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Abstract
Introduction: In-hospital mortality after isolated coronary artery bypass 
grafting is now low, yet it differs markedly between centers and countries. 
Preoperative risk estimates guide patient routing, informed consent, and 
quality benchmarking. Because surgical technique, perioperative care, and 
patient profiles have shifted since 2018, risk models built on earlier cohorts 
lose calibration and call for re-examination in current practice. 
Objective: To assess contemporary external validity and calibration of 
EuroSCORE II and the Society of Thoracic Surgeons risk model (STS) for short-
term mortality in adults undergoing isolated coronary artery bypass grafting.
Methods: We performed a systematic search of PubMed/MEDLINE, 
Scopus, and Web of Science restricted to 2018–2025 and English-language 
publications. Eligible records were original external validations in isolated 
coronary artery bypass grafting or studies with a clearly reported subgroup; 
endpoints were in-hospital mortality or 30-day survival. We extracted 
discrimination (area under the ROC curve) and calibration metrics (observed-
to-expected mortality ratio, Hosmer – Lemeshow p-value, calibration slope 
and intercept when available). Study selection and data extraction were 
performed independently by two reviewers; unreported metrics were 
recorded as “not reported”. Risk of bias was assessed using Prediction Model 
Risk of Bias Assessment Tool (PROBAST).
Results: Nine studies from Europe, Asia, and Latin America were included 
(sample sizes 438–14,118). Discrimination ranged from modest to high: for 
EuroSCORE II AUC 0.55–0.90 (0.82–0.90 in the largest cohorts); for the STS 
model AUC 0.65–0.88. Calibration was heterogeneous: overestimation in 
low-risk and younger patients (e.g., overall observed-to-expected ratio 0.58; 
0.26 in patients <60 years) contrasted with underestimation in older adults, 
in procedures with cardiopulmonary bypass, and in several non-European 
populations. In some reports, simple centre-specific recalibration improved 
agreement between predicted and observed outcomes.
Conclusion: In contemporary isolated coronary artery bypass grafting, 
EuroSCORE II and the STS model remain useful for risk ranking but centre-
level calibration checks and – when indicated – straightforward recalibration 
are recommended. Regular auditing of observed-to-expected mortality and 
stratified verification in key subgroups is also recommended.
Keywords: calibration; cardiac surgery; coronary artery bypass; external 
validation; hospital mortality; prognostic models; risk assessment
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Introduction
Mortality after coronary artery bypass grafting 

(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 

used risk models – EuroSCORE II [3] and the STS (Society 
of Thoracic Surgeons) risk model [4] – were developed on 
large but diverse cohorts and, over time, inevitably suffer 
from calibration drift (i.e., deterioration in agreement 
between predicted and observed risk) as surgical 
techniques, indications, and patient profiles evolve. 
EuroSCORE II is an update of the classic EuroSCORE [5]; 

Аннотация 
Актуальность. Госпитальная летальность при изолированном коронар-
ном шунтировании сегодня низкая, но заметно различается между цент-
рами и странами. Предоперационная оценка риска определяет маршру-
тизацию пациента, информированное согласие и сопоставление качества 
помощи. Поскольку с 2018 г. изменились хирургическая техника, пери
операционное ведение и профиль пациентов, модели риска, построен-
ные на когортах прежних лет, теряют калибровку и нуждаются в повтор-
ной проверке в современных условиях. 
Цель. Оценить внешнюю валидность и калибровку моделей EuroSCORE 
II и модели Общества торакальных хирургов (STS Score) для краткосроч-
ной летальности у взрослых пациентов после изолированного коронар-
ного шунтирования в современных условиях.
Методы. Проведен систематический поиск в PubMed/MEDLINE, Scopus 
и Web of Science с ограничениями по годам (2018–2025) и языку (англий-
ский). Включались оригинальные исследования внешней валидации 
у пациентов с изолированным коронарным шунтированием либо рабо-
ты с четко выделяемой подгруппой; конечные точки – госпитальная ле-
тальность или 30-дневная выживаемость. Извлекались показатели раз-
личающей способности (AUC) и калибровки (отношение «наблюдаемая/
ожидаемая» летальность, p-значение теста Хосмера – Лемешоу, наклон 
и интерсепт калибровки при наличии). Скрининг и извлечение данных 
выполнялись независимо двумя рецензентами; при отсутствии значений 
в первоисточниках они помечались как «нет данных». Риск систематиче-
ской ошибки оценен с помощью Prediction Model Risk of Bias Assessment 
Tool (PROBAST).
Результаты. В обзор включено девять исследований из Европы, Азии 
и Латинской Америки (объем выборок – 438–14 118). Различающая спо-
собность варьировала от умеренной до высокой: для EuroSCORE II – AUC 
0,55–0,90 (в крупнейших когортах – 0,82–0,90), для STS Score – AUC 0,65–
0,88. Калибровка оказалась неоднородной: выявлена переоценка риска 
у молодых пациентов и в низких категориях риска (например, общее от-
ношение «наблюдаемая/ожидаемая» летальность (O/E) 0,58, у пациентов 
<60 лет O/E 0,26) и недооценка у пожилых пациентов, при операциях на 
искусственном кровообращении и в ряде неевропейских популяций (до 
O/E 4,2). В отдельных исследованиях локальная корректировка кали-
бровки улучшала согласие прогноза с наблюдаемыми исходами.
Заключение. В современных сериях изолированного коронарного шун-
тирования EuroSCORE II и STS Score остаются полезными для ранжирова-
ния риска, однако рекомендуется проверка калибровки на уровне цент-
ра и при необходимости простая перекалибровка. Также рекомендуется 
регулярный аудит отношения «наблюдаемая/ожидаемая» летальность и 
стратифицированная верификация в ключевых подгруппах.

Ключевые слова: внешняя валидация; госпитальная летальность; ка-
либровка; кардиохирургия; коронарное шунтирование; оценка риска; 
прогностические модели
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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 II / STS in different countries confirms 
heterogeneity of results. In Iranian and Tunisian cohorts, 
EuroSCORE II 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 II 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 II 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 
II 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 AI 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 II / 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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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 II 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 II, STS score), the intervention (coronary 
artery bypass, CABG), and model assessment (validat, 
calibration, discriminat, performance). Additionally, 
reference lists of relevant articles were screened. The 

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% CI], 
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, 

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

Records identified through database 
 searching:
•	 PubMed (n = 112)
•	 Scopus (n = 97)
•	 Web of Science (n = 105)

Studies included in the review (n = 9)

Identification of studies in databases and registries

Id
en

ti
fic

at
io

n
In

cl
ud

ed
Sc

re
en

in
g

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

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

Full-text articlesassessed for eligibility 
(n = 58)

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

Excluded studies
(n = 96)

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

Excluded articles 
 (n = 49)
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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).

Table 1. Studies included in the review

Authors, year, 
country

Sample 
size (n) Outcome AUC [95% 

CI] (ESII)
AUC [95% 
CI] (STS)

O/E 
(ESII)

O/E 
(STS) HL p (ESII) HL p 

(STS)
Slope/

CITL 
(ESII)

Silverborn 
et al., 2023, 
Sweden [26]

14,118 30 day 
survival

0.82 [0.79–
0.85] n/a 0.58 n/a n/a n/a n/a

Zahara et al., 
2023, Indonesia 
[27]

2,628 In hospital 
mortality

0.72 [0.67–
0.77] n/a n/a n/a 0.02 n/a 0.814 / 

0.009

Mokhtar et al., 
2023, Malaysia 
[28]

1,059 30 day 
survival

0.844 
[0.705–
0.983]

n/a n/a n/a 0.768 n/a n/a

Wolf et al., 
2024, Brazil [29] 438 In hospital 

mortality

0.697 
[0.593–
0.802]

0.646 
[0.532–
0.760]

1.59 3.60 n/a n/a n/a

Hirnle et al., 
2024, Poland 
[30]

5,771 In hospital 
mortality

0.72 [0.68–
0.77] n/a

1.62 (on 
pump) / 
0.98 (off 
pump)

n/a
<0.001 (on 

pump) / 0.34 
(off pump)

n/a n/a

Musa et al., 
2019, Malaysia 
[31]

1,718 In hospital 
mortality

0.70 [0.640–
0.759] n/a n/a n/a

0.089 (overall 
cohort) / 0.032 
(isolated CABG)

n/a n/a

Hogervorst 
et al., 2018, 
Netherlands 
[32]

2,296 
(overall) 
/ 1,059 

(isolated 
CABG)

In hospital 
mortality

0.884 
(isolated 

CABG)
n/a

0.86 
(isolated 

CABG)
n/a n/a n/a n/a

Gao et al., 2021, 
China [33] 1,628 In hospital 

mortality 0.900 0.879 n/a n/a 0.071 0.104 n/a

Rodríguez Lima 
et al., 2025, 
Colombia [34]

1,009 In hospital 
mortality

0.55 [0.48–
0.63] n/a 4.2 n/a n/a n/a n/a

Note: CI – 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.
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Table 2. Risk of bias and applicability assessment (PROBAST)

Authors, 
year, 
country

Participants 
(risk of bias / 
applicability)

Predictors 
(risk of bias / 
applicability)

Outcome 
(risk of bias / 
applicability)

Analysis 
(risk of bias / 
applicability)

Overall 
risk of 

bias

Overall 
applicability

Brief rationale

Silverborn 
et al., 2023, 
Sweden 
[26]

Low / High Low / High Low / High Low / High Low High

National registry 
of isolated CABG; 

correct ESII 
calculation; 30 day 
outcome; sufficient 
number of events; 

AUC and O/E 
reported

Zahara et 
al., 2023, 
Indonesia 
[27]

Low / High Low / High Low / High Moderate / High Moderate High

Single center study; 
isolated CABG; 

AUC, HL, slope/CITL 
reported; limited 

details on statistical 
procedures (no O/E 

by strata)

Mokhtar et 
al., 2023, 
Malaysia 
[28]

Low / High Low / High Low / High Low / High Low High

Isolated CABG; 
AUC with CI and 
HL p reported; 

sufficient number of 
observations

Wolf et al., 
2024, Brazil 
[29]

Low / High Low / High Low / High Moderate / High Moderate High

Two centers; isolated 
CABG; AUC reported; 
O/E and p provided; 
relatively few events, 

thus wide CIs

Hirnle et 
al., 2024, 
Poland [30]

Low / Limited Low / High Low / High Low / High Low Limited

National registry; 
subgroup aged ≥80 
years (limitation of 
applicability to the 

general population); 
on /off pump 

reported separately

Musa et 
al., 2019, 
Malaysia 
[31]

Low / High Low / High Low / High Moderate / High Moderate High

CABG with an 
identifiable isolated 
CABG subgroup; HL 

significant in isolated 
CABG; AUC and 

methods partially 
limited

Hogervorst 
et al., 2018, 
Netherlands 
[32]

Low / High Low / High Low / High Low / High Low High

Single center study; 
isolated CABG 

subgroup with AUC 
and O/E reported; 

appropriate 
methodology

Gao et al., 
2021, China 
[33]

Low / High Low / High Low / High Moderate / High Moderate High

Isolated CABG; AUC 
and HL p for ESII/STS 
reported; adequate 

sample size and 
reporting

Rodríguez 
Lima et 
al., 2025, 
Colombia 
[34]

Low / High Low / High Low / High Low / High Low High

Isolated CABG; low 
AUC and marked 

O/E shift; acceptable 
statistics, but CIs 

wide

Note: CI – confidence interval; isolated CABG – isolated coronary artery bypass grafting; CABG – 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.
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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 II, 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 II 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 II 
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 II 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 II 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 II 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 
STS ACSD in 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 II in non US 
centers show heterogeneous results: some studies find 
a slight 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 II 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% CIs, 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 II 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 II 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 II 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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