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ABSTRACT

BACKGROUND The residual SYNTAX score (RSS) and SYNTAX revascularization index (SRI) quantitatively assess
angiographic completeness of revascularization for patients with multivessel coronary artery disease. Whether residual
angiographic disease remains of prognostic importance after “functionally” complete revascularization with fractional
flow reserve (FFR) guidance is unknown.

OBJECTIVES This study sought to investigate the prognostic value of the RSS and SRI after FFR-guided functionally
complete revascularization.

METHODS From the FFR-guided percutaneous coronary intervention (PCI) cohort of the FAME (Fractional Flow
Reserve Versus Angiography for Multivessel Evaluation) trial, the RSS and SRI were calculated in 427 patients after
functionally complete revascularization. The RSS was defined as the SYNTAX score (SS) recalculated after PCI. The
SRI was calculated as: 100 x (1 — RSS/baseline SS) (%). We compared differences in 1- and 2-year outcomes among
patients with RSS of O, >0 to 4, >4 to 8, and >8, and with SRI of 100%, 50% to <100%, and O to <50%.

RESULTS The mean baseline SS, RSS, and SRI were 14.4 + 7.2, 6.5 + 5.8, and 55.1 + 32.5%, respectively. Major
adverse cardiac events (MACE) at 1 year occurred in 53 patients (12.4%). Patients with MACE had higher SS than those
without (18.0 [interquartile range (IQR): 11.0 to 21.0] vs. 12.0 [IQR: 9.0 to 18.0], p = 0.001), but had similar RSS and SRI
after PCI (RSS: 6.0 [IQR: 3.0 to 10.0] vs. 5.0 [IQR: 2.0 to 9.5], p = 0.51 and SRI: 60.0% [IQR: 40.9% to 78.9%] vs. 58.8%
[IQR: 26.7% to 81.8%], p = 0.24, respectively). Kaplan-Meier analysis showed similar 1-year incidence of MACE with RSS/SRI
stratifications (log-rank p = 0.55 and p = 0.54, respectively). Results were similar with 2-year outcome data analysis.

CONCLUSIONS After functionally complete revascularization with FFR guidance, residual angiographic lesions
that are not functionally significant do not reflect residual ischemia or predict a worse outcome, supporting
functionally complete, rather than angiographically complete, revascularization. (Fractional Flow Reserve Versus
Angiography for Multivessel Evaluation [FAME]; NCT00267774) (J Am Coll Cardiol 2016;67:1701-11)

© 2016 by the American College of Cardiology Foundation.

ngiographically complete revascularization with incomplete revascularization (1-5). However,
is associated with improved long-term complete revascularization is not always pursued or
outcome after multivessel revascularization achievable in patients with multivessel CAD un-
for stable coronary artery disease (CAD) compared dergoing percutaneous coronary intervention (PCI).
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ABBREVIATIONS
AND ACRONYMS

CAD = coronary artery disease
CI = confidence interval

FFR = fractional flow reserve
FSS = functional SYNTAX score
IGR = interquartile range

MACE = major adverse cardiac

event(s)

PCI = percutaneous coronary

intervention

RSS = residual SYNTAX score

SRI = SYNTAX

revascularization index

SS = SYNTAX score

Assuch, the residual SYNTAX score (RSS) (6,7)
was recently developed to quantitatively
assess the degree and complexity of residual
stenoses by recalculating the SYNTAX score
(SS) after PCI (8,9). Similarly, the SYNTAX
revascularization index (SRI) was introduced
as another quantification tool to assess the
proportion of CAD that has been treated by
PCI (10,11).

SEE PAGE 1712

Recent studies have found that functional
significance of a lesion on the basis of frac-
tional flow reserve (FFR) is a more important
determinant of future adverse cardiac events
than the angiographic appearance of the
lesions (12,13). PCI on angiographically significant
lesions that are not functionally significant on the
basis of FFR can be deferred safely with good long-

term outcomes (14). Therefore, we hypothesized
that after “functionally” complete revascularization
with FFR guidance in patients with multivessel CAD
(15), the residual angiographic disease, which is not
functionally significant, would not be predictive of
outcomes, as assessed by the RSS or SRI. Accordingly,
the primary goal of the present study is to investigate
the prognostic value of these 2 quantification systems
in patients enrolled in the FFR-guided PCI cohort of
the FAME (Fractional Flow Reserve Versus Angiog-
raphy for Multivessel Evaluation) trial (16-18), who
underwent functionally complete revascularization
with FFR guidance.

METHODS

STUDY DESIGN AND PATIENT POPULATION. The
detailed study protocol has been published previously
(16,18,19). In brief, the FAME trial is a prospective,
randomized, controlled, multicenter trial investi-
gating the superiority of FFR-guided PCI over
angiography-guided PCI in patients with multivessel
CAD (NCT00267774). In patients with multivessel CAD
amenable to PCI, the investigators indicated which
lesions had at least 50% diameter stenosis and were
thought to require PCI. Thereafter, patients were
randomly assigned to either FFR-guided or
angiography-guided PCI. In patients assigned to
FFR-guided PCI, only functionally significant lesions
with FFR =0.80 were treated with PCI,
and functionally insignificant lesions with FFR >0.80
were intentionally left untreated; whereas in patients
assigned to angiography-guided PCI, all indicated
lesions were treated without measurement of FFR.
Because patients assigned to angiography-guided PCI
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did not undergo FFR assessment and calculation of
the functional SYNTAX score (FSS), and because all
patients assigned to angiography-guided PCI re-
ceived “angiographically” complete revascularization,
very little residual stenosis existed after PCI in
these patients. Therefore, patients assigned to
angiography-guided PCI were not included in this
study.

Patients with ST-segment elevation myocardial
infarction could be enrolled if the infarction had
occurred at least 5 days before PCI. By contrast, pa-
tients with unstable angina or non-ST-segment
elevation myocardial infarction were allowed to
enroll earlier than 5 days after myocardial infarction if
the peak creatinine kinase was <1,000 IU. Patients
with prior PCI could be included. Patients were
excluded if they had significant left main CAD, pre-
vious coronary artery bypass surgery, cardiogenic
shock, or extremely tortuous or calcified coronary
arteries. Patients were further excluded from the
present substudy if the pre- and post-procedural
angiogram data were not available. This study was
approved by an institutional review committee from
each participating site, and informed consent was
obtained from all patients.

FFR MEASUREMENT AND TREATMENT. PCI was per-
formed according to standard coronary interventional
techniques, primarily with drug-eluting stents. In
patients assigned to FFR-guided PCI, FFR was
measured with a 0.014-inch pressure sensor guide-
wire (St. Jude Medical, Uppsala, Sweden). After
equalization to the guide catheter pressure with the
sensor positioned at the ostium of the coronary
artery, the pressure guidewire was advanced down
the target coronary artery. To induce maximal
hyperemia, intravenous adenosine was administered
at 140 pg/kg/min through a central vein. Simulta-
neous measurement of the mean proximal coronary
pressure with the guide catheter and the mean distal
coronary pressure with the pressure guidewire was
performed. FFR was calculated as the ratio of the
mean distal to proximal coronary pressure at hyper-
emia. All patients received dual antiplatelet therapy
with aspirin and clopidogrel for at least 1 year after
PCI (16,18,19).

CALCULATION OF THE SS, FSS, RSS, AND SRI. The
detailed methodology for calculating the SS and FSS
can be found elsewhere (8,9,20). In brief, the SS was
calculated from the pre-procedural angiogram, in
which each coronary lesion producing =50% diameter
stenosis in vessels =1.5 mm by visual estimation was
scored separately using the SS algorithm from the
SYNTAX Score website and added to obtain the
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overall SS (21). The FSS was calculated by deducting
the individual score of lesions with an FFR >0.80.
As previously reported from our dataset, the intra-
observer variability of the SS using the intraclass
correlation analysis was 0.95, 95% confidence inter-
val (CI): 0.95 to 0.96 (p < 0.001), and that of the FSS
was 0.96, 95% CI: 0.95 to 0.97 (p < 0.001). An inter-
observer variability of the baseline SS using the
intraclass correlation analysis was 0.59, 95% CI: 0.52
to 0.67 (p < 0.001), and that of the FSS was 0.71,
95% CI: 0.66 to 0.76 (p < 0.001) (20).

In addition, to obtain the RSS in all patients
enrolled in this substudy, post-procedural angio-
grams were reviewed by a dedicated interventional
cardiologist who was blinded to the baseline clinical
characteristics, procedural data including FFR values,
and clinical outcomes. From the post-procedural
angiogram, each coronary lesion counted for the SS,
but left untreated was scored separately, and indi-
vidual scores were added to provide the RSS (6). For
the RSS, a higher value suggests more CAD left
untreated after PCI. After obtaining the RSS, the
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SRI was calculated: 100 x (1 — RSS/baseline SS) (%).
For the SRI, because this tool shows the proportion of
CAD that has been treated by PCI, a lower value
suggests more CAD left untreated after PCI. Two
representative examples are presented in Figure 1.
Post-procedural angiograms from 50 patients were
randomly selected and reanalyzed by the same
interventional cardiologist and a second independent
interventional cardiologist to assess intraobserver
and interobserver variability of the RSS.

ENDPOINTS. An independent clinical events com-
mittee whose members were blinded to treatment
strategy adjudicated all events. The primary endpoint
of this reanalysis was the same as that of the original
FAME trial: major adverse cardiac events (MACE)
(defined as a composite of all-cause death, myocar-
dial infarction, or any repeat revascularization) and
its components (all-cause death, myocardial infarc-
tion, repeat revascularization, and death or myocar-
dial infarction) at 1 year after the index procedure
among the RSS and SRI subgroups. The previously

FIGURE 1 2 Representative Cases With the Same SS, But Different FSS, RSS, and SRI

Case 1

SS=16
FSS=16
RSS=0
SRI=100%

Case 2

SS=16
FSS=8
RSS =8
SRI =50%

The 2 cases had the identical SS of 16, but different FSS (Case 1 [upper panel] = 16 vs. Case 2 [lower panel] = 8), resulting in a difference in
the revascularization strategy and the RSS/SRI after “functionally” complete revascularization (RSS O vs. 8, SRI 100% vs. 50%). Blue circles

represent functionally significant lesions, and orange circles represent functionally insignificant lesions. All lesions marked with a blue circle were
treated with a stent. FSS = functional SYNTAX score; RSS = residual SYNTAX score; SRI = SYNTAX revascularization index; SS = SYNTAX score.
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mentioned analyses were repeated with 2-year
follow-up data.

STATISTICAL ANALYSIS. All patients in the FFR-guided
PCI cohort of the FAME trial were included in the
reanalysis of the present study as long as the pre- and
post-procedural angiograms were available. Categori-
cal variables, including the primary endpoint and its
individual components, are presented as counts and
percentages. The Pearson chi-square test was used for
comparisons of categorical variables. Continuous var-
iables are presented as mean + SD, or median and
interquartile range. Normality of the continuous vari-
ables was confirmed with the Shapiro-Wilk test.
Depending on the result of the Levene test for
homoscedasticity, 2 sets of variables with normal dis-
tributions were compared with the Student t test or
Welch t test, as appropriate. If the normality test
failed, 2 sets of variables were compared with the
Mann-Whitney U test. The reproducibility of the
RSS was evaluated by calculating intraobserver and
interobserver variability using intraclass correlation.
Correlations between scoring systems were tested
with Spearman’s correlation coefficient. An overall
difference of variables among the RSS/SRI subgroups
was determined using the 1-way analysis of variance
test. Kaplan-Meier curves are shown for the
time-to-event distributions of MACE stratified by the
RSS and SRI. Patients were censored at 1 or 2 years
(365 days or 730 days), or when events occurred.
A p value <0.05 was considered statistically signifi-
cant. All analyses were performed using SPSS version
21 software (SPSS, Chicago, Illinois).

RESULTS

Both pre- and post-procedural angiograms were
available in 427 of 509 patients from the FFR-guided
PCI cohort of the FAME trial database. The pri-
mary reason for exclusion was unavailability of a
post-procedural angiogram. Patient characteristics,
including age, sex, comorbidities, the number of
lesions intended to treated, and the rate of MACE at
1 and 2 years, were similar between the included
and excluded patients, except for a higher incidence
of unstable angina in the included patients (31.9% vs.
17.2%, p < 0.01).

In 427 patients with both pre- and post-procedural
angiograms, the mean SS, FSS, RSS, and SRI were
14.4 + 7.2, 10.8 + 8.0, 6.5 + 5.8, and 55.1 + 32.5%,
respectively. The intraobserver variability of the RSS
using the intraclass correlation analysis was 0.95,
95% CI: 0.92 to 0.97 (p < 0.001), and the interob-
server variability of the RSS using the intraclass
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correlation analysis was 0.92, 95% CI: 0.87 to 0.96
(p < 0.001).

CORRELATIONS BETWEEN DIFFERENT SCORING
SYSTEMS. Correlations between different scoring
systems are shown in Figure 2. The FSS and RSS
were significantly correlated with the SS (correlation
coefficient = 0.80 and Spearman p < 0.001 between
the FSS and SS, and correlation coefficient = 0.53 and
Spearman p < 0.001 between the RSS and SS,
respectively), whereas the RSS was not correlated
with the FSS (correlation coefficient = 0.09 and
Spearman p = 0.07). The SRI was not correlated with
the SS (correlation coefficient = —0.06 and Spearman
p = 0.24). However, the SRI was positively correlated
with the FSS (correlation coefficient = 0.37 and
Spearman p < 0.001) and negatively correlated with
the RSS (correlation coefficient = -0.84 and
Spearman p < 0.001).

COMPARISONS OF BASELINE DATA AMONG THE RSS
AND SRI SUBGROUPS. Comparisons of clinical,
angiographic, and procedural characteristics among
the RSS and SRI subgroups are summarized in Table 1.
Baseline patient clinical characteristics were similar
among the RSS and SRI subgroups, except for the
incidence of diabetes in the RSS and SRI subgroups
(p = 0.02 and p = 0.007, respectively) and the history
of myocardial infarction in the SRI subgroups
(p = 0.03). The incidence of diabetes was lowest in
patients with RSS = 0 and SRI = 100%, which repre-
sents angiographically complete revascularization.

With each increment of RSS, the SS increased
(11.3 + 6.9 for RSS = 0, 11.5 + 5.7 for RSS >0 to 4, 13.3
+ 5.4 for RSS >4 to 8, and 19.2 + 7.1 for RSS >8) and
the number of lesions intended to treat increased
(2.5 £ 0.8 for RSS = 0, 2.6 + 0.8 for RSS >0 to 4, 2.8
+ 0.9 for RSS >4 to 8, and 3.0 + 1.0 for RSS >8). By
contrast, FSS did not vary with each increment of
RSS value. Total number of stents per patient and
total stented length per patient decreased with
increasing RSS. The SS, FSS, and number of lesions
intended to treat did not vary in a predictable
fashion with each decrement of SRI. Total implanted
stents per patient, total stented length per patient,
and volume of contrast agent used decreased with
each decrement of SRI (i.e., patients with SRI <50%
had the smallest values).

CLINICAL OUTCOMES. MACE at 1 year occurred in
53 patients (12.4%). As shown in Figure 3, patients with
MACE had higher SS and FSS than patients without
MACE, whereas RSS and SRI were similar between
patients with and without MACE (RSS: 6.0 [inter-
quartile range (IQR): 3.0 to 10.0] vs. 5.0 [IQR: 2.0 to
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FSS

RSS

RSS

FIGURE 2 Correlations Between Different Scoring Systems
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The FSS and RSS were significantly correlated with the SS, whereas the RSS was not correlated with the FSS. The SRI was not correlated with
the SS. On the other hand, the SRI was positively correlated with the FSS and negatively correlated with the RSS. One patient had a higher RSS
value than an original SS value due to a complication during PCl, resulting in a negative SRI value. Each point may represent
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TABLE 1 Comparison of Clinical, Angiographic, and Procedural Characteristics Among the RSS and SRI Subgroups
RSS
Overall (1] >0to 4 >4t08 >8
(N = 427) (n =62) (n =127) (n =101) (n =137) p Value
Clinical characteristics
Age, yrs 64.7 +10.2 63.5 +10.0 64.9 +10.4 642 + 9.4 65.4 +10.7 0.61
Male 318 (74.5) 53 (85.5) 96 (75.6) 73 (72.3) 96 (70.1) 0.13
Diabetes 107 (25.1) 6 (9.7) 31 (24.4) 28 (27.7) 42 (30.7) 0.02
Hypertension 263 (61.6) 33 (53.2) 74 (58.3) 70 (69.3) 86 (62.8) 0.17
Hypercholesterolemia 306 (71.7) 45 (72.6) 90 (70.9) 76 (75.2) 95 (69.3) 0.79
Family history of CAD 172 (40.3) 27 (43.5) 51 (40.2) 46 (45.5) 48 (35.0) 0.39
Current smoker 114 (26.7) 15 (24.2) 39 (30.7) 23 (22.8) 37 (27.0) 0.56
Previous myocardial infarction 156 (36.5) 22 (35.5) 39 (30.7) 35 (34.7) 60 (43.8) 0.16
Previous PCI 122 (28.6) 17 (27.4) 30 (23.6) 31 (30.7) 44 (32.1) 0.45
Unstable angina 136 (31.9) 19 (30.6) 40 (31.5) 28 (27.7) 49 (35.8) 0.61
Angiographic and procedural characteristics
SS 144 +72 N3 +69 1.5 + 5.7 13.3+54 19.2 £ 7.1 <0.001
FSS 10.8 + 8.0 1M1+£7.0 9.8 £59 93+70 12.9 +£10.1 0.002
RSS 6.5+ 5.8 0.0 +£ 0.0 2.6 + 0.9 6.2+ 1.1 132 £ 4.8 <0.001
Lesions intended to treat, n 2.8+ 0.9 25+ 0.8 2.6 +0.8 28+ 0.9 3.0+ 1.0 <0.001
Total implanted stents per patient, n 19+13 2.8 +1.2 20 +1.1 1.8 +1.2 14 +13 <0.001
Total stented length per patient, mm 36.1 +27.3 54.2 + 34.0 40.4 +£25.2 33.7 £22.8 25.8 + 23.7 <0.001
Procedure time, min 67.7 + 42.4 70.0 + 31.4 68.9 + 42.6 62.3 +30.3 69.5 + 52.8 0.54
Volume of contrast agent used, ml 263.3 £120.0 295.0 £138.5 268.7 +117.9 2533 +£119.4 2515 £ 111.8 0.09
SRI
Overall 100% 50% to <100% <50%
(N = 427) (n = 62) (n =208) (n =157) p Value
Clinical characteristics
Age, yrs 64.7 +10.2 63.5 +£10.0 64.8 £ 9.9 65.1 +10.7 0.57
Male 318 (74.5) 53 (85.5) 154 (74.0) 111 (70.7) 0.08
Diabetes 107 (25.1) 6 (9.7) 61(29.3) 40 (25.5) 0.007
Hypertension 263 (61.6) 33 (53.2) 128 (61.5) 102 (65.0) 0.27
Hypercholesterolemia 306 (71.7) 45 (72.6) 150 (72.1) 111 (70.7) 0.94
Family history of CAD 172 (40.3) 27 (43.5) 90 (43.3) 55 (35.0) 0.24
Current smoker 14 (26.7) 15 (24.2) 58 (27.9) 41 (26.1) 0.83
Previous myocardial infarction 156 (36.5) 22 (35.5) 64 (30.8) 70 (44.6) 0.03
Previous PCl 122 (28.6) 17 (27.4) 50 (24.0) 55 (35.0) 0.07
Unstable angina 136 (31.9) 19 (30.6) 66 (31.7) 51 (32.5) 0.97
Angiographic and procedural characteristics
SS 144 +72 1M.3+6.9 151+ 7.0 145 +7.3 0.001
FSS 10.8 + 8.0 N1+7.0 128 £7.2 8.1+ 8.6 <0.001
SRI 55.1+ 325 100.0 + 0.0 69.5 +£12.2 18.5 + 16.4 <0.001
Lesions intended to treat, n 28+ 09 25+0.8 28 +1.0 28+ 09 0.08
Total implanted stents per patient, n 1.9 +13 28 +12 22 £ 11 11+£1.0 <0.001
Total stented length per patient, mm 36.1 £27.3 54.2 + 34.0 43.0 + 22.9 19.9 £+ 20.6 <0.001
Procedure time, min 67.7 £ 42.4 70.0 + 31.4 72.2 + 41.0 60.8 + 47.0 0.04
Volume of contrast agent used, ml 263.3 +£120.0 295.0 +138.5 279.3 £ 1215 230.0 £+ 102.1 <0.001
Values are mean =+ SD or n (%).
FSS = functional SYNTAX score; PCl = percutaneous coronary intervention; RSS = residual SYNTAX score; SRI = SYNTAX revascularization index; SS = SYNTAX score.

9.5], p=0.51and SRI: 60.0% [IQR: 40.9% to 78.9%] vs.
58.8% [IQR: 26.7% to 81.8%], p = 0.24, respectively).
Comparisons of outcomes at 1 year among RSS
and SRI subgroups are summarized in Table 2.
MACE and each component of MACE were not
different among the RSS and SRI subgroups at
1 year. Kaplan-Meier curves at 1 year stratified by

RSS and SRI showed no significant separation (log-
rank p = 0.55 for the RSS subgroups and log-rank
p = 0.54 for the SRI subgroups) (Figure 4). Simi-
larly, when stable and unstable patients were
analyzed separately or when patients with SS 0 to
22 and with SS >23 were analyzed separately,
Kaplan-Meier curves at 1 year, stratified by RSS
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FIGURE 3 Comparisons of the SS, FSS, RSS, and SRI Between Patients With and Without MACE at 1 Year
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(%)
20+ p=0.001 20+ 20 100
p <0.001
18.0
(11.0- 304
21.0) 6.0
15 151 | 16 15 004
(8.0- p=0.
21.0)
60 1
12.0 60.0 58.8
| (9.0- i} | (40.9- (26.7-
10 180 ° 10 78.9) 81.8)
401
(5.0-
14.0)
6.0
51 51 51
10.0) (2.0-
9.5)
0 0 0
MACE MACE MACE MACE MACE MACE MACE MACE
Yes No Yes No Yes No Yes No
Although the SS and FSS are higher in patients with MACE than without MACE, the RSS and SRI are similar in patients with and without MACE.
MACE = major adverse cardiac events; other abbreviations as in Figure 1.

and SRI, showed no significant separation (Online DISCUSSION
Tables 1 and 2).

2-YEAR CLINICAL OUTCOME DATA. To test the
durability of the results with longer-term follow-up,
the same analyses were repeated with 2-year outcome

data. MACE occurred in 74 patients (17.3%) at 2 years.

The principal finding of the present study is that the
RSS and the SRI do not predict MACE at 1- and 2-year
follow-up in patients with multivessel CAD after

As shown in Online Figure 1, patients with MACE had TABLE 2 Comparison of Outcomes at 1 Year Among the RSS and SRI Subgroups
higher SS and FSS than patients without MACE, Rss
whereas RSS and SRI were similar between patients
. . Overall o >0to4 >4to8 >8
with and without MACE (RSS: 6.0 [IQR! 3.0 to 9.0] (N=427) (n=62) (n=127) (n=101) (n=137) p Value
vs. 5.0 [IQR: 2.0 to 10.0], p = 0.47 and SRI: 58.9% MACE 53 (124) 10 (16.1) 12(9.4) 12(11.9) 19 (13.9) 0.5
[IQR: 33.3% to 78.6%] vs. 59.1% [IQR: 26.3% to 81.8%], Death 8(19) 348 1(0.8) 20 2015 027
p = 0.57, respectively). Myocardial infarction 24 (56) 3(48) 8(63) 440 9(6.6) 0.82
Comparisons of outcomes at 2 years among RSS Repeat revascularization 25 (5.9) 4(6.5) 4@3.0) 8 (7.9) 9(6.6) 0.45
and SRI subgroups are summarized in Online Table 3. Death or myocardial infarction 31 (7.3) 6(09.7) 971 5(.00 11(80) 0.69
MACE and each component of MACE were not different SRI
among the RSS and SRI subgroups at 2 years. Kaplan- Overall 100%  50to <100%  <50%
Meier curves at 2 years, stratified by RSS and SR, (N=427) (=62 (n=208) (n=157) pValue
showed no significant separation (log-rank p = 0.87 MACE $3024) 1006n 26025 17008 056
for the RSS subgroups and log-rank p = 0.93 for Death e SE ) 2 0.18
the SRI sub ) (Onli Fi 2). Similarl h Myocardial infarction 24 (5.6) 3(4.8) 14 (6.7) 7 (4.5) 0.62
e subgroups nlme lgure 2). sumtlarly, when Repeat revascularization 25 (5.9) 4 (6.5) 12 (5.8) 9 (5.7) 0.98
stable and unstable patients were analyZEd separately Death or myocardial infarction 31 (7.3) 6 (9.7) 16 (7.7) 9 (5.7) 0.57
or when patients with SS 0 to 22 and with SS >23 were
analyzed separately, Kaplan-Meier curves at 2 years, Values are n (%).
. . . MACE = major adverse cardiac events (defined as a composite of all-cause death, myocardial infarction, or any
StratlﬁEd by RSS and SRI’ ShOWEd no Slgnlﬁcant sep- repeat revascularization); Ml = myocardial infarction; other abbreviations as in Table 1.
aration (Online Tables 1 and 2).



http://dx.doi.org/10.1016/j.jacc.2016.01.056
http://dx.doi.org/10.1016/j.jacc.2016.01.056
http://dx.doi.org/10.1016/j.jacc.2016.01.056
http://dx.doi.org/10.1016/j.jacc.2016.01.056
http://dx.doi.org/10.1016/j.jacc.2016.01.056
http://dx.doi.org/10.1016/j.jacc.2016.01.056

1708

Kobayashi et al.

Untreated Lesions After FFR-Guided PCI

FIGURE 4 Kaplan-Meier Curves at 1 Year Stratified by RSS and SRI Subgroups
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(A) RSS subgroups are 0, >0 to 4, >4 to 8, and >8. (B) SRI subgroups are 100%, 50%
to <100%, and <50%. Similar 1-year outcomes were observed among the RSS and SRI
subgroups, in which RSS = 0 and SRI = 100% represent complete revascularization
(blue lines). Abbreviations as in Figure 1.

functionally complete revascularization (Central
Illustration). These results reinforce that an FFR-
guided PCI strategy offers sufficient revasculariza-
tion because PCI of angiographically significant, but
not functionally significant, lesions can be safely
deferred. Moreover, they raise the question of
whether RSS and SRI scores should be applied with-
out accounting for the FFR result of specific lesions.

JACC VOL. 67, NO. 14, 2016
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As shown in a previous FAME trial substudy, the
FSS, which, compared with the SS, counts only
functionally significant lesions on the basis of FFR
assessment, better stratified the risk of MACE in
patients undergoing multivessel FFR-guided PCI
(20). Therefore, the fact that the RSS correlated
significantly with the SS, but not with the FSS, may
explain why the RSS had no prognostic value after
functionally complete revascularization. This finding
was similar when the SS and FSS were compared
among the 4 RSS subgroups. With each decrement of
the RSS, the number of lesions intended for treat-
ment increased; however, the actual number and
length of stents implanted decreased. In other
words, patients with an RSS >8 had the highest
baseline SS, but received the fewest number and
shortest length of stents; nevertheless, the long-term
outcome was similar compared with the other
subgroups.

Similarly, the finding that the SRI was positively
correlated with the FSS explains that the SRI had no
prognostic value because the SRI should be negatively
correlated with the FSS to be prognostic. With each
decrement of the SRI, the number of lesions indicated
tended to increase; however, the actual number/
length of stents implanted decreased, and the long-
term outcome was similar. These findings suggest
that a scoring system with a purely anatomic approach
may be insufficient, not only for the pre-procedural
assessment, but also for the post-procedural assess-
ment for predicting outcome after PCI.

The RSS and SRI have been shown to be associated
with worse long-term outcomes after angiography-
guided PCI, suggesting the importance of angio-
graphically complete revascularization in managing
patients with stable angina and multivessel CAD
(6,7,11,22-26). Given that functionally insignificant
lesions do not tend to contribute to outcome when
left untreated, the integration of functional informa-
tion into the RSS and SRI should improve the prog-
nostic value, just as was seen with the relationship
between the SS and FSS (20), and as we document in
this report. Although angiographically complete
revascularization may be better than angiographically
incomplete revascularization, our study supports the
concept that functionally complete revascularization
is as good as angiographically complete revasculari-
zation, if not better.

STUDY LIMITATIONS. First, because patients with
ST-segment elevation myocardial infarction within 5
days were excluded, our results may not be applicable
for patients with ST-segment elevation myocardial
infarction and with multivessel CAD undergoing PCI.
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CENTRAL ILLUSTRATION Untreated Lesions After FFR-Guided PCI: The Concept of “Functionally”
Complete Revascularization

Functionally
Complete
Revascularization

(O FFR =0.80: PCl improves outcome (FSS)

QO FFR >0.80: No impact on outcome, irrespective of residual CAD (RSS) or the
extent of revascularization (SRI)
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Kobayashi, Y. et al. J Am Coll Cardiol. 2016;67(14):1701-11.

“Angiographically” complete revascularization results in PCl of all angiographically significant lesions, which include both functionally significant and insignificant
lesions. "Functionally” complete revascularization focuses on PCI of only functionally significant lesions, leaving functionally insignificant CAD for medical
treatment, and in this manner, optimizing the benefit of PCI while minimizing its risk. Studies have shown that functionally significant lesions result in increased
cardiac events without PCl, whereas functionally insignificant disease is treated more effectively with medical therapy. In this study, we found that functionally
insignificant lesions have no prognostic value, irrespective of the untreated CAD assessed by the RSS or the extent of revascularization assessed by the SRI.
CAD = coronary artery disease; FFR = fractional flow reserve; FSS = functional SYNTAX score; MACE = major adverse cardiac events; PCl = percutaneous coronary
intervention; RSS = residual SYNTAX score; SRI = SYNTAX revascularization index.
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Second, we do not have a control arm in this substudy
because all angiographically significant lesions of
patients enrolled in the angiography-guided PCI
cohort were treated with PCI. Third, although the
intention was for functionally complete revasculari-
zation in all patients, a small proportion of function-
ally significant lesions may have been left untreated
due to the complexity of CAD anatomy, procedural
failure, or the operator’s discretion. Fourth, because
the baseline complexity of CAD is relatively low in
this population, our results may not apply to patients
with more extensive CAD. However, the outcomes at
1 and 2 years did not differ among the RSS and SRI
subgroups, irrespective of baseline SS stratification,
suggesting the applicability of our results to pa-
tients with more complex CAD. Finally, because this
study is a post hoc analysis of the FFR-guided PCI
arm of the FAME trial, which was not designed
to assess the impact of residual lesions or the
extent of revascularization after FFR-guided PCI, the
results of the present study should be interpreted
as hypothesis-generating.

CONCLUSIONS

After functionally complete revascularization with
FFR guidance, the residual functionally insignificant
lesions do not increase the risk for MACE. For these
reasons, the angiography-based RSS and SRI do not

JACC VOL. 67, NO. 14, 2016
APRIL 12, 2016:1701-11

predict a worse long-term outcome in these patients.
Our study supports the concept of functionally com-
plete revascularization, rather than angiographically
complete revascularization.

REPRINT REQUESTS AND CORRESPONDENCE: Dr.
William F. Fearon, Division of Cardiovascular Medi-
cine, Stanford University Medical Center, 300 Pasteur
Drive, H2103, Stanford, California 94305-5218. E-mail:
wfearon@stanford.edu.

PERSPECTIVES

COMPETENCY IN PATIENT CARE AND
PROCEDURAL SKILLS: After functionally complete
coronary revascularization on the basis of assessment
of FFR, residual lesions that are angiographically, but
not hemodynamically, significant are not associated
with subsequent ischemic events.

TRANSLATIONAL OUTLOOK: Future studies
should address whether selective coronary revascu-
larization on the basis of FFR measurements apply as
well to patients with ST-segment elevation
myocardial infarction and patients with multivessel
disease undergoing coronary artery bypass graft
surgery.
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