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Data on the clinical outcomes in deferred coronary lesions according to functional severity
have been limited. This study evaluated the clinical outcomes of deferred lesions according
to fractional flow reserve (FFR) grade using Korean FFR registry data. Among 1,294
patients and 1,628 lesions in Korean FFR registry, 665 patients with 781 deferred lesions
were included in this study. All participants were consecutively categorized into 4 groups
according to FFR; group 1: = 0.96 (n = 56), group 2: 0.86-0.95 (n = 330), group 3: 0.81-
0.85 (n = 170), and group 4: < 0.80 (n = 99). Primary endpoint was major adverse
cardiac events (MACE), a composite of all-cause death, myocardial infarction, and target
vessel revascularization. The median follow-up period was 2.1 years. During follow-up,
the incidence of MACE in groups 1-4 was 1.8%), 7.6%, 8.8%, and 13.1%, respectively.
Compared to group 1, the cumulative rate by Kaplan-Meier analysis of MACE was not
different for groups 2 and 3. However, group 4 had higher cumulative rate of MACE
compared to group 1 (log-rank P = 0.013). In the multivariate Cox hazard models, only
FFR (hazard ratio [HR], 0.95; P = 0.005) was independently associated with MACE among
all participants. In contrast, previous history of percutaneous coronary intervention (HR,
2.37; P=0.023) and diagnosis of acute coronary syndrome (ACS) (HR, 2.35; P=0.015),
but not FFR, were independent predictors for MACE in subjects with non-ischemic

(FFR > 0.81) deferred coronary lesions. Compared to subjects with ischemic deferred
lesions, clinical outcomes in subjects with non-ischemic deferred lesions according to
functional severity are favorable. However, longer-term follow-up may be necessary.
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INTRODUCTION

Anatomical severity of coronary lesions is associated with adverse outcomes (1-3). The
fractional flow reserve (FFR) has emerged as the reference tool for the assessment of
functional severity of coronary lesions. It is significance in the treatment of coronary
artery disease (CAD) has recently been underscored by the observation that coronary
revascularization according to lesion functional significance is associated with improv-
ed long-term clinical outcomes (4-7). However, there have been limited comparative
data on clinical outcomes among deferred coronary lesions according to the function-
al severity. In addition, clinical factors that are associated with adverse clinical outcomes
after deferred lesions using FFR have not been well elucidated. It may be important to
identify the prognosis of deferred lesions considering that the use of FFR is increasing
in daily clinical practice. This study therefore aimed to 1) evaluate the 3-year clinical
outcomes of deferred lesions according to functional severity; and 2) define the factors
which affect adverse outcomes in deferred lesions.

MATERIALS AND METHODS
Study design and population

Among 1,294 patients and 1,628 lesions in Korean FFR registry (ClinicalTrials.gov ID:
NCT01409577) that was performed between July 7, 2003 and October 2011, 665 patients
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with 781 deferred coronary lesions without revascularization
were included in this study. All enrolled coronary lesions were
deferred after performing successful FFR measurement in at
least one de novo lesion located at major epicardial vessels. In
brief, Korean FFR registry was a multicenter registry designed
to investigate FFR-guided percutaneous coronary intervention
(PCI) outcomes. The patients who had at least one de novo le-
sion located in major epicardial coronary arteries in which FFR
could be successfully measured were enrolled in Korean FFR
registry. Patients with planned or previous coronary artery by-
pass surgery (CABG), cardiomyopathies, balloon angioplasty
only, and congenital coronary anomaly were excluded. Previ-
ous results of Korean FFR registry demonstrated that drug-elut-
ing stents implantation against FFR could not improve outcomes,
and medical treatment for a functionally significant stenosis in-
creased the risk of a delayed event (8). For the present study, par-
ticipants were consecutively categorized on the basis of FFR in
the following manner; > 0.96 (group 1, reference group; n = 56),
0.86-0.95 (group 2, deferred group; n = 330), 0.81-0.85 (group 3,
borderline deferred group; n = 170), and < 0.80 (group 4, isch-
emic group; n = 99). The composite of groups 1-3 was defined
as the non-ischemic group. If patient had multiple deferred le-
sions, patient was included in the group according to the worst
FER values of coronary lesion considering the objective of this
study. The study protocol was approved by the ethics commit-
tee at each participating center.

Procedural details

Coronary angiography was performed using standard techni-
ques. Antiplatelet and antithrombotic agents were prescribed
according to current PCI guidelines (9). Angiographic images
were acquired after intracoronary administration of 100 to 200
g of nitroglycerin. FFR was measured using a 0.014-inch pres-
sure guide wire (PressureWire, St. Jude Medical, St. Paul, MN,
USA; ComboWire, Volcano Corporation, San Diego, CA, USA)
as previously described and defined as the ratio between mean
distal coronary pressure and mean aortic pressure, both mea-
sured simultaneously at maximal hyperemia (10). Hyperemia
was induced with an intracoronary bolus administration (80 pg
in left coronary artery, 40 pg in right coronary artery), intracoro-
nary (240 pg/min) or intravenous continuous infusion (140 pg/
kg/min) of adenosine (11-13).

Quantitative coronary angiography

Quantitative coronary angiography (QCA) was performed by
independent core laboratories at Seoul National University Car-
diovascular Center and Ajou University Cardiovascular Center.
QCA was performed by experienced observers, who were blind-
ed to the FFR value and clinical data. Using the guiding catheter
for calibration and an edge detection system (CAAS 5.7 QCA sys-
tem, Pie Medical, Maastricht, the Netherlands), the reference
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diameters, minimal lumen diameter and lesion length were mea-
sured and the percent diameter stenosis was calculated. Lesion
location was determined according to the American Heart As-
sociation classification (14).

Clinical outcomes

Follow-up data were obtained from a web-based reporting sys-
tem. Additional information was obtained from hospital records
and telephone contact, if needed. An independent study moni-
tor verified all information on electronic case report forms. Pri-
mary endpoint was major adverse cardiac events (MACE) which
was defined as the composite of all-cause death, myocardial in-
farction (MI), and target vessel revascularization (TVR). All death
was considered cardiac unless there was a clear non-cardiac
cause. Revascularization was defined as ischemia-driven if there
was stenosis of at least 50% of the diameter and documented
ischemia by a positive functional study, ischemic changes on
an electrocardiogram, ischemic symptoms or FFR, or if there
was stenosis of at least 70% as assessed by QCA in the absence
of documented ischemia. MI was defined as an elevated cardi-
ac enzyme with ischemic symptoms or new pathologic Q waves
on electrocardiogram (15). Peri-procedural MI was not includ-
ed. All clinical events were adjudicated by a clinical events com-
mittee in a blind fashion using original source documents and
angiographic images.

Statistical analysis

Continuous variables are expressed as mean + standard devia-
tion (SD) and were compared using 1-way analysis of variance
(ANOVA). Categorical data are presented as frequency (%) and
were compared using the Pearson y” test or the Fisher exact test,
as appropriate. The times to event data are presented as Kaplan-
Meier estimates and the comparisons between groups were
performed using log-rank test. To find the determinants for the
primary endpoint, univariate and multivariate Cox regression
analyses were performed in this study. Variables with P < 0.05
in the univariate analysis were entered into multivariate analy-
sis. Statistical analyses were performed using SPSS version 18.0
for Windows (SPSS Inc., Chicago, IL, USA) and SAS 9.2 version
(SAS Institute, Cary, NC, USA), and a Pvalue of < 0.05was con-
sidered statistically significant. All P values and confidence in-
tervals are 2-sided.

Ethics statement

The study protocol was approved by the ethics committee at
each participating center (Keimyung University Dongsan Med-
ical Center, IRB No. 11-46). Due to the retrospective nature of
this study, IRB waived the need for written informed consent
from the participants.
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RESULTS

Patient and angiographic characteristics

Baseline characteristics of the 655 participants are presented in
Table 1. There were no significant differences in clinical charac-
teristics such as age, left ventricular ejection fraction (LVEF),
and the incidence of diabetes mellitus (DM), smoking, dyslip-
idemia, acute coronary syndrome (ACS), and previous history
of MI or PCI among all groups. However, the incidence of mul-
tivessel disease was significantly different in each FFR group.
Angiographic characteristics of 781 coronary lesions according
to FFR are presented in Table 2. The deferred vessel was signifi-
cantly different in each FFR group, with left anterior descend-
ing coronary artery (LAD) lesion being more frequent in the
lower FER group. QCA results of the deferred coronary lesions
such as reference vessel diameter, minimal luminal diameter
(MLD), % diameter stenosis (DS), and lesion length were also

Table 1. Patient characteristics according to FFR group

significantly different among these groups.

Clinical outcomes according to FFR groups

During 3-year follow-up, the overall rate of MACE was 8.2%. The
rate of MACE in groups 1-4 was 1.8%, 7.6%, 8.8%, and 13.1%, re-
spectively. The rate of individual MACE according to FER groups
was presented in Supplementary Table 1. In Kaplan-Meier sur-
vival analysis, the cumulative rate of MACE was not different in
group 2 (log-rank P = 0.120) and group 3 (log-rank P = 0.079)
compared with group 1. However, group 4 had significantly high-
er cumulative rate of MACE compared with group 1 (log-rank
P =0.013) (Fig. 1A). Compared with group 1, the risk of MACE
was numerically higher without statistical significance in both
group 2 (hazard ratio [HR], 4.46; 95% confidence interval [CI],
0.60-32.90; P = 0.143) and group 3 (HR, 5.13; 95% ClI, 0.68-38.89;
P = 0.113). However, the risk of MACE in group 4 was significant-
ly higher than that in group 1 (HR, 8.18; 95% CI, 1.07-62.53; P =

Characteristics Group 1 (n = 56) Group 2 (n = 330) Group 3 (n = 170) Group 4 (n = 99) Pvalue
Age, yr 63.2 £9.3 629 £ 9.6 63.3 £10.7 65.0 £ 9.4 0.316
Male gender 39 (69.6) 201 (60.9) 113 (66.5) 66 (66.7) 0.408
Diabetes mellitus 18 (32.1) 81 (24.5) (31.2) 5(35.4) 0.123
Smoking 14 (25.0) 77 (23.3) (21.8) 20 (20.2) 0.878
Dyslipidemia 23(41.1) 144 (43.6) (40.6) 1(41.4) 0.916
Clinical presentation 0.970
Non-ACS 44 (78.6) 264 (80.0) 133 (78.2) 78 (78.8)
ACS 12 (21.4) 66 (20.0) 37 21.8) 21(21.2)
Previous M 1(1.8) 16 (4.8) 5(8.9) 99.1) 0.098
Previous PCI 5(8.9) 61 (18.5) 39 (22.9) 21 (21.2) 0.127
Multi-VD 22 (39.3) 142 (43.0) 99 (58.2) 74 (74.7) < 0.001
LVEF, % 62.7 £7.3 622 £ 8.2 625+79 612 +£79 0.588
Medication
Aspirin 52 (92.9) 308 (93.3) 158 (92.9) 93(93.9) 0.990
Clopidogrel 38(67.9) 207 (62.7) 111 (65.3) 71 (71.7) 0.405
Statin 38(67.9) 240 (72.7) 131 (77.1) 79 (79.8) 0.273
Beta-blocker 23(41.1) 170 (51.5) 78 (45.9) 47 (47.5) 0.400
CCB 21(37.5) 118 (35.8) 57 (33.5) 34 (34.3) 0.938
ACE inhibitor 21(37.5) 111 (33.6) 75 (44.1) 41 (41.49) 0.118

Values are presented as mean + standard deviation (SD) or number (%).

FFR = fractional flow reserve, ACS = acute coronary syndrome, Ml = myocardial infarction, PCl = percutaneous coronary intervention, VD = vessel disease, LVEF = left ventri-
cle ejection fraction, CCB = calcium Channel blocker, ACE = angiotensin converting enzyme.
Table 2. Angiographic characteristics according to FFR group
Characteristics Group 1 (n = 89) Group 2 (n = 398) Group 3 (n = 189) Group 4 (n = 105) Pvalue
Target vessel < 0.001
LAD 17 (19.1) 200 (50.3) 130 (68.8) 82 (78.1)
Non-LAD 72 (80.9 198 (49.7) 59 (31.2) 23 (21.9
QCA
Reference diameter, mm 3.18 £ 0.68 3.02 £ 0.55 2.86 £ 0.43 2.75 £ 0.52 < 0.001
MLD, mm 1.77 £ 0.60 1.58 £ 0.46 1.36 £ 0.43 1.27 £ 0.36 < 0.001
% DS 44,62 + 12.61 475 £ 12.83 52,41 £ 14.22 53.60 £+ 12.52 < 0.001
Lesion length, mm 14.94 + 8.80 17.09 £ 8.51 21.63 £ 11.67 25.61 £ 15.01 < 0.001
FFR 0.98 £+ 0.01 0.90 £+ 0.03 0.83 £ 0.01 0.75 £ 0.06 < 0.001

Values are presented as mean + standard deviation (SD) or number (%).
FFR = fractional flow reserve, LAD =
nosis.

https://doi.org/10.3346/jkms.2016.31.12.1929

left anterior descending coronary artery, QCA = quantitative coronary angiography, MLD = minimal luminal diameter, DS = diameter ste-

http://jkms.org 1931



JKMS

Won K-B, et al. = Prognosis after Deferral according to Fractional Flow Reserve Grade

All-cause death+MI+TVR

Group 1 —-—

L [C10[T] [ a—
20 groupi -—
—_ * :log-rank P=0.120 roup
= -
[ :log-rank P=0.079
8 15 :log-rank P=0.013
o
[<F}
=}
=]
£ 10
<3
=
s
E 5[
=3
o
0 = 1 i I
0 365 730 1,095
Time in day
Number at risk
Group 1 56 46 29 20
Group 2 330 268 177 126
Group 3 170 129 94 67
Group 4 99 81 45 28 Q

All-cause death+MI+TVR

Group 1+2+3 —.—
20 - Group 4 s

T:log-rank P=0.040

Cumulative incidence (%)

0 365 730 1,095
Time in day
Number at risk
Group 1+2+3 556 443 300 213
Group 4 99 81 45 28

Fig. 1. Time-to-event curve for 3-year MACE. Comparison of the event of MACE based on (A) normal FFR and (B) FFR <0.80.
MACE = major adverse cardiac events, FFR = fractional flow reserve, Ml = myocardial infarction, TVR = target vessel revascularization.

*log-rank P = 0.120: *log-rank P = 0.079; *log-rank P = 0.013; Slog-rank P = 0.040.
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Fig. 2. One-year landmark analysis for MACE.
MACE = major adverse cardiac events, Ml = myocardial infarction, TVR = target ves-
sel revascularization.

0.043) (Supplementary Table 2). The cumulative rate of MACE
was significantly higher in group 4 than in non-ischemic group
(log-rank P = 0.040) (Fig. 1B). In landmark analysis, there was
no difference in the cumulative rate of MACE during 1-year fol-
low-up (log-rank P = 0.248). However, the cumulative rate of
MACE was significantly different in each FFR group after 1 year,
with group 4 having the highest cumulative incidence of MACE
between 1- and 3-year follow-up (log-rank P = 0.020) (Fig. 2).

Independent determinants for the primary endpoint in all
participants
Univariate and multivariate Cox hazard regression analyses were
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performed to identify independent determinants for MACE
among all participants. In the univariate Cox hazard regression
analysis, diabetes mellitus (HR, 1.95; 95% CI, 1.14-3.34; P = 0.016),
previous MI (HR, 2.35; 95% CI, 1.11-4.99; P = 0.026), previous
PCI (HR, 2.13; 95% CI, 1.22-3.72; P = 0.008), ACS (HR, 2.04; 95%
CI, 1.16-3.60; P = 0.014), LVEF (HR, 0.96; 95% CI, 0.93-0.99; P =

0.008), multivessel disease (HR, 2.31; 95% CI, 1.28-4.15; P = 0.005),
LAD (HR, 0.51; 95% CI, 0.30-0.88; P = 0.015), %DS (HR, 1.03;
95% ClI, 1.00-1.05; P = 0.020), and FFR (HR, 0.95; 95% CI, 0.92-
0.98; P = 0.001) were significantly associated with MACE. Mul-
tivariate Cox hazard regression analysis revealed that only FFR
(HR, 0.95; 95% CI, 0.92-0.99; P = 0.005) was independently as-
sociated with the risk of MACE (Table 3).

Independent determinants for the primary endpoint
among participants with FFR > 0.8

In univariate Cox hazard regression analysis, previous MI (HR,
2.56; 95% CI, 1.08-6.08; P = 0.034), previous PCI (HR, 2.64; 95%
CI, 1.41-4.94; P = 0.002), ACS (HR, 2.46; 95% CI, 1.31-4.61; P =
0.005), LVEF (HR, 0.96; 95% CI, 0.93-0.99; P = 0.006), multives-
sel disease (HR, 2.25; 95% CI, 1.16-4.34; P = 0.016), and LAD (HR,
0.45; 95% CI, 0.24-0.84; P = 0.012) were significantly associated
with MACE. However, FFR was not significantly associated with
MACE (HR, 0.96; 95% CI, 0.90-1.02; P = 0.188). Multivariate Cox
hazard regression analysis revealed that previous PCI (HR, 2.37;
95% CI, 1.13-5.01; P = 0.023) and ACS (HR, 2.35; 95% CI, 1.18-
4.65; P = 0.015) were independently associated with increased
risk of MACE (Table 3).

DISCUSSION

The major findings in the present study are that 1) the progno-
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Table 3. Cox regression analyses to determine independent predictors for 3-year MACE

All participants

Subjects with FFR > 0.8

Variables Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR 95%Cl  Pvalue HR 95%Cl  Pvalue HR 95%Cl  Pvalue HR 95% Cl  Pvalue
Age, yr 1.03 1.00-1.06 0.041 1.02  0.99-1.05 0.240 1.02  0.99-1.06 0.133 - - -
Male 122 0.69-215 0.498 - - - 1.05 0.55-1.98 0.890 = - =
Diabetes mellitus 1.95 1.14-334 0.016 159 0.90-2.78 0.109 175 0.93-327 0.082 - - -
Dyslipidemia 123  0.72-211 0447 - 117  0.63-218 0.612 - - -
Smoking 167 0.94-297 0.081 - - - 161  0.83-3.11 0.156 - - -
Previous MI 235  1.11-499 0.026 1.09 044-266 0.856 256  1.08-6.08 0.034 120 0.44-330 0.725
Previous PCI 213 1.22-3.72 0.008 176 0.91-340 0.094 264  1.41-494  0.002 237 1.13-5.01 0.023
ACS 2.04 1.16-3.60 0.014 1.86 0.99-349 0.055 246  1.31-461 0.005 235 1.18-465 0.015
LVEF 0.96 0.93-0.99 0.008 0.99 0.96-1.02 0.335 0.96 0.93-0.99 0.006 0.98 0.95-1.01 0.232
Multi-VD 231 1.28-415 0.005 136 0.73-255 0.334 225 1.16-4.34 0.016 145 0.72-292 0.298
LAD 0.51 0.30-0.88 0.015 0.56  0.31-1.01  0.052 045 0.24-0.84 0.012 0.57  0.30-1.10  0.095
Reference diameter 1.03 0.62-1.71 0923 - - - 126 0.72-220 0.424 - - -
% DS 1.03 1.00-1.05 0.020 101 0.98-1.03 0.587 1.02 1.00-1.05 0.081 - - -
Lesion length > 20 mm 159  0.92-275 0.096 - 133  0.69-257 0.392 - - -
Previous PCI-MLD 057 0.31-1.03 0.064 - - - 071 0.36-1.38 0.308 - - -
FFR (per-0.01 increment)  0.95  0.92-0.98  0.001 0.95 0.92-0.99 0.005 0.96 0.90-1.02 0.188 = - =

MACE = major adverse cardiac events, FFR = fractional flow reserve, HR = hazard ratio, Cl = confidence interval, Ml = myocardial infarction, PCl = percutaneous coronary in-
tervention, ACS = acute coronary syndrome, LVEF = left ventricle ejection fraction, VD = vessel disease, LAD = left anterior descending coronary artery, DS = diameter steno-

sis, MLD = minimal luminal diameter.

sis of deferred lesions without ischemia was favorable, consis-
tent with previous investigations; 2) subjects with borderline
FFR of 0.81-0.85 have similar incidence of MACE compared with
those with usual deferred lesions as FFR 0.85-0.96, and deferring
PCI therefore might be reasonable; 3) despite significant differ-
ences in angiographic parameters in each FFR group, these pa-
rameters could not predict MACE, and only FFR was indepen-
dently associated with MACE among all subjects with deferred
lesions; and 4) both angiographic parameters and FFR were not
independent predictors for MACE among subjects with non-
ischemic deferred lesions, and only clinical presentation and
history of revascularization were strongly associated with the
risk of MACE in these subjects.

Parameters assessing anatomical lesion severity such as DS,
lesion length, plaque eccentricity, angle, and calcification may
be related to both procedural complexity and prognosis of the
indicated lesion. However, it is manifest that coronary lesion
prognosis differs according to the presence of ischemia (16).
Therefore, the need to overcome the limitations of angiography
in assessment of lesion severity led to evaluation of functional
significance of coronary stenosis, for which FFR has been re-
garded as a reference invasive physiologic tool (10). Recently,
several studies consistently have reported the favorable results
of PCI using FFR in clinical practice. In the Deferral Versus Per-
formance of PTCA in Patients Without Documented Ischemia
(DEFER) study, clinical outcomes after deferral of PCI of an in-
termediate coronary stenosis based on FFR > 0.75 were excel-
lent during 5-year follow-up (4). Tonino et al. (5) also reported
that the routine measurement of FFR significantly reduced the
rate of a composite clinical outcome of death, non-fatal MI, and

https://doi.org/10.3346/jkms.2016.31.12.1929

revascularization in patients with multivessel coronary disease
who were treated with DES in the Fractional Flow Reserve ver-
sus Angiography for Multivessel Evaluation (FAME) 1 study. Fur-
thermore, FFR-guided PCI accompanied by optimal medical
therapy decreased the need for urgent revascularization com-
pared to optimal medical therapy alone in stable patients with
functionally significant coronary lesion according to the FAME
2 study (7). Considering the results of these studies, the treat-
ment of coronary lesions using FFR assessment may guarantee
better clinical outcomes. However, there is a paucity of data on
the prognosis of deferred lesions according to functional sever-
ity. In addition, data on the independent determinants of ad-
verse clinical outcomes in patients with deferred lesions have
been limited. In the present study, the long-term prognosis of
subjects with ischemic coronary lesions was significantly worse
than that of patients with non-ischemic coronary lesions after
deferring PCI. Furthermore, considering that the rate of 3-year
MACE was not significantly different relative to usual deferred
lesions as FFR 0.86-0.95, deferring PCI with medical therapy may
be safe in subjects with borderline FFR (0.81-0.85) value, which
is an important finding.

According to the Providing Regional Observations to Study
Predictors of Events in the Coronary Tree (PROSPECT) study,
non-culprit lesions that were anatomically more significant were
responsible for adverse clinical outcomes in patients with ACS
(2). In the latter study, anatomically severe and functionally sig-
nificant non-culprit lesions might be an important cause of ad-
verse clinical outcome, however, the functional severity of those
lesions was no evaluated. Interestingly, none of the angiograph-
ic parameters predicted MACE and only FFR was independent-
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ly associated with MACE among all subjects with ischemic and
non-ischemic deferred lesions in the present study. In contrast,
FFR did not independently predict 3-year MACE among sub-
jects with only non-ischemic deferred lesions. Clinical presen-
tation as ACS and history of revascularization were more impor-
tant clinical factors which were strongly associated with 3-year
MACE among these subjects.

The rate of adverse clinical outcomes was not significantly
different according to functional severity among subjects with
non-ischemic deferred lesions despite significant different ana-
tomical severity. There can be several explanations: 1) FFR grade
may not be exactly the same as coronary plaque burden and
could be affected by not only plaque burden but also various
factors such as angle, vessel remodeling, and underlying mac-
ro- and microvascular structure, among others; 2) anatomical
or physiologic severity itself may not be an unique player for fu-
ture event occurrence in functionally insignificant coronary le-
sions; and 3) optimal medical therapy may play an important
role in preventing plaque rupture in various amount of plaque
volume. Based on the previous results that the benefits of stent-
ing in functionally insignificant coronary lesions are not greater
than those of optimal medical therapy, an alternative to the “no
plaque, no event” concept is the hypothesis of “no ischemia, no
benefit of stent” (4,5). If the purpose of coronary revasculariza-
tion is an improvement in coronary flow, stenting in coronary
lesion without flow limitation may not improve outcomes. Al-
though vulnerable plaque is a substantial issue in the treatment
of CAD, there remain no data supporting the efficacy of stent-
ing in vulnerable plaque without flow limitation.

Although reference group of FFR 2 0.96 was considered to
represent normal coronary artery, all deferred lesions enrolled
in this study had at least mild angiographic stenosis, which is
explicitly different from normal coronary artery. Also, it may be
difficult to directly apply the previous prerequisite of “no plaque,
no event” in the present study. Statistically insignificant but nu-
merically higher event rate in deferred groups 2 and 3 compared
to reference group 1 could be understood on the extension of
specific patient population in current study. The results of cur-
rent landmark analysis, namely that the rate of MACE was not
obviously different according to FFR grade after deferring PCI
within 1-year follow-up despite the significant difference ob-
served between 1 and 3 years of follow-up, raised the important
issues that 1) borderline deferred lesions can be progressively
stabilized, consistent with previous studies emphasizing the
importance of optimal medical therapy in patients with stable
CAD (17); 2) however, the deferral of revascularization in isch-
emic coronary lesions should be avoided even with optimal med-
ical therapy in order to achieve favorable clinical outcomes based
on the results of recent meta-analysis (18).

Several studies have reported the clinical outcomes of deferred
lesions focused on the FFR of 0.75-0.80 that has been consid-
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ered as gray-zone for the deferral of coronary revascularization
in clinical practice (19,20). However, these studies were limited
by their small number of participants which might contribute to
somewhat different results. Although several studies with larger
sample size evaluated the clinical outcomes of deferred lesions
(21,22), these studies mainly focused on the risk of revascular-
ization in deferred lesions according to functional severity. The
present study identified the safety of deferring revascularization
in patients with coronary lesions with borderline FFR values.
Additionally, this study identified different independent predic-
tors for MACE in deferred lesions according to ischemia status.
Considering the largest number of our participants compared
with those of previous studies which evaluated the similar issue,
this study might be able to provide a confirmative evidence for
the safety of deferred lesions with borderline-zone of FFR.

The present study has some limitations. First, sample size of
this registry and limited numbers of major adverse events may
be insufficient to reveal clinical outcome of each group of lesion
severity. Second, our registry data cannot be free from selection
bias. However, all patients were enrolled consecutively during
study period from each center. Third, adenosine infusion meth-
od for achieving maximal coronary hyperemia was not coher-
ent in the present study. However, previous study confirmed
that both intracoronary and intravenous adenosine induced
maximal hyperemia might be suitable to assess FFR (11). Fourth,
this study did not evaluate the vulnerability of coronary plaques.
Concomitant invasive coronary imaging study would have pro-
vided more information on the clinical value of vulnerable pla-
que in coronary lesions without functional significance. Finally,
the relatively low use of statin and the paucity of data on anti-
anginal medication might be limitation in the present study.
Despite the limitations of the present study, it is unique in that
we identified the independent determinants for adverse clini-
cal outcomes in patients with deferred coronary lesions accord-
ing to ischemia and functional severity. Further prospective stud-
ies with larger sample sizes and longer follow-up are required
to address these issues.

In conclusion, clinical outcomes of subjects with non-isch-
emic deferred lesions by FFR were acceptable, and the progno-
sis of these lesions was not significantly different according to
the functional severity. No angiographic parameters predicted
the development of MACE but only FFR independently associ-
ated with MACE among all patients with deferred lesions. How-
ever, previous history of PCI and presentation as ACS, but not
FFR, were more important clinical factors which were indepen-
dently associated with the increased risk of MACE in subjects
with non-ischemic deferred lesions.
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