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recorded as “not reported”. Risk of bias was assessed using Prediction Model
Risk of Bias Assessment Tool (PROBAST).
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OPUTMHANDbHbDIE CTATbU
Nwemmnueckas 6one3Hb cepgua

AHHOTaumA

AKTyanbHOCTb. [0CNUTanbHaA NeTanbHOCTb NPU N30AIMPOBAHHOM KOPOHap-
HOM LIYHTUPOBAHWU CErOAHA HNU3Kas, HO 3aMEeTHO Pas3fIMYaeTcA MeXay LieHT-
pamu 1 ctpaHamu. lMpefonepaLoHHas oLeHKa pucka onpeaenaeT MapLupy-
TM3aLWIio NaLmneHTa, MHGOPMMPOBaHHOE Cornacue 1 ConocTaBeHNe KauecTsa
nomowyn. Mockonbky ¢ 2018 1. U3IMEHUANCHL XMPYpPruyeckas TeXHWKa, nepu-
ornepaLmnoHHoe BefieHne 1 Npoduib NaLMeHTOB, MOAENN PUCKa, MOCTPOEH-
Hble Ha KoropTax NPeXXHUX NeT, TePAIOT KannbPOoBKY 1 HYXAAIOTCA B NOBTOP-
HOW NPOBepKe B COBPEMEHHbIX YCOBUAX.

Lienb. OueHNTb BHeLLHIO BannaHOCTb 1 Kanubposky mogeneil EuroSCORE
Il v mogenu O6LiecTBa TopakanbHbiX Xxmpypros (STS Score) Ana KpaTkocpou-
HOW NeTanbHOCTUN Y B3POC/IbIX NMaLMEHTOB NOC/E N30JIMPOBaHHOIO KOPOHap-
HOTO LWYHTMPOBAHUA B COBPEMEHHbIX YCNIOBUSAX.

Metopgpbi. MposefeH cnctematnyeckuii nomck 8 PubMed/MEDLINE, Scopus
1 Web of Science c orpaHunyeHuamu no rogam (2018-2025) n A3bIKY (@HMNA-
CKWiA). BKNoYanncb opuriiHasbHble NCCIeA0BaHNA BHEWHEN Banngauum
Y NaLMUEHTOB C U30JIMPOBAHHBIM KOPOHAPHbIM LUYHTUPOBaHMEM 1160 pabo-
Tbl C YETKO BbljeN1IIeMOl MOArPYNMoii; KOHEUYHbIE TOYKM — FOCNUTabHas fe-
TanbHOCTb MK 30-AHEBHAA BbIKMBAEMOCTb. /I3BneKanncb nokasartenm pas-
nuyaiowein cnocobHocTu (AUC) 1 KanmbpoBKM (OTHOLEHWE «HabntogaeMasn/
OXUaaemas» NeTanbHOCTb, P-3HadeHre Tecta XocMmepa — JIemMeLLoy, HaKoH
N MHTEPCENT KannbpoBKy Npu Hanuumum). CKPUHWHE U U3BNIeYEHME AaHHbIX
BbIMOJHANNCb HE3aBMCMMO ABYMS PELIeH3E€HTaMU; MPY OTCYTCTBUM 3HAUYEHNI
B NEPBOMCTOUHNKAX OHV MOMEYASNINCH KaK «HET AaHHbIX». PUCK cucTemaTuue-
cKol oWMBKM oLieHeH ¢ nomolwbio Prediction Model Risk of Bias Assessment
Tool (PROBAST).

PesynbraTtbl. B 0630p BKNOUEHO feBATbL NccnepoBaHuii n3 Esponbl, Asun
1 JlaTuHcKoin AMepuiKkn (06bem BbiGopoK — 438-14 118). Paznnyalowas cno-
COBHOCTb BapbUpOBana oT yMepeHHOM 1o Bbicokoii: Ansa EuroSCORE Il - AUC
0,55-0,90 (B KpynHenwmx koroptax - 0,82-0,90), ana STS Score - AUC 0,65-
0,88. Kannbposka oka3sanacb HEOAHOPOAHOIA: BbiAABIEHA NepeoLieHKa prcka
Y MOJIOAbIX MALMEHTOB 1 B HA3KUX KaTeropusx prcka (Hanprmep, obuiee oT-
HolueHve «Habnoaaemasn/oxuaaemasn» netanbHoctb (O/E) 0,58, y nauyeHToB
<60 net O/E 0,26) 1 HefjoOLeHKa Y NOXWbIX MaLMeHTOB, MPY onepaumax Ha
MCKYCCTBEHHOM KPOBOOOpPALLeHUN 1 B psiie HEEBPOMENCKIX Nonynauui (4o
O/E 4,2). B otAenbHbIX MCCEAOBAHUAX NIOKaNbHaA KOPPeKTUPOBKa Kann-
6poBKM ynyyllana cornacve nporHo3sa ¢ HabngaembiMy UCXOAAMU.
3akrntoueHue. B coBpemMeHHbIX cepusx 30MPOBaHHOMO KOPOHAPHOTO LWyH-
TupoBanma EuroSCORE Il n STS Score ocTatoTca nonesHbiMy ANs paHXNpoBa-
HVISl PUCKA, OAHAKO PEKOMEHAYETCA NPOBepKa KanmbpoBKU Ha YPOBHE LIEHT-
pa 1 npn Heo6XOAMMOCTY MPOCTas Nepekannbposka. TakxKe pekomMeHayeTcA
perynapHbIi ayanT OTHOLLEeHUA «Habnofaemasn/oxuaaemasn» neTanbHoCTb 1
CTpaTUdULMPOBaHHaA BepndrKaLma B KNOUEBbIX MOATPYynnax.

KnioueBble cnoBa: BHellHASA Banyaauus; rocnuTanbHas IeTanbHOCTb; Ka-
NMOPOBKa; KapANOXUPYPrus; KOPOHAPHOE LIYHTUPOBAHUE; OLEHKA PUCKa;
NMPOrHOCTUYECKKE MOLENM

Introduction

Mortality after coronary artery bypass grafting

used risk models — EuroSCORE I [3] and the STS (Society
of Thoracic Surgeons) risk model [4] — were developed on
large but diverse cohorts and, over time, inevitably suffer

(CABG) currently remains low in absolute terms, but it is
heterogeneous across different centers and populations
[1]. Therefore, preoperative risk stratification is a key
element of patient routing, informed consent, and quality
benchmarking in cardiac surgery [2]. The most widely

from calibration drift (i.e., deterioration in agreement
between predicted and observed risk) as surgical
techniques, indications, and patient profiles evolve.
EuroSCORE Il is an update of the classic EuroSCORE [5];
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the model was developed on a contemporary European
cohort and initially demonstrated better calibration while
maintaining high discriminative ability compared with its
predecessor. In parallel, the Society of Thoracic Surgeons
(STS) published a new generation of risk models based
on data from the large ACSD (Adult Cardiac Surgery
Database), providing high predictive accuracy for cardiac
operations, including CABG [6], along with detailed
methodological principles for model development and
validation [7].

However, even well constructed models, when
transferred “to other walls,” require reassessment [8].
Classic literature on prognostic modeling emphasizes
that calibration is the Achilles’heel of predictive analytics:
a poorly calibrated algorithm can mislead clinicians and
cause harm in decision making. Hence, external validation
requires sufficient data volumes and explicit assessment
of calibration metrics [9].

Accumulated evidence on the external validity
of EuroSCORE Il / STS in different countries confirms
heterogeneity of results. In Iranian and Tunisian cohorts,
EuroSCORE Il showed acceptable discrimination but
required calibration tuning, which is explained by
differences in risk profiles and complication patterns [10;
11]. In Greece and Serbia (studies up to 2018), similar
conclusions were drawn: EuroSCORE Il outperformed
the old EuroSCORE version in discrimination but was not
always perfectly calibrated in local settings [12; 13].

Comparative reviews and meta analyses report that
the accuracy of the two aforementioned risk models
is generally statistically comparable, and differences
depend on the context (type of surgery, urgency, country,
study period) [14]. Additional data from cardiac surgery
in China (not limited to CABG) indicate good predictive
ability of EuroSCORE Il for short term outcomes, with
in hospital mortality often being more informative
than 30 day mortality for outcome assessment [15].
A particular challenge is represented by clinical
subgroups, e.g., patients with atrial fibrillation: large
registries have shown that in such patients EuroSCORE
Il may underestimate risk in low and intermediate risk
ranges, and discrimination for CABG is worse than in
patients without atrial fibrillation [16].

After 2017-2018, the approach to planning and
performing CABG has substantially changed [17].
European guidelines on myocardial revascularization
have strengthened recommendations for arterial
conduit strategies (multiple arterial grafting, priority

of the left anterior descending artery, etc.), which has
altered the procedure profile in contemporary patients
[18]. Furthermore, the widespread adoption of enhanced
recovery after surgery (ERAS) protocols for perioperative
care, as well as the standardization of perioperative
cardioprotection and patient management algorithms,
have contributed to changes in the principles of
perioperative CABG management [19]. The “architecture”
of CABG surgery is also changing and becoming more
differentiated: nuanced decisions regarding technique
selection in the context of off pump CABG (OPCAB) and
patient selection are being practiced; contemporary
reviews emphasize the need for selective use of OPCAB
and a re evaluation of its role in frail patients [20; 21].

In parallel, standards for reporting and critical
appraisal of prognostic models have evolved. Whereas
in the past authors often relied solely on the area under
the ROC curve (AUC), recent years have seen the “gold
standard”become reports that must include calibration
assessment: the observed to expected (O/E) ratio, the
Hosmer-Lemeshow (HL) test, calibration slope, and
calibration in the large (CITL). This is explicitly stated in
the TRIPOD (Transparent Reporting of a multivariable
prediction model for Individual Prognosis Or Diagnosis)
statement, its extension for machine learning models
(TRIPOD+AI), and methodological reviews on calibration
[22]. The picture is further complemented by the
updated Prediction Model Risk of Bias Assessment Tool
(PROBAST) and its Al extension (PROBAST+AI), which
provide a unified framework for external validation
and assessment of model applicability in local contexts
[23; 24].

Thus, validations from the previous era of CABG
(roughly prior to 2018) reflect a different clinical and
organizational landscape (different anesthesia and
rehabilitation protocols, different patient mix and surgical
technique), and they naturally suffer from calibration drift,
yielding unstable risk estimates when extrapolated to
current practice. Consequently, direct comparison with
contemporary series is inappropriate; for a clinically
relevant answer, the search should be limited to more
recent studies that align with current standards of care
and reporting [19].

The aim of this systematic review is to summarize
evidence from recent studies (later than 2018) on the
external validation of EuroSCORE Il / STS in adult patients
undergoing isolated CABG, with a focus on AUC ranges
as a measure of discrimination, calibration (O/E, Hosmer-
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| Identification of studies in databases and registries

Records identified through database
searching:

. PubMed (n=112)

+  Scopus (n=97)

+  Web of Science (n = 105)

v

Records excluded
before screening:
. PubMed (n = 160)

X Identification )

Records included for screening based
on title (n=154)

Excluded studies
(n=96)

Articles selected for full-text review
(n=58)

Screening

Articles excluded due
to unavailability of full text
(n=0)

Full-text articlesassessed for eligibility
(n=158)

Excluded articles
(n=49)

Studies included in the review (n =9)

(meudea |

Lemeshow test, slope/CITL), model performance in key
subgroups (age, urgency, OPCAB), and implications for
everyday clinical practice (when local recalibration or
selection of an alternative model is needed).

Methods

Study Design

Systematic review of external validations of the
EuroSCORE Il and STS risk models in adult patients
undergoing isolated coronary artery bypass grafting.
Endpoints were in hospital mortality or 30 day survival.
Reporting followed the PRISMA 2020 statement [25]. The
review protocol was not prospectively registered.

Information Sources and Search

The search was performed in PubMed/MEDLINE,
Scopus, and Web of Science (last update: October 6,
2025) using combinations of terms describing the models
(EuroSCORE I, STS score), the intervention (coronary
artery bypass, CABG), and model assessment (validat,
calibration, discriminat, performance). Additionally,
reference lists of relevant articles were screened. The

Fig. 1. Publication selection algorithm (PRISMA-2020):
identification, screening, and inclusion

full search strategy for each database is provided in the
supplementary material (Appendix).

Inclusion Criteria

Original studies reporting external validation of the
aforementioned models in adult patients undergoing
isolated CABG; publications from 2018 to 2025; English
language; availability of the full text and at least one
model performance metric (AUC and/or calibration
measures: O/E, HL, slope/CITL).

Selection and Data Extraction

Selection was performed in two stages (title/abstract;
full text) with documentation of reasons for exclusion. For
the included studies, we extracted the design, population
and sample size, outcome definition, AUC values [95% Cl],
O/E, Hosmer-Lemeshow test p value, calibration slope,
and calibration in the large (CITL); where values were not
reported, they were marked as “not available” (n/a).

Quality Assessment and Synthesis

Quality and applicability of the studies were assessed
using the Prediction Model Risk of Bias Assessment
Tool (PROBAST) [24] across four domains: participants,
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Table 1. Studies included in the review

Slope/
Authors, year, Sample AUC[95% AUC[95% O/E O/E HLp
country size(n)  Outcome  “eesy)  cp(sts)  (esi)  (sts) HLPESID gy ((I:EISTIII-)
Silverborn
etal, 2023, 14,118 S‘zor\ﬂszl 0'8(2) [8%]79_ n/a 0.58 n/a n/a n/a n/a
Sweden [26] ’
Zahara etal, In hospital ~ 0.72 [0.67- 0.814/
2023, Indonesia 2,628 P! ’ ; n/a n/a n/a 0.02 n/a .
[27] mortality 0.77] 0.009
Mokhtar et al., 30da 0.844
2023, Malaysia 1,059 survinI [0.705- n/a n/a n/a 0.768 n/a n/a
[28] 0.983]
. 0.697 0.646
\z’\gieé f‘a';” Do) 438 'rr‘ngffaﬁi':a' [0.593~ [0.532- 159 3.60 n/a n/a n/a
' Y 0.802] 0.760]
. 1.62 (on

Hirnle et al., . <0.001 (on
2024, Poland 5,771 In hosp!tal 0.7210.68- n/a pump) / n/a pump) / 0.34 n/a n/a

mortality 0.77] 0.98 (off
[30] (off pump)

pump)
Musa et al., . 0.089 (overall
2019, Malaysia 1,718 Inm};?:aﬁ;:al 0'78 [7058?0_ n/a n/a n/a cohort)/0.032 n/a n/a
131] Y : (isolated CABG)
Hogervorst 2,296
ot ;’l 18 (overall) |\ 0.884 0.86
NetH’erIanés /1,059 mortaplit (isolated n/a (isolated n/a n/a n/a n/a
2] (isolated Y CABG) CABG)
CABG)

Gao et al, 2021, In hospital
China [33] 1,628 mortality 0.900 0.879 n/a n/a 0.071 0.104 n/a
Rodriguez Lima .
etal., 2025, 1,009 In hosp!tal 0.55 [0.48- n/a 42 n/a n/a n/a n/a

mortality 0.63]

Colombia [34]

Note: Cl - confidence interval; isolated CABG - isolated coronary artery bypass grafting; n/a - not available; AUC - area under the ROC curve;
ESII - EuroSCORE II; HL p — Hosmer-Lemeshow test p value; O/E - observed to expected mortality ratio; off pump — off pump CABG; on pump —
on pump CABG; slope/CITL - calibration slope / calibration in the large; STS — Society of Thoracic Surgeons.

predictors, outcome, analysis. Summary domain level
ratings are reported below. Synthesis was narrative,
summarizing discrimination ranges and calibration
direction; quantitative meta analysis was not planned
due to clinical and methodological heterogeneity.

Results

Selection of Publications

A total of 314 records were identified (PubMed -
112; Scopus - 97; Web of Science - 105). After duplicate
removal, 154 records were screened for eligibility.
Based on title and abstract, irrelevant publications were
excluded; 58 articles underwent full text assessment. The
main reasons for exclusion at this stage were: absence

of a separate isolated CABG subgroup, lack of external
validation, and non English texts. Finally, 9 studies meeting
the criteria were included in the qualitative synthesis. The
search and study inclusion algorithm is shown in Fig. 1.

Description of Included Studies

The studies included in the review are presented in
Table 1. Nine studies from Europe, Asia, and Latin America
include sample sizes ranging from 438 to 14,118 patients.
A retrospective design (registries / single center series)
predominates; populations consist of isolated CABG. The
outcome for validation is in hospital or 30 day mortality.
Several studies present subgroups by age, urgency, and
technique (on pump / off pump).
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Table 2. Risk of bias and applicability assessment (PROBAST)

Authors, Participants Predictors Outcome Analysis Overall Overall Brief rationale
year, (risk of bias/ (risk of bias/ (riskofbias/ (riskofbias/ riskof applicability
country applicability) applicability) applicability) applicability) bias
National registry
of isolated CABG;
Silverborn correct ESII
etal, 2023, . . . . . calculation; 30 day
Sweden Low / High Low / High Low / High Low / High Low High outcome; sufficient
[26] number of events;
AUCand O/E
reported
Single center study;
isolated CABG;
Zahara et AUC, HL, slope/CITL
Indonesia Low / High Low / High Low/High ~ Moderate /High Moderate High reported; limited
[27] details on statistical
procedures (no O/E
by strata)
Isolated CABG;
Mokhtar et AUC with Cl and
M.élaysia’ Low / High Low / High Low / High Low / High Low High HL p reported;
28] sufficient number of
observations
Two centers; isolated
Wolf et al., CABG; AUC reported;
2024, Brazil Low / High Low / High Low/High ~ Moderate /High Moderate High O/E and p provided;
[29] relatively few events,
thus wide Cls
National registry;
subgroup aged >80
Hirnle et years (limitation of
al., 2024, Low / Limited Low / High Low / High Low / High Low Limited applicability to the
Poland [30] general population);
on /off pump
reported separately
CABG with an
identifiable isolated
Z‘u;‘g% CABG subgroup; HL
Malavsia Low / High Low / High Low/High ~ Moderate/High Moderate High significant in isolated
ysla CABG; AUC and
[31] ' ;
methods partially
limited
Single center study;
Hogervorst isolated CABG
etal, 2018, . . . . . subgroup with AUC
Netherlands Low / High Low / High Low / High Low / High Low High and OJE reported;
[32] appropriate
methodology
Isolated CABG; AUC
Gaoetal, and HL p for ESII/STS
2021, China Low /High Low / High Low/High  Moderate /High Moderate High reported; adequate
[33] sample size and
reporting
Rodriguez Isolated CABG; low
Lima et AUC and marked
al., 2025, Low / High Low / High Low / High Low / High Low High O/E shift; acceptable
Colombia statistics, but Cls
[34] wide

Note: Cl - confidence interval; isolated CABG - isolated coronary artery bypass grafting; CABG - coronary artery bypass grafting; n/a - not
available; AUC - area under the ROC curve; ESIl - EuroSCORE II; HL p - Hosmer-Lemeshow test p value; O/E — observed to expected mortality
ratio; off pump - off pump CABG; on pump - on pump CABG; slope/CITL - calibration slope / calibration in the large; STS - Society of Thoracic

Surgeons.
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Risk of Bias Assessment

The results of the PROBAST assessment are presented
in Table 2. Of the nine included studies, five had a low
overall risk of bias, and four had a moderate risk (mainly
due to the “Analysis” domain: small number of events or
incomplete reporting of calibration metrics). Applicability
was high in all studies, except for the study by Hirnle et
al. (2024), in which the sample was restricted to patients
aged >80 years [30].

Model Performance Metrics

Discriminative ability (AUC). For EuroSCORE I, the
range was 0.55-0.90: high AUC was observed in the
Swedish national registry (0.82) [26] and the Chinese series
(0.90) [33]; moderate values were seen in Southeast Asia
(0.72-0.84) [27; 31]; a low value was found in the Colombian
cohort (0.55) [34]. For STS, reported values ranged from
0.646 to 0.879 (two studies reporting AUC for STS), with
both models exceeding 0.80 in stable patients [29; 33].

Calibration. The direction of miscalibration was
heterogeneous. In the Swedish cohort, overestimation of
risk was observed in low risk and younger patients (overall
O/E 0.58; O/E 0.26 in patients <60 years), with improved
calibration in older ages and higher risk categories [26].
The Indonesian study showed a significant Hosmer-
Lemeshow test (p =0.02) and a slope of 0.814 with a small
intercept shift (CITL 0.009) - indicating underestimation
of absolute risk [27]. In the Brazilian prospective series,
EuroSCORE Il showed calibration that did not formally
reach statistical significance at the 0.05 threshold (O/E
1.59; p = 0.056); however, the direction of miscalibration
indicated a trend toward risk underestimation, whereas
STS showed marked miscalibration (O/E 3.60; p < 0.001)
[29]. In the Polish registry of patients >80 years, calibration
differed by technique: on pump - O/E 1.62, HL p < 0.001;
off pump - O/E 0.98, HL p = 0.34 [30]. The Colombian
cohort demonstrated marked underestimation (O/E 4.2)
alongside low AUC [34].

Discussion

In contemporary cohorts of patients undergoing
isolated coronary artery bypass grafting, the EuroSCORE Il
and STS models maintain satisfactory discriminative
ability (generally AUC ~0.70-0.85), but they demonstrate
unstable calibration: the direction and magnitude of
miscalibration depend on age, risk profile, surgical
technique, and geographic region, indicating the need
for local validation and recalibration.

The data presented in Table 1 show a characteristic
pattern: in large national registries, discrimination
remains high (AUC 0.82-0.90), whereas values are more
modest in medium sized cohorts. Calibration is even more
heterogeneous: overestimation of risk in younger and
low risk patients contrasts with underestimation in the
elderly during on pump surgery and in non European
populations.

These findings are consistent with recent publications.
Retrospective and prospective series from Europe and
Asia confirm that the discrimination of EuroSCORE Il and
STS is generally comparable, whereas calibration differs
and is sensitive to the population, outcomes, and study
period. For example, a large single center study from
2023 demonstrated reduced reliability of EuroSCORE Il in
high risk patients. The authors concluded that this model
does not reflect the actual mortality risk in a high risk
cohort [35]. A similar trend is observed in valve surgery:
modest AUC of EuroSCORE Il and calibration drift in high
risk groups, directly indicating the need for updating/
recalibration before application in the context of new
technologies and patient profiles [36]. Reports from the
STSACSDin 2020 [7]and 2022 [37] demonstrate continued
reduction in baseline CABG mortality in the United States
due to systemic improvements, which inevitably affects
the calibration of historical models.

Comparative studies of STS and EuroSCORE Il in non US
centers show heterogeneous results: some studies find
aslight advantage for STS in AUC, others for EuroSCORE
II; nevertheless, a general trend is observed - STS is more
often miscalibrated outside the United States [38].

The possible mechanisms underlying differences
in model accuracy essentially boil down to several
interrelated shifts in the clinical context. Since 2018,
the “architecture” of the operation and perioperative
management have changed: widespread implementation
of ERACS/fast track programs, more frequent use of off
pump surgery in frail and elderly patients, a focus on
arterial conduit strategies - all these factors reduce
observed mortality compared with the era in which the
models were trained, thereby shifting their calibration
[19]. These trends are enshrined in current European
revascularization guidelines and are supported by registry
reports documenting further improvements in outcomes
for standard procedures [18].

Age and urgency of intervention notably influence the
calibration profile. The aggregated data reveal a clear age
gradient: risk is often overestimated in younger patients,
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whereas underestimation is observed in older patients,
especially during on pump surgery; switching to off
pump in some elderly patients mitigates this bias. This is
consistent with a meta analysis comparing on pump and
off pump CABG in elderly patients [39].

Another systemic factor is frailty. This phenotype is not
captured by either EuroSCORE Il or STS, yet it is strongly
associated with complication rates, including 30 day
mortality after CABG. Recent reviews and meta analyses
report increased relative risks of 2-5 fold [40; 41]. Even
with acceptable AUC, failure to account for frailty formally
worsens calibration in geriatric subgroups.

From a methodological perspective, the key point
remains unchanged: calibration is the Achilles” heel of
prognostic models [9; 42]. External validation should
include calibration curves and at least four metrics - O/E,
Hosmer-Lemeshow test p value, slope, and calibration
in the large (CITL) [42]. When miscalibration is present,
local recalibration is necessary: the intercept is adjusted,
and, in the case of probability “shrinkage," the slope is also
adjusted; these are simple and reproducible procedures
that restore agreement with the data from a specific
center without loss of discriminative ability [42].

Limitations

This review is based on a small number of studies,
which is itself due to the deliberately limited time
frame (2018-2025) and strict inclusion criteria. Another
substantial limitation is the incompleteness of reporting
in the selected studies:

1. Calibration metrics are not presented in all articles:
several studies lack one or more key calibration
measures (O/E, HL, slope/CITL), which limits
comparability and precludes a pooled assessment of
calibration across studies.

2. Incomplete confidence intervals for AUC: some
publications report only the point estimate of
AUC without 95% Cls, reducing the precision of
comparisons of discrimination.

3. Inconsistent specification of the outcome: some
studies use in hospital mortality, others use 30
day survival; in the absence of unambiguous
convertibility, this hinders unified aggregation of
metrics.

4. Limited subgroup reporting: not all studies provide
stratification (age, urgency, on/off pump), making

it impossible to perform a comparable subgroup
synthesis of calibration/discrimination.

5. Incomplete presentation of STS scores: in several
studies, the STS model was either not validated or
its metrics (AUC, calibration) were not reported, so
direct comparison between EuroSCORE Il and STS is
not possible for all cohorts.

6. Inconsistencies in reporting statistical tests: some
articles report p values for goodness of fit tests
that are not the Hosmer-Lemeshow test, without
explicitly specifying the method.

7. Infeasibility of meta analysis: the aggregation of
missing calibration data and heterogeneity of
outcomes preclude a valid quantitative synthesis; a
narrative synthesis was therefore used.

These limitations are typical of risk validation studies
in cardiac surgery and largely reflect the general lack of
transparent reporting [9; 42].

Implications for clinical practice. EuroSCORE Il and
STS should be regarded primarily as tools for quality
auditing and benchmarking between centers, rather
than as precise calculators of individual risk. Every cardiac
surgery center is advised to perform regular audits of O/E
and stratified metrics. It is recommended that frailty be
included as an additional predictor in future versions of
the models.

Priority directions for future research: 1) prospective
multicenter validations with a full set of calibration
metrics and TRIPOD compliant reporting; 2) development
of simple algorithms for local recalibration suitable for
routine use; 3) evaluation of the prognostic value of frailty
indicators as supplements to existing scoring systems.

Conclusion

Against the background of gradually declining
mortality in patients after isolated coronary artery bypass
grafting, the issue of validating and calibrating prognostic
models remains highly relevant. In the contemporary era
of CABG, the EuroSCORE Il and STS models still retain utility
for risk stratification, provided that calibration is checked.
Miscalibration is most pronounced in patient subgroups
(demographics, comorbidities, surgical technique) - here,
stratified approaches are particularly important. Regular
validation (O/E, HL, slope/CITL), transparent reporting, and
simple adjustments allow these scores to be used safely
as one of the tools supporting clinical decision making.
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