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BACKGROUND: Despite being minimally invasive, percutaneous coronary intervention (PCI) presents challenges,
especially regarding major adverse cardiovascular events (MACE), which typically occur within the first year after
intervention. Furthermore, many existing MACE prediction models are complex and challenging to apply in clinical
practice.

AIMS: This study evaluated the simple Age, Creatinine, Ejection Fraction (ACEF) score for predicting outcomes in
coronary artery disease patients undergoing PCI.

METHODS: A meta-analysis of randomised controlled trials (RCTs) and cohort studies was conducted using six
prominent databases. Predictive performance was assessed with the C-statistic, with MACE as the primary endpoint
and mortality and ACEF modifications as secondary endpoints. Outcomes reported in at least two studies were
included.

RESULTS: Twenty studies involving 41,255 patients were analysed, including three RCTs and eight multicentre
studies. Key findings include the following: (1) the ACEF score showed good discrimination for <30-day MACE
(area under the curve [AUC] 0.71), (2) it demonstrated stronger predictive ability for both cardiac mortality (AUC
0.75 at 2 years) and all-cause mortality (AUC 0.82 at <30 days), and (3) its performance was comparable to
more complex scores, such as the modified ACEF (mACEF), the Age, Glomerular filtration rate, Ejection Fraction
(AGEF), and the clinical SYNTAX scores.

ABSTRACT

CONCLUSIONS: Adhering to the law of parsimony, the ACEF score is a straightforward tool based on objectively
measured variables. The ACEF score effectively predicts MACE and mortality at <30 days in PCI patients. Its
simplicity and accessibility highlight its value as a practical tool for clinical risk stratification. (PROSPERO Identifier
CRD42024558580)
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( joronary artery disease (CAD) results from plaque

buildup in coronary arteries that restricts blood flow

to the heart.! Percutaneous coronary intervention
(PCI) is a widely used, minimally invasive treatment for
narrowed or blocked arteries.? However, 20% of patients
experience cardiovascular events or death within the
first year after PCL? Major adverse cardiovascular events
(MACE) commonly include cardiovascular mortality, non-
fatal myocardial infarction, and stroke (3-point MACE), and
are sometimes expanded to include heart failure, unstable
angina, revascularisation, and all-cause mortality.>

While guidelines provide detailed treatment protocols,
recommendations for assessing MACE risk remain unclear.’
Existing prognostic models such as the SYNTAX and Global
Registry of Acute Coronary Events (GRACE) scores are often
too complex for routine use.** The Age, Creatinine, and
Ejection Fraction (ACEF) score offers a simpler alternative.
Initially developed for mortality prediction in cardiac surgery
and later validated for PCL%! its simplicity and practicality
led to endorsement by the European Society of Cardiology
in its myocardial revascularisation guidelines, an endorsement
which was reaffirmed in 2014 and 2018.'“'2 Although
originally developed to predict mortality outcomes, recent
studies have explored its utility in assessing MACE, suggesting
that the three universal factors may serve as surrogates for
comorbidity burden and overall health status.!>'* This study
furthers this enquiry by systematically evaluating the ACEF
score’s predictive performance in CAD patients undergoing
PCIL.

Methods

This meta-analysis adhered to the 2020 Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines," following a stepwise approach to
study identification, screening, eligibility assessment, and
inclusion, as detailed in the section below and as summarised
algorithmically in the PRISMA flow diagram (Figure 1).
The study was registered in the PROSPERO database
(CRD42024558580). Three authors independently searched
the Scopus, ScienceDirect, PubMed, ProQuest, EBSCOhost,
and Cochrane databases from inception until 30 June 2024.

SEARCH STRATEGY

The search strategy used Medical Subject Heading (MeSH)
terms and Boolean operators (AND, OR) to identify relevant
studies. To ensure a comprehensive search, we used the
“keywords, abstract, and title” filter with the following
keywords: (“Acute Coronary Syndrome” OR “ACS” OR
“Myocardial Infarction” OR “AMI” OR “STEMI” OR “ST
Segment Elevation Myocardial Infarction” OR “ST Elevation
Myocardial Infarction” OR “NSTEMI” OR “Non-ST

ACEF score: predictive value in PCI settings

Impact on daily practice

The Age, Creatinine, Ejection Fraction (ACEF) score
offers clinicians a fast, simple, and reliable tool for
risk stratification in patients undergoing percutaneous
coronary intervention (PCI). Its use of routinely available
variables — age, creatinine, and ejection fraction — makes
it easy to implement requiring additional
resources or complex calculations. This meta-analysis
confirms its strong predictive value for short-term major
adverse cardiovascular events and mortality, which is
comparable to more sophisticated models. Incorporating
the ACEF score into daily decision-making can support
the timely identification of high-risk patients, guide post-
PCI monitoring strategies, and improve communication
of prognosis with patients and families. Its practicality
enhances workflow efficiency, especially in resource-
limited or high-volume settings.

without

Elevation Myocardial Infarction” OR “Non ST Elevation
Myocardial Infarction” OR “Angina Pectoris”) AND (“PCI”
OR “Percutaneous Coronary Intervention”) AND (“ACEF
Score” OR “Age, Creatinine, Ejection Fraction Score”) AND
(“Major Adverse Cardiovascular Event” OR “MACE” OR
“Major Adverse Cardiac and Cerebrovascular Event” OR
“MACCE” OR “Mortality” OR “All-cause death”).

ELIGIBILITY CRITERIA

The predefined eligibility criteria for inclusion were as follows:
(1) full-text validation studies of the original ACEF score in
CAD patients undergoing PCI, (2) available outcome data on
MACE, (3) reported concordance (C)-statistics (area under
the curve [AUC]), and (4) publication in English. The original
ACEEF score, as defined by Ranucci,! is calculated using the
following formula: age/left ventricular ejection fraction+1 (if
serum creatinine is 22.0 mg/dL). Studies that did not meet
these criteria were excluded. Due to the significant variation
in MACE definitions across the studies, no specific eligibility
criterion was applied based on its components. Instead, we
assessed the outcome definitions of the included studies for
risk of bias.

STUDY SELECTION AND DATA EXTRACTION

Five authors independently screened and selected studies
from all databases for inclusion. The decisions were blinded
to other reviewers and compiled using the Rayyan platform
(www.rayyan.ai). A minimum of three similar decisions was
required to include or exclude a study. Any disagreements were
discussed and resolved collaboratively under the supervision
of authors R.A. Fagi and S.D. Rasti. The selected studies were

Abbreviations
ACEF  Age, Creatinine, and Ejection Fraction

AGEF  Age, Glomerular filtration rate, and
Ejection Fraction

AUC  area under the curve
CAD  coronary artery disease PCI

Fraction

GRACE Global Registry of Acute Coronary Events STEMI ST-segment elevation myocardial
MACE major adverse cardiovascular events
mACEF modified Age, Creatinine, and Ejection ~ TVR

percutaneous coronary intervention

infarction
target vessel revascularisation
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Identification of studies via databases and registers

Records removed before screening:
Duplicate records removed (n=193)

A 4

Records excluded:
Irrelevant background (n=240)
Wrong population (n=53)

A 4

Wrong score measured (n=28)
Wrong study design or publication type (n=54)

Reports not retrieved:
Foreign language (n=2)

\ 4

Full text not available (n=1)
Letter to Editor (n=1)

Reports excluded:
No MACE outcome (n=10)

Without C-statistic (n=3)
Not original ACEF score (n=2)

Records identified from databases and registers: (n=607)
= Scopus (n=259)
= ScienceDirect (n=94)
£ PubMed (n=74)
% ProQuest (n=89)
= EBSCOhost (n=48)
Cochrane (n=43)
Records screened (title and abstract) after duplicates
removed (n=414)
20 Reports sought for retrieval (1=39)
8
=
Reports assessed for eligibility (n=35)
= Studies included in review (n=20)
2 Studies included in meta-analysis (n=19)
-
=
=

Figure 1. PRISMA 2020 flow diagram of study screening and selection. ACEF: Age, Creatinine, and Ejection Fraction;
C-statistic: concordance statisticc MACE: major adverse cardiovascular events; PRISMA: Preferred Reporting Items for

Systematic Reviews and Meta-Analysis

assessed to extract the following information: first author’s
name and publication year, study design, study characteristics
(country, study centre, study period), definition of variables,
participant demographics and baseline characteristics, and
discrimination and calibration of the endpoints. The primary
endpoint was MACE, with secondary endpoints including
mortality and modifications of the ACEF score (if a minimum
of two studies were available for the analysis). All endpoints
were categorised based on the time or follow-up period.

QUALITY ASSESSMENT

The Prediction model Risk of Bias ASsessment Tool
(PROBAST) was used to assess the risk of bias in each
retrieved validation study of the ACEF score.'® This tool
critically appraises risk stratification models by evaluating
four domains: participants, predictors, outcome, and analysis.

EFFECT SIZE ESTIMATION

In its original validation, the ACEF score demonstrated
a sensitivity of 71% and a specificity of 78% for predicting
mortality in elective cardiac surgery. However, because the
ACEF score is intended to be applied as a continuous risk
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model, its prognostic performance is more appropriately
evaluated using discrimination and calibration metrics
in broader clinical settings.!® Discrimination evaluates
a model’s ability to differentiate between patients who
develop the outcome and those who do not, often measured
by the C-statistic.'” The C-statistic ranges from 0.5 (no
discrimination) to 1 (perfect discrimination), representing
the area under the receiver operating characteristic curve in
logistic regression models.!” C-statistic values are categorised
as (a) excellent (0.90-1), (b) good (0.80-0.89), (c) fair (0.70-
0.79), (d) poor (0.60-0.69), and (e) failed (0.50-0.59).!7 For
this meta-analysis, C-statistics and their 95% confidence
intervals (CIs) were extracted, or calculated if missing, and
the CIs were used to compute standard errors (SEs).
Calibration assesses how accurately a model predicts risk
probabilities by comparing predicted outcomes with observed
outcomes.!” Ideally, calibration is reported graphically using
calibration plots. However, extracting calibration measures
can be challenging because of poor assessment and reporting
practices.'”  Some studies directly provide calibration
via the slope or intercept. A slope less than 1 suggests
overestimation of risks, while a slope greater than 1 indicates



underestimation.!” The observed-to-expected ratio is another
method, with ratios between 0.8 and 1.2 considered
acceptable.’” The Hosmer-Lemeshow test is also used to
evaluate model fit, with a small p-value (<0.05) indicating
poor fit and a larger p-value suggesting a good fit.'”

STATISTICAL ANALYSIS

We performed a meta-analysis using logit-transformed AUC
values to stabilise variances and normalise the distribution.!”
The logit transformation for the C-statistic is calculated
as log(C/[1-C])."” Random-effects meta-analysis using the
restricted maximum likelihood approach was performed to
pool C-statistics in their original or logit forms. The pooled
logit-transformed AUC and its confidence intervals were back-
transformed to the original AUC scale for presentation. Original
C-statistics and SEs were analysed using the “metamisc”
package in RStudio, version 4.2 (Posit), while logit-transformed
data were processed with an inverse variance random-effects
model in Review Manager, version 5.4.1 (Cochrane). Back-
transformation was conducted using the ALOGIT function
in MedCalc (MedCalc software; https://www.medcalc.org/
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ACEF score and its predictive performance in coronary artery disease patients undergoing PCI.

ACEF score: predictive value in PCI settings

manual/alogit-function.php). Heterogeneity across studies was
evaluated using the Q statistic and Higgins 12, with thresholds
of 25-50% (mild), 50-75% (moderate), and >75% (severe).
A leave-one-out sensitivity analysis was conducted to assess
the influence of each study on the overall results. Whenever
possible, adjusted analyses were performed based on similar
MACE definitions to enhance validity and statistical power.

Results

A visual summary of the study findings is provided in the
Central illustration. The initial search yielded 607 articles. After
removing duplicates, 414 articles were screened and reviewed
based on predefined selection criteria. The complete selection
process is depicted in the PRISMA diagram (Figure 1).
Ultimately, 20 articles involving a total of 41,255 patients
were included in the review. One study was excluded from
the meta-analysis because of missing 95% CI data and
unreported positive events.'* Supplementary Table 1 presents
the risk-of-bias assessment using the PROBAST scale.'s
The relevant characteristics of the 20 eligible studies are
summarised in Table 1, with additional study characteristics

Background and aims

o Several predictive models, such as the SYNTAX, GRACE, and
Gensini scores, exist to forecast MACE in PCI patients.
However, their complexity often limits their practical application

* We assessed the user-friendly ACEF score for its predictive value in
CAD patients undergoing PCI

@\ 6 prominent databases: Scopus, ScienceDirect, PubMed,
ProQuest, EBSCOhost, and Cochrane

20 articles, including 3 RCTs and 8 multicentre studies

é;’ o 41,255 patients
A\

* AUC as the effect size for all endpoints, using random-effects
IA, meta-analysis

Key findings:

1. The ACEF score is effective in predicting
short-term MACE

2. It shows good predictive ability for both cardiac and
all-cause mortality
3. It is comparable to more complex modified scores

RCT: randomised controlled trial
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ACEF: Age, Creatinine, and Ejection Fraction; AGEF: Age, Glomerular filtration rate, and Ejection Fraction; AUC: area under
the curve; CAD: coronary artery disease; CI: confidence interval; C-statistic: concordance statisticc GRACE: Global Registry of
Acute Coronary Events; MACE: major adverse cardiovascular events; PCI: percutaneous coronary intervention;

Mt s ||
<30-day MACE 4 071 0.59-081
1-year MACE 6 061 0.55-0.67
2-year MACE 9 059 0.55-0.62
2-to 5-year MACE 3 061 0.56-0.66
Cardiac death 3 0.74 0.71-0.77
(1 year)

A"éggsga‘;g?th 3 082 0.72-0.89
i 2 | 08 073081
C“"(‘f‘_’)',;f’m)ég)c‘”e 2 060 057-0.63
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provided in Supplementary Table 2. Of these, three studies were
randomised controlled trials,'®2° and eight were multicentre
studies.*®1823 Details of each study’s discrimination and
calibration outcomes are provided in Supplementary
Table 3-Supplementary Table 6, while a summary of the
discrimination analysis outcomes is compiled in Table 2. In all
subgroup outcomes, the original and back-transformed logit
AUC yielded identical pooled AUC values, with only minor
differences in the 95% Cls.

PREDICTIVE VALUE OF THE ACEF SCORE IN MACE
Supplementary Table 3 provides a summary of the
discrimination and calibration outcomes for each study,
categorised by the timing of the MACE assessment. The
original forest plot is provided in Figure 2, while the logit
forest plot is shown in Supplementary Figure 1.

SHORT-TERM MACE (<30-DAY MACE)

Short-term MACE refers to outcomes reported either
in-hospital or within a follow-up period of 30 days or less.
The pooled outcome for <30-day MACE demonstrated fair
discrimination, with an AUC of 0.71 (95% CI: 0.59-0.8;
I’)=95%). A leave-one-out sensitivity analysis was performed
to address severe heterogeneity. After excluding the study by

Table 1. Characteristics of included studies.

Chichareon et al,'® zero heterogeneity was achieved, and the
pooled discrimination improved (AUC: 0.76, 95% CI: 0.73-
0.78; 12=0%). Two studies using a similar 5-point MACE
definition were further analysed,?*?’ resulting in an improved
pooled outcome with an AUC of 0.77 (95% CI: 0.73-0.80)
and no heterogeneity (12=0%).

ONE-YEAR MACE

The pooled results showed poor discrimination for 1-year
MACE, with an AUC of 0.61 (95% CI: 0.55-0.67; 12=83%).
A leave-one-out sensitivity analysis revealed that the study
by Palmerini et al??> contributed to the heterogeneity. After
excluding this study, heterogeneity was markedly reduced,
and the pooled discrimination improved (AUC: 0.63, 95%
CIL: 0.58-0.68; 12=46%). Further analysis was conducted on
three studies with adjusted MACE definitions,**??¢ consisting
of a composite of cardiac death, myocardial infarction (MI),
and target vessel revascularisation (TVR). The pooled result
showed poorer discrimination (AUC: 0.56, 95% CI: 0.50-
0.61; 12=65%).

TWO-YEAR MACE
The pooled results for 2-year MACE demonstrated failed
discrimination, with an AUC of 0.59 (95% CI: 0.55-0.62,

Chichareon et al, 2019%° Multinational RCT - multicentre 14,941 30 days & 2 years 1.25+0.43

Biondi Zoccai et al, 20122 Italy Cohort — multicentre 3,535 24.4+15.1 months NR

Liu et al, 2016% China Cohort - single centre 422 3 years 1.2+0.5

Liu et al, 2020% China Cohort — single centre 2,260 6 (5-9) days 1.35+0.60

Palmerini et al, 20122 USA Cohort — multicentre 2,094 1 year 1.0+0.4

Wykrzykowska et al, 201120 Switzerland RCT — multicentre 1,208 1 year 1.278+0.539

Zhao et al, 20238 China Cohort — single centre 290 14 months NR

Pyxaras et al, 201426 Belgium Cohort - single centre 221 30daysand 1 year NR

Gao et al, 201933 China Cohort — single centre 1,146 1 year Low ACEF: 0.8+1.1
Mid-ACEF: 1.07+0.07
High ACEF: 1.55+0.34

Reindl et al, 20183! Austria Cohort — single centre 390 2 (1-3) years NR

Garg et al, 201118 The Netherlands RCT — multicentre 1,218 1, 6, and 12 months NR

Zhang et al, 2019% China Cohort — single centre 5,375 2.4 years NR

Capodanno et al, 201128 Italy Cohort — two centres 949 2 years 1.6+0.7

Wu et al, 2024°¢ China Cohort — multicentre 1,805 2.4 years 1.05+0.31

Qiu et al, 2022° China Cohort - single centre 2,207 48 months 0 risks: 0.83+0.12
1 risk: 1.06+0.52
2 risks: 1.31+0.82
>3 risks: 1.80+1.09

Di Serafino et al, 201423 Belgium & UK Cohort — multicentre 433 24 months 1t tertile: 0.81
(0.71-0.88)
2 tertile: 1.05
(1.00-1.13)
3 tertile: 1.45
(1.31-1.67)

Capodanno et al, 20153 Italy Cohort — two centres 1,300 2.7+1.2 years NR

Synetos et al, 2018%° Greece Cohort - single centre 685 556 (321-836) days NR

Garg et al, 20104 The Netherlands Cohort — multicentre 512 1,800 (IQR 0) days  1.07+0.27

Nakahashi et al, 20187 Japan Cohort - single centre 264 4 years NR

Values are meanz=standard deviation or median (IQR). ACEF: Age, Creatinine, and Ejection Fraction; IQR: interquartile range; NR: not reported;
RCT: randomised controlled trial
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Table 2. Summary of discriminative outcome analysis.

Number of Pooled 26

MACE

<30-day MACE 4 0.71 0.59-0.81 95 <0.00001
<30-day MACE® 2 0.77 0.73-0.80 0 0.87
1-year MACE 6 0.61 0.55-0.67 83 <0.0001
1-year MACE® 3 0.56 0.50-0.61 65 0.06
2-year MACE 9 0.59 0.55-0.62 82 <0.00001
2-year MACE®? 4 0.55 0.50-0.60 77 0.004
2- to 5-year MACE 3 0.61 0.56-0.66 43 0.17
Cardiac death
1-year cardiac death 3 0.74 0.71-0.77 90 <0.0001
2-year cardiac death 2 0.75 0.65-0.82 76 0.04
All-cause death
<30-day all-cause death 3 0.82 0.72-0.89 86 0.0007
2-year all-cause death 4 0.72 0.68-0.75 30 0.23
2- to 5-year all-cause death 2 0.78 0.50-0.93 92 0.0005
Modification of ACEF score
mACEF (for 2-year MACE) 2 0.56 0.50-0.62 63 0.10
AGEF (for <30-day MACE) 2 0.78 0.73-0.81 0 0.51
CSS (for 1-year MACE) 2 0.60 0.57-0.63 0 0.40
CSS (for 2-year MACE) 2 0.60 0.41-0.76 91 0.0008

2Adjusted for the exact matching of the MACE definition. ACEF: Age, Creatinine, and Ejection Fraction; AGEF: Age, Glomerular filtration rate, and Ejection
Fraction; AUC: area under the curve; Cl: confidence interval; CSS: clinical SYNTAX score; MACE: major adverse cardiovascular events; mACEF: modified
ACEF

A <30-day MACE 1-year MACE
Chichareon, 2019 - - 0.58 [0.55;0.61] Palmerini, 2012 { + I 0.52 [0.49;0.55]
Wykrzykowska, 2011 | —n— 0.58 [0.52;0.63]
Biondi-Zoccai, 2012 —— 0.7310.67;0.78] Zhao, 2023 0,63 10.54:0.71]
Liu, 2016 - —. L 0.76 [0.69,0.84] Pyraras, 2014 5 == L 0.63[0.520.74]
Gao, 2019 : —— 0.67[0.62;0.72]
Liu, 2020 H - I-0.77 [0.73;0.81] Reindl, 2018 -{ P —— I-0.71 [0.58;0.84]
Summary estimate —<_— 0.711[0.56;0.83] Summary estimate o4 I 0.61[0.54;0.68]
Prediction interval b 0.7110.25;0.95] Prediction interval |_._| 0.61[0.42;0.77]
T T T T T T
0.00 0.25 0.50 0.75 0.25 0.50 0.75
C-statistic C-statistic
C 2-year MACE 2- to 5-year MACE
Zhang, 2019 I- I 0.51 [0.49;0.54] Garg, 2010 | + I-0.57 [0.51;0.62]
Capodanno, 2011 —— - 0.53 [0.46;0.60] :
Chichareon, 2019 i a - 0.56 [0.55;0.58]
Wu, 2024 - |- - 0.58 [0.54;0.62] Liu, 2016 —— - 0.62 [0.55;0.69]
Qiu, 2022 D - 0.58 [0.54;0.62]
Di Serafino, 2014 —— 0.63[0.54;0.71]
Reindl, 2018 —_— 0.63[0.53;0.73] Nakahashi, 2018 | —— I 0.65[0.58;0.71]
Capodanno, 2015 - —— I 0.67 [0.61;0.72]
Synetos, 2018 - I = L 0.67 [0.60,0.75] i
Summary estimate KA - 0.59 [0.54;0.63] Summary estimate | i—<>—| I 0.6110.50;0.71]
Prediction interval o H— I 0.59 [0.46;0.71] Prediction interval [ I 0.611[0.18;0.92]
T T T T T T T
0.00 0.25 0.50 0.75 0.25 0.50 0.75
C-statistic C-statistic

Figure 2. Original forest plots of MACE outcomes. References for each trial can be found in Table 1. A) Short-term MACE; (B) 1-year
MACE; (C) 2-year MACE; (D) long-term MACE. C-statistic: concordance statistic; MACE: major adverse cardiovascular events
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12=82%), indicating high heterogeneity. After performing
a leave-one-out sensitivity analysis, removing the study by
Zhang et al*’ resulted in moderate heterogeneity and slightly
improved discrimination (AUC: 0.60, 95% CIL: 0.57-0.64;
12=69%). Adjusted analysis was performed using a 3-point
MACE definition, including all-cause death, MI, and any
revascularisation.®?>?728 The pooled outcome demonstrated
poorer discrimination, with an AUC of 0.55 (95% CI: 0.50-
0.60; 12=77%).

LONG-TERM MACE (2-5 YEARS)

Long-term MACE refers to outcomes reported from more
than 2 years up to 5 years. The pooled analysis showed an
AUC of 0.61 (95% CI: 0.56-0.66; 12=43%), indicating poor
discrimination. A leave-one-out sensitivity analysis revealed
that a study by Garg et al primarily drove heterogeneity.*
After excluding this study, the pooled outcome showed
slightly improved discrimination with zero heterogeneity
(AUC: 0.63, 95% CI: 0.59-0.68; 12=0%).

PREDICTIVE VALUE OF THE ACEF SCORE IN CARDIAC
DEATH

Supplementary Tabhle 4 summarises the discrimination and
calibration results of cardiac death outcomes. The original
forest plots for cardiac death are shown in Supplementary
Figure 2, while the logit AUC is provided in Supplementary
Figure 3.

ONE-YEAR CARDIAC DEATH

The pooled results for 1-year cardiac death showed fair
discrimination, with an AUC of 0.74 (95% CI: 0.71-0.77;
12=90%), suggesting high heterogeneity. After removing the
study by Pyxaras et al?¢ for a leave-one-out sensitivity analysis,
zero heterogeneity was achieved, resulting in a pooled AUC
of 0.73 (95% CI: 0.72-0.73; 12=0%).

TWO-YEAR CARDIAC DEATH

The pooled results demonstrated fair discrimination for 2-year
MACE, with an AUC of 0.75 (95% CI: 0.65-0.82; 2=76%).
A leave-one-out sensitivity analysis was not applicable to this
subgroup.

PREDICTIVE VALUE OF THE ACEF SCORE IN ALL-CAUSE
DEATH

Supplementary Tahle 5 summarises the discrimination and
calibration results of all-cause death outcomes. Supplementary
Figure 4 and Supplementary Figure 5 show the original and
logit forest plots, respectively.

SHORT-TERM ALL-CAUSE DEATH (<30 DAYS)

The pooled results for <30-day all-cause death demonstrated
good discrimination, with an AUC of 0.82 (95% CI: 0.72-
0.89; 12=86%). Zero heterogeneity was achieved after
removing the study by Liu et al** in a leave-one-out sensitivity
analysis, resulting in a slightly reduced pooled outcome (AUC:
0.77, 95% CI: 0.73-0.80; 1*>=0%).

TWO-YEAR ALL-CAUSE DEATH

The pooled results for 2-year all-cause death showed fair
discrimination, with an AUC of 0.72 (95% CI: 0.68-0.75;

Asialntervention 2026;12:¢146-e155 ¢ Shinta Dewi Rasti et al.

12=30%). The overall heterogeneity was mild, but, after
excluding the study by Di Serafino et al,* no heterogeneity
was observed. Following this leave-one-out sensitivity
analysis, the pooled outcome remained similar (AUC: 0.71;
95% CI: 0.69-0.73; 12.=0%).

LONG-TERM ALL-CAUSE DEATH (2-5 YEARS)

Long-term all-cause death refers to outcomes reported
from more than 2 years up to 5 years of follow-up.
The pooled analysis showed fair discrimination, with an
AUC of 0.78 (95% CI: 0.50-0.93; 12=92%), indicating
significant heterogeneity. There were only two studies in
this subgroup,*** making a leave-one-out sensitivity analysis
inapplicable.

PREDICTIVE VALUE OF THE MODIFICATIONS OF THE ACEF
SCORE FOR MACE

Secondary outcomes for modifications of the ACEF score
were analysed when at least two studies reported on the
same time-based outcome. Two studies compared the ACEF
score with the modified ACEF (mACEF) score for 2-year
MACE,*” two studies with the Age, Glomerular filtration
rate, and Ejection Fraction (AGEF) score for <30-day
MACE,*** and two studies with the clinical SYNTAX score
(CSS) for 1-year?®?? and 2-year MACE,**% respectively.
Discrimination and calibration values are detailed in
Supplementary Table 6, while original and logit forest plots
are shown in Supplementary Figure 6 and Supplementary
Figure 7. The formulae for all modified scores are provided
in Supplementary Appendix 1.

MODIFIED ACEF SCORE IN 2-YEAR MACE

The mACEF score with the same MACE definition exhibited
failed discrimination, with a pooled AUC of 0.56 (95% CI:
0.50-0.62; 12=63%). A leave-one-out sensitivity analysis was
not applicable to this outcome. When compared with the
adjusted ACEF score, the mACEF score demonstrated the
same level of discrimination for predicting 2-year MACE.

AGEF SCORE IN <30-DAY MACE

The AGEF score with a matched MACE definition
demonstrated somewhat similar performance for <30-day
MACE compared with the ACEF score after the same MACE
adjustment, with a pooled AUC of 0.78 (95% CI: 0.73-0.81;
12=0%). Although a leave-one-out sensitivity analysis was not
applicable, there was no observed heterogeneity.

CLINICAL SYNTAX SCORE

Two studies?®?? comparing the CSS with ACEF scores for
1-year MACE also used identical MACE definitions, resulting
in better pooled outcomes than the adjusted ACEF score
(AUC: 0.60, 95% CIL: 0.57-0.63; 12>=0%). Meanwhile, the
two studies?®** on the CSS for 2-year MACE had significantly
different MACE definitions and demonstrated severe
heterogeneity, leading to less reliable results, with a pooled
AUC of 0.60 (95% CI: 0.41-0.76; 12=91%).

Discussion
The major findings of this study are as follows: (1) the
ACEF score is effective for predicting <30-day MACE,



achieving an acceptable balance between fair discrimination
and good calibration, but it shows poor predictive value for
other MACE outcomes. 2) The ACEF score demonstrates
acceptable discriminative ability for predicting both cardiac
and all-cause mortality. 3) The AGEF score and the CSS
show similar predictive performance to the ACEF score. To
our knowledge, this is the first meta-analysis to evaluate
the performance of the ACEF clinical risk score in patients
undergoing PCI.

Our findings indicate that the ACEF score is effective for
predicting <30-day MACE. The incidence of MACE varies
across studies, largely influenced by follow-up duration
and patient characteristics. For example, MACE rates were
reported as 21.7% after a mean follow-up of 0.8+0.3 years
following PCI (whether urgent or elective), 47.6% after
a median follow-up of 23 months among acute coronary
syndrome patients, 19.1% after a median follow-up of 6.1
(interquartile range 5.1-6.9) months following emergency PCI,
and 2.78-3.43% within 30 days post-PCI (elective or urgent).>

In contrast, the ACEF score’s performance for other
time subgroups, such as 1-year and 2-year outcomes, was
unsatisfactory, even after aligning MACE definitions.
Significant heterogeneity likely contributed to this limitation.
In the 1-year group, by excluding Palmerini et al,*> which
focused on non-ST-segment elevation acute coronary syndrome
patients, heterogeneity was eliminated, improving the AUC
to 0.59 (95% CI: 0.54-0.63). However, the remaining two
studies in this group?®?* showed significant differences in
sample size, CAD criteria, and, in the study by Pyraxas et al?,
the additional use of rotational atherectomy. Notably, 64.8%
of the population in the study by Wykrzykoska et al** had
moderate to severe calcifications, which might have slightly
minimised the differences. Between the two studies, the
individual AUC was higher in that by Pyxaras et al*® (0.629),
potentially due to the relatively low TVR rate. Since the ACEF
score lacks angiographic factors, its limitations in predicting
MACE are largely due to its reduced ability to assess the risk
of repeat revascularisation.?3! In the 1-year MACE group, the
best individual outcome was observed in the study by Reindl
et al,>! where the MACE definition excluded revascularisation
and focused on ST-segment elevation MI (STEMI) patients.

In the 2-year group, after adjusting the MACE definitions,
the AUC value decreased, while the heterogeneity remained
high. A leave-one-out approach excluding the study by Zhang
et al?” still produced unsatisfactory results (AUC: 0.57, 95%
CL: 0.53-0.62; 12=39%). This subgroup exhibited diversity
in CAD criteria across the included studies, contributing to
the variability in outcomes. The lowest individual outcome
was observed in the study by Zhang et al,”” which focused
on patients achieving complete revascularisation. This study,
comparing 6 scores, including ACEF and mACEF, found none
to be effective in predicting MACE, likely due to a low event
rate. In contrast, Synetos et al,? who examined successful
PCI in STEMI patients with a higher MACE rate, achieved
the highest AUC in the 2-year MACE group. Many factors,
such as PCI procedure details, post-PCI complications, and
medication adherence, can significantly impact outcomes in
these patients.? Di Serafino et al** demonstrated that the
ACEF score could be more useful for identifying specific
patient subsets. Patients in the lowest ACEF tertile had

ACEF score: predictive value in PCI settings

a higher success rate at the first attempt, fewer periprocedural
MIs, and lower overall death and MACE rates.?® In contrast,
patients in the highest ACEF tertile had worse outcomes, with
higher overall death and MACE rates, regardless of whether
their PCI was successful or not.?> The ACEF score was able
to identify patients with chronic total occlusions who did not
gain additional clinical benefits from successful PCI compared
with those with failed PCI.?

The pooled outcomes for long-term MACE were
comparable to those for 1-year and 2-year MACE. However,
further analysis using matched MACE definitions was not
feasible. Assessing long-term predictive value is challenging
because of extended enrolment periods, during which
treatment strategies may evolve. However, several factors
could explain the respectable AUC values of purely clinical
risk scores like ACEF in predicting long-term MACE. Over
longer follow-ups, the influence of angiographic factors from
SYNTAX-related scores or acute parameters from the GRACE
score (e.g., cardiac arrest, Killip class, abnormal enzymes,
electrocardiography changes) may diminish.” Conversely,
fundamental parameters like age, kidney function, and
cardiac capacity consistently affect both short- and long-term
outcomes, whereas other factors primarily influence short-
term prognosis and treatment strategies.*’

Next, we analysed the performance of the ACEF score for
all available mortality outcomes. Overall, the results were
satisfactory, with the ACEF score showing the strongest
performance in predicting <30-day all-cause mortality. This
is consistent with its original design to predict operative
mortality, defined as death within 30 days of an operation,
regardless of cause.!® Although the ACEF score was also
effective in predicting cardiac death, other scores that
combine clinical and angiographic variables demonstrated
superior predictive power.!”

Finally, we reviewed studies comparing the original ACEF
score with its modified versions, including the mACEF and
AGEE. The original ACEF score showed a performance similar
to these variations. The mACEF was developed to enhance
accuracy, as serum creatinine alone is an unreliable kidney
function marker due to its dependence on muscle mass.?
Capodanno et al emphasised that estimating glomerular
filtration rate improves ACEF model calibration, though it
minimally impacts discrimination regardless of the renal
impairment definition used.??

Combining the ACEF score with the SYNTAX score
improves the pooled outcome for 1-year MACE. The inclusion
of patient characteristics has been shown to enhance the
score’s ability to predict MACE and mortality compared with
its original version.”” However, the clinical SYNTAX score
is more complex, incorporating 12 angiographic features
from the SYNTAX score and three clinical factors from the
ACEF score. This complexity increases the risk of overfitting
and multicollinearity among risk factors.'® Furthermore, the
SYNTAX score relies on subjective angiogram evaluations,
potentially causing interobserver variability.

In summary, the ACEF score adheres to the law of
parsimony, which suggests that risk factors should not be
added beyond necessity.!? Unlike other risk models that include
numerous factors to enhance accuracy,'® the ACEF score
relies on three standardised, objectively measured variables:
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age, ejection fraction, and serum creatinine. These variables
are non-intercorrelated, enhancing the score’s practicality and
effectiveness. Applicable to both surgical and interventional
settings, the ACEF score relies on routinely available variables,
enabling consistent use across heterogeneous cohorts and
making it well suited for large-scale, real-world prognostic
analyses. Since its original validation in elective cardiac
surgery, ACEF has demonstrated consistent prognostic
validity across diverse cardiovascular populations, supporting
its clinical utility and generalisability.!*3!33

Limitations

This study has several limitations, primarily the heterogeneity
in CAD criteria and MACE definitions across the included
studies. Despite efforts to adjust for these differences,
variability remains a challenge, as research often involves
diverse ~ PCl-treated  patient  samples, complicating
comparisons.’!  Future research should target specific
populations for risk stratification and consider refining
the ACEF score, particularly for outcomes with limited
power. The insensitivity  to
changes in absolute risk estimates is another limitation;
alternative metrics such as net reclassification improvement
and the integrated discrimination index should be explored.?
Additionally, factors such as treatment planning, adherence,
comorbidities, and lifestyle habits should be better controlled
to improve the ACEF score’s predictive accuracy.

discriminative C-statistic’s

Conclusions

The ACEF score demonstrated effective discrimination for
<30-day MACE and mortality. Its simplicity, accessibility,
and time-saving features make it a valuable tool for clinicians.
While not superior to more complex risk scores, the ACEF
score performs comparably well, providing a quick and
user-friendly option for risk stratification in CAD patients
undergoing PCI.
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Supplementary data

Supplementary Appendix 1. Formulae for modified scores.

The modified ACEF score was calculated using the formula: (age/LVEF) + 1 point for every 10 mL/min
reduction in creatinine clearance below 60 mL/min per 1.73 m?. The AGEF score was calculated by
adding 1 point to the age/LVEF ratio if the estimated glomerular filtration rate was less than 60 mL/min
per 1.73 m? Garg et al. developed the CSS using the formula: CSS = [SYNTAX Score] x [modified
ACEF score], referring to it as the CSS creatinine clearance version.* They also compared this version
with one derived from the original ACEF score, which uses serum creatinine instead of creatinine

clearance. In our analysis, we used the CSS serum creatinine version.



Supplementary Table 1. Results of PROBAST risk of bias assessment.

No Study Risk of Bias Applicability Overall
Participants | Predictors Outcome Analysis | Participants | Predictors Outcome Risk of Bias Applicability
1 | Chichareon, 2019"° low low high high low low high high high
2 Biondi-Zoccai, low low low high low low high high high
2012%
3 | Liu, Yuan-hui 2016%* low low high unclear high low high high high
4 | Liu, Yuan-hui 2020% low low high high high low high high high
5 | Palmerini, 2012% low low low low high low low low high
6 Wykrzykowska, low low low high low low low high low
20112°

7 Zhao, 20238 low low unclear low low low unclear low high
8 | Pyxaras, 2014% low low low low high low low low high
9 | Gao S, 20197 low low low low high low high low high
10 | Reindl, 20183 low low low high high low high high high
11 | Garg, 2011'8 low low high high low low low high low
12 | Zhang, 2019%’ low low low low low low low low low
13 | Capodanno, 201178 low low low unclear low low low unclear low
14 | Shao-Yu Wu, 2024° high unclear high unclear high low low high high
15 | Qiu, 2022° low low low high low low high high high
16 | Di Serafino, 2014 low low low high high low low high high
17 | Capodanno, 2015 low low high unclear low low high high high
18 | Synetos, 2018% low unclear low unclear high low low unclear high
19 | Garg, 2010* low low low high low low high high high
20 | Nakahashi, 2018’ low low low high low low high high high




Supplementary Table 2. Definitions of CAD and MACE in the included studies.

No | Study CAD Criteria Definition of MACE
1 Chichareon, 2019 | Patients with chronic stable CAD or ACS All-cause death, MI, any stroke, any
revascularization
2 Biondi-Zoccali, Patients with CAD who had a bifurcation lesion | All-cause death, MI, CABG, or TLR
20122 in a major epicardial vessel (defined as having
more than 50% diameter stenosis in a
bifurcation with a reference vessel diameter of
2.5-4.5 mm in the main branch and 2.25-4.5 mm
in the side branch).
3 Liu, Yuan-hui Patients with STEMI All-cause death, MI, TVR, cerebrovascular
2016% events, renal replacement therapy
4 Liu, Yuan-hui Patients with STEMI All-cause death, MI, TVR, stroke, renal
2020% replacement therapy
5 Palmerini, 201222 Patients with NSTE-ACS. Cardiac death, MI, clinically indicated TVR
6 Wykrzykowska, Patients with chronic stable CAD or ACS were Cardiac death, M1, clinically indicated TVR
20112° eligible if they had at least one lesion with a
diameter stenosis of 50% or more, suitable for
stent implantation in a vessel with a reference
diameter of 2.25 mm to 3.5 mm.
7 Zhao, 20238 Patients with ACS who underwent angiography. | All-cause death, rehospitalization for
cardiovascular diseases
8 Pyxaras, 20142 Patients with stable angina and severely Cardiac death, M1, clinically indicated TVR
calcified coronary stenoses treated with
rotablation.
9 Gao S, 2019 Patients with STEMI All-cause death, MI, unplanned
revascularization, nonfatal stroke
10 Reindl, 20183! Patients with STEMI, as defined in compliance All-cause death, MI, stroke, new congestive
with the redefined ESC/ACC committee criteria. | heart failure
11 Garg, 2011'% Patients with chronic stable CAD or ACS were All-cause death, M1, any repeat
eligible for enrollment if they had at least one revascularization
lesion with a diameter stenosis of 50% or more
and a reference vessel diameter between 2.25
and 4.0 mm.
12 | Zhang, 2019%7 Patients with CAD who achieved complete All-cause death, M1, any repeat
revascularization after PCI. revascularization
13 Capodanno, 20112 | Patients with CAD who underwent PCI for All-cause death, MI, TVR
unprotected left main disease, defined as having
lesions with at least 50% stenosis of the vessel
diameter.
14 Shao-Yu Wu, 2024° | Patients with chronic stable CAD or ACS All-cause death, MI, any ischemia-driven
revascularization
15 Qiu, 2022° Patients with chronic stable CAD or ACS who Cardiac death, MI, stroke, or definite/probable
had at least one coronary lesion with stenosis stent thrombosis
greater than 70% in a vessel with a reference
diameter of 2.5 to 4.0 mm.
16 | Di Serafino, 2014?* | Patients who underwent PCI for complete All-cause death, MI, clinically indicated TVR
obstruction of a native coronary artery with a
duration longer than 3 months and TIMI flow
grade 0.
17 Capodanno, 20153 | Patients with CAD without atrial fibrillation All-cause death, MI, hospitalization, nonfatal
undergoing PCI with drug-eluting stent stroke
implantation.
18 Synetos, 2018% Patients with STEMI who underwent successful | Cardiac death, MI, TVR
primary PCL
19 Garg, 2010* Patients with stable angina, unstable angina, or All-cause death, any revascularization,

silent ischemia who had at least 2 coronary

cerebrovascular accident




lesions in different major epicardial vessels
and/or their side branches (excluding the left
main stem) that were potentially suitable for
stent implantation.

20 Nakahashi, 20187 Patients with ACS All-cause death, MI, TVR, stroke

ACEF = Age, Creatinine, Ejection Fraction; ACS = Acute Coronary Syndrome; CABG = Coronary Artery Bypass Grafting; CAD =
Coronary Artery Disease; MACE = Major Adverse Cardiovascular Events; MI = Myocardial Infarction; NR = Not Reported; NSTE-
ACS = Non-ST Elevation Acute Coronary Syndrome; PCI = Percutaneous Coronary Intervention; STEMI = ST Elevation Myocardial
Infarction; TVR = Target Vessel Revascularization




Supplementary Table 3. Summary of discrimination and calibration for MACE outcomes across

studies.
No. Study AUC (95% CI)MAICE Calibration Conclusion of Each Study
Short-term MACE (<30 days)
1 Chichareon, 2019"° 0.577 (0.55-0.61) NA Failed discrimination
2 Biondi-Zoccai, 2012%' | 0.73 (0.67-0.78) O:E1 Fair discrimination, good
calibration
3 Liu Yuan-hui, 2016 0.763 (0.69-0.84) H-L <7.0 Fair discrimination, good

calibration

4 Liu Yuan-hui, 2020%

0.77 (0.73-0.81)

Calibration slope
1.05 (0.92-1.17)

Fair discrimination, excellent
calibration

1-year MACE

1 Palmerini, 20122

0.52 (0.49-0.55)

H-L 9.5 (p =0.30)

Failed discrimination, fair
calibration

2 Wykrzykowska, 2011%° | 0.577 (0.52-0.63) NA Failed discrimination

3 Zhao, 20238 0.627 (0.55-0.71) NA Poor discrimination

4 Pyxaras, 20142 0.629 (0.52-0.74) H-L 9.605 (p = Poor discrimination, fair
0.294) calibration

5 Gao S, 20193 0.67 (0.62-0.72) H-L 11.60 (p = Poor discrimination, fair
0.170) calibration

6 Reindl, 20183! 0.71 (0.58-0.84) NA Fair discrimination

7 Garg, 2011*!8 0.56 (NR) NA Failed discrimination

2-year MACE

1 Zhang, 20197

0.51 (0.49-0.54)

Calibration slope
1.66 (-2.93 -6.24)

Failed discrimination, good
calibration

2 Capodanno, 201128 0.528 (0.46-0.599) H-L0.073 (p = Failed discrimination, good
0.786) calibration

3 Chichareon, 2019"° 0.565 (0.55-0.58) NA Failed discrimination

4 Shao-Yu Wu, 2024° 0.579 (0.54-0.62) H-L 13.591 (p = Failed discrimination, fair
0.093) calibration

5 Qiu, 2022° 0.58 (0.54-0.62) NA Failed discrimination

6 Di Serafino, 2014% 0.63 (0.54-0.71) NA Poor discrimination

7 Reindl, 20183! 0.63 (0.54-0.73) NA Poor discrimination

8 Capodanno, 20153 0.67 (0.61-0.72) NA Poor discrimination

9 Synetos, 2018 0.673 (0.596-0.75) NR Poor discrimination

Long-term MACE (3-5 years)

1 Garg, 2010* 0.57 (0.51-0.62) NA Failed discrimination

Liu Yuan-hui, 2016%* 0.619 (0.55-0.69) H-L>7.0 Poor discrimination, fair
2 calibration
3 Nakahashi, 2018’ 0.65 (0.58-0.71) NA Poor discrimination

AUC = Area Under the Curve; H-L = Hosmer-Lemeshow; MACE = Major Adverse Cardiovascular
Events; NA = Not Applicable; NR = Not Reported; O:E = Observed : Expected ratio

*Cannot be included in meta-analysis




Supplementary Table 4. Summary of discrimination and calibration for cardiac death outcomes

across studies.

No. Study

Cardiac Death

AUC (95% CI) |

Calibration

Conclusion of Each Study

1-year Cardiac Death

1 Palmerini, 2012%

0.70 (0.57-0.82)

H-L 6.8 (p = 0.55)

Fair discrimination, good
calibration

2 Wykrzykowska, 2011%° | 0.73 (0.72-0.73) NA Fair discrimination
3 Pyxaras, 2014%¢ 0.76 (0.75-0.78) NR Fair discrimination
4 Garg, 2011*!8 0.84 (NR) NA Good discrimination

2-year Cardiac Death

Capodanno, 201128 0.57 (0.51-0.62) H-L021(p= Failed discrimination, good
1 0.642) calibration
2 Synetos, 2018 0.65 (0.58-0.71) NR Poor discrimination

AUC = Area Under the Curve; H-L = Hosmer-Lemeshow; NA = Not Applicable; NR = Not Reported

*Cannot be included in meta-analysis




Supplementary Table 5. Summary of discrimination and calibration for all-cause death outcomes

across studies.

No. Study

All-cause Death

AUC (95% CI)

Calibration

Conclusion of Each Study

Short-term All-cause Death (<30 days)

1 Chichareon, 2019%°

0.75 (0.69-0.82)

Calibration slope
0.82 (0.61-1.03)

Fair discrimination, good
calibration

2 Biondi-Zoccai, 20122!

0.77 (0.74-0.81)

O:E 0.7

Fair discrimination, fair
calibration

3 Liu Yuan-hui, 2016%*

0.94 (0.89-0.98)

H-L<7.0

Excellent discrimination, good
calibration

1-year All-cause Death

1 Palmerini, 2012%2? 0.66 (0.57-0.75) H-L 8.5 (p = 0.39) | Poor discrimination
2 Garg, 2011%*!8 0.78 (NR) NA Fair discrimination
2-year All-cause Death

1 Zhang, 2019%

0.68 (0.62-0.74)

Calibration slope
1.08 (0.37-1.79)

Poor discrimination, excellent
calibration

2 Capodanno, 201128 0.72 (0.64-0.79) H-L0.344 (p = Fair discrimination, good
0.557) calibration

3 Chichareon, 2019!° 0.72 (0.69-0.74) NA Fair discrimination

4 Di Serafino, 2014% 0.81 (0.72-0.91) NA Good discrimination

Long-term All-cause Death (2-5 years)

1 Garg, 2010* 0.65 (0.54-0.76) NA Poor discrimination

2 Liu Yuan-hui, 2016%* 0.87 (0.81-0.93) H-L>7.0 Good discrimination, fair

calibration

AUC = Area Under the Curve; H-L = Hosmer-Lemeshow; NA = Not Applicable; NR = Not Reported;
O:E = Observed : Expected ratio

*Cannot be included in meta-analysis




Supplementary Table 6. Summary of discrimination and calibration for ACEF score modifications

across studies.

Modification of ACEF score

No. Study AUC (95% CI) I Calibration Conclusion of Each Study

mACEF (for 2-year MACE)

1 Shao-Yu Wu, 2024° 0.59 (0.55-0.63) H-L 14.071 (p = Failed discrimination, fair
0.080) calibration

2 Zhang, 2019%

0.53 (0.50-0.56)

Calibration slope
1.57 (1.17-1.98)

Failed discrimination, good
calibration

AGEF (for <30 days MACE)

| Liu Yuan-hui, 2016%*

0.76 (0.69-0.83)

H-L<7.0

Fair discrimination, good
calibration

) Liu Yuan-hui, 2020%

0.79 (0.75-0.84)

Calibration slope
1.05 (0.91-1.18)

Fair discrimination, excellent
calibration

Clinical Syntax Score (for 1-year MACE)

1 Palmerini, 20122

0.59 (0.56-0.63)

H-L18.1 (p=0.02)

Failed discrimination, fair
calibration

2 Wykrzykowska, 2011%° | 0.62 (0.56-0.67) NA Poor discrimination

Clinical Syntax Score (for 2-year MACE)

1 Capodanno, 201128 0.50 (0.43-0.58) H-L7.441 (p= Failed discrimination, good
0.006) calibration

2 Synetos, 2018 0.69 (0.61-0.76) NR Poor discrimination

AUC = Area Under the Curve; H-L = Hosmer-Lemeshow; MACE = Major Adverse Cardiovascular

Events; NA = Not Applicable; NR = Not Reported




logit AUC logit AUC

Study or Subgroup logit AUC SE Weight IV, Random, 95% Cl1 I, Random, 95% CI

1.1.1 short-term MACE

Chichareon 20149 0.3 0.0656 26.4% 0.31[018, 0.44] &
Biondi-Zaceai 2012 0.995 01426 249% 099072 1.27] —
Liu Yuan-hui 2016 1.169 02118 23.0% 1.17[0.75, 1.58] —
Liu Yuan-hui 2020 1.208 01107 256% 1.21 [0.99,1.42]

Subtotal (95% CI) 100.0% 0.91[0.38, 1.44] —enai—

Heterogeneity: Tau®= 0.28; Chi*= 64,07, df= 3 (P = 0.00001}; *= 95%
Test for overall effect, £=3.34 (P =0.0008)

1.1.2 1-year MACE

Falmerini 2012 0.03004271 0.08610577  21.3% 0.08 [-0.05, 0.21] ™

Wkrzykowska 2011 0.31047009 011308185 19.59% 0.31[0.09, 0.53] =

Zhao 2023 051936812 017830342 16.3% 052017, 0.87] —
Pywaras 2014 052792919 0.23568836 135% 0.53[0.07, 0.949] -

Gao 52018 0.70818506 011533243 19.4% 0.71[0.48, 0.93] —
Reindl 2018 0.89538405 0.32054385 101% 0.90[0.27, 1.42] -
Subtotal (95% CI) 100.0% 0.46 [0.19, 0.73] e

Heterageneity: Tau®= 0.08; Chi*= 2950, df=5 (P = 0.0001); *= 83%
Test for overall effect 7= 3.36 (P = 0.0008)

1.1.3 2-year MACE

Zhang 20149 0.04000533 0.05122049 15.3% 0.04 [-0.06,0.14] ™
Capodanno 2011 0121173 014433263 96% 011 07, 0.40] -
Chichareon 2019 02614797 0.02848133 163% 0.26[0.21, 0.32] -

Shao-vu i 2024 0.31866964 0.03163801 13.5% 0.32[0.16, 0.48] -

Qiu 2022 032277339 0.03374384 134% 0.32[0.16, 0.49] -

Di Serafino 2014 053221681 018618619 7.4% 0.53 (017, 0.90] -
Reindl 2018 0.53221681 021879022 61% 0.53[0.10, 0.96] -
Capodanno 2014 0.70818506 012663953 10.6% 0.71 [0.46, 0.96] —
Synetos 2018 07226941 017818038 7.8% 0.72[0.37,1.07] —
Subtotal (95% CI) 100.0% 0.35[0.22, 0.48] L

Heterageneity: Tau®= 0.03; Chi*= 4342, df=8 (P = 0.00001); *= 82%
Test for overall effect £ =513 (P = 0.00001}

1.1.4 long-term MACE

Garg 2010 02818512 01142391 400% 0.28 [0.06, 0.51] ——
LiuYuan-hui 2016 04852059 01513745 203% 0.491[0.19, 0.78] —a—
Makahashi 2018 06190392 01459341 307% 0.621[0.33,0.91] ——
Subtotal (95% CI) 100.0% 0.44 [0.24, 0.65] -

Heterogeneity: Tau®=0.01; Chi®=3.49, df=2(F=017), F=43%
Test for overall effect, £=4.28 (P = 0.0001)

'
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Supplementary Figure 1. Compiled forest plot of logit AUC of all MACE outcomes.
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A. l-year Cardiac Death

Palmerini 20124 o 0.70 [0.57 ; 0.82]
Whykrzykowska 2011 | L 0.73[0.72; 0.73]
Pyxaras 2014 u 0.76 [0.75; 0.78]
Summary Estimate - I—(H 0.74[0.68 ; 0.80]
Prediction Interval : : 0.74[0.33; 0.94]
0.00 0.25 0.50 0.75 1.00
c-statistic

B. 2-year Cardiac Death

Capodanno, 20114 : — 0.69[0.59; 0.78]
Synetes, 20164 L] 0.78[0.77 ; 0.78]
Summary Estimate 4 I = 0.75[0.14 ; 0.98]
Prediction Interval - 0.75 [ NaN ; NaN]
0.00 0.25 0.50 0.75 1.00
c-statistic

Supplementary Figure 2. Original forest plots of cardiac death outcomes.

logit AUC logit AUC
Study or Subgroup logit AUC SE Weight I, Random, 95% CI IV, Random, 95% Cl
2.1.1 1-year cardiac death
Falmerini 2012 08472973 03047619 £.9% 0.85[0.25,1.44]
Wivkizykoweska 2011 09794547 001209245 486% 0.98 [0.96,1.00] |
Pycaras 2014 11636758 003970082 445% 116 [1.08,1.24] L
Subtotal (95% Cl) 100.0% 1.05 [0.88, 1.22] <4

Heterogeneity, Tau®=0.02; Chi*=19.94 df=2 (P = 00001}, F=90%
Testfar averall effect: Z=1218 (P = 0.00001}

2.1.2 2.year cardiac death

Capodanno 2011 07807857 02282722 37.9% 0,79 [0.34,1.24] ——
Synetos 2018 1.2540481  0.0115797  62.1% 1,25 [1.23,1.28] |
Subtotal (95% CI) 100.0%  1.08 [0.64, 1.52] b

Heterogeneity: Tau®= 008, Chi*=4.11, df=1 (F=0.04); F=76%
Testfar averall effect £= 4 80 (P = 0.00001)

Supplementary Figure 3. Compiled forest plot of logit AUC of cardiac death outcomes.



A. <30 days All-cause Death
Chichareon, 2019 0.75 [6.9e-01 ; 0.82]
Biondi-Zoccai, 2012 0.77 [7.4e-01: 0.81]
Liu Yuan-hui, 2016 1 0.94 [8.9e-01 ; 0.98]
Summary Estimate - 0.83 [3.8e-01; 0.98]
Prediction Interval 4 : : 0.83[3.9e-05 ; 1.00]
0.00 025 0.50 0.75 1.00
c-statistic
B. 2 year All-cause Death
Zhang, 20191 —a— 0.68[0.62;0.74]
Capodanno, 20111 —a 0.72[0.64;0.79)
Chichareon, 20191 - 0.72[0.69;0.74]
Di Serafino, 20141 — 0.81[0.72;0.91]
Summary Estimate 1 : FO'I 0.72[0.67 ; 0.76]
Prediction Interval 4 l—' 0.72[0.66 ., 0.77]
0.00 0.25 0.50 0.75 1.00
c-statistic
C. 2-5 year All Death
Garg, 2010 : ] 0.65 [0.54000 ; 0.54]
Liu Yuan-hui, 2016 - 0.87[0.81000 ; 0.81]
Eetmate] | |
ummary Estimate | ] | o078 0.00087 1.00]
Prediction Interval i 0.78[ NaN: NaN]
0.00 0.25 0.50 0.75 1.00
c-statistic

Supplementary Figure 4. Original forest plots of all-cause death outcomes.

logit AUC logit AUC
Study or Subaroup logit AUC SE_Weight IV, Rand 95% Cl IV, Random, 95% CI
2.2.1 short-term all-cause death
Chicharaon 2019 1120061 01779129 36.0% 1A2[0.77,1.47] ——
Biondi-Zoceai 2012 1.208311 01016378 39.4% 1.21[1.01,1.41] -
Liu Yuan-hui 2016 2682732 03839476 246% 2.68[1.93 3.44] —
Subtaotal (95% CI) 100.0% 1.54 [0.95, 2.13] e

Heterogeneity; Tau®= 0.22; Chi*= 14.61, df = 2 (P = 0.0007); F= 86%
Test for overall effect Z=5.14 {P = 0.00001})

2.2.2 2.year all-cause death

Zhang 2014 07837718 014246324 237% 0.75[0.47,1.03] -
Chichareon 2019 0.9345625 006173571 54.1% 0.93[0.81, 1.08] |
Capodanno 2011 09345625 0187676596 15.7% 0.93[0.57,1.30] —
DiSerafing 2014 1.4500102 0.31189084 6.5% 1.45[0.84, 2.06] -
Subtotal (95% CI) 100.0% 0.93 [0.76, 1.09] [ ]
Heterogeneity: Tau®= 0.01; Chi*=4.30, df= 3 (P =0.23); = 30%

Test for overall effect Z=11.10 (P = 0.00001)

2.2.3 long-term all-cause death

Garg 2010 06180382 02461538 450.5% 0.62[0.14,1.10] ——

Liu uan-hui 2016 1.9098296 02759014 49.5% 1.91[1.37, 2.45] —i—
Subtotal (95% CI) 100.0% 1.26 [-0.01, 2.52] |~ —

Heterogeneity: Tau®= 0.76; Chi*=12.14, df=1 (P = 0.0008);, F=92%
Test for overall effect: Z=1.95 {P = 0.05)

Supplementary Figure 5. Compiled forest plot of logit AUC of all-cause death outcomes.



A. mACEF (2-year MACE) B. AGEF (<30 days MACE)

Zhang 20194 - 0.53[0.50; 0.56] Liu Yuan-hui 2016 —— 0.76 [0.69; 0.83]

Shao-Yu Wu 2024 . 0.59[0.55; 0.63] Liu Yuan-hui 20204 —— 0.79[0.75; 0.84]

Summary Estimate 5 I - I 0.56 [0.22 ; 0.85] Summary Estimate I—(,—' 0.78 [0.57 : 0.90]

Prediction Interval 4 I 0.56 [ NaN . NaN] Prediction Interval 4 + 0.78 [ NaN ; NaN]
0.00 025 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
c-statistic c-statistic
C. CSS (l.year MACE) D. CSS (2-year MACE)
Palmerini 20121 P 0591056, 083] | capoganno 2011 1 — 0.50 [0.428 ; 0.58)
Wykrzykowska 2011 . 0.62[0.56 ; 0.67] Synetos 2018 1 —a— 0.69[0.614:0.76]

Summary Estimate - |—0—| 0.60[0.43:0.74] | Summary Estimate | I — I 0.60[0.011 ; 1.00]

Prediction Interval 4 0.60 [NaN: NaN| Prediction Interval 4 0.60[ NaN: NaN]

0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 100
c-statistic c-statistic

Supplementary Figure 6. Original forest plots of ACEF score modification outcomes.

logit AUC logit AUC
Study or Subgroup logit AUC SE Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 mACEF (2-year MACE)
Shao-yu iy 2024 01201443 01201443 431% 012012, 0.36] —i—
Zhang 20149 0359833 00809653 569% 0.36 [0.20, 0.52] -
Subtotal (95% CI) 100.0% 0.26 [0.02, 0.49] -

Heterogeneity: Tau*=0.02; Chi*=2.74, df=1{F=010), F=63%
Testfor averall effect 2= 216 (P =0.03)

3.1.2 AGEF (short-term MACE)

Liu Yuan-hui 20156 1141746 01046728 34.9% 114 [0.76 1.52] —a—
Liu Yuan-hui 2020 1300981 0142565 B51%  1.30[1.02,1.59] ——
Subtotal (95% CI) 100.0%  1.25[1.02, 1.47] e

Heterogeneity, Tauf=0.00; Chi*=0.44, df=1 (P=051), F=0%
Testfor overall effect: Z=10.83 (F = 0.00001)

3.1.3 CSS (1-year MACE)

Palmerini 2012 03639654 007379082 72.2% 036 (0,22, 0.51] . B
Wykrzykowska 2011 04810678 011802047 27.8%  0.48(0.25, 0.71] —a—
Subtotal (95% CI) 100.0%  0.40[0.27, 0.52] &>

Heterogeneity, Tau®= 0.00; Chi*=0.70, df=1 (P=040);, F=0%
Testfor overall effect: Z=6.32 (P = 0.00001)

3.1.4 CSS (2-year MACE)

Capodanno 2011 001200014 01532055 50.5% 001 [-0.28,0.31]
Synetos 2018 079334226 01714246 49.5% 0.79[0.45,1.12] —i—
Subtotal (95% CI) 100.0% 0.39[-0.36, 1.15]

Heterogeneity: Tau®=0.27; Chi*=11.26, df="1 (P = 0.0008); F= 91%
Testfor overall effect Z=1.02 (P=0.31)

Supplementary Figure 7. Compiled forest plot of logit AUC of all ACEF score modifications
outcomes.



