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BACKGROUND The residual SYNTAX (Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac

Surgery) score (RSS) quantitatively assesses angiographic completeness of revascularization after percutaneous coronary

intervention (PCI) and has been shown to be a predictor of events after angiography-guided PCI. In stable patients

undergoing functionally complete revascularization with fractional flow reserve (FFR) guidance, RSS did not predict

outcome. Whether this is also true in patients with acute coronary syndromes (ACS) is unknown.

OBJECTIVES The purpose of this study was to determine whether the RSS could predict outcomes in patients with ACS.

METHODS From the DANAMI-3-PRIMULTI (Primary PCI in Patients With ST-elevation Myocardial Infarction and Multi-

vessel Disease: Treatment of Culprit Lesion Only or Complete Revascularization), FAME (Fractional Flow Reserve Versus

Angiography for Multivessel Evaluation), and FAMOUS-NSTEMI (Fractional Flow Reserve Versus Angiographically Guided

Management to Optimise Outcomes in Unstable Coronary Syndromes) trials, 547 patients presented with ACS and under-

went functionally complete revascularization. Major adverse cardiac events (MACE) were defined as the composite

endpoint of all-cause death, nonfatal myocardial infarction, and any repeat revascularization. The RSS was based on the

recalculation of the SYNTAX score after PCI.We compared differences in 2-year outcome by the RSS subgroups: 0, 1 to<5, 5

to <10, $10 (RSS ¼ 0 represents angiographically complete revascularization).

RESULTS The study population consisted of 271 patients with unstable angina/non–ST-segment elevation myocardial

infarction and 276with ST-segment elevationmyocardial infarction. Themean RSSwas 6.7� 5.8. MACE at 2 years occurred

in 69 patients (12.6%). Patients with and without MACE had similar RSS after PCI (RSS: 7.2 � 5.5 vs. 6.6 � 5.9; p ¼ 0.23).

Kaplan-Meier curve analysis showed a similar incidence of MACE regardless of the RSS subgroups (p ¼ 0.54). With and

without adjustment of clinical variables, RSS was not a significant predictor of MACE or of each component of MACE.

CONCLUSIONS After complete revascularization of functionally significant stenosis by FFR, the extent of residual

angiographic disease is not associated with subsequent ischemic events in patients presenting with ACS. These results

suggest that the concept of functionally complete revascularization is applicable even in ACS patients. (Fractional

Flow Reserve Versus Angiography for Multivessel Evaluation [F.A.M.E.] NCT00267774; Fractional Flow Reserve Versus

Angiographically Guided Management to Optimise Outcomes in Unstable Coronary Syndromes [FAMOUS NSTEMI]

NCT01764334; Primary PCI in Patients With ST-elevation Myocardial Infarction and Multivessel Disease:

Treatment of Culprit Lesion Only or Complete Revascularization [DANAMI-3-PRIMULTI]; NCT01960933)
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ACS = acute coronary

syndromes

FFR = fractional flow reserve

MACE = major adverse cardiac

event(s)

PCI = percutaneous coronary

intervention

RSS = residual SYNTAX score
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T he residual SYNTAX (Synergy
Between Percutaneous Coronary
Intervention With Taxus and Car-

diac Surgery) score (RSS) (1,2) was developed
to quantitatively assess the degree and
complexity of residual stenoses, based
on recalculating the SYNTAX score from
coronary angiography after percutaneous
coronary intervention (PCI) (3,4). The inten-
tion of this index is to quantitatively assess
the angiographic completeness of revascu-
larization. Higher RSS has been associated with worse
outcome in patients undergoing angiography-guided
PCI (1,2,5,6).
SEE PAGE 1330
Recent studies have found that the functional sig-
nificance of a lesion based on fractional flow reserve
(FFR) is a more important determinant of future
adverse cardiac events than angiographic severity
(7,8). PCI of lesions that are angiographically signifi-
cant but not functionally significant based on FFR can
be deferred safely with good long-term outcomes in
stable patients (9). For example, in our previous
study of stable angina patients undergoing FFR-
guided PCI, residual angiographic disease as
assessed by the RSS was not predictive of adverse
outcome, supporting the concept of functionally
complete revascularization (10,11).

However, whether this is also true in patients
presenting with acute coronary syndromes (ACS),
who have functionally insignificant but potentially
active nonculprit plaques, is unknown. Accordingly,
the primary goal of the present study is to investigate
the prognostic value of RSS in patients presenting
t, Belgium; eKeimyung University College of Medicine, Dongsa

eartcenter, Eindhoven, the Netherlands; and the gBritish Heart F

Cardiovascular and Medical Sciences, University of Glasgow, G

trial was funded by the Danish Agency for Science, Technology

rch (EDITORS, grant 09-066994). The FAME study was sponsore

udy was supported by grants from the British Heart Foundatio

w Abbott) provided the pressure wires. Dr. De Bruyne has receive

tt/St. Jude Medical, Boston Scientific, Biotronik, and Opsens; and

ards Lifesciences, Sanofi, and Celyad. Dr. Layland has served in a

l research support from Pfizer, Medtronic, and Biosensors; and h

inger Ingelheim. Dr. Pijls has received institutional grant supp

for Abbott/St. Jude Medical and Opsens; and possesses equity in

eaker fees from Abbott Vascular. Dr. Berry has received institution

St. Jude Medical; and his institution holds research and consul

nal cardiology, including Abbott Vascular, Coroventis, and Ops

a, Boston Scientific, and Abbott; has served as consultant for Novo

Dr. Fearon has received institutional research support from Ab

with Boston Scientific; and has minor stock options with HeartF

ships relevant to the contents of this paper to disclose.

received April 2, 2018; revised manuscript received June 17, 201
with ACS, who undergo functionally complete revas-
cularization with FFR guidance.

METHODS

STUDY DESIGN AND PATIENT POPULATION. The
present study is a patient-level, post hoc, pooled
analysis of the FFR-guided revascularization/deferral
cohorts from 3 randomized controlled trials (Figure 1)
(12–14). The detailed study protocols for each study
have been published previously (15–17).

In brief, FAME (Fractional Flow Reserve Versus
Angiography for Multivessel Evaluation) is a prospec-
tive, randomized, controlled, multicenter trial inves-
tigating the superiority of FFR-guided PCI over
angiography-guided PCI in patients presenting with
stable angina, unstable angina, or non–ST-segment
elevation myocardial infarction (NSTEMI)
(NCT00267774) (12,15). In patients with multivessel
coronary artery disease 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- or angiography-guided PCI. FAMOUS-
NSTEMI (Fractional Flow Reserve Versus Angio-
graphically Guided Management to Optimise Out-
comes in Unstable Coronary Syndromes) is a
prospective, randomized, controlled, multicenter trial
comparing an FFR- versus angiography-guided revas-
cularization strategy in patients presenting with
NSTEMI (NCT01764334) (13,16). Patients were ran-
domized immediately after coronary angiography to
either FFR- or angiography-guided management,
which included PCI, coronary artery bypass grafting, or
medication. DANAMI-3-PRIMULTI (Primary PCI in Pa-
tients With ST-elevation Myocardial Infarction and
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FIGURE 1 Study Flow Chart
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In the present study, patients who presented with ACS and underwent FFR-guided functionally complete revascularization were enrolled to

investigate the prognostic value of the residual coronary stenosis from the 3 prospective randomized controlled trials. ACS ¼ acute coronary

syndrome; CR ¼ complete revascularization; DANAMI-3-PRIMULTI ¼ Primary PCI in Patients With ST-elevation Myocardial Infarction and

Multivessel Disease: Treatment of Culprit Lesion Only or Complete Revascularization; EHJ ¼ European Heart Journal; FAME ¼ Fractional Flow

Reserve Versus Angiography for Multivessel Evaluation; FAMOUS-NSTEMI ¼ Fractional Flow Reserve Versus Angiographically Guided

Management to Optimise Outcomes in Unstable Coronary Syndromes; FFR ¼ fractional flow reserve; NEJM ¼ New England Journal of

Medicine; NSTEMI ¼ non–ST-segment elevation myocardial infarction; PCI ¼ percutaneous coronary intervention; STEMI ¼ ST-segment

elevation myocardial infarction; UA ¼ unstable angina.
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Multivessel Disease: Treatment of Culprit Lesion Only
or Complete Revascularization) is a prospective, ran-
domized, controlled, multicenter trial comparing
FFR-guided complete revascularization versus
treatment of the infarct-related artery only (NCT01
960933) (14,17) in patients presenting with ST-
segment elevation myocardial infarction (STEMI)
and at least 1 nonculprit vessel coronary stenosis
after primary PCI. Patients were randomized to FFR-
guided complete revascularization or deferral of PCI
of the nonculprit lesion(s).

In the 3 studies, patients assigned to the FFR-
guided group underwent revascularization of
infarct- and noninfarct-related arteries with an
FFR #0.80 or very tight lesions (>90% by visual
assessment), which does not necessitate an FFR
measurement; lesions with FFR >0.80 were inten-
tionally left untreated. Because the purpose of this
study is to investigate the prognostic value of resid-
ual coronary disease after functionally complete
revascularization, patients presenting with ACS who
underwent successful FFR-guided PCI were enrolled
from the 3 studies (Figure 1). Therefore, patients who
were randomized to the angiography-guided group or
the culprit-only PCI group were not included in this
analysis. Patients were further excluded from the
present study if the clinical outcome data and/or
post-procedural angiogram data were not available or
if a PCI attempt was unsuccessful.

The original studies were approved by an institu-
tional 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 the
DANAMI-3-PRIMULTI trial, patients presenting with
STEMI and randomized to FFR-guided complete
revascularization were brought back to the cardiac
catheterization laboratory within 48 h after the index
procedure. In all patients in the current analysis, FFR
was measured with a 0.014-inch pressure sensor
guidewire (then St. Jude Medical, Uppsala, Sweden).
After intracoronary injection of nitroglycerin, equal-
ization to the guide catheter pressure with the sensor
positioned at the ostium of the coronary artery was
performed, and the pressure guidewire was advanced
beyond the stenosis in the target coronary artery. To
induce maximal hyperemia, intravenous adenosine
was administered at 140 mg/kg/min. Simultaneous
measurement of the mean proximal coronary pres-
sure with the guide catheter and the mean distal
coronary pressure with the pressure guidewire was

https://clinicaltrials.gov/ct2/show/NCT01960933
https://clinicaltrials.gov/ct2/show/NCT01960933
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performed. FFR was calculated as the ratio of the
mean distal to proximal coronary pressure during
hyperemia. All patients received dual antiplatelet
therapy for at least 1 year after PCI (15–17).

CALCULATION OF RSS. The detailed methodology
for calculating the SYNTAX score can be found else-
where (3,4). In brief, the SYNTAX score can be
calculated from the pre-procedural angiogram, in
which each coronary lesion producing $50% diameter
stenosis in vessels $1.5 mm by visual estimation is
scored separately using the SYNTAX score algorithm
from the website, and they are added together to
obtain the overall SYNYAX score.

For the calculation of the RSS, post-procedural
angiograms were reviewed on all patients enrolled
in this study by a dedicated interventional cardiol-
ogist who was blinded to the baseline clinical char-
acteristics, procedural data including FFR values,
and clinical outcomes. From the post-procedural
angiogram, each coronary lesion producing $50%
diameter stenosis in vessels $1.5 mm by visual
estimation but left untreated was scored separately,
and individual scores were added to provide the RSS
(2). A higher RSS value suggests more coronary ar-
tery disease left untreated after PCI, and RSS ¼ 0
suggests angiographic complete revascularization.
Post-procedural angiograms from 50 patients were
randomly selected and reanalyzed by the same
interventional cardiologist (Y.K.) and by a second
independent interventional cardiologist (T.N.) to
assess the intraobserver and interobserver variability
of the RSS.

ENDPOINTS. An independent clinical events com-
mittee was prospectively established in the design of
each of the trials. The clinical events committee
members who were blinded to treatment strategy
adjudicated all events. The primary endpoint of this
study was major adverse cardiac events (MACE),
defined as a composite of all-cause death, myocardial
infarction, or any repeat revascularization at 2 years
after the index procedure.

STATISTICAL ANALYSIS. Categorical variables,
including the primary endpoint and its individual
components, are presented as counts and percent-
ages. The chi-square test was used for comparisons of
categorical variables. Continuous variables are pre-
sented as mean and SD. Normality of the continuous
variables was confirmed with the Shapiro-Wilk test.
Depending on the result of Levene test for homosce-
dasticity, 2-sets of variables with normal distribution
were compared with the Student’s 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. An overall difference of vari-
ables among the subgroups was determined by 1-way
analysis of variance or Jonckheere-Terpstra test. The
reproducibility of the RSS was evaluated by calcu-
lating intraobserver and interobserver variability us-
ing the intraclass correlation. Kaplan-Meier curves
are shown for the time-to-event distributions of
MACE as stratified by RSS subgroups. Patients
without event were censored at 2 years (730 days).
Cox-proportional hazards model was used to estimate
unadjusted and adjusted hazard ratios of RSS as a
continuous variable. Adjustment was performed
using the 2 models. Model 1 included the following
key clinical variables: age, sex, diabetes, hyperten-
sion, hypercholesterolemia, previous myocardial
infarction, presentations, and culprit vessel. Model
2 included the same variables as model 1 and the pre-
defined additional following continuous variables:
creatinine, peak troponin T, and ejection fraction. A
p value < 0.05 was considered statistically significant.
Statistical analyses were performed using SPSS
version 21 software (SPSS, Chicago, Illinois).

RESULTS

A total of 547 patients who presented with ACS from
the FFR-guided PCI cohort of the FAME, FAMOUS-
NSTEMI, and DANAMI-3-PRIMULTI were enrolled in
this study (Figure 1). Overall, the mean age was 63 �
11 years, 78% were male, and 77% of patients
completed the 2-year follow-up. The mean and
median RSS was 6.7 � 5.8 and 6.0 (2.0 to 10.0),
respectively. The intraobserver variability of the RSS
using the intraclass correlation analysis was 0.94,
95% confidence interval: 0.90 to 0.97 (p < 0.001),
and the interobserver variability of the RSS using
the intraclass correlation analysis was 0.95, 95%
confidence interval: 0.91 to 0.97 (p < 0.001).

About one-half of the patients (n ¼ 271, 49.5%)
presented with unstable angina or NSTEMI and the
remaining one-half (n ¼ 276, 50.5%) presented with
STEMI (13). The mean RSS was similar between the
2 groups (6.6 � 6.0 vs. 6.8 � 5.6; p ¼ 0.35).

Clinical characteristics of the patients in the 3 trials
are summarized in Online Table 1. Although there
were significant differences in some clinical charac-
teristics such as age, comorbidities, and previous
history of myocardial infarction or PCI, as might be
expected, the mean RSS was similar (FAME vs.
FAMOUS-NSTEMI vs. DANAMI-3-PRIMULTI: 6.9 �
6.0 vs. 6.3 � 6.0 vs. 6.8 � 5.6; p ¼ 0.65).

COMPARISONS OF BASELINE DATA AMONG RSS

SUBGROUPS. Comparisons of clinical characteristics
among RSS subgroups (RSS ¼ 0, 1 to <5, 5 to <10, $10)

https://doi.org/10.1016/j.jacc.2018.06.069


TABLE 1 Comparison of Clinical Characteristics Among the RSS Subgroups

Overall
(N ¼ 547)

RSS

0
(n ¼ 83)

1 to <5
(n ¼ 139)

5 to <10
(n ¼ 179)

$10
(n ¼ 146)

p Value
for Trend

RSS 6.7 � 5.8 0 2.7 � 0.9 6.7 � 1.4 14.4 � 4.8

Clinical characteristics

Age, yrs 63 � 11 61 � 11 62 � 11 65 � 12 64 � 11 <0.01

Male 426 (77.9) 72 (86.7) 104 (74.8) 136 (75.6) 114 (78.6) 0.34

Diabetes 78 (14.3) 4 (4.8) 16 (11.5) 31 (17.2) 27 (18.6) <0.01

Hypertension 264 (48.4) 37 (44.6) 62 (44.6) 87 (48.6) 78 (53.8) 0.11

Hypercholesterolemia 247 (45.2) 36 (43.4) 53 (38.1) 82 (45.6) 76 (52.4) 0.05

Family history 266 (48.6) 41 (50.6) 70 (51.1) 93 (51.7) 62 (43.4) 0.26

Current smoker 235 (43.0) 32 (38.6) 70 (50.4) 74 (41.1) 59 (40.7) 0.60

Previous myocardial infarction 90 (16.5) 13 (15.7) 18 (12.9) 31 (17.2) 28 (19.3) 0.24

Previous PCI 71 (13.0) 8 (9.6) 18 (12.9) 24 (13.3) 21 (14.5) 0.33

UA/NSTEMI 271 (49.5) 45 (54.2) 70 (50.4) 86 (47.8) 70 (48.3) 0.37

STEMI 276 (50.5) 38 (45.8) 69 (49.6) 94 (52.2) 75 (51.7)

Values are mean � SD or n (%).

PCI ¼ percutaneous coronary intervention; RSS ¼ residual SYNTAX score; STEMI ¼ ST-segment elevation myocardial infarction; UA/NSTEMI ¼ unstable angina/non–ST-
segment elevation myocardial infarction.

TABLE 2 Comparison of Outcomes at 2 Years Among the RSS Subgroups

Overall
(N ¼ 547)

RSS

0
(n ¼ 83)

1 to <5
(n ¼ 139)

5 to <10
(n ¼ 179)

$10
(n ¼ 146)

p Value
for Trend

MACE 69 (12.6) 11 (13.3) 11 (7.9) 29 (16.1) 18 (12.4) 0.51

Death 14 (2.6) 2 (2.4) 1 (0.7) 8 (4.4) 3 (2.1) 0.58

Myocardial infarction 31 (5.7) 4 (4.8) 7 (5.0) 11 (6.1) 9 (6.2) 0.58

Repeat revascularization 37 (6.8) 5 (6.0) 7 (5.0) 15 (8.3) 10 (6.9) 0.52

Death or myocardial infarction 43 (7.9) 6 (7.2) 8 (5.8) 17 (9.4) 12 (8.3) 0.48

Values are n (%).

MACE ¼ major adverse cardiac event(s) (defined as a composite of all-cause death, myocardial infarction, or
any repeat revascularization); RSS ¼ residual SYNTAX score.
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are summarized in Table 1. Baseline patient clinical
characteristics were similar among RSS subgroups,
except for age (p for trend <0.01) and incidence
of diabetes (p for trend <0.01). The incidence of
diabetes was lowest in patients with RSS ¼ 0, which
represents angiographically complete revasculariza-
tion. The proportion of presentations was also similar
among RSS subgroups (p for trend ¼ 0.37).

CLINICAL OUTCOMES. MACE occurred in 69 patients
(12.6%) during 2-year follow-up. RSS was similar
between patients with and without MACE (RSS: 7.2 �
5.5 vs. 6.6 � 5.9; p ¼ 0.23). As shown in Table 2, MACE
and each component of MACE was not different
among the RSS subgroups. Kaplan-Meier curves
stratified by the RSS subgroups showed no significant
separation (log-rank p for trend ¼ 0.54) (Figure 2),
and RSS ¼ 0 and the highest RSS subgroups were
superimposed.

Table 3 summarizes the unadjusted hazard ratio
of RSS in predicting MACE and each component of
MACE. By univariable Cox proportional hazards
model, RSS was not predictive of MACE and each
component of MACE (all p > 0.05). Online Table 2
summarizes the adjusted hazard ratio of RSS in pre-
dicting MACE and each component of MACE. After
adjusting for patient age, sex, risk factors, previous
myocardial infarction, presentation, and culprit
vessel (model 1), RSS was not predictive of MACE
or each component of MACE (all p > 0.05). In this
model, diabetes was a significant predictor of MACE
(p ¼ 0.04) and repeat revascularization (p ¼ 0.02).
Similarly, age was a significant predictor of death
(p ¼ 0.003) and hypercholesterolemia was a signifi-
cant predictor of myocardial infarction (p ¼ 0.003)
and death or MI (p ¼ 0.009). After adjusting for
parameters included in model 1, creatinine, peak
troponin T, and ejection fraction (model 2), RSS was
not predictive of MACE and each component of
MACE (all p > 0.05). In this model, peak troponin
T was a predictor of MACE (p ¼ 0.01) and death or
myocardial infarction (p ¼ 0.01). Similarly, age was a
significant predictor of death (p ¼ 0.01).

DISCUSSION

The principal finding of the present study is that the
RSS is not a significant predictor of MACE or each
component of MACE at 2-year follow-up in
patients who underwent functionally complete
revascularization with FFR guidance after presenting

https://doi.org/10.1016/j.jacc.2018.06.069


TABLE 3 Unadjusted Hazard Ratios of the RSS for Outcomes at

2 Years

Unadjusted HR 95% CI p Value

MACE 1.01 0.98–1.05 0.46

Death 1.02 0.94–1.11 0.67

Myocardial infarction 1.02 0.96–1.08 0.60

Repeat revascularization 1.01 0.96–1.07 0.66

Death or myocardial infarction 1.02 0.97–1.07 0.47

CI ¼ confidence interval; HR ¼ hazard ratio; other abbreviations as in Table 2.

FIGURE 2 Kaplan-Meier Curves at 2 Years Stratified By the RSS Subgroups
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with an ACS (Central Illustration). The RSS of our
population was similar to or higher than previous
studies showing prognostic value of RSS after
angiography-guided PCI (1,2). These results suggest
that an FFR-guided PCI strategy offers an appropriate
level of revascularization even in ACS patients with
potentially vulnerable nonculprit stenoses.

There has been concern regarding the safety and
accuracy of FFR measurements in the ACS setting.
This stems in part from the potential for transient
coronary microvascular dysfunction in the culprit
vessel territory, which theoretically could involve
nonculprit territories as well, leading to a blunted
maximal coronary flow down the nonculprit vessels
and a falsely elevated FFR. Deferral of PCI on un-
recognized significant disease could lead to
increased event rates. Concern also stems from the
possibility that nonculprit disease, which is not he-
modynamically significant based on FFR, might be
more likely to cause events in the ACS setting
because of systemic inflammation and plaque
vulnerability. In the study by Hakeem et al. (18),
deferring PCI using FFR in patients presenting with
ACS was associated with significantly worse out-
comes than in patients with stable angina; however,
this may be due to the inherently higher risk of pa-
tients presenting with ACS than stable angina. The
data from the current study and from a recent ani-
mal study do not support these concerns, at least in
patients treated with dual antiplatelet therapy for 1
year (19).

This current study builds on data from previous
trials. As first shown in a FAME substudy, the benefit
of using FFR to guide PCI is similar in an unstable
angina/NSTEMI population as compared with a stable
angina population (20). Subsequently, the use of
FFR including the culprit lesion of NSTEMI was
shown to be feasible and safe in the randomized
controlled trial setting (13). In the STEMI population,
2 large-scale randomized controlled trials have
demonstrated the feasibility and safety of using FFR
to assess nonculprit disease after primary PCI (14,21).
These trials and other previous studies compared
either an angiographically or functionally complete
revascularization strategy against a culprit-only
revascularization strategy (14,21–23). In this context,
the current study may broaden the applicability of
functionally complete revascularization to the ACS
population by showing that residual coronary disease
is not predictive of outcome in this population either.

As previously shown by Nam et al. (24), the prog-
nostic value of the angiography-based SYNTAX score
measured before PCI is enhanced by integrating
functional information and calculating the “func-
tional SYNTAX score.” We did not explore the pre-
dictive value of the SYNTAX score or functional
SYNTAX score in this study, because these scoring
systems are not universally used in ACS, especially
STEMI, due to the large effect of culprit lesion
location (total occlusion) on both the score and the
clinical outcome (25).

STUDY LIMITATIONS. First, given the pooled anal-
ysis, differences in trial design, such as the definition



CENTRAL ILLUSTRATION Concept of Functionally Complete Revascularization in Acute Coronary Syndromes

Kobayashi, Y. et al. J Am Coll Cardiol. 2018;72(12):1321–9.

In patients presenting with acute coronary syndromes (ACS) and multivessel disease, 3 management strategies exist after the revascularization of the culprit vessel.

First, one can treat the nonculprit disease medically (culprit-only revascularization). Second, one can treat only nonculprit lesion(s) with positive fractional flow

reserve (FFR) (functionally complete revascularization). Third, one can treat all nonculprit stenoses based on the angiogram (angiographic complete revascularization).

As shown in previous studies, complete revascularization of nonculprit disease leads to a better prognosis compared with culprit-only revascularization, in patients

presenting with acute coronary syndromes and multivessel disease. In this study, we found that the extent of residual coronary disease after functionally complete

revascularization is not prognostically important, adding support to the concept that functionally complete revascularization is the best mode of revascularization in

this setting. LAD ¼ left anterior descending artery; LCx ¼ left circumflex artery; MACE ¼ major adverse cardiac events; PCI ¼ percutaneous coronary intervention;

RCA ¼ right coronary artery; RSS ¼ residual SYNTAX score; Rx ¼ treatment.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE: After revascu-

larization of significant stenoses based on FFR

measurements in patients presenting with ACS, the

extent of residual angiographic disease is not associ-

ated with subsequent ischemic events.

TRANSLATIONAL OUTLOOK: Prospective studies

are needed to compare the prognostic implications of

FFR-guided versus angiography-guided revasculari-

zation in patients with ACS.
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of myocardial infarction (26,27), revascularization
strategy, or antiplatelet therapy, may have affected
the results. Second, we do not have a clear answer
about whether single-staged or multistaged PCI
(and FFR measurement) is preferable in a
STEMI population, whereas Sardella et al. (28)
showed the superiority of single-staged complete
revascularization in the NSTEMI population. Third,
although this pooled analysis involves more than 500
patients presenting with ACS, the statistical power
may not be adequate to prove our hypothesis.
Nevertheless, the fact that typical variables associ-
ated with outcome were significant but RSS was not
suggests that RSS will not be a stronger predictor than
these well-known variables. Fourth, although the
goal in this study was to achieve functionally com-
plete revascularization based on FFR guidance, likely
some functionally significant lesions were left un-
treated due to disease complexity, procedural failure,
or operator discretion. As shown in a recent study, a
“functional” RSS assessed by post-PCI FFR measure-
ments is related to adverse outcome (29). Therefore,
the results of the current study could be even more
robust if all patients achieved a functionally complete
revascularization by post-PCI FFR measurements.
Finally, because this study is a post hoc analysis of
the FFR-guided PCI arm of the 3 clinical trials, which
were not designed to assess the impact of residual
lesions after FFR-guided PCI, the results of the pre-
sent study should be interpreted as hypothesis-
generating.
CONCLUSIONS

After complete revascularization of functionally sig-
nificant stenoses by FFR, the extent of residual angio-
graphically significant but functionally insignificant
disease is not a predictor of subsequent ischemic
events in patients presenting with ACS. These results
suggest that functionally complete revascularization
is applicable even in ACS patients with potentially
vulnerable nonculprit stenoses.

ADDRESS FOR CORRESPONDENCE: Dr. William F.
Fearon, Division of Cardiovascular Medicine,
Stanford University Medical Center, 300 Pasteur
Drive, H2103, Stanford, California 94305-5218. E-mail:
wfearon@stanford.edu. Twitter: @StanfordMed.
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