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Abstract

Objectives
To compare the Euroscore (ES) II prediction of death prior to cardiac surgery

in high-risk patients with 4 other scores: additive ES, logistic ES, Parsonnet score
and Tu score.

Methods
Adult patients who underwent cardiac surgery between September 2012 and

July 2016, were consecutively included. Patients who received heart transplanta-
tion or left ventricular assistance device were excluded. The 5 risk scores (ESII,
additive ES, logistic ES, Parsonnet score, Tu score) were collected before surgery.
Four high-risk groups of patients were identified: patients older than 80 years, com-
bined cardiac surgery, surgery of the thoracic aorta and emergency cardiac surgery.
Two low-risk groups were also studied: single valve surgery and coronary artery
bypass surgery. The mortality predicted by each score was assessed using the area
under the receiver operating characteristics curve (AUC) and compared to the ESII.

Results
There were 2306 patients admitted during the study period. Mortality rate at

day 30 was 4.1% (95% Confidence Interval (CI) 3-5). The AUC-ROC of ESII
was 0.79 (0.74-0.83), 0.77 (0.72-0.82), 0.70 (0.64-0.76), 0.79 (0.74-0.84), 0.86
(0.83-0.88) and 0.91 (0.88-0.93) for octogenarians, thoracic aortic surgery, com-
bined surgery, emergency surgery, coronary surgery and valve surgery respectively.
These AUC values were higher than those obtained with other scores.

Conclusion
In high-risk patients for cardiac surgery, ESII didn’t significantly improve the

prediction of day 30 mortality by comparison with other scores. Discrimination
was good in low-risk groups but poor in high-risk groups.
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Résumé

Objectif
Comparer la valeur prédictive de l’ES II à celle de quatre scores plus anciens

(EuroSCOREs additif et logistique, score de Parsonnet et score de Tu) chez les pa-
tients à haut risque de décès en chirurgie cardiaque.

Patients et méthodes
Les patients adultes admis pour chirurgie cardiaque de Septembre 2012 à Juillet

2016, ont été inclus consécutivement. Les patients ayant bénéficié d’une transplan-
tation cardiaque ou d’une assistance gauche ont été exclus. Les cinq scores ont été
calculés en pré-opératoire (ESII, ES additif, ES logistique, scores de Parsonnet et
de Tu). Quatre situations à haut risque ont été évaluées : âge ≥ 80 ans, chirurgie
combinée ou de l’aorte thoracique ou en urgence. Deux groupes à bas risque ont
également été étudiés : chirurgie valvulaire simple et chirurgie coronaire simple.
La mortalité prédite par chaque score a été évaluée par l’aire sous la courbe ROC
(Receiver Operating Characteristics) et comparée à celle de l’ES II.

Résultats
2306 patients ont été admis sur la période de l’étude. La mortalité à 30 jours

était de 4.1% (IC 95% (0.03 – 0.05)). L’AUC-ROC de l’ESII était de 0.79 (0.74-
0.83), 0.77 (0.72-0.82), 0.70 (0.64-0.76), 0.79 (0.74-0.84), 0.86 (0.83-0.88) et 0.91
(0.88-0.93) pour les octogénaires, la chirurgie de l’aorte thoracique, la chirurgie
combinée, la chirurgie en urgence, la chirurgie coronaire et la chirurgie valvulaire
respectivement. Ces valeurs étaient supérieures à celles obtenues avec les autres
scores.

Conclusion
Chez les patients à haut risque, l’ESII n’améliorait pas significativement la

mortalité à 30 jours en comparaison avec les autres scores. La discrimination était
bonne dans les groupes à bas risque mais faible dans les groupes à haut risque.
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1 Introduction

Predicting perioperative mortality risk is essential in cardiac surgery, and relies upon

dedicated scores, i.e. Parsonnet score1, Tu score (Ontario)2, and additive3 and logis-

tic4 EuroSCOREs (ES). However, the performance of these scores has gradually de-

clined5–7, owing to the improvement in outcome from cardiac surgery and changes in

patient profile. The patients undergoing cardiac surgery are older and have higher mor-

bidity than the initial population fromwhich these scores were built. In addition, logistic

ES may overestimate mortality in high-risk patients8. Since 2011, the additive and lo-

gistic EuroSCOREs have been replaced by EuroSCORE II (ESII)9, which offers a better

predictive value to estimate the risk of death in unselected population10–12. Only a few

previous studies showed whether ESII can be superior to the other scores in predicting

perioperative mortality specifically in high-risk patients. The aim of the present study

was to compare the predictive performance of ESII versus other scores, i.e. additive ES,

logistic ES, Parsonnet score and Tu score, in a cohort of high-risk patients.
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2 Patients and Methods

2.1 Study design

This retrospective study was conducted in one cardiac surgery centre from September

2012 to July 2016.

Consecutively, adult patients who underwent cardiac surgery were included in this

study. Patients who received heart transplantation or left ventricular assistance were

excluded from the analysis. For each patient, the five scores, i.e. ESII, additive ES,

logistic ES, Parsonnet score, and Tu score, were collected and calculated before the

surgical procedure. The logistic ES and ESII were determined using the online calcu-

lator provided by euroscore.org (http://www.euroscore.org/calc.html). Data were then

entered into a prospective database. The observed mortality rate at day 30 was the main

outcome. Four groups of high-risk patients were defined from clinical criteria4: patients

older than 80 years, combined cardiac surgery (defined as valve plus coronary surgery),

thoracic aortic surgery (including aortic dissections), and emergency surgery defined as

a surgical procedure needed prior to the next working day. In comparison, two groups

considered as low-risk were also studied: patients undergoing isolated coronary artery

bypass grafting (CABG) or isolated single valve surgery.

2.2 Statistical analysis

The performance of each score to predict the risk of death was submitted according to

two approaches : the determination of receiving operating characteristics (ROC) curves
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and calibration. The discrimination (accuracy of discriminating non-survivors from sur-

vivors) of each score was evaluated using the area under the ROC curve (AUC). The

AUC of ESII was compared to other scores using the method of Delong et al13. The

predicted and observed mortality were compared in the whole population and in each

sub-group. Calibration, that is the agreement between the predicted versus observed

outcomes of each score, was compared to the ESII. Differences between predicted and

observed mortality rates were explored by comparing the values with 95% confidence

interval (CI). The calibration was assessed with the Hosmer–Lemeshow test, the pre-

dicted mortality rate was compared with the observed mortality rate in the whole patient

population and in the groups of patients: a non-significant Hosmer–Lemeshow test prob-

ability (p > 0.05) were considered clinically acceptable. For the other results, a p-value

lower than 0.05 was considered statistically significant. Results are expressed as mean

± standard deviation or 95% confidence intervals. Statistical analysis was performed

using MedCalc® software for Windows, version 15.0 (Medcalc, Ostend, Belgium).
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3 Results

3.1 Whole population

There were 2,306 patients who were scheduled for a cardiac surgery procedure during

the study period. The distribution of risk factors is shown in table 1. Surgery and post-

operative characteristics are presented in table 2. The 30-day mortality rate was 4.1%

(95% CI: 3.3 to 4.9) corresponding to 95 patients who died. The AUC-ROC curves for

the whole population are shown in figure 1. The performance of ESII to discriminate

survivors versus deceased patients was significantly better using ESII than additive ES,

Parsonnet and Tu scores (table 3). The mean difference between predicted and observed

mortality was -0.8 for ESII, 4.2 for logistic ES and 1.9 for additive ES (table 4).The ESII

underestimated mortality had one of the best calibration in the whole population.
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Frequencies (%) or Mean (SD)

Patient related factors
Age (y) 67.9 (12)
Gender

Female 625 (27.1%)
Male 1681 (72.9%)

Height (cm) 169 (9)
Weight (kg) 76.4 (15.2)
Diabetes

Type I 176 (8.7%)
Type II 349 (17.2%)

Pulmonary disease 169 (7.3%)
Hypertension 1356 (58.8%)
Dyslipidemia 1044 (45.3%)
NYHA class

1 522 (23.9%)
2 956 (43.9%)
3 622 (28.5%)
4 80 (3.7%)

Neurological ischemic attack history
Transient 37 (1.6%)
Complete 115 (5%)

Smoking
Active 340 (14.7%)
Ended 747 (32.4%)

Renal impairment
Serum creatinine (μmol/L) 97.3 (61.9)
Serum creatinine > 200 μmol/L 52 (2.2%)
On dialysis 9 (0.4%)

Previous cardiac surgery
Yes 130 (5.6%)
No 2176 (94.4%)

Active endocarditis 70 (3%)
Critical pre-operative state 21 (0.9%)

Cardiac related factors
Mean left ventricular ejection fration (LVEF) (%) 61 (50 -72)
Left ventricular function

Good 1972 (85.6%)
Moderate 290 (12.6%)
Poor 38 (1.6%)
Very poor 5 (0.2%)

Table 1: Risk factors distribution in the whole population
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Frequencies (%) or Mean (SD)

Surgery
Surgeries without extracorporeal circulation (ECC) 38 (1.6%)

OPCABG 31 (81.6%)
Pericardectomy 4 (10.5%)
Cardiac wound 3 (7.9%)

Duration of ECC (min) 105 (46)
Surgeries with aortic clamping 2201 (95.4%)
Duration of aortic clamping (min) 68 (31)
Transfusion during hospital stay 582 (25.2%)

Post-operative stay
Duration of mechanical ventilation (h) 9.5 (48)
Duration of intensive care unit stay (d) 4 (5)
Duration of in hospital stay (d) 12 (7)
Postoperative bleeding within the 24 hours (mL) 505 (333)

Table 2: Characteristics of surgery and post-operative in-hospital stay

ES Parsonnet TU

II Logistic Additive score score

Whole population 0.87 0.85 0.83** 0.78** 0.81**
(0.85-0.88) (0.83-0.86) (0.81-0.84) (0.76-0.79) (0.79-0.83)

HL 0.40 0.35 0.59 0.06 0.44

Age >80 0.79 0.69** 0.68* 0.69 0.73
(0.74-0.83) (0.64-0.74) (0.62-0.73) (0.63-0.74) (0.68-0.78)

HL 0.52 0.10 0.34 0.40 0.90

Thoracic aortic surgery 0.77 0.79 0.75* 0.65** 0.77
(0.72-0.82) (0.74-0.83) (0.70-0.80) (0.59-0.70) (0.72-0.81)

HL 0.19 0.30 0.01 0.38 0.006

Combined surgery 0.70 0.68 0.60* 0.58 0.56*
(0.64-0.76) (0.62-0.75) (0.53-0.67) (0.51-0.65) (0.49-0.62)

HL 0.24 0.16 0.52 0.13 0.90

Emergency surgery 0.79 0.81 0.78 0.78 0.66 **
(0.74-0.84) (0.76-0.86) (0.73-0.83) (0.72-0.83) (0.60-0.72)

HL 0.17 0.48 0.35 0.89 0.31

Coronary surgery 0.86 0.85 0.83 0.80 0.79**
(0.83-0.88) (0.83-0.88) (0.81-0.86) (0.78-0.83) (0.76-0.82)

HL 0.24 0.33 0.62 0.16 0.49

Valve surgery 0.91 0.85* 0.86 0.84 0.81**
(0.88-0.93) (0.83-0.88) (0.83-0.88) (0.81-0.86) (0.78-0.84)

HL 0.24 0.31 0.90 0.31 0.44

Table 3: ROC curves AUC values (95 % CI); * = p< 0.05; ** p< 0.02 compared to ESII;
HL = Hosmer–Lemeshow statistics (p-value)
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Observed ES value Parsonnet TU

mortality (%) II Logistic Additive score score

Whole population 4.1 3.3 8.3* 6.0* 14.8* 4.2
(3.3-4.9) (3.1-3.5) (7.9-8.6) (5.0-6.1) (14.4-15.1) (4.1-4.3)

Age >80 7.0 5.2 14.2 * 8.6 28.7 * 5.8
(4.5-10.4) (4.5-5.8) (12.9-15.5) (8.3-8.8) (28.2-29.2) (5.6-6.0)

Thoracic aortic surgery 6.8 4.6 14.3* 7.9 15.1* 5.9
(4.3-10.2) (4.1-5.1) (13.0-15.5) (7.7-8.2) (14.3-15.9) (5.6-6.0)

Combined surgery 8.1 4.6 8.2 6.9 21.8 * 5.7
(4.8-12.9) (3.8-5.3) (7.4-9.0) (6.6-7.2) (20.6-22.9) (5.6-5.9)

Emergency surgery 16.8 9.3* 21.7 9.5* 18.8 7.6*
(12.1-22.8) (8.0-10.7) (19.5-23.9) (9.1-9.9) (17.4-20.2) (7.3-7.9)

Coronary surgery 1.3 2.0 4.4* 4.2* 9.3* 2.4
(0.6-2.3) (1.9-2.2) (4.1-4.8) (4.0-4.4) (8.8-9.9) (2.3-2.5)

Valve surgery 2.7 3.3 8.7 * 6.5* 17.8* 4.9*
(1.7-4.2) (2.9-3.6) (8.0-9.4) (6.3-6.7) (17.1-18.5) (4.7-5.0)

Table 4: Observed mortality compared with different scores values (95 % CI) * = p<0.05
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3.2 High-risk patients

342 (15%) patients were older than 80. In this group, the distribution of surgical pro-

cedures was: single valve 46% (n=158), isolated coronary surgery 23% (n=80), com-

bined surgeries 18% (n=63), thoracic aorta surgery 6% (n=21), double valves surgery

5% (n=17) and aortic dissections 1% (n=3). There was a significant difference between

ESII AUC and additive and logistic ES AUC (table 3). The discrimination of ESII was

significantly greater than the discrimination of additive and logistic ES, in this group

the mean difference between predicted and observed mortality was -1.8 for ESII, 7.2 for

logistic ES and 1.6 for additive ES (table 4). The calibration of ESII was more precise,

but the ESII underestimated mortality in this group. 339 patients had a thoracic aortic

surgery (15%): 151 had Bentall surgery (44%), 168 had aortic aneurysm surgery (50%)

and 20 had surgery for aortic dissection (6%). In this group, thirty days mortality was

6.8% (n=23; 95% CI: 4.3 to 10.2). There was a significant difference between ESII

and additive ES and Parsonnet AUC (table 3). The discrimination of ESII was signifi-

cantly greater than the discrimination of additive ES and Parsonnet score in this group.

The mean difference between predicted and observed mortality was -2.2 for ESII, 7.5

for logistic ES and -1.1 for additive ES (table 4). The ESII underestimated mortality

in this group. 221 patients had a combined surgery (9%). Thirty days mortality was

8.1% (n=18; 95% CI: 4.8 to 12.9). There was a significant difference between ESII and

additive ES and Tu AUC (table 3). The discrimination of ESII was significantly greater

than the discrimination of additive ES and Tu score in this group. The mean difference

between predicted and observed mortality was -3.5 for ESII, 0.1 for logistic ES and -1.2

for additive ES (table 4). The ESII underestimated mortality and the logistic ES has the

best calibration in this group. 244 patients had an emergency cardiac surgery (11%).

Among them, 41 patients died after surgery (16.8%; 95% CI: 12.1 - 22.8). The distribu-
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Figure 1: ROC curves of the five scores for all groups
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tion of emergency surgeries was : single valve surgery 27% (n=67), aneurysm surgery

25% (n=60), isolated coronary surgery 17% (n=41), Bentall 11% (n=27), aortic dissec-

tions 8% (n=20), combined surgeries 4% (n=10), others 4% (n=10), tumors 3% (n=8)

and interventricular communication 0.4% (n=1). There was a significant difference be-

tween ESII and Tu score AUC (table 3). The discrimination of ESII was better than Tu

score in this group. The difference between predicted and observed mortality was -7.5

for ESII, 4.9 for logistic ES and -7.3 for additive ES (table 4). The ESII and additive ES

underestimated mortality.

3.3 Low-risk patients

793 patients had an isolated coronary surgery (34%) and 10 died after surgery (1.3%; CI:

0.6 to 2.3). There was a significant difference between ESII AUC and Tu score (table

3). The discrimination of ESII was better than Tu score in this group. The difference

between predicted and observedmortality was 0.7 for ESII, 3.1 for logistic ES and 2.9 for

additive ES (table 4). The ESII has the best calibration in this group but overestimated

mortality. 773 patients had isolated valve surgery (33%) and 21 died thirty days after

surgery (2.7%, 95% CI: 1.7 to 4.2). There was a significant difference between ESII

AUC value and logistic ES and Tu score (table 3). The difference between predicted

and observed mortality was 0.6 for ESII, 6 for logistic ES and 3.8 for additive ES (table

4). The ESII has the best calibration in this group but overestimates mortality.
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4 Discussion

In this study, ESII had higher performance than other scores to discriminate survivors

versus deceased patients in the whole population scheduled for cardiac surgery proce-

dures. The mortality prediction was better with ESII than other scores but calibration

was low. The ESII constantly overestimates mortality in lower risk groups and underes-

timates in high-risk groups. These results are similar to those found in previous studies

comparing the ESII score’s performance to predict mortality, specifically in high-risk

groups. In a previous study comparing the predictive value of ESII with the original

EuroSCOREs in high-risk patients defined as a logistic Euroscore ≥ 1014, the ESII cal-

ibration was poor. Similarly, Ranucci et al15 compared the clinical performance of the

ESII and ACEF scores in high-risk patients and showed poor clinical relevance. Sev-

eral other studies16–21 that had not specifically included high-risk patients showed better

discrimination for ESII than previous scores with AUC values close to the values of the

original study9 (around 0.80) ; however, these studies revealed that the ESII underes-

timates mortality for high-risk patients and overestimates for low risk patients. None

of the studies had defined the ”high-risk” patients groups with the same criteria or with

the same ES value cut-off. Previously, additive and logistic ES showed low calibration

in high-risk groups16,22 and the whole population23 even if they performed better than

older scores24,25. Kalender26 compared the predictive value of the ESII with the origi-

nal ES in a group of patients older than 80 who underwent isolated coronary surgeries.

Their ESII AUC value was within CI observed in our study, and higher than the old ES

model. Older ES model performed poorly to predict mortality in these patients27. Poor
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calibration of old additive and logistic ES models was previously found in the com-

bined surgery group28 and the isolated valve surgery group29. The poor calibration of

these scores in high-risk patients might be partly explained by the difference between

the characteristics of the current population undergoing cardiac surgery with those of

the original population these scores were based on. Indeed, the patients in our study

seemed to be at higher risk than in Nashef’s initial study9. In our study, patients were

older with a mean age of 67.9 years vs 64.6 years in the ESII study and 62.5 years in

the original ES study. Surgery risk profiles were also different, respectively 15% vs 7%

for thoracic aorta surgery, 11% vs 5% for emergency surgery. On the contrary, low risk

patients were less frequent, 34% vs 47% for isolated coronary surgery and 33% vs 46%

for isolated valve surgery. In the original EuroSCORE study, about 60% of the patients

were coronary surgery and the mean ES value was 4.83 and 6.0 in our study. In the Par-

sonnet study1, the mean score value was 10.8 and 14.8 in our study. We chose to define

high-risk groups of patients according to clinically relevant criteria4 and not to scores

since 1) any cut-off value is controversial16–18,27,28, 2) the predictive value of a score

cannot be calculated in a high-risk group defined by a high value of the same score. We

chose not to study the ESII calibration among the acute aortic dissections specific group

because their number was limited in our study (n=20, 1%). The previous study showed

limited performance of ESII in this specific group30. This study shows some limitations;

the first limitation remains in the retrospective data collection, providing a possible bias

in scores calculation. However, the data are obtained from a prospective database and

there were only a few missing data (less than 5%), which were easily retrieved from the

medical charts and anesthesia sheets. Another limitation is that this is a single center

study. However, it included a large population of 2,306 patients, which is larger than

the previous studies14. The definition of mortality is different for every score that makes

comparison difficult. In our study, mortality was defined as 30 days mortality. In the

14



ESII study9, mortality was defined as mortality at discharge from the base hospital. In

the original ES study and in the Parsonnet study, the mortality was defined as the oper-

ative mortality within the 30 days after surgery. The 30 days mortality is probably more

relevant and limits bias provided by potential missing data (as for 90 days mortality) but

is usually slightly higher than the operative mortality. None of the current scores were

well calibrated to predict mortality in high-risk cardiac surgery patients in our study. The

ESII score, widely used in Europe has poor calibration. A new risk stratification tool

should be developed to better predict operative risk, and specific morbidity risk scores

may improve prediction of post-operative outcome. 
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Risk factors Tu score Parsonnet score Additive ES

Obesity 0 3 0
Diabetes 0 3 0
Hypertension 0 3 0
Chronic pulmonary disease 0 0 1
Asthma 0 2 - 10 0
Age (years) <60 0 0 0

60 - 64 0 0 1
65 - 69 2 0 2
70 - 74 2 7 3
75 - 79 3 12 4
80 - 84 3 20 5
85 - 89 3 20 6

Female gender 1 1 1
Left Ventricular Function ≥ 50 % 0 0 0

35 - 50 % 1 2 1
30 - 35 % 2 2 1
20 - 29 % 2 4 3
<20 % 3 4 3

Isolated coronary surgery 0 0 0
Isolated valvular surgery 2 5 2
Complex surgery 3 2 2
Emergency surgery Scheduled 0 0 0

Semi-urgent 1 0 0
Urgent 4 0 2

Reintervention None 0 0 0
First 2 5 3

Second 2 10 3
Preoperative aortic counter-pulsation 0 2 0
Recent myocardial infarction (<90 days) 0 0 2
Pulmonary arterial pressure ≥ 60 mmHg 0 8 2
Surgery post coronarographic complic. 0 10 0
Unstable angina with IV treatment 0 0 2
Chronic dialysis 0 10 0
Creatinine >200 μmol/L 0 0 2
Arteriopathy 0 0 2
Neurological history 0 0 2
Active endocarditis 0 0 3
Critical preoperative state 0 10 / 50 3
Left ventricule aneursysm surgery 0 5 0
Thoracic aortic surgery 0 0 3
Post-infarct. interventricular com. 0 0 4
Aortic gradient ≥ 120 mmHg 0 7 0
Other (pace-maker, preoperative paraplegia) 0 2 - 10 0

Total

Table 5: Risk factors comparision between Tu score, Parsonnet score and additive ES
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