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SYNTAX, STS and EuroSCORE — How good are they for risk estimation

in atherosclerotic heart disease?
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Summary

Tests that enable prediction of adverse outcome after surgical or non-
surgical intervention in cardiac patients are of great importance since
they can help guide clinical decision making. The new evolving percut-
aneous therapeutic techniques combined with the currently available
risk scoring systems require improved prediction models. In the context
of steadily improving surgical techniques and perioperative care, on the
one hand, and the inadequacy of regional patient data sets to provide
generally applicable risk prediction base, on the other, there is need for
adaption and recalibration of scoring systems some of which are partly
outdated but still widely in use. The accuracy of predictive models de-
pends on their proper application as well as the knowledge of their in-
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Introduction

Current epidemiologic predictions show that the number of
people at high cardiovascular risk is increasing dramatically. In
Western countries, those without any risk factors comprise only a
minority of people; moreover, greater than 70% of at-risk individ-
uals have multiple risk factors. Atherosclerosis, which underlies
most cardiovascular diseases (CVD), is rarely the result of one
single risk factor, but more usually the result of combined risk fac-
tors, such as hypertension, smoking, abnormal lipids, diabetes
mellitus and lack of regular physical activity. Cardiovascular risk
factors show a continuous association with overall cardiovascular
risk with no minimum threshold for disease (1, 2). Several models,
such as the SCORE, which is recommended by the 2007 European
Society of Cardiology (ESC) Guidelines on cardiovascular disease
prevention in clinical practice (3,4) have been established to calcu-
late the estimated CVD risk. In daily clinical practice, it is of great
importance to have risk stratification methods to identify CVD pa-
tients as those suitable for non-surgical or surgical intervention.
This has led to the development of a number of risk stratification
models or scores in the past few years. With the help of these scores,
a heart team comprising a cardiologist and a cardiac surgeon can
choose the best management strategy for an individual patient.
There are several risk prediction models of which a list comprising

dividual strengths and weaknesses. The EuroSCORE and the STS score
take into consideration some risk factors associated with mortality,
whereas the SYNTAX score relies solely on coronary anatomy and
lesion characteristics. A combination of selected score components
from the EuroSCORE, assessing the mortality risk, and those from the
SYNTAX score, reflecting the coronary artery disease complexity, can be
expected to yield more accurate results in estimating risk in individual
patients. In this review, the predictive ability of the SYNTAX score, the
STS score and the EuroSCORE will be discussed.
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19 was drawn up in a study (5); in Europe the EuroSCORE is the
most frequently used surgical score. In general, predictive models
can accurately predict only overallmortality in a patient group, but
are inaccurate to predict mortality of individual patients (6).

In this review the focus is on the more widely used scores, in
particular the European System for Cardiac operative Risk Evalu-
ation (EuroSCORE), the model provided by the Society of Tho-
racic Surgeons (STS), and the angiographic SYNergy between PCI
with TAXUS™ and Cardiac Surgery Score (SYNTAX).

Principle of scores, discriminative power, and
accuracy of predictive models

A model can have a good discriminating power even if it is not ac-
curate per se. That means, even if a model underestimates or over-
estimates the risk of mortality, it still can be reliable in discriminat-
ing which of the patients will live and which of them will die (6).
The discriminative power for a model, including the EuroSCORE,
the SYNTAX score, and the STS score, is often shown with a receiv-
er operating characteristic (ROC) curve. For binary outcomes, the
area under the ROC curve is identical to the c-index or c-statistic,
with ¢ standing for concordance (7). If the area under the ROC
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Table 1: Risk factors

Risk factor Descriptor Value ;
Patient-related fact and numeric values for
atient-related tactors additive EuroSCORE?,

Age Per 5 years greater than 60 1 The risk factors, their
Gender Female 1 definitions and the
Chronic pulmonary disease Use of bronchodilators or steroids 2 weight allocated to them
i copath B ¢ daudicati d occlusi 50% . 5 are shown. The system is
Extra cardiac arteriopathy ny one more of claudication, claro? o;cd usion <|)r > |? s'tt)en05|§, additive: to calculate the
preV|ou§dor upcoming intervention for abdominal aorta, limb arteries, predicted risk for a pa-
or carotids tient, the scores for exist-
Neurological disease Affect ambulation or daily function 2 ing risk factors are added
Previous cardiac surgery Requires reopening of pericardium 3 to give an approximate
Serum creatinine More than 200 uM 2 percen'tagg predicted
. i . o . mortality figure.
Active endocarditis Receiving antibiotics at time of surgery 3
Critical preoperative state Any one or more of ventricular tachycardia, fibrillation, or aborted 3
sudden death; cardiac massage; preoperative Ventilation; inotropic
support; intraaortic balloon;
or preoperative renal failure
Cardiac-related factors
Unstable angina Angina at rest 2
Left ventricle dysfunction Moderate (LVEF 30% to 50%) 1
Severe (LVEF <30%) 3
Recent myocardial infarction Less than 90 days previous 2
Pulmonary hypertension Systolic pulmonary artery pressure >60mm Hg 2
Operation-related factors
Emergency Carried out on referral before next working day 2
Other than CABG Major cardiac procedure in addition to or other than CABG 2
Surgery on thoracic aorta Ascending, arch, or descending aorta 3
Postinfarct septal rupture 4

EuroSCORE= European System for Cardiac Operative Risk Evaluation; LVEF = left ventricular ejection fraction; CABG= coronary ar-

tery bypass grafting. 2Derived from the EuroSCORE Web site.

curve approaches 1.0, the test has good discriminative power; if the
area under the curve is 0.5, it demonstrates no discriminative
power (7-9). Generally, an area under the curve of greater than 0.7
is considered adequate (6). The more frequent the outcome in
question, the better is the prediction, in accordance with Bayes’
theorem.

If a risk score is used for the prediction not only of the short-
term but also the one-year mortality, the ROC area will be smaller
in the latter case, because the proportion of cardiovascular fatal-
ities among all causes of mortality is usually lower at one year than
at 30 days after surgery/intervention (5).

Mortality is the most frequently reported outcome parameter
in evaluating heart surgery risk scores. Because morbidity com-
prises heterogeneous parameters, obviously the predictive values
for mortality were considerably higher than for morbidity in these
scoring systems (10).

To devise a risk score, most score-databases were randomly di-
vided into two equal parts by using a specific application of a stat-
istical analysis program. The first part is used to develope the risk
score. The second part is used to validate the score.

Thrombosis and Haemostasis 107.3/2012

EuroSCORE

The EuroSCORE was published in 1999 (11). By assessing 17 risk
factors (patient-related, cardiac-related, and surgery-related), the
predicted postoperative mortality among patients undergoing
open heart surgery can be calculated (P Table 1). It was developed
from a large European data set comprising more than 13,000 pa-
tients with a wide range of risk factors associated with mortality (7,
12). The data base was divided into developmental and validation
subsets. There are two available methods of calculating predicted
outcome with the EuroSCORE: First, the original additive model,
and second, the more recent and also more complex one to obtain
the logistic model. The additive model allocates points to each risk
factor that results in a score used to predict mortality (11, 13).
Thresholds were defined to distinguish low risk (EuroSCORE
1-2), medium risk (EuroSCORE 3-5), and high-risk groups (Eu-
roSCORE 6 plus) (11). This easy-to-apply model has some weak-
nesses, namely possible overprediction of mortality in low-risk
cases (14) and poor prediction of mortality in high-risk patients
(14-16). Driven by the demand for improved predictive accuracy
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of the EuroSCORE, a logistic model was developed (17). The logis-
tic model is more extensive and requires a computer to derive a
score (18). However, even with this more sophisticated model,
there are still concerns about overprediction of mortality in many
risk groups (13, 19). Curiously, the logistic values are even higher
than those of the additive score (20). In general, the EuroSCORE is
easy to use and is available as online calculator (www.euros-
core.org). Especially in Europe, the EuroSCORE is somewhat the
gold standard against which other risk stratification models are
measured. Furthermore, it was shown that the EuroSCORE pre-
dicts not only the length of stay in intensive care unit, but also the
costs for open heart surgery (21).

STS score

The STS score was published 2007 (22) and like the EuroSCORE, is
an easy-to-use online calculator for predicting the postoperative
mortality in patients undergoing open heart surgery
(www.sts.org). Similar to the EuroSCORE, the study population
was divided into a developmental and a validation group. In
contrast to the EuroSCORE, the required data entry is more de-
tailed (P> Table 2). As in other models, mortality is the primary
outcome. However, the STS database has also been used to produce
models with other endpoints than mortality such as the calcu-
lation of the composite of morbidity and 30-day mortality, length
of stay, neurologic injury, deep sternal wound infection, prolonged
ventilation, renal failure and reoperation (23). However, informa-
tion on this detailed outcome is only available for isolated coronary
artery bypass graft (CABG) procedures. Published STS mortality
estimations are available for isolated CABG (24), valvular surgery
(25), and combined procedures (26). In contrast to the EuroS-
CORE, the STS score seems to slightly underestimate the perioper-
ative risk (27).

SYNTAX score

The SYNTAX score is an angiographic tool for grading the com-
plexity of coronary artery disease (28, 29) and has been developed
to perform a randomised allcomer study of patients with signifi-
cant lesions in left main stem and/or three epicardial coronary ar-
teries suitable for both revascularisation strategies. The absence of
grading of the severity of coronary artery disease and the lack of
comparison of lesion complexity based on pre-treatment angio-
graphic criteria between various patient groups severely limits the
interpretation of the results of the earlier trials performed for in-
vestigating the difference between CABG and percutaneous coron-
ary intervention (PCI) in multivessel disease (28,29). An anatomi-
cal scoring model addressing these specific issues thus became
necessary. The SYNTAX score ranges from 0 to 83 and higher
scores indicate a more complex coronary artery disease. For the se-
lection of the optimal revascularisation strategy for patients with

© Schattauer 2012

Table 2: Comparative use of preoperative risk factors.

EuroSCORE
Age X

Preoperative risk factor STS

Gender X
Race

Weight/BSA
IABP/inotropes

LV function

Renal disease

Lung disease

PVD

Diabetes

Neurological dysfunction

x X xX X X
X X X X X X X X X X Xx

Active endocarditis

Unstable angina or recent Ml
Previous cardiac surgery
Combined surgery

Aortic involvement

x X X X X X X
< X X X Xx

Valve surgery
Emergency surgery X X

EuroSCORE= European System for Cardiac Operative Risk Evaluation, STS= So-
ciety of Thoracic Surgeons, BSA=body surface area, IABP= intra aortic ballon
pump, PVD=peripheral vascular disease, MI= myocardial infarction.

three vessel and/or left main stem disease, there are three major

requirements (28):

« Performance of an “allcomer” study in such patients

« Consensus between the interventional cardiologist and the car-
diothoracic surgeon for the treatment plan

« The quantification of the complexity of coronary artery disease,
taking into account not only the number of significant lesions
and their location, but also the complexity of each lesion inde-
pendently.

The SYNTAX score has been developed based on a number of pre-
existing classifications such as the AHA classification of the coron-
ary tree segments (30), the Leaman Score (31), the ACC/AHA
lesion classification system (32), the total occlusion classification
system (33), the Duke and ICPS classification system for bifur-
cation lesions (34), and in consultation with experts.

The SYNTAX score is calculated by a computer program con-
sisting of sequential and interactive self-guided questions (P Table
3). The algorithm consists of 12 main questions that can be divided
in two groups: the first three determine the dominance, the total
number of vessel segments, and the number of segments involved
per lesion, whereas the last nine questions refer to adverse lesion
characteristics (P Table 4) and are repeated for each lesion.

The SYNTAX score reflects neither patient characteristics nor
the treatment strategy, but only the coronary anatomy.
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Table 3: The SYNTAX score algorithm. The SYNTAX score is calculated by
a computer program consisting of sequential and interactive self-guided
questions. All the necessary definitions are projected in a side window when
the signal indicating information, available for each question, is pointed with
the cursor.

1. Dominance
2. Number of lesions
3. Segments ivolved per lesions
Lesions characteristics
4. Total occlusion
i. Number of segments involved
ii. Age of the total occlusion (>3 months)
iii. Blunt Stump
iv. Bridging collaterals
v. First segment beyond the occlusion visible by antegrade or retrograde filling
vi. Side branch involvement
5. Trifurcation
i. Number of segments diseased
6. Bifurcation
i. Type
ii. Angulation between the distal main vessel and the side branch <70°
7. Aorto-ostial lesion
8. Severe tortuosity
9. Length > 20 mm
10. Thrombus
11. Diffuse disease / small vessels
i. Number of segments with diffuse disease / small vessels

Scores for PCI

Sianos et al. published in 2005 the SYNTAX score as a new angio-
graphic score (28). As already mentioned above, this score relies
solely on lesion characteristics and coronary anatomy, but does not
take any patient characteristics into account (P> Tables 3 and 4).
This score has been shown to predict cardiac mortality and major
adverse cardiovascular events (MACE) in patients undergoing per-
cutaneous revascularisation (35). c-indices for SYNTAX score in
terms of cardiac death and MACE were 0.83 and 0.64, respectively
(35).

The EuroSCORE risk model, which was established for the pre-
diction of early mortality following open-heart surgery was also
recently shown in two independent studies to predict the in-hospi-
tal and also the long-term prognosis of patients undergoing multi-
vessel-PCI (36, 37).

Lehmann et al. recently reported that the logistic EuroSCORE
even outperforms the SYNTAX score in predicting the long-term
survival following multivessel-PCI (38).

The predictive accuracy of the SYNTAX score can be improved
by combining the SYNTAX score with a simple clinical risk score
incorporating age, ejection fraction, and creatinine clearance to

Thrombosis and Haemostasis 107.3/2012

produce the clinical SYNTAX score (39). Herewith the c-statistic
for the five-year mortality can be improved from 0.62 with the
SYNTAX score to 0.69 with this modified “clinical” SYNTAX score.

A limitation of the clinical application of the SYNTAX score is
the moderate intra-observer reproducibility, with a kappa value of
0.51 when patients were grouped into terciles (40). The kappa
value is the degree of agreement beyond the level of chance (mod-
erate: 0.4<kappa<0.6, almost perfect: 0.8<kappa<1.0).

Taking into account the above-mentioned findings, it appears
that the combination of selected score components from the Eu-
roSCORE, assessing the mortality risk, and those from the SYN-
TAX score, reflecting the coronary artery disease complexity, could
lead to better accuracy in estimating the risk of individual patients
(41,42).

A new EuroHeart score model incorporating 16 independent
patient or lesion characteristics for the evaluation of in-hospital
mortality in patients undergoing PCI (n=46,064) divided into a
training and validation group demonstrated good discriminative
power (c-index=0.90) (43).

Scores for CABG

Although a high SYNTAX score is indicative for a worse long-term
outcome after PCI, it is not an independent predictor for MACE in
patients treated with CABG (29, 44, 45). Holzhey et al. analysed the
predictive ability of the SYNTAX score in a retrospective analysis of
200 consecutive in CABG-treated patients. Despite the fact that the
SYNTAX score in this study ranged between 2 and 52, a complex
coronary pathology did not affect the long-term outcome after
CABG in this study. These findings were confirmed by a study ana-
lysing a cohort of 320 patients with multivessel disease treated with
CABG (46). These results can be explained by the fact that variables
describing the coronary anatomy and complexity do not appear to
be important for CABG outcome, whereas the strong predictors
for cardiovascular events after surgery, such as age, diabetes, left
ventricular ejection fraction, history of pulmonary disease, and
renal failure are not included in the SYNTAX score.

A recent study found no difference in the performance of the lo-
gistic and the additive EuroSCORE in predicting in-hospital mor-
tality in patients undergoing on-pump CABG (n=3,440) and off-
pump coronary artery bypass grafting (OPCAB; n=1,140) (47).
Also a meta-analysis of eight studies representing more than
19,000 patients revealed a similar performance of the logistic and
additive EuroSCORE. Both risk models, however, significantly
overestimated mortality (47).

The 2008 STS risk model for coronary artery bypass grafting in-
cluded a study population consisting of 77,881 isolated CABG pro-
cedures, performed on adult patients aged 20 to 100 years. Plots of
observed versus predicted event rates revealed acceptable cali-
bration both in the overall population as well as in the numerous
subgroups. When patients were grouped into risk categories, the
absolute difference between the observed and the expected event
rates was less than 1.5% for each endpoint. This 2008 STS model
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was developed for assessing CABG mortality and eight other end-
points. Only mortality was recorded beyond the index hospitali-
sation. These endpoints are operative mortality, permanent stroke,
renal failure, prolonged ventilation, deep sternal wound infection,
reoperation for any reason, major morbidity and mortality, pro-
longed postoperative hospital stay, and short postoperative hospi-
tal stay (26).

Scores for valve surgery

Similar to risk assessment in the setting of isolated CABG, and
combined CABG and valve surgery-procedures, the STS model
was also used to assess risk in each of the three types of isolated
valve surgery: aortic valve replacement, mitral valve replacement,
or mitral valve repair (25). Using STS data from 2002 to 2006, iso-
lated valve surgery risk models were developed for operative mor-
tality, permanent stroke, renal failure, prolonged ventilation, deep
sternal wound infection, reoperation for any reason, a major mor-
bidity or mortality composite endpoint, and prolonged or short
postoperative hospital stay. Unadjusted operative mortality for all
isolated valve procedures was 3.4%, and unadjusted in-hospital
morbidity rates ranged from 0.3% for deep sternal wound infec-
tion to 11.8% for prolonged ventilation. Discrimination as
measured by the c-index ranged from 0.639 for reoperation to
0.799 for mortality. The average absolute difference between ob-
served versus predicted events within these groups ranged from
0.06% for deep sternal wound infection to 1.06% for prolonged
postoperative hospital stay (25). An online risk calculator is avail-
able on the website of The Society of Thoracic Surgeons
(www.sts.org). In a study comparing the predictive value of the Eu-
roSCORE and the STS score in high-risk patients undergoing iso-
lated aortic valve replacement (27), it was shown that the EuroS-
CORE highly overestimates mortality, whereas the STS score seems
to be actually more suitable for assessing perioperative mortality in
patients undergoing isolated aortic valve replacement, a finding
which was later confirmed (48). The logistic EuroSCORE in high-
risk patients with aortic stenosis overpredicts mortality (49). The
actual mortality was 11.4%, whereas the logistic EuroSCORE in
the high-risk group was 38.7%.

A meta-analysis comprising more than 26,000 patients with
valve surgery documented a constant trend to overpredict mortal-
ity by both, the additive and especially by the logistic form of the
EuroSCORE (50).

Scores for combined procedures

In a recent analysis, the performance of the EuroSCORE in pre-
dicting short- and mid-term mortality in combined aortic valve
replacement and coronary artery bypass procedures was investi-
gated (51). In this retrospective study including 233 patients wih a
mean follow-up period of 2.2 £ 1.7 years, the mean additive and lo-

© Schattauer 2012

Table 4: Lesions adverse characteristic scoring.

Diameter reduction*

—Total occlusion X5
— Significant lesion (50-99%) X2
Total occlusion (TO)
— Age >3 months or unknown +1
— Blunt stump +1
— Bridging +1
— First segment visible beyond TO +1/ per non-visible segment
— Side branch (SB) -

—Yes, SB <1.5mm** +1

—Yes, both SB < & >1.5mm +1
Trifurcations
— 1 diseased segment +3
— 2 diseased segments +4
— 3 diseased segments +5
— 4 diseased segments +6
Bifurcations
—TypeA, B, C +1
~Type D, E F G +2
— Angulation < 70° +1
Aorto ostial stenosis +1
Severe tortuosity +2
Length > 20mm +1
Heavy calcification +2
Thrombus +1

“Diffuse disease” / small vessels +1/ per segment number

x: multiplication. +: addition. * In the SYNTAX algorithm there is no question
for % luminal diameter reduction. The lesions are considered as significant
(50-99% luminal diameter reduction) or occlusive. **If all the side branches
are 1.5mm in diameter, no points are added since the lesion is considered as a
bifurcation and it will be scored as such.

gistic EuroSCOREs were 8.77 and 16.1, respectively. The observed
mortality was 9.44%. The area under the ROC curves for additive
EuroSCORE was 0.76 and for logistic EuroSCORE was 0.75. So
both, additive and logistic EuroSCOREs were accurate in predict-
ing operative mortality in combined procedures. However, only
additive EuroSCORE was predictive of mid-term mortality in this
patient group.

The 2008 STS model for assessing risk involved in valve plus
coronary artery bypass grafting surgery consisted of a study popu-
lation undergoing 101,661 procedures, including aortic valve re-
placement plus CABG, mitral valve replacement plus CABG, or
mitral valve repair plus CABG between January 1, 2002 and De-
cember 31,2006 (26). The c-index for mortality prediction for the
overall valve plus CABG population was 0.75. The same nine end-
points that were analysed by the STS risk model in isolated CABG
and the isolated valve intervention were used. These STS models
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are the first to assess risk in valve plus CABG intervention that also
include risk prediction of individual major morbidities, composite
major morbidity or mortality, and short and prolonged length of
stay (26).

Scores for transcatheter aortic valve
implantation (TAVI)

The relationship between the logistic EuroSCORE and the STS
score in predicting mortality in patients implanted with a Cor-
eValve ReValving System was recently described (52). In this two-
centre study (Bern-Rotterdam), the observed mortality was
11.1%. Notably, the mean logistic EuroSCORE was three times
higher than the mean STS score (20.2 £ 13.9% vs. 6.7 £ 5.8%). The
authors concluded that although the STS score outperformed the
logistic EuroSCORE, both models had suboptimal discriminatory
power. Some concerns arise, if the patient selection for TAVI based
on a high EuroSCORE, as it presently frequently is applied, can be
suggested, because of its obvious lack of discrimination power
(20). This practice can lead to complacency on the part of the treat-
ing physician, especially when the score grossly overestimates the
actual mortality risk of TAVI patients (53).

Conclusion

Accurate prediction of the individual mortality risk for a given car-
diac procedure is of increasing importance in daily clinical prac-
tice. In particular, since the SYNTAX study has shown identical
MACE outcomes in low, as well as in intermediate risk patients,
treated with either CABG or PCI, the scoring seems mandatory
(45). All of the three scoring systems listed above have different
strengths and weaknesses in risk prediction, because they were de-
vised for different procedures and different study populations. In
particular, the SYNTAX score is solely an angiographic score rely-
ing on coronary anatomy and lesion characteristics, but does not
take any patient characteristics into account. A combination of this
scoring system with some clinical factors, such as age, ejection frac-
tion, and creatinine clearance can be expected to improve the accu-
racy of SYNTAX score in individual risk prediction (39).

Fellahi et al. showed that preoperative B-type natriuretic pep-
tide (NT-proBNP) measurement is a strong, independent, and
even more accurate predictor of adverse outcome than EuroS-
CORE in patients undergoing cardiac surgery (54). So further
works could now determine the utility of BNP in combination
with cardiac risk scores.

Attention was recently drawn to the importance of taking into
consideration frailty as an indirect sign of the “biological age” of
elderly patients undergoing cardiac surgery (55). Despite the epi-
demiological differences between (European) countries, an analy-
sis performed with 18,676 patients showed a good-to-excellent
discriminative power for the EuroSCORE with an area under the
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ROC curve between 0.74 and 0.87 for the different European coun-
tries (56).

The constant overprediction of mortality, in most of the pub-
lished studies by a factor of about 2, with the additive and even
more with the logistic EuroSCORE, suggest a need for a recali-
bration or reworking of the EuroSCORE. It must be kept in mind
that the EuroSCORE was developed from a data set of patients op-
erated almost one and a half decades ago; in the meantime, there
has been a steady improvement in both the surgical techniques em-
ployed and the perioperative care of patients. Against this back-
ground, the recommendation of Choong et al. of a recalibration
ratio of 0.5 of the logistic EuroSCORE appears reasonable (57).

In summary, outdated scores should be constantly recalibrated
and adjusted to reflect new findings. A new score combining se-
lected score components from the EuroSCORE, assessing mortal-
ity risk, those from the SYNTAX score, reflecting the coronary ar-
tery disease complexity, and additional aspects of a frailty-test,
could lead to improved accuracy in estimating the individual risk
of a specific cardiac intervention in CVD patients.
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