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ABSTRACT

Background: Risk scores, like the Synergy Between Percutaneous
Coronary Intervention With Taxus and Cardiac Surgery (SYNTAX)
score (SS), clinical SS, logistic SS (core model and extended model
[LSSextendeal), Age, Creatinine, and Ejection Fraction (ACEF) score,
and modified ACEF score, are predictive for major adverse cardiac
events (MACE; including all-cause mortality, myocardial infarction
[MI], and revascularization) in patients who have undergone percu-
taneous coronary intervention (PCl). However, few studies have
validated the performance of these scores in complete revasculari-
zation (CR) patients. We aimed to compare the performance of
previous risk scores in patients who achieved CR after PCI.
Methods: All patients (N = 10,724) who underwent PCl at Fuwai
Hospital in 2013 were screened, and those who achieved CR after PCI

Complete revascularization (CR), which is defined as revas-
cularization of all diseased coronary artery segments, has been
reported to be associated with better long-term prognoses and
clinical outcomes compared with the prognoses and outcomes
of incomplete revascularization in patients who have under-
gone percutaneous coronary intervention (PCI)."* Because
CR is considered to be the optimal PCI strategy, inter-
ventionalists tend to revascularize all coronary arteries
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RESUME

Contexte : Les scores de risque comme le score SYNTAX (Synergy
Between Percutaneous Coronary Intervention With Taxus and Cardiac
Surgery) (SS), le SS clinique, le SS logistique (modéle de base et
modéle étendu [LSSgienau]), l€ score ACEF (Age, Creatinine, and Ejec-
tion Fraction) (ACEF) et le score ACEF modifié, permettent de prédire
les événements cardiaques indésirables majeurs (ECIM, y compris la
mortalité toutes causes confondues, I'infarctus du myocarde [IM] et la
revascularisation) chez les patients ayant subi une intervention coro-
natienne percutanée (ICP). Toutefois, rares sont les études qui ont
confirmé I'efficacité de ces scores chez les patients ayant obtenu une
revascularisation compléte (RC). Nous avons voulu comparer
I'efficacité des scores de risque susmentionnés chez des patients
ayant obtenu une RC aprés une ICP.

whenever possible. It has been reported that aPproximately
40%-60% of patients achieve CR after PCL.”” However,
among patients who achieve CR after PCI, it is still unpre-
dictable as to which subgroup of patients will have favourable
prognoses and which subgroup is at high risk for adverse
events in the long term.

Clinical prediction models, such as the Synergy Between
Percutaneous Coronary Intervention With Taxus and Car-
diac Surgery (SYNTAX) score (SS), the derived scores of SS
(residual SS [RSS], clinical SS [CSS], and logistic SS [LSS;
core model (LSS, and extended model (LSS ended)])s
Age, Creatinine, and Ejection Fraction (ACEF) score (AS),
and modified AS (MAS), have been shown to predict
adverse outcomes in patients who have undergone PCL.>"""
However, few large-sample studies have been performed to
validate the predictive capacities of these scores in CR
patients.

Thus, the present study aimed to evaluate and compare the
performance of these risk scores (SS, CSS, LSScore> LSSextendeds
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were enrolled. Risk scores were calculated by experienced cardiolo-
gists blinded to the clinical outcomes. Discrimination of risk scores
was assessed according to the area under the receiver operating
characteristic curve (AUC).

Results: Fifty-one percent (5375/10,724) of patients who underwent
PCI achieved CR. At a mean follow-up of 2.4 years, the mortality, M,
revascularization, and MACE rates were 1.2%, 1.0%, 6.3%, and 7.7%,
respectively. SS was not predictive for mortality (AUC, 0.51; 95%
confidence interval [Cl], 0.44-0.59). All scores involving clinical vari-
ables, especially modified ACEF score (AUC, 0.73; 95% Cl, 0.66-0.79),
could predict mortality. LSS¢ytengeq Was the most accurate for MI (AUC,
0.68; 95% Cl, 0.61-0.75). SS and LSS iendea Were predictive for
revascularization, with marginally significant AUCs (SS, 0.54;
LSSextended: 0-55). No score was particularly accurate for predicting
MACE, with AUCs ranging from 0.51 (ACEF score) to 0.58 (LSScxtended)-
Conclusions: In CR patients, risk scores involving clinical variables
might help to predict mortality; however, no risk scores showed helpful
discrimination for MACE.

AS, and MAS) for predicting adverse cardiac events in patients
who achieved CR after PCI.

Methods
Study population

Between January 2013 and December 2013, 10,724
consecutive patients underwent PCI at Fuwai Hospital in
Beijing, China. Among these patients, only those who ach-
ieved CR after PCI were included in this study. CR was
defined as RSS equal to 0.” The exclusion criteria were as
follows: (1) history of coronary artery bypass grafting; and (2)
hybrid coronary revascularization. Of the 10,724 patients,
5375 were eligible for this all-comer single-centre retrospective
study.

The ethics committee of the Cardiovascular Institute and
Fuwai Hospital approved this study.

Procedure and periprocedural medications

In all patients, the interventional strategy and instrumen-
tation used were at the discretion of the interventional car-
diologists. Coronary angioplasty was performed in the
conventional manner, and coronary stents or other proced-
ures/devices were used only when required.

Periprocedural antiplatelet and antithrombotic medications
were administered at the discretion of the operator and ac-
cording to current guidelines. For patients who did not receive
clopidogrel and aspirin within 7 days, administration of 300 mg
clopidogrel and 300 mg aspirin as loading doses within 24 hours
before the procedure was mandatory. Lifelong aspirin (100 mg/
d) was prescribed to all patients. Additionally, atleast 12 months
of clopidogrel (75 mg/d) was recommended to all patients.
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Méthodologie : Tous les patients (N = 10 724) ayant subi une ICP en
2013 a I'hdpital Fuwai ont été examinés et ceux qui ont obtenu une RC
apres une ICP ont été inclus dans I'étude. Les scores de risque ont été
calculés par des cardiologues expérimentés qui n’étaient pas informés
des issues cliniques de l'intervention. La discrimination des scores de
risque a été évaluée par l'aire sous la courbe (ASC) ROC (receiver
operating characteristic).

Résultats : Cinquante et un pour cent (5375/10 724) des patients
ayant subi une ICP ont obtenu une RC. Aprés une période de suivi
moyenne de 2,4 ans, les taux de mortalité, d’IM, de revascularisation
et d’ECIM étaient de 1,2 %, 1,0 %, 6,3% et 7,7 %, respectivement. Le
SS ne permettait pas de prédire la mortalité (ASC, 0,51; intervalle de
confiance [IC] a 95 %, de 0,44 a 0,59). Tous les scores tenant compte
de variables cliniques, en particulier le score ACEF modifié (ASC, 0,73;
IC 4 95 %, de 0,66 a 0,79), étaient prédictifs de la mortalité. Le
LSS¢ienau €tait le plus précis pour I'IlM (ASC, 0,68; IC & 95 %, de 0,61 a
0,75). Le SS et le LSS¢enqu €taient prédictifs de la revascularisation,
avec des valeurs de I'ASC marginalement significatives (SS, 0,54;
LSS¢tenaws 0,55). Aucun score n’a permis de prédire de facon partic-
ulierement précise la survenue des ECIM, pour lesquels la valeur de
I’ASC variait de 0,51 (score ACEF ) a 0,58 (LSS¢tendu)-

Conclusions : Chez les patients RC, les scores de risque tenant
compte de variables cliniques poutrraient contribuer a prédire la mor-
talité; toutefois, aucun score de risque ne présentait une discrimina-
tion suffisante pour prédire la survenue des ECIM.

Score calculations

Experienced interventional cardiologists who were blinded
to the clinical outcomes performed score calculations in the
core laboratory of Fuwai Hospital. If interobserver grading
differed, consensus was reached after review. Baseline SS was
calculated for each patient by scoring all coronary lesions
using the SS algorithm, as described previously.”'" AS was
calculated using the following formula: age (years)/ejection
fraction (%) + 1 (if the serum creatinine level is > 2 mg/
dL).” MAS was calculated using the following formula: age/
ejection fraction + 1 point for every 10 mL/min reduction in
creatinine clearance below 60 mL/min/1.73 m” (up to a
maximum of 6 points).” CSS was calculated by multiplying
the value of SS by MAS. LSS was calculated according to the
method described in previous studies, and the scores for
LSS.o; and LSS, cndeq Were recorded.®'” Among the 5375
patients, 133 had missing data for left ventricular ejection
fraction and 1 had missing data for serum creatinine level. For
these patients, single imputation was performed using the
median of existing data. In total, 134 (2.49%) missing data
items were imputed.

Data collection and definitions

Clinical data were obtained via a review of the medical
records. All baseline and procedural cine angiograms were
reviewed and analyzed by reviewers from an independent core
laboratory. Coronary angiography findings, including lesion
location, baseline Thrombolysis in Myocardial Infarction
(TIMI) flow grade, thrombus-containing lesions, and stenosis
diameter, were recorded. Additionally, procedural character-
istics, including multivessel treatment, total stent length, and
bifurcation treatment, were recorded. Blood samples were
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routinely obtained from all patients before the procedure.
Creatinine clearance was assessed using the Cockeroft-Gault
equation. 12

Follow-up data were obtained during outpatient clinic
visits or via phone. The vital signs of each patient were
determined by performing assessments during outpatient
clinic visits or by evaluating patient-/family-reported data. If
necessary, the vital status and cause of death were ascertained
from the National Death Registry of China (Centers for
Disease Control and Prevention’s Death Registry System).

The term, “major adverse cardiac events” (MACE) indicated
the composite of myocardial infarction (MI), revascularization,
and all-cause mortality. The definition of periprocedural
myocardial injury is presented in the Methods section of the
Supplementary Material. All end points were defined according
to Academic Research Consortium definitions."*

Statistical methods

Continuous data are presented as mean =+ SD, and the data
were compared using Student # test or the nonparametric test
as appropriate. Categorical data are presented as counts and
percentages, and the data were compared using the % test.

To assess the relationships between the risk scores and the
incidence of mortality and MACE, we determined the tertiles
of each score and evaluated the trends of event rates across
tertiles using the Cochran-Armitage test.

The discrimination of risk scores was determined according
to the area under the receiver operating characteristic curve
(AUQC),"” with 0.5 indicating chance and 1 indicating perfect
discrimination. AUCs were compared using a nonparametric
approach, which has been described previously.'® The cali-
bration of risk scores was measured according to the calibra-
tion slope'” (plotting the observed proportions vs the
predicted probabilities), with 1 indicating perfect calibration.
The udility of risk scores was described according to the de-
cision curve, ®!? with a higher net benefit across the range of
thresholds indicating better clinical effects. The performance
of each score compared with SS was evaluated according to the
AUC improvement, continuous net reclassification improve-
ment (NRI), and integrated discriminatory improvement
(IDD).?° To further account for the time to the event, the
C-statistics of Cox regression models were calculated.”’ Pa-
tients with 3-vessel disease (3-VD) and/or left main disease
(LM) were considered as high-risk patients, and for these
patients, we performed a subgroup analysis to validate the
discrimination and calibration of the risk scores. All P values
were 2-tailed, and a P value < 0.05 was considered statistically
significant. All statistical analyses were performed using SAS
9.4 software (SAS Institute, Cary, NC).

Results

Rates of adverse events

The proportion of patients who achieved CR after PCI was
50.1% (5375/10,724). The mean follow-up duration was 2.4
years. After the procedure, 40 patients were lost to follow-up at 1
year and 36 additional patients were lost to follow-up at 2 years.
Thus, 5299 (98.6%) patients completed follow-up for 2 years.
During the follow-up, the mortality, M1, and revascularization
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rates were 1.2%, 1.0%, and 6.3%, respectively, and the cumu-
lative MACE rate was 7.7% (415/5375).

Among all CR patients, 25.4% (1363/5375) had 3-VD
and/or LM. The event rates were higher in these high-risk
patients, with mortality, MI, revascularization, and MACE
rates of 1.2%, 1.3%, 9.1%, and 10.5%, respectively.

Baseline, lesion, and procedure characteristics

The baseline characteristics of the CR patients are pre-
sented in Table 1. The mean patient age was 57.3 years, and
the proportion of male patients was 77.0% (4140/5375).
Among all patients, the left ventricular ejection fraction was
significantly lower, and histories of diabetes mellitus, MI,
PCI, and cerebrovascular disease were significantly more
frequent in the MACE group than in the non-MACE group.
The other baseline characteristics were not significantly
different between the MACE and non-MACE groups. Among
patients in the 3-VD and/or LM subgroup, similar trends
were noted; however, the differences were less significant.

Table 1 also shows the lesion and procedure characteristics.
Among all patients, chronic total occlusion and type C lesions
were significantly more frequent in the MACE group than in
the non-MACE group. However, transradial PCI was signif-
icantly more frequently performed in the non-MACE group
than in the MACE group. An intra-aortic balloon pump was
more frequently used during PCI in the MACE group than in
the non-MACE group. Among patients in the 3-VD and/or
LM subgroup, similar trends were noted.

More details on the baseline, lesion, and procedure char-
acteristics are presented in Supplemental Tables S1-S6.

Distributions of risk scores

The distributions of risk scores are presented in Figure 1
(for all CR patients) and Supplemental Figure S1 (for pa-
tients with 3-VD and/or LM). All risk scores showed
abnormal distribution (all P values for normality < 0.01).

Supplemental Table S7 shows the median and interquartile
range values of the risk scores according to event. Among all
patients, SS, CSS, LSS ore> and LSSexcended Were significantly
higher in the MACE group than in the non-MACE group
(§S: 8 vs 7, P=0.01; CSS: 7.22 vs 6.56, P < 0.01; LSS, ,.: 4
vs 3, P < 0.01; and LSScyendea: 9 vs 8, P < 0.01, respec-
tively). There was no significant difference in AS and MAS
between the groups. Among patients in the 3-VD and/or LM
subgroup, similar trends were noted (Supplemental Table S8).

With regard to the incidence of MACE across the tertiles
of risk scores (Supplemental Table S9), we found that the
MACE rate increased significantly for SS and its derived
scores. However, for AS and MAS, there were no significant
differences.

Discrimination of risk scores

Figure 2 shows the receiver operating characteristic curves
of the risk scores for mortality, MI, revascularization, and
MACE according to logistic regression analyses. The accom-
panying odds ratios and AUCs are presented in Table 2. The
performance of each score compared with SS is presented in
Table 2 (AUC improvement), Table 3 (NRI), and Table 4
(IDI).



Table 1. Baseline, lesion, and procedure characteristics

All CR patients Patients with 3-VD and/or LM
MACE Non-MACE MACE Non-MACE

Characteristic Total (n = 5375) (n = 415, 7.7%) (n = 4960, 92.3%) rt Total (n = 1363) (n = 143, 10.5%) (n = 1220, 89.5%) P*
Age, years 57.3 + 10.3 57.6 £ 10.4 57.3 +10.3 0.50 58.8 = 10.3 58.8 = 10.8 58.8 £ 10.2 1.00
Male sex 4140 (77.0) 328 (79.0) 3812 (76.9) 0.31 1050 (77.0) 115 (80.4) 935 (76.6) 0.31
BMI 259 + 3.2 259 £ 3.2 259 £ 3.2 0.89 259 + 3.4 262 £ 3.4 25.9 + 3.4 0.32
EF, % 63.2 + 6.9 62.1 +£7.5 63.2 £ 6.9 0.003 62.6 £7.3 615 +77 62.7 £7.3 0.08
CCR, mL/min 99.9 + 27.8 99.9 + 28.7 99.9 + 27.7 0.99 98.2 + 28.9 99.0 + 29.3 98.1 + 28.9 0.73
Diabetes mellitus 1398 (26.0) 135 (32.5) 1263 (25.5) 0.002 446 (32.7) 57 (39.9) 389 (31.9) 0.05
Hypertension 3321 (61.8) 267 (64.3) 3054 (61.6) 0.27 882 (64.7) 101 (70.6) 781 (64.0) 0.12
Hyperlipidemia 3545 (66.0) 283 (68.2) 3262 (65.8) 0.32 894 (65.6) 104 (72.7) 790 (64.8) 0.06
Diagnosis at PCI 0.91 0.38

STEMI 763 (14.2) 64 (15.4) 699 (14.1) 189 (13.9) 24 (16.8) 165 (13.5)

NSTEMI 232 (4.3) 17 (4.1) 215 (4.3) 67 (4.9) 9 (6.3) 58 (4.8)

Unstable angina 2340 (43.5) 178 (42.9) 2162 (43.6) 542 (39.8) 61 (42.7) 481 (39.4)

Stable angina 1619 (30.1) 127 (30.6) 1492 (30.1) 455 (33.4) 41 (28.7) 414 (33.9)

Asymptomatic 421 (7.8) 29 (7.0) 392 (7.9) 110 (8.1) 8 (5.6) 102 (8.4)
Previous MI 884 (16.5) 83 (20.0) 801 (16.2) 0.04 278 (20.4) 32 (22.4) 246 (20.2) 0.53
Previous PCI 1203 (22.4) 116 (28.0) 1087 (21.9) 0.005 342 (25.1) 39 (27.3) 303 (24.8) 0.52
Previous cerebrovascular disease 491 (9.1) 55 (13.3) 436 (8.8) 0.002 140 (10.3) 20 (14.0) 120 (9.8) 0.12
Current smoker 3057 (56.9) 252 (60.7) 2805 (56.6) 0.10 786 (57.7) 86 (60.1) 700 (57.4) 0.53
COPD 114 2.1) 9 (2.2) 105 (2.1) 0.94 21 (1.5) 3 (2.1) 18 (1.5) 0.48
Peripheral vascular disease 121 (2.3) 10 (2.4) 111 (2.2) 0.82 36 (2.6) 1(0.7) 35 (2.9) 0.17
Lesion type < 0.001 0.08

A 494 (9.2) 25 (6.0) 469 (9.5) 50 (3.7) 1(0.7) 49 (4.0)

B1 957 (17.8) 64 (15.4) 893 (18.0) 146 (10.7) 18 (12.6) 128 (10.5)

B2 969 (18.0) 58 (14.0) 911 (18.4) 188 (13.8) 14 (9.8) 174 (14.3)

C 2955 (55.0) 268 (64.6) 2687 (54.2) 979 (71.8) 110 (76.9) 869 (71.2)
CTO 935 (17.4) 110 (26.5) 825 (16.6) < 0.001 345 (25.3) 59 (41.3) 286 (23.4) < 0.001
Transradial approach 5131 (95.5) 386 (93.0) 4745 (95.7) 0.01 1291 (94.7) 130 (90.9) 1161 (95.2) 0.03
Total length of stents, mm 38.8 + 26.3 41.3 £ 26.5 38.5 + 26.3 0.002 54.5 + 32.9 53.5 4+ 28.9 54.6 + 33.3 0.69
IABP 57 (1.1) 14 (3.4) 43 (0.9) < 0.001 31 (2.3) 7 (4.9) 24 (2.0) 0.04

Data are mean £ SD or n (%) unless otherwise stated.

BMI, body mass index; CCR, creatinine clearance rate; COPD, chronic obstructive pulmonary disease; CR, complete revascularization; CTO, chronic total occlusion; EF, ejection fraction; IABP, intra-aortic balloon
pump; LM, left main disease; MACE, major adverse cardiovascular events; MI, myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-
segment elevation myocardial infarction; 3-VD, 3-vessel disease.

* Comparisons between MACE and non-MACE were made using Student 7 tests for continuous variables and 7 tests or Fisher exact tests as appropriate for categorical variables.
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Figure 1. Distributions of risk scores for all CR patients. All of these risk scores were abnormal distribution (All P value for normality < 0.01). (A)
Distribution of SYNTAX score. (B) Distribution of clinical SYNTAX score. (C) Distribution of logistic SYNTAX score (core model). (D) Distribution of
logistic SYNTAX score (extended model). (E) Distribution of ACEF score. (F) Distribution of modified ACEF score. ACEF, Age, Creatinine, and Ejection
Fraction; IQR, interquartile range; SYNTAX, Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery.

Discrimination for mortality. SS was not predictive for
mortality (AUC, 0.51; 95% confidence interval [CI], 0.44-
0.59). All scores involving clinical variables (CSS, LSS e

significantly better than chance (all P < 0.05). The AUCs of
these scores ranged from 0.60 (CSS) to 0.73 (MAS; Table 2).
Among the scores, MAS showed the highest AUC (0.73;

LSSexiendets AS, and MAS) could predict mortality 95% CI, 0.66-0.79). The odds ratio of MAS for mortality was
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Figure 2. Receiver operating characteristic (ROC) curves of risk scores for mortality, myocardial infarction (Ml), revascularization, and major adverse
cardiac events (MACE). Area under the ROC curves are shown in Table 2. ACEF, Age, Creatinine, and Ejection Fraction; LM, left main disease;
SYNTAX, Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery; 3-VD, 3-vesseal disease.



Table 2. Discrimination of risk scores

Patients with 3-VD and/or LM
Comparison with the AUC of SS

All CR patients

Comparison with the AUC of SS

‘|e 18 3ueyz

OR (95% CI) AUC (95% CI)* (95% CI) OR (95% CI) AUC (95% CD* (95% CI)

Mortality

SS 1.01 (0.98-1.05) 0.51 (0.44-0.59) - ‘ 1.04 (0.99-1.11) 0.58 (0.42-0.73) - )

CSS 1.03 (1.02-1.05)' 0.60 (0.52-0.68)' 0.09 (0.06—0.12)f 1.04 (1.02—1.06)j 0.74 (0.60-0.89)' 0.17 (0.05-0.29)"

LSScore 1.21 (1.13—1.30)'{' 0.66 (0.59—0.73)7{ 0.15 (0.07-0.22)? 1.40 (1.22-159)17 0.79 (0‘69—0.89)17 0.21 (0.06-0.37)*

LSS eseended 1.17 (1.11-1.22)° 0.67 (0.61-0.74)" 0.16 (0.08-0.24)" 1.26 (1.15-1.37)" 0.80 (0.70-0.90)" 0.22 (0.03-0.41)*

AS 3.12 (1.81-5.38)' 0.68 (0.62-0.74)' 0.17 (0.09—0.25)? 3.27 (1.16—9.17)1 0.70 (0.58-0.82)' 0.12 (—0.08 to 0.33)

MAS 2.19 (1.73-2.77)" 0.73 (0.66-0.79)" 0.21 (0.13-0.29)" 2.72 (1.77-4.18)" 0.76 (0.64-0.89)" 0.19 (—0.04 to 0.41)
MI

SS 1.02 (0.99-1.06) 0.53 (0.44-0.61) - ‘ 1.04 (0.98-1.10) 0.56 (0.42-0.70) -

Css 1.02 (1.00-1.04) 0.58 (0.49-0.67) 0.05 (0.02-0.09)" 1.02 (1.00-1.05) 0.69 (0.56-0.82)! 0.13 (0.02-0.24)"

LSScore 1.12 (1.03—1,21){7 0.58 (0.49-0.67) 0.05 (—0.04 to Q.14) 1.23 (1.07-1.40) ‘ 0.73 (0.64—0.82)T 0.17 (0.01-0.32)"

LSS excended 1.14 (1.08-1.21)" 0.68 (0.61—0.75)t 0.15 (0.07-0.24)" 1.11 (1.01-1.23)' 0.68 (0.57-0.78)' 0.11 (—0.07 to 0.30)

AS 1.76 (0.87-3.53) 0.58 (0.50-0.66)" 0.05 (—0.05 to 0.16) 1.81 (0.59-5.58) 0.63 (0.51-0.74)" 0.07 (=0.15 to 0.29)

MAS 1.65 (1.19-2.30)" 0.61 (0.53-0.69)' 0.08 (—0.02 to 0.19) 2.02 (1.25-3.25)' 0.69 (0.56-0.81)" 0.13 (—0.10 to 0.35)
Revascularization ) )

ss 1.02 (1.01-1.04)° 0.54 (0.51-0.57)" - , 1.01 (0.99-1.04) 0.54 (0.49-0.59) -

CSS 1.01 (0.99-1.02) 0.53 (0.49-0.56) —0.01 (—0.02 to 0.00)° 1.00 (0.98-1.02) 0.48 (0.43-0.54) —0.06 (—0.16 to 0.05)

LSScore 1.02 (0.98—1.06) 0.52 (0.49—0.55)‘ —0.02 (—0.06 to 0.01) 0.96 (0.89-1.03) 0.53 (0.48-0.58) —0.01 (—0.09 to 0.08)

LSS scended 1.04 (1.01-1.07) 0.55 (0.52-0.58)! 0.01 (—0.03 t0 0.05) 1.02 (0.97-1.06) 0.53 (0.48-0.58) ~0.01 (~0.08 t0 0.06)

AS 0.75 (0.53-1.08) 0.52 (0.49-0.56) —0.01 (—0.06 to 0.03) 0.90 (0.53-1.55) 0.52 (0.47-0.57) —0.02 (—0.10 to 0.06)

MAS 0.86 (0.67-1.11) 0.52 (0.49-0.55) —0.02 (—0.06 to 0.03) 0.81 (0.54-1.21) 0.54 (0.48-0.59) —0.00 (—0.08 to 0.07)
MACE

SS 1.02 (1.01-1.04)' 0.54 (0.51-0.57)' - 1.02 (1.00-1.04) 0.55 (0.50-0.59) -

Css 1.02 (1.01-1.02)° 0.54 (0.51-0.57)" 0.01 (—0.01 t0 0.02) 1.01 (1.00-1.02) 0.55 (0.50-0.60) 0.00 (—0.03 t0 0.03)

LSScore 1.06 (1.03—1,09)7{' 0.54 (0.51—0,57)7{' 0.01 (—0.03 to Q.04) 1.03 (0.97—1.10)‘ 0.52 (0.46-0.57) —0.03 (—0.09 to 0.03)

LSSeycended 1.07 (1.04-1.09)" 0.58 (0.55-0.61)" 0.04 (0.01-0.08)" 1.06 (1.01-1.10)" 0.57 (0.52-0.61)" 0.02 (—0.04 to 0.08)

AS 1.09 (0.81-1.46) 0.51 (0.49-0.54) —0.02 (—0.06 to 0.02) 1.15 (0.71-1.85) 0.51 (0.46-0.56) —0.03 (—0.10 to 0.04)

MAS 1.20 (1.01-1.43)" 0.53 (0.50-0.56) —0.01 (—0.05 to 0.03) 1.16 (0.87-1.56) 0.51 (0.46-0.56) —0.04 (—0.11 to 0.03)

SjUBI_d YD Ul S8100S YSIY JO aouewIopad

AS, Age, Creatinine, and Ejection Fraction (ACEF) score; AUC, area under the receiver operating characteristic curve; CSS, clinical Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac
Surgery (SYNTAX) score; CI, confidence interval; CR, complete revascularization; LM, left main disease; LSScor, logistic Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery
(SYNTAX) score (core model); LSSexiended> logistic Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery (SYNTAX) score (extended model); MACE, major adverse cardiovascular
events; MAS, modified Age, Creatinine, and Ejection Fraction (ACEF) score; MI, myocardial infraction; OR, odds ratio; SS, Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery
(SYNTAX) score; 3-VD, 3-vessel disease.

* Calculated using logistic regression models.

P <0.05.

¥Significantly improved from the AUC of SYNTAX score.

§ Significantly decreased from the AUC of SYNTAX score.
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Table 3. Net reclassification improvement of risk scores (compared with SYNTAX score)

Canadian Journal of Cardiology

Volume 35 2019

All CR patients

Patients with 3-VD and/or LM

Event correctly

Nonevent correctly

Event correctly

Nonevent correctly

NRI (95% CI) reclassified reclassified NRI (95% CI) reclassified reclassified
Mortality
CSS 0.48 (0.24-0.72)* —13.8% 61.8% 0.66 (0.17-1.15)* ~12.5% 78.6%
LSScore 0.47 (0.23-0.71)* 13.8% 33.3% 0.57 (0.08-1.06)* 12.5% 44.3%
LSSexcended 0.39 (0.15-0.63)* 4.6% 34.4% 0.83 (0.37-1.29)* 37.5% 45.4%
AS 0.54 (0.30-0.79)* 7.7% 46.8% 0.42 (—0.06 to 0.90) 25.0% 16.9%
MAS 0.54 (0.30-0.78)* —17.0% 71.0% 0.79 (0.31-1.27)* 25.0% 54.0%
MI
css 0.34 (0.06-0.61)* 3.8% 29.8% 0.09 (—0.48 0 0.55) 0 8.8%
LSScore 0.17 (—0.10 to 0.44) 0 17.0% 0.36 (—0.11 to 0.82) 11.1% 24.5%
LSS eended 0.52 (0.25-0.78)" 23.0% 28.4% 0.26 (~0.20 10 0.73) 11.1% 15.2%
AS 0.07 (—0.20 to 0.35) 0 7.4% —0.08 (—0.55 to 0.38) 0 —8.3%
MAS 0.10 (—0.17 to 0.37) —15.4% 25.0% 0.24 (—0.22 to 0.71) 0 24.2%
Revascularization ‘
CSS —0.21 (—0.31 to —0.10)' 11.2% —31.8% —0.17 (—0.36 to 0.01) 3.2% —20.4%
LSScore —0.09 (—0.20 to 0.02) 8.8% —17.6% 0.01 (—0.17 to 0.19) 14.5% —13.5%
LSS eended 0.07 (—0.04 o 0.18) 3.6% 3.4% —0.14 (~0.33 t0 0.04) ~6.5% ~7.8%
AS —0.07 (—0.18 to 0.04) 15.8% —22.8% —0.08 (—0.27 to 0.10) 9.7% —18.0%
MAS —0.12 (—0.23 to —0.01)" 15.3% —27.2% —0.07 (—0.25 to 0.11) 17.7% —24.6%
MACE
CSS —0.03 (—=0.13 to 0.07) 0.2% —3.6% —0.08 (—0.26 to 0.09) —-9.1% 0.7%
LSScore 0.01 (—0.09 to 0.11) —6.5% 7.0% —0.13 (—0.31 to 0.04) —4.9% —8.4%
LSSexcended 0.23 (0.13-0.33)* ) 10.8% 11.8% 0.07 (—0.10 to 0.25) —3.5% 10.8%
AS —0.12 (—0.22 to —0.02)' 17.1% —29.2% —0.15 (—0.32 to 0.02) ‘ 2.1% —17.0%
MAS —0.05 (—0.15 to 0.05) 11.4% —16.2% —0.21 (—0.39 to —0.04)" —4.9% —16.6%

AS, Age, Creatinine, and Ejection Fraction (ACEF) score; CI, confidence interval; CR, complete revascularization; CSS, clinical Synergy Between Percutaneous
Coronary Intervention With Taxus and Cardiac Surgery (SYNTAX) score; LM, left main disease; LSS, logistic Synergy Between Percutaneous Coronary

Intervention With Taxus and Cardiac Surgery (SYNTAX) score (core model); LSScxended> logistic Synergy Between Percutaneous Coronary Intervention With
Taxus and Cardiac Surgery (SYNTAX) score (extended model); MACE, major adverse cardiovascular events; MAS, modified Age, Creatinine, and Ejection Fraction
(ACEF) score; MI, myocardial infraction; NRI, net reclassification improvement; SYNTAX, Synergy Between Percutaneous Coronary Intervention With Taxus and

Cardiac Surgery; 3-VD, 3-vessel disease.
* Significantly improved from the net reclassification of SYNTAX score.
T Significantly decreased from the net reclassification of SYNTAX score.

2.19 (95% CI, 1.73-2.77; Table 2). In a comparison of SS
and MAS, it was found that MAS significantly improved
mortality predictability by correctly reclassifying 71% of pa-
tients who did not die at follow-up and incorrectly reclassi-
fying 17% of patients who died. Thus, the NRI of MAS over
SS was 54% (95% CI, 30%-78%; Table 3). Additionally, the
IDI of MAS over SS was 0.75% (95% CI, 0.25%-1.25%),
indicating that the average sensitivity and specificity with all
possible cutoff values improved 0.75% from SS to MAS
(Table 4).

Improvements in patient reclassification compared with
angiographic SS in terms of mortality were seen in all scoring
systems that involved clinical variables (Tables 3 and 4).

Discrimination for MI. The most accurate score for MI was
LSSextended (AUC, 0.68; 95% CI, 0.61-0.75; Table 2). SS
(AUC, 0.53; 95% CI, 0.44-0.61), CSS (AUC, 0.58; 95% CI,
0.49-0.67), and LSS, (AUC, 0.58; 95% CI, 0.49-0.67)
could not effectively predicc MI (Table 2). Discrimination for
periprocedural myocardial injury is shown in Supplemental
Table S10.

Discrimination for revascularization. SS and LSS, cnded
were predictive for revascularization, although the AUCs were

only 0.54 (95% CI, 0.51-0.57) and 0.55 (95% CI, 0.52-0.58),

respectively. The other scores could not predict the risk of
revascularization better than chance (Table 2).

Discrimination for MACE. The discriminations of all of the
risk scores for MACE were far from satisfactory. The AUCs of all
the risk scores were lower than 0.6. SS, CSS, and LSS,,,. showed
marginally significant AUCs, and among the scores, LSS.iended
showed the highest AUC (0.58; 95% CI, 0.55-0.61). The dis-
criminations of AS and MAS were not significantly better than
chance (Table 2).

The C-statistics calculated using Cox regression analyses
are presented in Supplemental Table S11, which showed
similar results.

Discrimination for adverse events in patients with 3-VD
and/or LM. Figure 2 shows the receiver operating charac-
teristic curves of risk scores for adverse events in the 3-VD
and/or LM subgroup. Similar to the findings among all CR
patients, in this subgroup, we found that: (1) SS was not
predictive for mortality (AUC, 0.58; 95% CI, 0.42-0.73); (2)
scores involving clinical variables could predict mortality, with
AUCG:s ranging from 0.70 (AS) to 0.80 (LSSeyended); (3) the
most accurate score for MI was LSS, (AUC, 0.73; 95% CI,
0.64-0.82); and (4) all risk scores had poor discrimination for
revascularization and MACE (all AUCs < 0.60; Table 2).
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Table 4. Integrated discrimination improvement of risk scores (compared with SYNTAX score)

All CR patients

Patients with 3-VD and/or LM

Probability Probability Probability Probability
change change change change
IDI (95% CI) for events for nonevents IDI (95% CI) for events for nonevents
Mortality
CSS 0.57% (0.08%-1.06%)* 0.56% —0.01% 1.56% (—0.41% to 3.52%) 1.54% —0.02%
LSScore 0.96% (0.30%-1.62%)* 0.95% —0.01% 4.02% (—0.69% to 8.73%) 3.97% —0.05%
LSS excended 1.18% (0.39%-1.96%)* 1.16% —0.01% 3.60% (—0.55% to 7.75%) 3.56% —0.04%
AS 0.27% (0.08%-0.47%)* 0.27% —0.00% 0.14% (—0.30% to 0.58%) 0.14% —0.00%
MAS 0.75% (0.25%-1.25%)* 0.74% —0.01% 1.53% (0.13%-2.93%)* 1.51% —0.02%
MI
CSS 0.01% (—0.03% to 0.06%) 0.01% —0.00% —0.01% (—0.22% to 0.19%) —0.01% 0.00%
LSScore 0.14% (0.01%-0.27%)* 0.14% —0.00% 0.30% (—0.12% to 0.71%) 0.29% —0.00%
LSSexcended 0.37% (0.13%-0.61%)* 0.37% —0.00% 0.08% (—0.27% to 0.43%) 0.08% —0.00%
AS 0.01% (—0.08% to 0.11%) 0.01% —0.00% —0.08% (—0.44% to 0.27%) —0.08% 0.00%
MAS 0.10% (—0.05% to 0.26%) 0.10% —0.00% 0.41% (—0.38% to 1.21%) 0.41% —0.01%
Revascularization ‘
CSS —0.12% (—0.20% to 70‘03%)1 —0.11% 0.01% —0.06% (—0.19% to 0.08%) —0.05% 0.01%
LSSore ~0.11% (—0.21% to —0.02%)" ~0.11% 0.00% 0.05% (—0.20% to 0.29%) 0.04% ~0.00%
LSSexcended 0.02% (—0.11% to 0.15%) 0.02% —0.00% —0.03% (—0.17% to 0.11%) —0.03% 0.00%
AS —0.09% (—0.21% to 0.04%) —0.08% 0.01% —0.05% (—0.19% to 0.09%) —0.04% 0.00%
MAS —0.11% (—0.22% to 0.01%) —0.10% 0.01% 0.03% (—0.17% to 0.22%) 0.02% —0.00%
MACE
CSS 0.04% (—0.08% to 0.15%) 0.03% —0.00% 0.05% (—0.19% to 0.30%) 0.05% —0.01%
LSScore 0.09% (—0.06% to 0.23%) 0.08% —0.01% —0.09% (—0.30% to 0.13%) —0.08% 0.01%
LSSexcended 0.47% (0.22%-0.71%)* ‘ 0.43% —0.04% 0.36% (—0.09% to 0.82%) 0.33% —0.04%
AS —0.15% (—0.27% to —0.04%)" —0.14% 0.01% —0.14% (—0.36% to 0.09%) —0.12% 0.01%
MAS —0.08% (—0.22% to 0.06%) —0.08% 0.01% —0.09% (—0.35% to 0.18%) —0.08% 0.01%

AS, Age, Creatinine, and Ejection Fraction (ACEF) score; CI, confidence interval; CR, complete revascularization; CSS, clinical Synergy Between Percutaneous
Coronary Intervention With Taxus and Cardiac Surgery (SYNTAX) score; IDI, integrated discrimination improvement; LM, left main disease; LSScor., logistic
Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery (SYNTAX) score (core model); LSSeyiended> logistic Synergy Between
Percutaneous Coronary Intervention With Taxus and Cardiac Surgery (SYNTAX) score (extended model); MACE, major adverse cardiovascular events; MAS,
modified Age, Creatinine, and Ejection Fraction (ACEF) score; MI, myocardial infraction; SYNTAX, Synergy Between Percutaneous Coronary Intervention With
Taxus and Cardiac Surgery; 3-VD, 3-vessel disease.

* Significantly improved from the integrated discrimination of SYNTAX score.

T Significantly decreased from the integrated discrimination of SYNTAX score.

especially MAS, were superior to the baseline SS in CR patients;
and (2) with regard to the predictive capacity for MACE, the
performance of all the risk scores did not indicate helpful
discrimination in CR patients. To our knowledge, the present
study is the first and largest all-comer study to specifically
evaluate and compare the performance of 5 risk scores among a
cohort of consecutive patients who have achieved CR after PCI.

Calibration of risk scores

The calibration plots of the risk scores for different out-
comes are presented in Figure 3 (MACE) and Supplemental
Figure S2 (mortality, MI, and revascularization). LSS ended
showed the best agreement between the observed and pre-
dicted event rates (grouped according to deciles of score;
calibration slope for MACE: 1.00 [95% CI, 0.48-1.51];
mortality: 0.87 [95% CI, 0.66-1.08]; MI: 1.01 [95% CI,

0.77-1.25]; revascularization: 1.15 [95% CI, —0.12 to 2.41]). Necessity of risk prediction in CR patients

All risk scores showed good calibration for each outcome,
expected MAS for mortality (calibration slope, 1.57; 95% CI,
1.17-1.98) and CSS for MI (calibration slope, 2.31; 95% CI,
1.26-3.36).

Utility of risk scores

The decision curves of the risk scores for MACE are pre-
sented in Figure 4. The decision curves of the risk scores for
mortality, MI, and revascularization are presented in
Supplemental Figure S3. LSS.iendeda had the greatest net
benefit for MACE, MI, and revascularization, whereas MAS
had the greatest net benefit for mortality.

Discussion
The major findings of the present study are as follows: (1) for
mortality prediction, scores involving clinical variables,

Revascularization of all diseased coronary artery segments
during PCI is noted in a considerable proportion (40%-60%)
of patients. In the present study, more than half of the
patients who underwent PCI achieved CR. A recent meta-
analysis reported that the incidence of MACE was signifi-
cantly lower in patients with CR after PCI than in patients
with incomplete revascularization.”” Although CR patients are
anticipated to have a better prognosis, CR does not guarantee
an excellent clinical outcome. Various clinical factors can
affect the prognosis. The identification of the subgroups of
CR patients at high risk for adverse events would help car-
diologists and interventionalists perform more individualized
risk estimation.

Established risk scores

Five established prediction models were compared in the
present study. SS was initially intended to characterize the
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Figure 3. Calibration plots of risk scores for major adverse cardiac events (MACE). Logistic Synergy Between Percutaneous Coronary Intervention
With Taxus and Cardiac Surgery (SYNTAX) score extended model showed the best agreement between the observed and predicted event rates
grouped according to deciles of score (calibration slope for MACE: 1.00, 95% confidence interval [CI], 0.48-1.51). All risk scores were good
calibrated (all Cls of calibration slopes covered 1) for MACE. (A) Calibration plot of SYNTAX score. (B) Calibration plot of clinical SYNTAX score.
(C) Calibration plot of logistic SYNTAX score (core model). (D) Calibration plot of logistic SYNTAX score (extended model). (E) Calibration plot of ACEF
score. (F) Calibration plot of modified ACEF score. ACEF, Age, Creatinine, and Ejection Fraction.

number, location, type, and complexity of coronary athero-
sclerosis lesions. Additionally, SS is recommended by current
guidelines for the selection of the revascularization strat-
egy.”>** A higher SS indicates a more complex disease and
worse prognosis. The derived scores of SS (eg, RSS, CSS, and
LSS) have the ability to predict MACE and mortality in pa-
tients who have undergone PCI. However, SS, CSS, and LSS
are calculated according to baseline cine angiograms and lesion
characteristics before PCI. In CR patients who have revascu-
larized all diseased coronary artery segments, it is unclear
whether SS and its derived scores can still be the indicators of
adverse events. Additionally, in these patients, the perfor-
mance of AS or MAS (both scores involve only 3 clinical
variables) is unknown.

In a previous study the authors attempted to examine
whether SS and CSS could predict clinical outcomes in pa-
tients with CR and reported that these 2 scores were related to
prognosis.”” The areas under the curve for SS and CSS with
regard to 3-year MACE were 0.595 and 0.649, respectively.
The performance of SS and CSS in this previous study appear
to be better than the performance in our study. However, in
this previous study, the sample size was not large enough and
approximately half of the patients received sirolimus-eluting
stents, which are not widely used nowadays. Few studies,
especially large sample studies, have been performed to vali-
date the predictive discrimination and calibration of SS, CSS,
and LSS in CR patients. Additionally, to our knowledge, the

predictive abilities of AS and MAS have not been evaluated
among CR patients in an all-comer study.

Performance of prediction models

It is generally considered that an AUC of < 0.60 reflects
poor discrimination, an AUC of 0.60-0.75 reflects possibly
helpful discrimination, and an AUC of > 0.75 reflects clearly
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Figure 4. Decision curves of risk scores for major adverse cardiac
events (MACE). The net benefit of logistic Synergy Between Percuta-
neous Coronary Intervention With Taxus and Cardiac Surgery (SYN-
TAX) score were the greatest for MACE. AS, Age, Creatinine, and
Ejection Fraction (ACEF) score; CSS, clinical SYNTAX score; LSS_core,
logistic SYNTAX score core model; LSS_extended, logistic SYNTAX
score extended model; MAS, modified ACEF score; SS, SYNTAX score.
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useful discrimination.”® From this perspective, SS showed
poor discrimination for all adverse events. The scores that
involved clinical variables (CSS, LSS, AS, and MAS) showed
possibly helpful discrimination for mortality. Among these
scores, the most predictive score for mortality was MAS,
which also showed possibly helpful discrimination for MI.
With regard to revascularization and MACE, all of the risk
scores showed poor discrimination.

The predictive value of SS for mortality and MACE was
limited. One potential reason is that CR patients showed
revascularization of all coronary arteries, and thus, the pre-
dictive ability of baseline angiographic characteristics might
have been compromised. Therefore, the strictly anatomic SS
could not accurately predict the risk of mortality. This result
might suggest that the baseline anatomy, if fixed completely,
will have a minimal effect on subsequent outcomes.

The scoring systems involving clinical variables had
possibly helpful discrimination for the prediction of mortality,
especially in patients with 3-VD and/or LM, indicating that,
after achieving CR, clinical characteristics, such as age, cardiac
function, and renal function might be the main factors to
influence prognosis.

No score showed helpful discrimination for MACE. A
potential explanation is that none of the scores had been
developed specifically for CR patients. All coronary lesions
were relieved by PCI in CR patients. Many factors, such as
PCI procedural characteristics, complications after PCI, and
adherence to medication after PCI, can affect clinical out-
comes in multiple ways among CR patients.”” >’ The 5 risk
scores, which were calculated according to the baseline char-
acteristics before PCI, might not be able to accurately assess
the risk of MACE. Considering that a considerable portion
(40%-60%) of patients achieved CR after PCI,>” a risk pre-
diction model specifically for CR patients should be
established.

Limitations

Despite being, to our knowledge, the first and largest study
to validate the performance of preexisting risk scores in CR
patients, the present study has some limitations that should be
acknowledged. First, this study is limited by its retrospective
single-centre design. Selection bias and unknown confound-
ing factors cannot be excluded. The study was performed at a
large single centre (Fuwai Hospital) that has a large PCI
volume every year and has interventionalists who have un-
dergone standardized PCI training. Patients who undergo PCI
performed by high-volume and experienced operators might
have better prognoses. This might partly explain the relatively
low event rate in the present study. However, considering that
this study was performed in a large and consecutive cohort of
patients, we believe that the results could reflect the real-world
practice. Second, part of the events was self-reported and not
adjudicated, and this approach might underestimate or over-
estimate the total event rates. However, previous studies have
shown that self-reporting is highly reliable for cardiovascular
events.”””" Moreover, vital status was ascertained from the
National Death Registry of China, if needed. Therefore, the
incidence of adverse cardiac events in the present study is

considered dependable.
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Conclusions

The current study performed in a large cohort of consec-
utive patients who achieved CR after PCI showed that risk
scores involving clinical variables, especially MAS, might help
in the prediction of mortality. However, no risk score showed
helpful discrimination for MACE in CR patients.
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