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Summary

The validity of the cardiac surgical scoring system, EuroSCORE, has been assessed by several individual cardiac centres within and

outside Europe. We chose to assess the overall international performance by systematic review of peer-reviewed literature. There were six

studies meeting our criteria for assessment. Internationally, the evidence is highly suggestive that additive EuroSCORE performance

generally over-estimates mortality at lower EuroSCOREs (EuroSCORE # 6) and under-estimates mortality at higher EuroSCOREs

(EuroSCORE . 13). The effect of this could have serious misrepresentations for surgeons and hospitals operating on differing case-mixes.

We suggest that further studies need to be performed on the logistic EuroSCORE calculation to ascertain whether predictive ability is

improved. Overall, however, EuroSCORE is the most rigorously evaluated scoring system in cardiac surgery.

q 2004 Elsevier B.V. All rights reserved.
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1. Introduction

EuroSCORE is a prognostic scoring system developed in

Europe for patients undergoing cardiac surgery [1]. Earlier

scoring systems for predicting mortality in cardiac surgery

include Parsonnet, The Cleveland Clinic coronary scoring

system and the UK Society of Cardiothoracic Surgeons Risk

Score [2–4]. These older scoring systems were developed

from a single database of patients, the first two institutional

and the third from a national database. There has been

debate as to whether they can be generalised to other

practices or other countries. Parsonnet was the founding

father of systematic risk stratification [2] and the first to

demonstrate that his method could be applied to European

practice; Nashef and colleagues validated the method in

Manchester, UK [5]. The principle was quickly adopted in

UK practice [6] and incorporated in risk-adjusted CUSUM

displays [7]. However, there has also been a question of

whether the earlier systems were adequately objective [8]

prompting a European scoring system based on explicit

objective criteria.

1.1. The EuroSCORE

There was therefore an incentive to develop a more robust

and objective scoring system to cover a wider population of

cardiac surgical patients. EuroSCORE was derived from an

European database of nearly 20,000 consecutive patients

from 128 hospitals in eight European countries. Information

on 97 risk factors was collected pre-operatively in all the

patients. These risk factors were then compared to patient

outcomes (survival or death). By means of logistic

regression calculations, those risk factors that were robust

in predicting mortality became part of the EuroSCORE

calculation [9]. Two different scoring systems exist for the

EuroSCORE. One is known as the additive model—a score

that can be calculated by simple arithmetic—and the other

known as the logistic model. The logistic model is more

extensive and requires a computer to derive a score [10].

Since the EuroSCORE has been developed, it has been

tested on several local populations around the world,

including Europe, Japan, Scandinavia and the USA [11–15].

1.2. Objective

There have been several individual centre studies as well

as regional studies examining the effectiveness and validity

of the EuroSCORE at a local level. We desired to undertake
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a review of overall international performance of Euro-

SCORE by assessing the available literature.

2. Materials and methods

2.1. Search strategy

Published studies, using the EuroSCORE as a means of

risk stratification for patients undergoing cardiac surgery,

were identified by searching Medline between 1/1966 and

8/2003; Embase between weeks 01/1980 and 34/2003;

Current Contents between weeks 1/1993 and 35/2003.

Search terms used for finding the articles were ‘Euroscore’,

‘Cardiac data’ and (cardi* or surg* or score*). Both English

language and foreign language journals were searched. The

references cited by these articles were then searched for

further articles related to the EuroSCORE. Two of the

authors searched independently and all authors participated

in discussion of discrepancies.

2.2. Inclusion criteria

Only papers that included surgery on adult patients and

reported findings based on prospectively collected data were

included. Both the logistic calculation and the additive

calculations of the EuroSCORE were accepted. Data were

accepted regardless of the type of cardiac operation

performed. Papers that separated patients into low and

high-risk groups were accepted.

2.3. Exclusion criteria

Data from the original database by which the Euro-

SCORE was derived were excluded from the study.

Also excluded were papers with identical or overlapping

patient samples; studies that did not include a separation of

their dataset into differing EuroSCORE risk groups; and

articles from which we could not derive observed and

predicted mortality.

2.4. Data extraction

Data were extracted directly from the text, tables and

graphs from included papers. We attempted to get additional

information from the authors by electronic mail to addresses

cited in papers. Where the studies did not provide the full

data required and the author did not provide the data by

further correspondence we were unable to include them.

Further data in addition to those provided in the original

article were provided by Sergeant et al. [16]. In the study by

Bridgewater et al. [17] data were extracted by reading off

the axes of these graphs.

3. Results

3.1. Overview of included and excluded papers

Studies meeting the criteria can be found in Table 1.

All six studies suitable for inclusion used the additive

EuroSCORE calculation.

Table 2 shows the articles excluded from the systematic

review and the reasons.

3.2. Observed and expected mortality

Table 3 summarises the observed and expected mortality

of operations at various EuroSCORE sub-groups.

Table 1

Summary of reviewed studies

Study Country of data origin Year of publication Total number of patients EuroSCORE calculation

Kawachi et al. [15] Japan 2001 803 Additive

Sergeant et al. [16] Belgium 2001 2051 Additive

Stoica et al. [18] France 2002 1543 Additive

Karabulut et al. [19] Turkey 2003 1123 Additive

Al-Ruzzeh et al. [20] UK 2003 1907 Additive

Bridgewater et al. [17] UK 2003 8572 Additive

Table 2

Summary of excluded studies

Study Country of data origin Year of publication Reasons for exclusion

Nashef et al. [1] Europe 1999 Original database used for EuroSCORE derivation

Pitkänen et al. [14] Finland 2000 Inadequate predicted mortality data

Calafiore et al. [21] Italy 2003 No separation into low and high-risk groups

Asimakopoulos et al. [22] UK 2003 Unable to read data adequately from graph axes
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Table 3

Results of observed and expected mortality

Study Total number

ðnÞ

EuroSCORE

group

Number

patients ðnÞ

Observed mortality ðnÞ Observed

mortality (%)

Expected

mortality (%)

(Observed 2 expected

mortality) (%)

Kawachi et al. [15] 803 0–2 145 0 0.0 1.4 21.4

3–5 346 6 1.5 4.0 22.5

6–8 193 14 6.8 6.7 0.1

9–11 73 9 11.0 9.7 1.3

12 þ 46 8 21.0 13.0 8.0

Sergeant et al. [16] 2051 0 191 0 0.0 0.0 0.0

1 133 0 0.0 1.0 21.0

2 225 2 0.9 2.0 21.1

3 245 4 1.6 3.0 21.4

4 209 1 0.5 4.0 23.5

5 234 6 2.6 5.0 22.4

6 221 7 3.2 6.0 22.8

7 162 5 3.1 7.0 23.9

8 126 4 3.2 8.0 24.8

9 97 11 11.3 9.0 2.3

10 64 7 10.9 10.0 0.9

11 50 3 6.0 11.0 25.0

12 31 8 25.8 12.0 13.8

13 15 5 33.3 13.0 20.3

14 21 6 28.6 14.0 14.6

15 7 3 42.9 15.0 27.9

16 8 4 50.0 16.0 34.0

17 2 0 0.0 17.0 217.0

18 3 2 66.7 18.0 48.7

19 1 1 100.0 19.0 81.0

20 4 2 50.0 20.0 30.0

22 2 0 0.0 22.0 222.0

Stoica et al. [18] 1540 0–2 420 0 0.0 1.0 21.0

3–5 640 12 1.9 2.2 20.4

6 þ 480 52 10.8 7.4 3.4

Karabulut et al. [19] 1123 0–2 446 5 1.1 1.2 20.1

3–5 459 8 3.7 3.8 20.2

6 þ 218 13 1.2 8.4 27.2

Al-Ruzzeh et al. [20] 1907 0–2.49 1061 6 0.6 0.9 20.3

2.5–4.99 478 5 1.0 3.4 22.4

5–9.99 344 12 3.5 6.0 22.5

10–19.99 24 3 12.5 10.4 2.1

20 þ 0 0 0.0 0.0 0.0

Bridgewater et al. [17] 8572 0 1200 6 0.5 0.0 0.5

1 1400 10 0.7 1.0 20.3

2 1300 10 0.8 2.0 21.2

3 1250 14 1.1 3.0 21.9

4 1100 15 1.4 4.0 22.6

5 800 16 2.0 5.0 23.0

6 500 12 2.4 6.0 23.6

7 300 14 4.7 7.0 22.3

8 200 14 7.0 8.0 21.0

9 100 4 4.0 9.0 25.0

10 25 3 12.0 10.0 2.0

11 25 8 32.0 11.0 21.0

12 25 3 12.0 12.0 0.0

13 10 1 10.0 13.0 23.0

14 10 4 40.0 14.0 26.0

15 10 5 50.0 15.0 35.0

16 10 3 30.0 16.0 14.0

17 10 2 20.0 17.0 3.0

19 10 1 10.0 19.0 29.0

Expected mortality (%) is the predicted EuroSCORE.
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The method of assimilating patients into EuroSCORE

groups was particular to each study.

Only the article by Bridgewater et al. [17] contained

data for ungrouped EuroSCOREs. Sergeant et al. [16]

provided individual EuroSCORE data by further corre-

spondence. All other authors assembled data within

EuroSCORE groups, however, they did provide the

groupings-predicted mortality as a percentage—in other

words, the average EuroSCORE for the group. Observed

mortality, as a percentage, was calculated from either the

number of deaths quoted or a direct statement of

percentage mortality from the studies.

Fig. 1 shows expected mortality (predicted EuroSCORE)

plotted against observed 2 expected mortality% for each of

the studies. If there is to be a good ‘match’ between

observed and predicted mortality—an indicator that the

EuroSCORE is predicting mortality accurately—the

majority of points will cluster around 0 on the y-axis.

Fig. 1 suggests (in this depiction there are no confidence

intervals) that at EuroSCORE # 6 the additive EuroSCORE

overestimates risk (expected is greater than observed) in

several of studies. At EuroSCORE $ 10, the overall

appearance from the figure is that additive EuroSCORE

underestimates risk.

Table 4 summarises combined data from all six studies.

Data were combined to provide an overall picture of

EuroSCORE performance. At higher EuroSCORE percen-

tages there are generally fewer numbers of patients in each

individual study. We therefore started at the high-risk end

creating groups of 100 or more patients, thus narrowing the

confidence intervals (see Fig. 2). Data at the very high end

of EuroSCORE had to be merged into an EuroSCORE

group of 11–24.

Fig. 2 displays predicted mortality (EuroSCORE) on the

x-axis against observed mortality (y-axis) for the combined

data, with confidence intervals. The line of identity is where

the points would fall for perfect prediction. This

figure shows the significant over-estimation of additive

Fig. 1. Predicted additive EuroSCORE plotted against observed 2 predicted mortality %.

Table 4

Combined data by weighted mean

EuroSCORE group Total number of patients Weighted mean observed mortality% Weighted mean predicted mortality% 95% Confidence interval

11–24 300 23.0 13.3 18.4–28.2

10 186 11.3 9.9 7.1–16.7

9 197 7.6 9.0 4.3–12.2

8 544 4.8 8.1 3.1–6.9

7 1135 7.4 7.1 6–9.2

6 1065 2.9 6.0 2–4.1

5 1034 2.1 5.0 1.3–3.2

4 2114 1.2 4.0 0.8–1.9

3 1973 1.2 3.1 0.7–1.7

2 2165 1.1 2.1 0.7–1.6

1 3605 0.6 1.0 0.4–0.9

0 1391 0.4 0.0 0.2–0.9
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EuroSCORE at lower predictions: EuroSCORE # 6. Addi-

tive EuroSCORE seems to overestimate risk above 13.

4. Discussion

There were large numbers of patients in all the articles

reviewed at lower additive EuroSCORE predictions. The

conclusion that EuroSCORE systematically over-estimates

risk for these patients is therefore a robust finding which

applies for all the studies representing five countries. It is

therefore likely to be a universally true finding. In order to

assess additive EuroSCORE performance at higher scores it

was necessary to combine the data to produce significant

numbers in order to produce a meaningful result. The

conclusion is less certain but appears to be valid. Both

Bridgewater et al. [17] and Sergeant et al. [16] have made

this observation within their own data sets. What we have

added is that this holds in all instances reported and when

the data are pooled it becomes more certain. The

consequence is that additive EuroSCORE is likely to be a

little forgiving of high volume practice in low-risk patients.

However, it has the effect of penalising the surgeon taking

on high-risk cases. This is likely to be unimportant in a large

mixed practice but will reflect adversely on the surgeon with

a lower volume of routine cases and a relatively high

proportion of unstable and higher risk patients. This was

exactly the reason for Parsonnet introducing risk adjust-

ment. The high-volume private USA practices of the 1980s

reported operative mortality rates approaching zero which

could not be matched by units with adverse case-mix or

disadvantaged populations. The consequence is that the

most deserving of patients, the ones where the difference

between prospects without and with surgery are the greatest,

may be deprived of the chance of surgery as surgeons

protect their figures and their reputations.

Bridgewater’s suggestion [17] is only to make compari-

son between surgeons and units for performance monitoring

purposes at the lower risk end of the spectrum, the pros and

cons of which he explores thoughtfully.

Michel et al. [10] suggest that the logistic EuroSCORE

model will resolve this, a contention we have been unable to

explore further because we have found insufficient reported

data on which to test this. However, they base their assertion

on data analysed by ROC curves. We agree with Sergeant

et al. [16] that the ROC method merely balances the

prediction errors at the low and high-risk ends. We prefer

our more intuitively obvious and simpler display of how the

risk model performs. ROC analysis is more complicated and

more appropriate for the trade-off of sensitivity and

specificity in setting a single threshold for a diagnostic

test. In our view it may be misleading to regard EuroSCORE

as a diagnostic test of death. Furthermore their own analysis

shows very near identical ROC curves for additive and

logistic EuroSCORE [10].

It may be argued that centres publishing their results

within peer-reviewed literature may have overly favourable

results, thus providing publication bias. However, centres

that have published favourable mortality compared to

predicted mortality by additive EuroSCORE within the

same publication publish less favourable mortality rates at

the higher predictions. This effect is reproducible in several

of the studies and with large numbers of patients. We

believe it is more likely that it is an inherent feature of

additive EuroSCORE than publication bias.

In spite of these flaws EuroSCORE is overall the best-

established and validated risk model for contemporary

practice. However, it is important to continue to apply

professional judgement and common sense in the interpret-

ation of surgical results and to avoid making inappropriate

comparisons that disadvantage both patient and surgeon.

4.1. Consideration for further research

From the systematic review performed there were no

individual centre studies that calculated the logistic Euro-

SCORE from their patient data. New studies directly

focusing on the logistic EuroSCORE could be started,

Fig. 2. Overall international performance: predicted additive EuroSCORE

against observed mortality %.
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however, former data from previous studies could still be

utilised, as the input data for the required calculation is the

same as for additive EuroSCORE. A systematic review

could then be performed on the logistic EuroSCORE.
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