated vessels, in conjunction with a vessel pFR of
>0.80 in all remaining untreated lesions. Patients
who did not fulfil these criteria were categorized as
being non-AOF patients (post-PCI vessel pFR <0.90
in any treated vessel and/or pre-PCI vessel uFR = 0.80
in any nontreated vessel).

ANGINA AND QUALITY OF LIFE ASSESSMENT BY
SEATTLE ANGINA QUESTIONNAIRE. The 19-item
Seattle Angina Questionnaire (SAQ-19) was filled out
by patients 2 years after their procedure. The SAQ
measures 5 domains related to angina: Angina Fre-
quency, Physical Limitations, Quality of Life, Angina
Stability, and Treatment Satisfaction. Scores can
range from 0 to 100, with 0 signifying the worst
possible health status and 100 indicating the best
possible health status. An SAQ Summary score was
calculated by averaging the scores from the SAQ
Physical Limitations, SAQ Quality of Life, and SAQ
Angina Frequency domains. Additionally, the pres-
ence of residual angina was explicitly defined as an
SAQ Angina Frequency score <100, and angina-free
status was defined as an SAQ Angina Frequency
score of 100. SAQ Angina Frequency score was also
categorized into 3 clinically relevant strata: daily/
weekly angina (<60), monthly angina (60-99), and no
angina (= 100). Questionnaire collection was con-
ducted by a research nurse or cardiologist familiar
with the SAQ.”®

STATISTICAL ANALYSIS. The SAQ Summary and the
subdomain scores were calculated using the official
SAS code provided by cvoutcomes.org (Saint Luke’s
Mid America Heart Institute). Continuous variables
were first tested for normality with the Shapiro-Wilk
test. Normally distributed variables are presented as
mean + SD and were compared by Student’s t-test,
whereas non-normal variables are given as median
(Q1-Q3) and were compared using the Mann-Whitney
U test. Categorical variables are expressed as counts
and percentages and were compared by the chi-
square test or Fisher’s exact test, as appropriate.
The SAQ summary score and subscores from its
component domains were used as continuous vari-
ables and compared between patients with diffuse
and focal CAD. Distribution curves were created us-
ing continuous values of each SAQ score, which were
then compared between patients with focal and
diffuse patterns of CAD in the overall cohort and in
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the AOF and non-AOF subgroups. Logistic regression
analyses were performed to identify independent
predictors of angina-free status at 2 years. Physio-
logical disease pattern was primarily defined using
the cohort median PPGI, consistent with prior inva-
sive physiology studies. Sensitivity analyses were
performed by treating PPGI as a continuous variable
without dichotomization and by applying alternative
percentile-based cut points (33rd percentile)
(Supplemental Methods). Odds ratios were reported
with 95% confidence intervals, and statistical signifi-
cance wasdefined asa2-sided Pvalue < 0.05. A2-sided
P < 0.05 was considered statistically significant. All
statistical analyses were performed using R version
4.1.3 (R Foundation for Statistical Computing).

RESULTS

A total of 206 patients were initially enrolled in the
ASET-Japan CCS study. At 2-year follow-up, 3 pa-
tients had died (vascular death: n = 1, noncardiac
death: n = 2). Seventeen of the remaining 203 pa-
tients who were alive at 2 years were excluded, 9
because of missing 2-year SAQ scores and 8 because
they had wundergone repeat revascularization.
Therefore, 186 patients were included in the present
study; however, a pre-PCI PPGI analysis was not
possible in the 9 patients having a total occlusion,
leaving 177 patients who had both a SAQ score and
PPGI. The median follow-up duration was 771 days
(Q1-Q3: 752-805). The Central Illustration summarizes
the conceptual framework of this study, highlighting
the interaction between baseline physiological
phenotype, post-PCI adequacy of flow, and long-term
angina outcomes.

BASELINE CHARACTERISTICS. Baseline clinical
characteristics are detailed in Table 1. A total of 186
patients (96% of the entire trial cohort) were assessed
with SAQ at follow-up and were included in the
analysis. The mean age was 68.9 years old, and 79.4%
were male. The median anatomical SYNTAX score
was 7.0 (Q1-Q3: 5.0-11.0). Among these patients
(N = 186), 144 achieved device success, and 142 had
complete functional revascularization (residual
functional SYNTAX score = 0). AOF was achieved in
61.3% (114 of 186; 95% CI: 54.1-68.0), and 38.7% (72 of
186) were classified as non-AOF. No significant dif-
ferences were observed between the AOF and non-
AOF groups in terms of patient characteristics,
mean left ventricular ejection fraction, baseline
anatomical SYNTAX score, or functional SYNTAX
score (Table 1). In univariate logistic regression
analyses, in the patients achieving AOF, the diffuse
phenotype was a significant protector (OR: 0.234;
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CENTRAL ILLUSTRATION Physiology-Guided Revascularization and Angina Outcomes

All patients with 2-year SAQ
N =186

. All revascularized lesions have pFR >0.80 and
Functional uFR >0.80 in untreated lesion
revascularisation
(rFSS = 0)

Residual functional revascularisation

N =142

N = 28: Complete functional revascularisation but

> not necessarily optimal flow (uFR post >0.8
but <0.9 [treated lesion])

Adequacy of Flow
Patient with optimal pFR post PCI >0.90 (Treated
lesion), uFR >0.80 (Untreated lesion)

Adequacy of Flow

AoF Non AoF
114 patients 72 patients
High pre-PCI puFR- Low pre-PCl uFR- o High pre-PCI puFR- Low pre-PCl pFR-
derived PPGl in derived PPGl in “ “ derived PPGl in derived PPGl in
treated lesions treated lesions < ‘ ““ S > treated lesions treated lesions
Residual Residual No difference in
angina at 2- ) angina at 2- Residual angina at 2-
year follow-up year follow-up S/ year follow-up
P < 0.001
0.20 - 0.20
0.15 4 0.15 4
= 2
s P=0.007 ko P=0176
g 0.10 ~ g 0.10 4
0.05 - 0.05 A
0.00 4= T T T 0.00 -
50 60 70 80 90 100 50 60 70 80 90 100
Angina Frequency Score N =110 Angina Frequency Score N =66

Miyashita K, et al. JACC Asia. 2026;m(m): H-N.

The central illustration shows the relationship between angiography-derived physiological disease pattern, adequacy of flow, and residual angina after
percutaneous coronary intervention. Among patients achieving adequacy of flow, higher pre-percutaneous coronary intervention pressure pullback
gradient index in treated vessels was associated with lower residual angina at 2 years. In contrast, no such association was observed in patients without
adequacy of flow. These findings highlight that the prognostic relevance of angiography-derived physiology depends on the achievement of adequate
post-PCI flow. AoF = adequacy of flow; percutaneous coronary intervention; uFR = Murray's law-based quantitative flow ratio; PCl = percutaneous
coronary intervention; PPGI = pressure pullback gradient index; rFSS = residual functional SYNTAX score; SAQ = Seattle Angina Questionnaire.
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TABLE 1 Baseline Patient Characteristics
Overall AOF Group Non-AOF Group
(N =186) (n =14) (n=172) P Value

Age, y 68.90 + 10.04 68.90 + 9.92 68.89 + 10.29 0.992
Male 148 (79.6) 86 (75.4) 62 (86.1) 0.116
Female 38 (20.4) 28 (24.6) 10 (13.9) 0.116
Body mass index, kg/m? 24.60 + 3.81 24.25 4+ 3.77 25.15 + 3.83 0118
Current smoking 33 (17.7) 19 (16.7) 14 (19.4) 0.775
Diabetes mellitus 65 (34.9) 37 (32.5) 28 (38.9) 0.460
Insulin-dependent 12 (6.5) 4 (3.5) 8 (11.1) 0.080
Hypertension 148 (79.6) 89 (78.1) 59 (81.9) 0.652
Dyslipidemia 157 (84.4) 91 (79.8) 66 (91.7) 0.050
Family history of CAD? 9 (4.8) 8 (7.0) 1(1.4) 0.164
Established PVD 12 (6.5) 9 (7.9) 3(4.2) 0.483
COPD 9 (4.8) 5(4.4) 4 (5.6) 0.991
History of heart failure 13 (7.0) 10 (8.8) 3(4.2) 0.366
History of major bleeding” 4(2.2) 1(0.9) 3(4.2) 0.323
Renal insufficiency® 17 (9.1) 11 (9.6) 6 (8.3) 0.966
Previous PCI 45 (24.2) 28 (24.6) 17 (23.6) 1.000
Previous MI 24 (12.9) 17 (14.9) 7 (9.7) 0.421
Previous CABG 3(1.6) 2(1.8) 1(1.4) 1.000
LVEF, % 60.9 £ 9.5 61.2 £ 9.6 60.5 + 9.5 0.279
SYNTAX score

Anatomical 7.0 (5.0-11.0) 7.0 (5.0-11.0) 7.0 (5.0-11.0) 0.282

Functional 6.0 (5.0-8.0) 6.0 (3.0-7.0) 6.0 (5.0-9.0) 0.203
CCS classification 0.653

| 61 (32.8) 39 (34.2) 22 (30.6)

I 81 (43.5) 50 (43.9) 38 (50.0)

1 8 (4.3) 5 (4.4) 3(4.2)

\% 2(1.1) 2(1.8) 0(0)

Silent ischemia 34 (18.3) 18 (15.8) 16 (22.2)
Values are n (%), mean =+ SD, or median (Q1-Q3). *History of coronary artery disease in first-degree relative. “History of bleeding events requiring hospitalization within
1 year. “Renal insufficiency is defined as an estimated glomerular filtration rate of creatinine clearance <60 mL/min/1.73 m2.

AOF, adequacy of flow; CAD = coronary artery disease; CABG = coronary artery bypass graft; CCS, Canadian Cardiovascular Society; COPD = chronic obstructive pulmonary
disease; LVEF = left ventricular ejection fraction; MI = myocardial infarction; PCl = percutaneous coronary intervention; PVD = peripheral vascular disease;
SYNTAX = Synergy Between PCl With Taxus and Cardiac Surgery.

95% CI: 0.078-0.702; P = 0.010) against no-anginal
status at 2 years. In patients without AOF, the
diffuse phenotype had an increased odds (OR: 2.400;
95% CI: 0.584-9.856; P = 0.224) for nonanginal status
although this was not statistically significant.

BASELINE AND RETROSPECTIVE POST-PCI FUNCTIONAL
CHARACTERISTICS AND SAQ IN AOF AND NON-AOF
GROUPS. Table 2 presents the functional characteris-
tics and outcomes of patients with or without AOF
after PCI, along with angina status stratified by lesion
phenotype (diffuse vs focal). Data are presented for
the overall cohort and subgroups based on the
achievement of AOF. Additional comparisons of SAQ
scores between AoF and non-AoF groups are provided
in Supplemental Table 1. The median PPGI used to
classify patients with focal or diffuse disease in this
cohort was 0.68. In the overall cohort, compared with
the focal disease group, the diffuse group had signifi-
cantly longer lesion length (41 +11 vs 22 + 8 mm;

P < 0.001) and a significantly lower post-PCI vessel
UFR (0.92 4+ 0.06 Vs 0.94 + 0.04; P = 0.009). The SAQ
scores were similar between diffuse and focal groups
in the overall cohort and in patients in the non-AOF
subgroup.

Within the AOF subgroup, although the SAQ
Summary, Physical Limitation, Stability, Satisfaction,
and Perception scores were comparable between
lesion phenotypes, the angina frequency scores were
significantly lower in patients with diffuse disease
compared with those with focal disease (94.8 + 11.7
Vs 99.2 + 3.3; P = 0.007), and the rate of freedom
from angina was 78.0% (39 of 50; 95% CI: 64.8-87.2)
versus 93.3% (56 of 60; 95% CI: 83.0-97.2; P = 0.040).

Figure 1 separately illustrates distribution curves
of the angina frequency score for the overall
cohort as well as the AOF and non-AOF subgroups
(distributions of SAQ Summary and subscores are
presented in Supplemental Figure 2). The detailed
distributions of SAQ Angina Frequency scores and
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TABLE 2 Functional Characteristics and Outcomes of Patients With or Without Adequacy of Flow

Patients With PPGI and SAQ AOF Group Non-AOF Group
(N =177) (N=11) (N = 66)
Diffuse Focal Diffuse Focal Diffuse Focal
(n =88) (n =89) P Value (n =51) (n =60) P Value (n=37) (n =29) P Value
Preprocedure
PPGI 0.57 + 0.08 0.79 + 0.07 <0.001 0.57 £ 0.09 0.80 + 0.07 <0.001 0.57 + 0.07 0.78 + 0.07 <0.001
WFR 0.68 + 0.13 0.65 + 0.17 0.203 0.70 £ 0.11 0.67 + 0.16 0.183 0.66 + 0.14 0.63 + 0.20 0.508
Lesion length, mm 41 +£11.3 22 +£8.1 <0.001 40 +£ 1.7 22+79 <0.001 41 +£10.9 23 +£85 <0.001
Postprocedure
WFR 0.92 + 0.06 0.94 + 0.04 0.009 0.94 + 0.04 0.95 + 0.02 0.102 0.89 + 0.07 0.91 + 0.05 0.090
ApFR across the stent  0.01(0.00-0.01) 0.01(0.00-0.01) 0.279 0.01(0.00-0.01) 0.01(0.00-0.01) 0.177 0.00 (0.00-0.01) 0.01(0.00-0.01) 0.693
AMR 226 £ 76 244 + 74 0.106 229 + 85 259 + 69 0.052 221 + 63 217 £ 76 0.804
% DS in stent 14.0 (8.0-18.2) 12.0 (8.8-17.2) 0.654  14.0 (7.0-18.0) 12.0 (8.8-17.2) 0.871 15.0 (8.0-21.0) 13.0 (7.5-17.5) 0.429
% DS <20% 68 (76.4) 70 (78.7) 0.857 37 (75.5) 46 (80.7) 0.682 31(77.5) 24 (75.0) 1.000
SAQ scores
Summary 84.2 £11.2 85.4 +£11.0 0.484 82.5 +12.7 86.0 +10.2 0.113 86.5 + 8.1 84.1 £12.5 0.342
Subdomains
Physical limitation® 85.4 +17.9 87.4 +18.0 0.472 84.8 +18.0 88.2 +17.7 0.341 86.2 +18.0 85.8 +18.9 0.941
Stability? 74.4 + 25.6 70.1 +27.8 0.316 72.7 +25.2 70.0 + 27.8 0.614 76.52 + 26.5 70.2 +£28.3 0.381
Frequency® 96.1 +£9.9 979 + 6.1 0.154 94.8 +11.7 99.2 + 3.3 0.007 97.8 £ 6.7 95.2 + 9.1 0.176
Freedom from angina® 72 (82.8) 77 (86.5) 0.629 39 (78.0) 56 (93.3) 0.040 33 (89.2) 21 (72.4) 0.687
Satisfaction® 85.7 £13.2 85.9 +£11.5 0.919 84.1 +£15.1 86.2 £11.7 0.430 87.8 £10.0 853 +11.1 0.342
Perception® 703 £17.1 69.7 + 18.4 0.838 67.8 +£18.0 69.9 +18.1 0.560 73.9 £15.2 69.4 +£19.2 0.315
SYNTAX score
Functional 6.0 (5.0-8.0) 6.0 (3.0-8.0) 0.961 6.0 (3.0-7.0) 6.0 (2.0-7.0) 0.451 6.0 (5.0-8.0) 7.0 (5.0-9.0) 0.423
Residual functional 0.0 (0.0-4.0) 0.0 (0.0-3.0) 0.390 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.744 5.0 (2.0-6.0) 5.0 (2.5-7.0) 0.343

Values are mean + SD, median (Q1-Q3), or n (%). *The number of patients providing responses for each SAQ subdomain was as follows: Physical Limitation score (N = 168), Stability score (N = 158),
Frequency score (N = 176), Satisfaction score (N = 174), and Perception score (N = 165). Score = 100.

AMR = angiography-derived microvascular resistance; DS = diameter stenosis; pFR = Murray's law-based quantitative flow ratio; PPGI = pullback pressure gradient index; SAQ = Seattle Angina
Questionnaire. Other abbreviations as in Table 1.

FIGURE 1 Angina Frequency Score by Lesion Phenotype and Flow Adequacy
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This figure shows the distribution of Seattle Angina Questionnaire Angina Frequency scores by physiological lesion phenotype and postprocedural adequacy of flow.
Density curves are presented for the overall cohort, patients achieving adequacy of flow, and patients without adequacy of flow. Among patients achieving adequacy
of flow, diffuse phenotype was associated with greater residual angina, whereas no clear separation was observed in patients without adequacy of flow.
AoF = adequacy of flow; PPGi = pressure pullback gradient index; SAQ = Seattle Angina Questionnaire.
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TABLE 3 Angina Status Stratified by Achie of Adequacy of Flow
Angina at 2 Years Freedom From Angina
No. of Patients PPGI No. of Patients PPGI P Value
Non-AOF group 12 0.70 (0.62-0.72) 54 0.64 (0.55-0.75) 0.364
AOF Group 15 0.61 (0.52-0.69) 95 0.72 (0.64-0.81) 0.005

Values are presented as patient counts (n) and median (Q1-Q3). P values indicate statistical significance in median completeness rates between angina at 2 years and no
angina groups within each completeness category (residual functional SYNTAX score = O and residual functional SYNTAX score >0).

PPGI = pullback pressure gradient index. Other abbreviations as in Table 1.

categories according to adequacy of flow and lesion
phenotype are presented in Supplemental Figures 3
and 4.

DISTRIBUTION OF PPGI BY ANGINA STATUS.
Table 3 shows the number of patients with residual
angina and those free from angina, along with their
median PPGI values, stratified according to AOF
category. The median PPGI (0.68) in patients with
functional non-AOF did not differ significantly be-
tween patients with or without residual angina at
follow-up (0.70; Q1-Q3: 0.62-0.72 vs 0.64; Q1-Q3:
0.55-0.75; P = 0.364). By contrast, patients with AOF
and residual angina had a significantly lower PPGI
value than those who were free from angina (0.61;
IQR 0.52-0.69 vs 0.72; Q1-Q3: 0.64-0.81; P = 0.005).
Figure 2 shows the box plots of baseline PPGI
according to angina status. Spline analyses of the
relationship between PPGI and angina frequency are
shown in Supplemental Figure 5, demonstrating a
modest positive association in patients with AOF,
whereas no consistent relationship was observed in
those without AOF.

DISCUSSION

The main findings of the present study are as follows:

e In a CCS population with low anatomical
complexity (median anatomical SYNTAX score:
7.0; Q1-Q3: 5.0-11.0), only 61% of patients achieved
global AOF after PCI, as per a retrospective core lab
functional assessment using angiography and
including all vessels with a diameter of = 1.5 mm.

o Patients with global AOF and a diffuse disease
phenotype had worse SAQ scores at follow-up
compared with those with a focal phenotype.

e The pre-PCI PPGI values among patients who
failed to achieve functional AOF were not signifi-
cantly different when comparing those with or
without angina at follow-up.

Before the recent advances
derived physiological assessment, it was neither

practical nor feasible to perform a systematic

in angiography-

hemodynamic evaluation of all relevant vessels,
including well-sized side branches, using wire-based
FFR before and after PCI. This limitation hindered
the assessment of the completeness of functional
revascularization using validated scores such as the
residual functional SYNTAX score, as well as estab-
lishing the optimal hemodynamics in treated vessels
after PCI. In the present study, the use of uFR over-
came these constraints, enabling a comprehensive
physiological assessment and allowing the functional
pattern of disease to be evaluated in the context of
complete and optimal revascularization and without
residual ischemic stenoses.

The rate of functional AOF was only 61% despite a
low median anatomical SYNTAX score of 7.0 and
universal use of intravascular imaging.”* Among pa-
tients who achieved AOF, those with a diffuse phys-
iological disease pattern had lower SAQ scores
compared with those with a focal pattern. This
comparison was restricted to the AOF subgroup, and
no direct comparison of diffuse versus focal disease
patterns was performed across patients with and
without AOF. Therefore, failing to achieve AOF,
defined as the presence of residual functionally sig-
nificant untreated lesions and/or suboptimal func-
tional results in treated lesions, might influence the
impact of the baseline anatomical disease phenotype
in predicting post-PCI symptom relief.

The disease phenotype might be weighted
against the combination of residual ischemia and
suboptimal post-PCI functional results to more
accurately discriminate the risk of having residual/
recurrent symptoms. Although our findings do not
replicate the strong phenotype-related associations
reported in previous studies, they reaffirm those
observations within the context of adequate treat-
ment.® Our study confirms worse post-PCI func-
tional results in patients with a physiologically
diffuse versus focal lesion phenotype (Table 2).° It
represents a step forward in the understanding of
global post-PCI functional evaluation, enabled by
using advanced angiography-derived physiological
measures.
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FIGURE 2 Angina Status as a Function of Adequacy of Flow and the Impact of the Pressure Pullback Gradient Index
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Violin plots depict the distribution of treated-vessel pressure pullback gradient index according to angina status and postprocedural
adequacy of flow. Median values and quartile 1 to quartile 3 ranges are shown. Patients with residual angina are indicated in orange and
angina-free patients in green. The dashed red line denotes the cohort median pressure pullback gradient index (0.68). P values were derived

from 2-sided Wilcoxon rank-sum tests. Abbreviations as in Figure 1.

Even when physiological results after PCI
appeared optimal, the presence of underlying diffuse
disease was associated with a higher likelihood of
residual or recurrent symptoms. This finding sug-
gests that additional mechanisms may contribute to
the higher rates of residual or recurrent angina
observed in patients with a diffuse disease pheno-
type, despite the global adequacy of flow after PCI.
The coexistence of different pathophysiological
mechanisms and potential treatment targets, such as
microvascular dysfunction and vasospasm, in this
patient subset should be taken into consideration
and explored. Moreover, despite achieving optimal
functional results, patients with diffuse disease
baseline may also have an increased risk of rapid
disease progression or in-stent restenosis compared
with patients with focal disease, both of which can

contribute to the recurrence of angina.

STUDY LIMITATIONS. First, despite the fact that pFR
was validated against wire-based FFR, the sensitivity
of PPGI based on uFR has not yet been validated with
FFR pullback. Second, the coexistence of microvas-
cular disease or vasomotor disorders, which can
significantly contribute to angina status, has not been
evaluated and represents a critical gap in knowledge
that needs to be addressed in future studies.

Third, the results of this study should be considered
as descriptive because the reduced sample size limits
multivariable adjustment. Fourth, due to the lack of
baseline SAQ assessment, it remains uncertain
whether the presence of angina after the index pro-
cedure reflected preexisting pathology (such as
microvascular dysfunction, vasospasm, or incomplete
revascularization) or represented newly developed
symptoms related to disease progression over time.
Fifth, baseline SAQ data were not collected in ASET
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Japan. Therefore, angina status assessed at 2 years
reflects the combined influence of baseline symptoms,
postprocedural physiology, and disease progression
during follow-up and residual, recurrent, and de novo
angina after PCI cannot be distinguished.

In addition, this is a post hoc analysis, and the data
presented are hypothesis generating. Nevertheless,
this study could be the foundation of a comprehen-
sive and prospective observational registry. Sixth,
The ASET-Japan trial was originally designed with
protocol-defined follow-up and systematic collection
of concomitant medication data up to 4 months.
Concomitant medication data were collected during
this period, and concomitant medication use up to
3 months is summarized in Supplemental Tables 1
and 2.

Seventh, the pFR threshold of 0.90 is based on
outcome-driven evidence from prior studies and
does not represent a universally validated physio-
logical standard for angina relief (Supplemental
Tables 2 and 3). Finally, the mechanisms of ischemia
with nonobstructive coronary arteries, including
coronary microvascular dysfunction and vasomotor
disorders, were not evaluated in this study,
which limits mechanistic interpretation of angina
persistence after PCL.

CONCLUSIONS

Among patients who achieved AOF, those with a
focal physiological disease pattern experienced more
favorable angina outcomes at 2 years compared with
those with diffuse disease. These findings suggest
that evaluating the long-term status of angina after
PCI requires assessment of not only the pre-PCI

JACC: ASIA, VOL. B, NO. W, 2026
W 2026:H-0

pathophysiological pattern of CAD (diffuseness) in
the treated vessel but also the AOF.
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