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ABSTRACT

BACKGROUND: Prognostic models are often used to assess the quality of healthcare. Several scores were developed to
predict mortality after cardiac surgery, but none has reached optimal performance in subsequent validations. We validate
the most used scores (EUROSCORE I and II, STS, and ACEF) on a cohort of cardiac-surgery patients, assessing their
robustness against case-mix changes.

METHODS: The scores were validated on 14,559 patients admitted to 16 Italian cardiosurgical ICUs participating to
Margherita-Prosafe project in 2014 and 2015. Calibration was assessed through Hosmer-Lemeshow Test, standardized
mortality ratio, and GiViTI calibration test and belt. Discrimination was measured by the area under the ROC curve.
RESULTS: The study included 10,317 patients who were eligible to the calculation of the STS Score (4156 isolated
valve, 4681 isolated CABG and 1480 single valve and CABG) which calibrated well in these subgroups. The ACEF
Score and EUROSCORE I and II were available for 14,139, and 14,071 patients, respectively. EUROSCORE 1 signifi-
cantly overestimated mortality; EUROSCORE II calibrated well overall, but underestimated mortality of patients under-
going complex surgery and non-elective ones. The ACEF Score calibrated poorly in elective and non-elective patients.
Discrimination was acceptable for all models (AUC>0.70), but not for the ACEF Score.

CONCLUSIONS: Cardiac surgery scores calibrate poorly when the case-mix of validation and development samples
differs. To grant reliability for benchmarking, they should be validated in the clinical settings on which they are applied
and updated periodically. Advanced statistical tools are essential for the correct interpretation and application of severity
scores.

(Cite this article as: Zamperoni A, Rossi C, Finazzi S, Del Sarto P, Mondini M, Nattino G, ef al.; GiViTI. Case-mix affects
calibration of cardiosurgical severity scores. Minerva Anestesiol 2020;86:719-26. DOI: 10.23736/S0375-9393.20.14280-9)

KEY worbps: Cardiac surgical procedures; Calibration; Anesthesia.

TDrognostic models are used to assess the qual-  monitor the effectiveness of corrective interven-

A ity of healthcare provision in single centers,
providing a standard to compare with. The mea-
surement of how well a single center performs
against a standard is called benchmarking,
which is considered the first step to detect weak
points in the healthcare delivery process and to
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tions.

Several prognostic models have been devel-
oped in the last decades to predict mortality after
cardiac surgery. The most widespread scores are
the European System for Cardiac Operative Risk
Evaluation (EUROSCORE) I and I1,!-3 the Society

719



This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically

or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access

to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,

cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.

COPYRIGHT© 2020 EDIZIONI MINERVA MEDICA

ZAMPERONI

of Thoracic Surgeons (STS) Score47 and the Age,
Creatinine, and Ejection Fraction (ACEF) Score.®

Several validation studies of cardiac-surgery
severity scores have been conducted in different
countries and in different times, providing het-
erogeneous results in terms of discrimination and
calibration.%-!5 Discrimination is the ability of a
score to correctly differentiate patients who die
from those who survive, while calibration is de-
fined as the ability of the model to correctly esti-
mate the probability of the event (e.g. mortality).
The latter is usually assessed with the Hosmer-
Lemeshow statistics and traditional calibration
plots.1¢ This approach, however, does not allow
to identify the classes of risk in which the model
significantly miscalibrates, hampering the pos-
sibility to systematically investigate the reasons
of miscalibration and to provide clear indications
on the use of the model in specific settings.!”

The aim of our study was to validate the most
commonly used severity scores on a cohort of
cardiac-surgery patients admitted to Italian in-
tensive care units (ICUs), assessing their reli-
ability in the face of case-mix changes, using an
advanced statistical approach that overcomes the
limits of the Hosmer-Lemeshow statistics and
the traditional calibration plots.!8. 19

Materials and methods
Study design and population

The Margherita-Prosafe project has been ap-
proved by local Ethical Committees of partici-
pating hospitals. No informed consent was re-
quested according to current regulation given the
observational nature of the study.

All patients aged more than 16 admitted to
GiViTI cardiosurgical ICUs in 2014 or 2015 af-
ter cardiac surgery were considered eligible for
the analysis. In case of readmissions, only the
first admission to the ICU was considered.

Data collection

Clinical information was collected by means of
a software developed by the GiViTI Coordina-
tion Centre. Collected information consists in
demographics, comorbidities, clinical condition
and failures at the ICU admission, relevant de-
tails concerning the cardiosurgical interventions,
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main procedures, complications during the stay
and both ICU and hospital outcome, as well
as all the information required to calculate the
EUROSCORE I and II, STS and ACEF scores.
The STS Score was calculated on three subsets
of patients on which the score was developed:
isolated valve, isolated coronary artery bypass
graft (CABG), and single valve and CABG. The
e-CREF is reported in the supplementary material.

Data validity

Data validity was assessed at different stages
to avoid selection biases and input error and to
guarantee internal consistency of the records. We
excluded all patients admitted in months where
more than 10% of admitted patients had had in-
complete records.

Outcome

Hospital mortality is the outcome of the study.
In case of patients transferred to other ICUs, we
considered the outcome of the last hospital of ad-
mission.

Statistical analysis

Categorical variables are reported as frequency
and percentage, continuous variables as mean
and standard deviation (SD) or as median and
interquartile range (IQR), as appropriate. Com-
parisons among categorical variables were per-
formed with %2 or Fisher’s Exact tests, while dif-
ferences in continuous variables were tested with
the #-test or Wilcoxon Test. P values of 0.05 or
less were considered as significant.

The EUROSCORE I, EUROSCORE II, STS
and ACEF scores performance was assessed in
terms of calibration and discrimination on all eli-
gible patients. Calibration was evaluated through
three approaches: Hosmer-Lemeshow C Test,
overall standardized mortality ratio (SMR), and
the GiViTI calibration test and belt.16. 18,20 The
latter approach allows to evaluate the calibration
of prognostic models by assessing the reliabil-
ity of estimates as a continuous function of ex-
pected probability. In particular, the calibration
belt represents the relationship between observed
and expected risk, provided with the appropriate
confidence region. Statistically significant devia-
tions from the 95% confidence band (and, when
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increasing sensitivity was regarded as relevant,
also from the 80% confidence band) were further
investigated with subgroup analyses. The GiViTI
calibration test was used to summarize the infor-
mation conveyed by the calibration belt.
Discrimination was investigated by measuring
the Area Under the Curve (AUC) in the Receiver
Operator Characteristics (ROC) analysis.2!

Results

A total of 14,559 patients undergoing cardiac
surgery were admitted during 2014 and 2015
in the 16 ICUs participating in the GiViTI Car-
diosurgical project. We excluded 298 patients
admitted in months with low quality data. After
excluding patients aged 16 or less, 14,155 pa-
tients (97.2%) were considered for the analysis.
Among them, ACEF and EUROSCORE I/II
were available for 14,139 and 14,071 patients,
respectively. Patients eligible for the calculation
of the STS Score were 10,317 (4156 isolated
valve, 4681 isolated CABG, and 1480 single
valve and CABG).

Patients’ demographics, their preoperative
characteristics, the type of intervention, and their
outcome, in terms of length of stay and mortality
are described in Table 1.

Discrimination was similar for all models (Ta-
ble II), with an AUC always above 0.70 except
for the ACEF Score. EUROSCORE 1I had the
largest AUC (0.77, 95% CI: 0.75-0.79).

STS models calibration

The three STS models were applied only on pa-
tients satisfying the inclusion criteria of the re-
spective development sample (isolated CABG
surgery, isolated valve surgery, CABG and valve
surgery). SMRs, calibration tests (Table II) and
belts (Figure 1) confirmed that STS calibrates
well in the three groups.

EUROSCORE I calibration

EUROSCORE 1 significantly overestimated
mortality (SMR=0.48; 95% CI: 0.43-0.54; GiVi-
TI calibration test and H-L P value <0.001, Table
I1) and it did so in the whole range of risk (the
GiViTI calibration belt always lies under the bi-
sector, Figure 2A).
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EUROSCORE II calibration

EUROSCORE 1I seemed to calibrate accept-
ably (Figure 2B; GiViTI calibration test P value
=0.11, H-L P value =0.26, Table II). However,
the overall predicted mortality was smaller than
observed mortality (SMR=1.09; 95% CI: 1.01-
1.18). The discordance between the two tests (the
latter statistically significant, the former barely
not significant) was due to the different approxi-
mations in the calculation of the standard errors.
This signal was not ignored and we further inves-
tigated the sample with the calibration belt using
the 80% confidence band to improve sensitivity.
This analysis showed that the model underpre-
dicted mortality for patients with lower risk of
death (expected mortality ranging between 3 and
10%, Figure 2B). To spot the patients’ category
for which the score miscalibrated, we proceeded
investigating clinically meaningful subgroups.

First, we stratified patients according to
whether the surgery was elective or non-elective.
Figure 2D shows that mortality was significantly
underestimated in non-elective patients (calibra-
tion tests P value <0.001) with a risk of death up
to 34%. In Figure 2C, conversely, the EUROS-
CORE II was shown to slightly overestimate
mortality in elective patients, even if not signifi-
cantly (calibration tests P value =0.079).

Second, we defined subgroups according to the
STS classes. Figure 3 reports on the good calibra-
tion of EUROSCORE 1I in isolated CABG, iso-
lated valve, and CABG coupled with valve sur-
gery. However, in patients excluded from the STS
development cohort, such as those undergoing
double valve surgery, surgery of thoracic aorta, or
other complex surgery, a significant underestima-
tion of mortality (calibration tests P value <0.001)
was detected for risk of death 14% or less.

Finally, we combined the two characteristics
obtaining a subset of patients undergoing non-
elective complex procedures for which the mod-
el largely underestimated mortality and a com-
plementary subgroup for which EUROSCORE
II calibrated correctly (Figure 4).

ACEF Score calibration

The ACEF Score did not calibrate overall (Fig-
ure 5; SMR =1.16, 95% CI: 1.07-1.24, GiViTIl
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TABLE L.—Patients demographics, preoperative characteristics, and outcomes.

CS patients Isolated valve Isolated CABG CABG and
surgery surgery valve surgery
N. (%) 14,155 4156 (29.4) 4681 (33.1) 1480 (10.5)
Age-median (IQR) 70 (62-76) 71 (62-77) 69 (62-75) 74 (68-79)
Gender-N. (%)
Male 9528 (67.3) 2239 (53.9) 3895 (82.4) 1036 (70.0)
Female 4627 (32.7) 1917 (46.1) 822 (17.6) 444 (30.0)
BMI-N (%)
Underweight 503 (3.6) 177 (4.3) 98 (2.1) 49 (3.3)
Normal 6247 (44.5) 1922 (46.2) 1984 (42.4) 623 (42.1)
Overweight 5197 (37.0) 1426 (34.3) 1874 (40.0) 581(39.3)
Obese 2099 (14.9) 631 (15.2) 725 (15.5) 227 (15.3)
Comorbidities-N. (%)
Hypertension 10,212 (72.1) 2780 (66.9) 3690 (78.8) 1187 (80.2)
NYHA---
1I-111 5158 (36.4) 1825 (43.9) 1227 (26.2) 652 (44.1)
v 470 (3.3) 106 (2.6) 102 (2.2) 44 (3.0)
Left main disease 3845 (27.2) 132 (3.2) 2658 (56.8) 674 (45.5)
Type I diabetes 133 (0.9) 30(0.7) 64 (1.4) 20 (1.4)
Type II diabetes
without insulin treatment 1891 (13.4) 408 (9.8) 905 (19.3) 261 (17.6)
with insulin treatment 959 (6.8) 159 (3.8) 521 (11.1) 129 (8.7)
Pulmonary hypertension
Moderate (PASP: 31-55 mmHg) 962 (6.8) 368 (8.9) 72 (1.5) 94 (6.4)
Severe (PASP>55 mmHg) 400 (2.8) 111 (2.7) 6(0.1) 26 (1.8)
Extracardiac arteriopathy 1181 (8.4) 173 (4.2) 569 (12.2) 182 (12.3)
Chronic pulmonary disfunction 782 (5.5) 216 (5.2) 225 (4.8) 95 (6.4)
Cerebrovascular disease 813 (5.7) 190 (4.6) 302 (6.5) 114 (7.7)
Active endocarditis 272 (1.9) 158 (3.8) 0(0.0) 6(0.4)
N/M mob 129 (0.9) 29 (0.7) 32(0.7) 10 (0.7)
Myocardial infarction 1660 (11.7) 52(1.3) 1283 (27.4) 176 (11.9)
Critical preoperative state 449 (3.2) 69 (1.7) 135(2.9) 38 (2.6)
Dialysis 219 (1.5) 45 (1.1) 93 (2.0) 18 (1.2)
Ejection fraction-N (%)
<30% 418 (3.0) 53(1.3) 143 (3.1) 46 (3.1)
30-50% 4464 (31.6) 988 (23.8) 1732 (37.0) 526 (35.5)
>50% 9261 (65.5) 3115 (75.0) 2806 (59.9) 908 (61.4)
Creatinine (mg/dL)-Median (IQR) 1.0 (0.8-1.1) 0.9 (0.8-1.1) 1.0 (0.8-1.1) 1.0 (0.8-1.2)
Creatinine Clearence @ (mL/min)-Median (IQR)  72.2 (54.5-93.7)  70.4 (53.1-91.0)  77.1 (58.9-97.8)  64.6 (49.7-83.6)
Urgency of intervention-N (%)
Elective 11,839 (83.7) 3961 (95.3) 3553 (75.9) 1336 (90.3)
Non-elective 2316 (16.3) 195 (4.7) 1128 (24.0) 144 (9.7)
Redo-N (%) 997 (7.0) 398 (9.6) 41 (0.9) 45 (3.0)
Intervention-N (%)
Valve surgery 7849 (55.5) 4156 (100.0) 0(0.0) 1480 (100.0)
Aortic repair 201 (1.4) 0(0.0) 0(0.0) 0(0.0)
Aortic replacement 4932 (34.8) 2433 (58.5) 0(0.0) 1017 (68.7)
Mitral repair 1696 (12.0) 924 (22.2) 0(0.0) 272 (18.4)
Mitral replacement 1733 (12.2) 799 (19.2) 0(0.0) 191 (12.9)
Tricuspid repair 481 (3.4) 0(0.0) 0(0.0) 0(0.0)
Tricuspid replacement 37(0.3) 0(0.0) 0(0.0) 0(0.0)
CABG surgery- 6776 (47.9) 0(0.0) 4671 (100.0) 1480 (100.0)
Thoracic aorta surgery b 1516 (10.7) 0(0.0) 0(0.0) 0(0.0)
ICU length of stay (days)-Median (IQR) 1(1-2) 1(1-2) 1(1-2) 1(1-3)
Hospital length of stay (days)-Median (IQR) 11 (8-17) 10 (8-15) 11 (8-15) 13 (9-19)
ICU outcome-N (%)
Alive 13,829 (97.7) 4106 (98.8) 4637 (99.1) 813 (97.4)
Dead 326 (2.3) 50(1.2) 44 (0.9) 22 (2.6)
Hospital outcome-N (%)
Alive 13,639 (96.4) 4061 (97.7) 4590 (98.1) 1447 (97.8)
Dead 516 (3.6) 95(2.3) 91 (1.9) 33(2.2)

CS: cardiac surgery; CABG: coronary artery bypass grafting; PASP: pulmonary artery systolic pressure; N: number; IQR: Inter-quartile range;
ICU: Intensive Care Unit; NYHA: New York Heart Association; N/M mob: Neurological or Musculoskeletal dysfunction severely affecting

mobility.

acreatinine clearence is calculated with the Cockcroft-Gault formula; bdescending aorta endoprothesis are excluded.
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TABLE Il.—Discrimination and calibration of the prognostic models.

. H-L C test, p GiViTI calibration Area under ROC
Prognostic model (statistic, df) test, p (statistic, m) SMR (95% CI) curve (95% CI)

Euroscore [
Euroscore 11

ACEF

Score

STS-isolated valve surgery
STS-CABG surgery

STS-CABG and valve surgery

<0.001 (346.0, 10)
0.261 (124, 10)

<0.001 (47.4, 10)
0.330 (11.4, 10)
0.111 (15.6, 10)
0.172 (14.0, 10)

<0.001 (415.1, 1)
0.110 (4.4, 1)
<0.001 (80.2, 2)
0.208 (9.3, 2)
0.500 (1.4, 1)
0.666 (0.80, 1)

0.48 (0.43-0.54)
1.09 (1.01-1.18)
1.16 (1.07-1.24)
0.85 (0.67-1.03)
1.12 (0.91-1.33)
0.94 (0.71-1.17)

0.74 (0.72-0.76)
0.77 (0.75-0.79)
0.67 (0.65-0.70)
0.72 (0.66-0.78)
0.74 (0.68-0.80)
0.71 (0.64-0.78)

The GiViTI model has been developed on the same sample where it is evaluated. The STS models are evaluated only on the subgroups
for which they have been developed, that are, isolated valve surgery (N.=2291), CABG surgery (N.=2769) and CABG and valve surgery
(N.=835).

H-L: Hosmer-Lemeshow; Df: degree of freedom; SMR: standardized mortality ratio; ROC: receiver operating characteristic.
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calibration test and H-L P value <0.001). It over-
estimated mortality of medium- and high-risk
elective patients (Figure 5B), whereas it under-

Vol. 86

-No.7

Figure 3.—Calibration of Euroscore II in STS subgroups
and in complex surgeries not included in the STS catego-

ries.

estimated mortality for low-risk non-elective
patients and overestimated it for high-risk ones
(Figure 5C).
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Figure 4—Calibration of Euroscore II in non-elective com-
plex surgeries and in the complementary set.

Discussion

In our study we have tested the validity of the
main scores used to predict mortality in cardio-
surgical patients, on a large cohort admitted to
16 ICUs representative of the Italian population,
over a relatively short period of time.

The main result of our analysis was that prog-
nostic models calibrated poorly when there were
differences in case-mix between the score devel-
opment cohorts and our sample.

Actually, the STS models that were born for
specific surgical patients without claims of gen-
eralizability, when tested on the appropriate sur-
gical groups turned out to calibrate correctly.

Although the calibration of the EUROSCORE
II seemed to be overall acceptable, the calibra-
tion belt suggested that in the lower classes of
risk the score underpredicted (Figure 2). Fur-
ther analysis confirmed this suspicion, showing
that in the sample of patients submitted to non-
elective more complex procedures (e.g. aortic
surgery) the model miscalibrate significantly,
predicting less deaths than observed for patients
with expected mortality of 27% or less. This in-
ability to predict in subsets typically occurs be-

CARDIOSURGICAL SCORES VALIDATION

cause of differences in case-mix between the co-
hort on which the model was developed and that
on which it was applied.22 The EUROSCORE II
was developed prevalently on elective surgical
patients (77%) undergoing CABG or valve sur-
gery (93%). Not surprisingly the score calibrated
fairly in patients undergoing elective procedures
and poorly when surgery was urgent or emergent
(Figure 2) and when procedures were other than
CABG or valve surgery (Figure 3). The degree
of miscalibration worsened when the two condi-
tions were associated (Figure 4). Since the model
does not account for the increased risk due to ur-
gent/emergent and more complex interventions,
it predicts fewer deaths than observed in this
subset. Interestingly, mortality underprediction
regarded only patients with lower risk-of-death
(expected mortality <27%). However, for higher
expected mortality rates imprecision increased
(i.e. the confidence band broadened) because the
number of patients decreased. Thus, miscalibra-
tion in the higher risks cannot be ruled out.

We, hence, hypothesize that in the develop-
ment phase of the EUROSCORE 11, the good-
ness-of-fit of the model was not tested on im-
portant subsets (what is called the assessment of
uniformity of fit).19. 23 Actually, if the score did
not calibrate well in the subset of emergency pa-
tients in the development cohort, when applied to
centers where the proportion of non-elective pro-
cedures is much higher, it will provide unreliable
predictions. Our analysis shows that in the vali-
dation setting severity scores should be tested on
important subsets to be sure that the model reli-
ability will resist to case-mix variations. For this
purpose, the calibration belt is an essential tool,
since it helps delimiting the area of applicability
of the score in a new context.

Figure 5.—A-C) Calibra-
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The ACEF Score seriously miscalibrated,
probably because it is based on an excessively
parsimonious model (it includes only three pre-
dictors: age, creatinine, and left-ventricular ejec-
tion fraction). In such underfitted models the
prognostic weight of the predictors is biased,
heavily affecting calibration when case-mix
changes. For example, a patient with normal
creatinine and normal cardiac inotropism, with
severe diabetes and COPD, will obviously have
a different risk of death compared to a patient
with the same age without these comorbidities.
Changes in the prevalence of these comorbidi-
ties (and of other risk factors) in the validation
setting compared to the development cohort will
skew the predictions of the model. Consistently,
it was not surprising the STS and EUROSCORE
II, which account for more prognostic variables,
showed a much better predictive ability in our
sample.

However, the EUROSCORE I, which is also
less parsimonious than the ACEF, also per-
formed poorly in our study. In this case miscali-
bration should be instead attributed to the aging
of the score that was developed on a sample of
patients collected in the late nineties (STS and
EUROSCORE II are much more recent). Indeed,
it is well known that the improvement of medi-
cine over time increases the patients’ chance of
survival, and “aged” prognostic models tend to
overestimate mortality,24 which is exactly what
the EUROSCORE I did (Figure 2).

Our study demonstrates the unreliability of the
EUROSCORE I and the ACEF scores, which for
different reasons provided seriously skewed pre-
dictions in our validation cohort and should not
be used for mortality prediction at least in Ital-
ian ICUs. Although the STS and EUROSCORE
II seem to be fair prognostic tools, it should be
pointed out that these models should not be ap-
plied to centers with high rates of non-elective
and/or complex operations.

In our study the availability of the GiViTI cali-
bration belt was essential to investigate miscali-
brating models, helping to spot the subsets for
which the scores were not reliable. This statisti-
cal tool should also be used for prognostic mod-
els development to assess the uniformity of fit, a
fundamental characteristic that allows models to
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maintain their reliability when they are tested in
populations with different case-mix.

Conclusions

Healthcare systems operate with a progressive
reduction of financial resources, imposing the
improvement of efficiency and efficacy. In this
context prognostic models are central for the as-
sessment of the performance of single centers to
detect inefficiencies, design corrective interven-
tions, and monitor their efficacy. To grant their
reliability these models should be validated in
the clinical setting on which the will be applied,
should be used cautiously, and updated periodi-
cally. Advanced tools as the GiViTI calibration
belt are essential to guide clinicians in the correct
interpretation and application of severity scores.

What is known

» Healthcare systems operate with a pro-
gressive reduction of financial resources,
imposing the improvement of efficiency and
efficacy. Prognostic models are used to assess
the quality of healthcare.

» Several scores were developed to predict
mortality after cardiac surgery, but none has
reached optimal performance in subsequent
validations.

What is new

* We assessed the calibration and discrim-
ination of the most widespread scores. They
calibrate poorly if validation and develop-
ment case-mix differ. They should be updated
and validated in the settings of application.

« STS & EUROSCORE 1II show good
performance, EUROSCORE I overestimates
mortality, ACEF poorly calibrates.
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