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Background: The effect of symptoms on clinical outcomes after deferral of revascularization based on fractional flow reserve (FFR)
remains poorly understood.

Methods and Results: From the J-CONFIRM (Long-Term Outcomes of Japanese Patients With Deferral of Coronary Intervention
Based on Fractional Flow Reserve in Multicenter) Registry, this study evaluated 1,215 patients with stable coronary artery disease,
including symptomatic and asymptomatic patients (n=571 and 644, respectively). The primary endpoint was the cumulative 2-year
incidence of target vessel failure (TVF), including cardiac death, target vessel-related myocardial infarction (TVMI), and clinically
driven target vessel revascularization (CDTVR). An inverse probability weighted analysis was performed to adjust for the differences
in baseline clinical characteristics between the 2 groups. At 2 years, the TVF rate did not differ significantly between symptomatic
and asymptomatic patients (6.5% vs. 4.9%, respectively; P=0.15) or between symptomatic and asymptomatic patients with lesions
with an FFR <0.80 (8.0% vs. 12.3%, respectively; P=0.20). Conversely, symptomatic patients showed significantly higher rates of TVF
(6.2% vs. 3.3%; P=0.01) and CDTVR (6.2% vs. 3.1%; P=0.009) than asymptomatic patients, regardless of negative FFR values (>0.80).

Conclusions: Despite negative FFR values, symptomatic patients were at higher risk of TVF than asymptomatic patients, driven
primarily by a higher rate of CDTVR. Conversely, those with a positive FFR were likely to develop TVF regardless of their symptoms.
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method used to evaluate the functional significance
of epicardial coronary artery stenosis.! The principle
of FFR-guided revascularization is to identify lesions in
which revascularization can be safely deferred, resulting in
a reduction in unnecessary revascularization and myocar-
dial infarction (MI) compared with angiography-guided

l N ractional flow reserve (FFR) is the standard invasive

revascularization.25 Recently, the J-CONFIRM (Long-
Term Outcomes of Japanese Patients With Deferral of
Coronary Intervention Based on Fractional Flow Reserve
in Multicenter) Registry demonstrated that the 2-year target
vessel failure (TVF) rate was 5.5% in deferred lesions,
highlighting the safety of FFR-based deferral of revascu-
larization in daily practice.¢
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Table 1. Patient Characteristics at Baseline
Syr(1:1p=t507rr11)at|c Asy(r:s;zz';atlc P value
AgeA (years) 70.3+9.1 70.1£10.1 0.65
Male sex” 410 (71.8) 496 (77.0) 0.04
Hypertension# 442 (77.4) 487 (75.6) 0.50
Diabetes? 236 (41.3) 231 (35.9) 0.052
Dyslipidemia” 379 (66.4) 399 (62.0) 0.12
Current smokerA 186 (32.6) 199 (30.9) 0.54
Hemodialysis” 28 (4.9) 35 (5.4) 0.70
Prior MIA 130 (22.8) 225 (34.9) <0.001
Prior PCIA 295 (51.7) 432 (67.1) <0.001
Prior CABGA 8(3.2) 4 (2.2) 0.37
Prior strokeA 49 (8.6) 9 (10.7) 0.24
Multivessel disease” 63 (11.0) (11 3) 0.93
Medication at discharge
Antiplatelet therapy 474 (83.0) 541 (84.0) 0.64
Aspirin 444 (77.8) 490 (76.1) 0.50
Thienopyridine 286 (50.1) 337 (52.3) 0.46
Anti-angina drugs 430 (75.3) 470 (73.0) 0.36
B-blocker 169 (29.6) 235 (36.5) 0.01
CCB 307 (53.8) 323 (50.2) 0.23
Nitrate 123 (21.5) 56 (8.7) <0.001
Statin 349 (61.1) 437 (67.9) 0.02
Oral hypoglycemic agent 154 (27.0) 168 (26.1) 0.75
Insulin 33 (5.8) 23 (3.6) 0.08

Categorical variables are given as n (%), continuous variables are given as the mean+SD. AVariables used for
multivariable and inverse provability weighted Cox models comparing hazard ratios of asymptomatic and symptomatic
patients for the study endpoints (Table 3 and Table 4). CABG, coronary artery bypass grafting; CCB, calcium channel
blocker; MI, myocardial infarction; PCI, percutaneous coronary intervention.

An improvement in symptoms and quality of life (QoL)
is the main goal for symptomatic patients with stable
coronary artery disease (SCAD).”8 However, some SCAD
patients present without any symptoms. Previous studies
reported that silent ischemia was associated with worse
clinical outcomes, especially after M1.> However, it remains
poorly understood whether symptoms affect clinical out-
comes in SCAD patients after deferral of revascularization
based on the FFR. Thus, the aim of the present study was
to compare the clinical outcomes of symptomatic and
asymptomatic SCAD patients after FFR-based deferral of
revascularization by analyzing the J-CONFIRM Registry.

Methods

Study Population
This study is a post hoc analysis of the J-=CONFIRM

Registry, a prospective multicenter registry across 28
Japanese centers (Supplementary Appendix) designed to
investigate the clinical outcomes of Japanese patients with
an angiographically intermediate coronary artery lesion in
whom revascularization was deferred based on FFR
measurement between September 2013 and June 2015. The
design and main results of J-CONFIRM have been reported
elsewhere,? and it has been registered with the University
Hospital Medical Information Network (UMIN) Clinical
Trials Registry (ID: UMIN000014473).

Briefly, the JJCONFIRM Registry includes 1,263 patients
with 1,447 angiographically intermediate coronary artery
lesions in whom revascularization was deferred based on
FFR measurement (Supplementary Appendix). Patients
with acute MI, cardiogenic shock, a chronic total occlusion
lesion, a graft lesion, decompensated heart failure, or severe
comorbidities (e.g., severe aortic stenosis, respiratory
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Table 2. Lesion Characteristics and Fractional Flow Reserve Measurement
Syrz:ggsn;)atlc Asy(r:g;zg;atnc P value
Target vessel® 0.08
Left main trunk 22 (3.0) 14 (2.2)
Left anterior descending 336 (51.5) 341 (45.9)
Left circumflex 129 (19.8) 182 (24.5)
Right coronary artery 173 (26.5) 198 (26.7)
ACC/AHA lesion type 0.52
A 66 (10.1) 90 (12.2)
B1 194 (29.8) 205 (27.7)
B2 263 (40.4) 310 (41.8)
C 128 (19.7) 136 (18.4)
In-stent restenosis lesion? 41 (6.3) 62 (8.4) 0.14
Mean FFRA 0.86+0.06 0.86+0.07 0.51
FFR categories 0.31
<0.75 25 (3.8) 45 (6.1)
0.76-0.80 73 (11.2) 81 (10.9)
0.81-0.90 397 (60.9) 442 (59.5)
0.91-1.00 157 (24.1) 175 (23.6)
Angiographic findings®
Bifurcation lesion” 187 (32.2) 212 (30.7) 0.59
Tortuous lesion” 106 (18.2) 131 (19.0) 0.77
Moderately to severely calcified lesion? 91 (15.7) 89 (12.9) 0.17
Quantitative coronary analysis results®
Reference vessel diameter (mm) 2.80+0.66 2.83+0.64 0.52
Minimum lumen diameter (mm) 1.59+0.42 1.60+0.48 0.68
Diameter stenosis (%) 42.9+11.1 43.2+11.6 0.68
Diameter stenosis >50% 143 (25.0) 181 (26.6) 0.52
Lesion length (mm) 12.7+5.6 13.4+6.5 0.06
Lesion length >20mm 44 (7.6) 70 (10.2) 0.11

Categorical variables are given as n (%), continuous variables are given as the mean+SD. AVariables used for
multivariable and inverse provability weighted Cox models comparing hazard ratios of asymptomatic and symptomatic
patients for the study endpoints (Table 3 and Table 4). BData available for 581 and 690 lesions in symptomatic and
asymptomatic groups, respectively. cData available for 542 and 680 lesions in symptomatic and asymptomatic groups,
respectively. ACC, American College of Cardiology; AHA, American Heart Association; FFR, fractional flow reserve.

diseases, and cancer) were excluded from the J-<CONFIRM
registry.

For the present study, we classified patients into asymp-
tomatic and symptomatic groups according to clinical
symptoms at the time of the index procedure. The severity
of angina was assessed in each institution using the
Canadian Cardiovascular Society angina classes.1011
Patients with unstable angina were excluded from the present
study. The study protocol was approved by the local ethics
committee at all participating centers and the study was
performed in accordance with the Declaration of Helsinki.
All patients provided written informed consent to be
included in the Registry.

Study Endpoints and Definition

The primary study endpoint was the cumulative incidence
of TVF, including cardiac death, target vessel-related MI
(TVMI), and clinically driven target vessel revascularization
(CDTVR) during the 2-year follow-up. Clinically driven
target lesion revascularization (TLR) was also assessed.
Death was regarded as cardiac death unless other non-
cardiac causes could be identified. M1 was defined according
to the Academic Research Consortium definition.’? TLR

was defined as a repeat revascularization inside or within
5-mm proximal or distal to the target lesion. Target vessel
revascularization (TVR) was defined as a repeated percu-
taneous coronary intervention (PCI) or repeated coronary
artery bypass graft on the target vessel. A TLR or TVR
was considered clinically indicated if: (1) the angiographic
percentage diameter stenosis of the target lesion was >50%
by qualitative coronary angiographic assessment, in the
presence of ischemic signs or symptoms; or (2) the diame-
ter stenosis was >70% by qualitative coronary angiographic
assessment, regardless of ischemic signs or symptoms.!2

Statistical Analysis

Categorical variables are presented as numbers with
percentages and were compared using Chi-squared or
Fisher’s exact tests. Continuous variables are expressed as
the mean+SD and were compared using Student’s t-test or
the Mann-Whitney U-test depending on data distribution.
The cumulative incidence of study endpoints was estimated
by the Kaplan-Meier method. Hazard ratios (HRs) of
asymptomatic vs. symptomatic groups for the study
endpoints were estimated through a multivariable Cox
model and an inverse probability weighted (IPW) Cox
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Figure 1. Clinical symptoms during the follow-up period in the (A) symptomatic and (B) asymptomatic groups. The severity of
angina was graded using the Canadian Cardiovascular Society (CCS) system.

Baseline m1-Year m2-Year

model with clinically relevant variables listed in Table 1 and
Table 2 as covariates. Weights for the IPW methods were
estimated through a logistic model for probabilities of
symptomatic group conditional on covariates. The IPW
maximum partial likelihood estimates were accompanied
by sandwich variance estimates to obtain 95% confidence
intervals (CI) and P values.

All statistical analyses were performed by 2 physicians
(K.H. and S.K.) using JMP version 14 (SAS Institute,
Cary, NC, USA) and R version 3.5.2 (R Foundation for
Statistical Computing, Vienna, Austria). Two-sided P<0.05
was considered significant.

Results

Study Population

Of the 1,263 patients in the J-CONFIRM Registry, 48
were excluded due to unstable angina. Thus, 1,215 patients
(symptomatic, n=571; asymptomatic, n=644) were
enrolled in the present study. A 2-year clinical follow-up
was completed for 96.3% and 96.7% of patients in the
symptomatic and asymptomatic groups, respectively.

Baseline Clinical Characteristics

Table 1 and Table 2 show baseline patient and lesion
characteristics in the symptomatic and asymptomatic
groups. No significant differences in baseline patient
characteristics were observed between the 2 groups except
for male sex, prior MI, prior PCI, and medication at
discharge (3-blocker, nitrate, and statin use). Lesion charac-
teristics did not differ significantly between the 2 groups.

FFR Measurement

Mean FFR was comparable between the symptomatic and
asymptomatic groups (0.8620.06 vs. 0.86+0.07, P=0.51;
Table 2). Most lesions had an FFR >0.80, although 15.0%
and 17.0% of lesions in the symptomatic and asymptomatic
groups, respectively, had an FFR <0.80 (Table 2;
Supplementary Figure 1).

Clinical Symptoms and Medication During Follow-up

Clinical symptoms at the 1- and 2-year follow-up had
improved in 72.6% and 77.5% of symptomatic patients,
respectively. Conversely, 4.8% and 7.6% of asymptomatic
patients experienced angina at the 1- and 2-year follow-up,
respectively, although most had mild symptoms (Figure 1;
Supplementary Figure 2). The use of anti-angina drugs did
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Table 3. Clinical Events Over the 2-Year Follow-up
Rate of events over

Multivariable aHR” IPW HRB
2 years (%) Crude HR (95% Cl) (95% Cl)
Outcome Symptomatic Asymptomatic
patients patients HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value
TVF 6.5 4.9 1.38 0.20 1.61 0.11 1.50 0.15
(0.84-2.26) (0.90-2.86) (0.86—2.62)
Cardiac death 0.35 0.29 0.75 0.75 1.47 0.74 0.91 0.92
(0.13-4.48) (0.15-14.3) (0.15-5.61)
CDTVR 6.5 4.4 1.53 0.10 1.79 0.06 1.68 0.08
(0.92-2.55) (0.99-3.25) (0.95-2.99)
TVMI 0.35 0.33 1.13 0.91 1.91 0.62 1.22 0.84
(0.16-7.99) (0.27-13.7) (0.16-9.12)

AMultivariable Cox models adjusting for variables indicated in Table 1 and Table 2 as covariates. BUnivariable propensity score-based inverse
probability weighted (IPW) Cox models. aHR, adjusted hazard ratio; CDTVR, clinically driven target vessel revascularization; Cl, confidence

interval; HR, hazard ratio; TVF, target vessel failure.

— Symptomatic
— Asymptomatic

Log-rank p=0.20

Cumulative incidence of TVF (%)
o

365 730
Days from FFR measurement

Intervals 0 da 365 days 730 days

o

N of patients at risk 571 534 333
Cumulative incidence 0.0% 3.0% 6.5%
Asymptomatic group
N of patients at risk 644 611 405
Cumulative incidence 0.0% 1.7% 4.9%
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Cumulative incidence 0.0% 3.0% 6.5%
N of patients at risk 644 607 400
Cumulative incidence 0.0% 1.7% 4.4%

Figure 2. Clinical events in symptomatic and asymptomatic patients: (A) target vessel failure (TVF), (B) cardiac death, (C)
clinically driven target vessels revascularization (CDTVR), and (D) target vessel related myocardial infarction (TVMI). FFR, fractional

flow reserve.
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>

0 365 730
Days from FFR measurement
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0 365 730
Days from FFR measurement

Intervals 0 da: 365 days 730 days

N of patients at risk 571 549 356
Cumulative incidence 0.0% 0.35% 0.35%
Asymptomatic group

N of patients at risk 644 622 421
Cumulative incidence 0.0% 0.16% 0.33%
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Table 4. Clinical Outcomes of Symptomatic and Asymptomatic Patients According to FFR
Rate of events over
aHR (95% ClI
2 years (%) Crude HR (95% <D
Outcome - - o P value —
Symptomatic Asymptomatic  (95% Cl) Multivariable aHR* . =~ IPWHR® .
patients patients (95% CI) (95% CI)
FFR <0.80 (n=201)
TVF 8.0 12.3 0.68 0.41 0.37 0.12 0.52 0.20
(0.27-1.70) (0.10-1.30) (0.19-1.42)
Cardiac death 0.0 1.9 NA NA NA
CDTVR 8.0 10.4 0.89 0.78 0.57 0.31 0.60 0.33
(0.40-2.01) (0.19-1.71) (0.21-1.69)
TVMI 1.1 0.0 NA NA NA
FFR >0.80 (n=1,014)
TVF 6.2 3.3 1.98 0.03 2.80 0.008 2.54 0.01
(1.07-3.65) (1.31-6.03) (1.22-5.27)
Cardiac death 0.42 0.20 2.20 0.52 NA 2.53 0.45
(0.20-24.2) (0.23-28.1)
CDTVR 6.3 3.1 2.09 0.02 2.98 0.007 2.73 0.009
(1.12-3.92) (1.35-6.54) (1.29-5.81)
TVMI 0.21 0.40 0.55 0.63 NA 0.66 0.74
(0.05-6.08) (0.06-7.47)

AMultivariable Cox models adjusting for variables indicated in Table 1 and Table 2 as covariates. BUnivariable propensity score-based inverse
probability weighted (IPW) Cox models. aHR, adjusted hazard ratio; CDTVR, clinically driven target vessel revascularization; Cl, confidence
interval; FFR, fractional flow reserve; HR, hazard ratio; NA, not applicable; TVF, target vessel failure.

not differ significantly between the 2 groups. However,
symptomatic patients took nitrate more frequently than
asymptomatic patients (Table 1; Supplementary Figure 3).

Clinical Outcomes
At 2 years, the TVF rate did not differ significantly between
the symptomatic and asymptomatic groups (6.5% vs. 4.9%,
respectively; adjusted HR [aHR] 1.50, 95% CI 0.86-2.62;
P=0.15). The cumulative incidence of CDTVR tended to
be higher in the symptomatic than asymptomatic group
(6.5% vs. 4.4%; aHR 1.68, 95% CI 0.95-2.99; P=0.08).
CDTVR occurred in 38 and 27 symptomatic and asymp-
tomatic patients, respectively, due to at least 1 of the
following reasons: worsening angina (n=26 and 17, respec-
tively), positive non-invasive test (n=10 and 4, respectively),
positive FFR measurement (n=14 and 12, respectively), or
ischemic changes on an electrocardiogram (n=3 and 4,
respectively). Cardiac death and TVMI rarely occurred in
either the symptomatic or asymptomatic group (cardiac
death, 0.35% vs. 0.29%, respectively [aHR 0.92, 95% CI
0.15-5.61; P=0.92]; TVMI, 0.35% vs. 0.33%, respectively
[aHR 1.22, 95% CI 0.16-9.12; P=0.84]; Table 3; Figure 2).
In all, 89 and 112 symptomatic and asymptomatic
patients, respectively, had lesions with an FFR <0.80.
Among these patients, there were no significant difference
in the cumulative rates of clinical events between the 2
groups (Table 4; Figure 3). Conversely, in the case of lesions
with an FFR >0.80, TVF (6.2% vs. 3.3%; aHR 2.54, 95%
CI 1.22-5.27; P=0.01) and CDTVR (6.2% vs. 3.1%; aHR
2.73, 95% CI 1.29-5.81; P=0.009) occurred more frequently
in the symptomatic than asymptomatic group (Table 4;
Figure 4). There was a significant interaction between FFR
values (£0.80 and >0.80) and clinical events (TVF and
CDTVR) in both groups (P=0.026 and 0.039, respectively).

Discussion
The main findings of the present study are that: (1) the

2-year TVF rate in deferred lesions did not differ signifi-
cantly between symptomatic and asymptomatic patients;
(2) patients with an FFR <0.80 were likely to develop TVF
regardless of their symptoms; and (3) among patients with
lesions with an FFR >0.80, the rate of TVF was signifi-
cantly higher for symptomatic than asymptomatic patients.

Deferral of revascularization contributes largely to the
benefit of FFR-guided revascularization because of the
reduction in unnecessary revascularization and MI com-
pared with angiography-guided revascularization. In clinical
practice, some patients with SCAD showed a discordance
between clinical symptoms and FFR results. Indeed, the
ORBITA (Objective Randomized Blinded Investigation
With Optimal Medical Therapy of Angioplasty in Stable
Angina) trial demonstrated that 25.3% of symptomatic
patients had a lesion with an FFR >0.80.1 To date,
however, it remains unclear whether baseline clinical
symptoms affect clinical outcomes after the deferral of
revascularization based on FFR. The present study
demonstrated that the 2-year TVF rate did not differ
significantly between symptomatic and asymptomatic
patients, although the CDTVR rate tended to be higher in
symptomatic than asymptomatic patients. Furthermore,
cardiac death and MI rarely occurred in either group
during the 2-year follow-up. These findings support that
FFR-based deferral of revascularization is acceptable in
daily practice, regardless of symptoms.

Asymptomatic ischemia is associated with worse out-
comes, especially after MI1.? Recently, a subanalysis of the
FAME 2 (Fractional Flow Reserve Guided Fractional
Percutaneous Coronary Intervention Plus Optimal Medical
Treatment [OMT] Versus OMT) trial demonstrated that
the rate of death and M1 at 5 years was significantly higher
in asymptomatic than symptomatic patients treated with
medication alone; PCI led to better outcomes in asymp-
tomatic patients as compared with OMT.!3 In the present
study, the 2-year TVF rate was numerically higher in
asymptomatic than symptomatic patients with lesions with
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related myocardial infarction (TVMI).

Figure 3. Clinical outcomes of symptomatic and asymptomatic patients with lesions with a fractional flow reserve (FFR) <0.80: (A)
target vessel failure (TVF), (B) cardiac death, (C) clinically driven target vessels revascularization (CDTVR), and (D) target vessel

20
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Log-rank p=0.20

Cumulative incidence of cardiac death (%)
3

[ —

0 365 730
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Intervals 0 da 365days 730 days

N of patients at risk

Cumulative incidence 0 0% 0.0% 0.0%

Asymptomatic group

N of patients at risk 12 12 74

Cumulative incidence 0.0% 0.0% 1.9%
D 20
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Log-rank p=0.26
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=

0 365 730
Days from FFR measurement

Intervals 0 da 365 days 730 days

N of patients at risk

Cumulative incidence 0.0% 1.1% 1.1%
N of patients at risk 112 112 74
Cumulative incidence 0.0% 0.0% 0.0%

an FFR <0.80, although the difference was not statistically
significant. These findings may help explain why the
absence of symptoms contributes to less revascularization
of functionally significant lesions, resulting in an increased
risk of future cardiac events. As such, we might have to
consider revascularization of lesions with FFR <0.80 even
in the absence of symptoms. More importantly, careful
follow-up is mandatory in those patients in whom revascu-
larization is deferred.

Coronary revascularization can be safely deferred when
the FFR is >0.80.2¢ However, the relationship between
baseline symptoms and clinical outcomes after FFR-based
deferral of revascularization remains unclear. The present
study showed that symptomatic patients had a significantly
higher rate of TVF, driven primarily by CDTVR, than
asymptomatic patients. In symptomatic patients with non-

significant coronary artery stenosis by FFR, microvascular
angina should be considered as the underlying mechanism
of angina symptoms.!* Microcirculatory dysfunction leads
to the development of epicardial coronary artery stenosis,
leading to worse prognosis.!> Therefore, symptomatic
patients with FFR >0.80 require careful follow-up and
intensive medical treatment. Conversely, it is intriguing
that clinical symptoms improved in 77.5% of symptomatic
patients at the 2-year follow-up. Recently, the ORBITA
trial demonstrated that PCI did not improve symptoms
more than placebo even in patients with ischemic symp-
toms, and 29.2% of patients with placebo did not feel any
angina during the follow-up period.!®!! Furthermore, the
DEFER and FAME 2 trials reported that symptoms were
markedly improved by simply telling a patient that the
FFR was >0.80.1¢ These results suggest the presence of
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vessel related myocardial infarction (TVMI).

Figure 4. Clinical outcomes of symptomatic and asymptomatic patients with lesions with a fractional flow reserve (FFR) >0.80:
(A) target vessel failure (TVF), (B) cardiac death, (C) clinically driven target vessels revascularization (CDTVR), and (D) target
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“faith healing” in SCAD patients. Although medical
treatment, such as lifestyle modification and OMT, is the
first choice for patients with negative FFR results, we
should be familiar with the comprehensive management of
SCAD harnessing the power of “faith healing”.

Study Limitations

The present study has several limitations. First, this study
was a post hoc analysis of the JJCONFIRM Registry and
therefore the sample size could not be calculated. Although
propensity score analysis and multivariable Cox model
were used to adjust for differences in baseline clinical
characteristics between the 2 groups, we could not adjust
for all the confounders due to the observational design of
the study. These findings may bias the conclusions in the
present study. Second, symptomatic responses to the

treatment are subjective and include not only a true thera-
peutic effect, but also a placebo effect.’” In the present
study, neither physicians nor patients were blinded to the
FFR results, which may have affected their decision-making
process, especially when the FFR was <0.80. Third, the
current study population predominately had mild symp-
toms. Therefore, the results may not be applicable to
patients with moderate to severe symptoms. Fourth, we did
not use a disease-specific QoL assessment, such as Seattle
Angina Questionnaire, in the present study.'® Finally,
lifestyle modification and the control of risk factors play
crucial roles in the management of SCAD, but we could
not determine whether they were optimally achieved during
the follow-up period.

Circulation Reports Vol.2, December 2020



752

HORIE K et al.

Conclusions

Despite negative FFR values, symptomatic patients were
at higher risk of TVF than asymptomatic patients, driven
primarily by a higher rate of CDTVR. Conversely, those
with a positive FFR were likely to develop TVF regardless
of their symptoms.
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