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Abstract Preoperative risk scores are essential tools for risk
assessment, cost–benefit analysis, and the study of therapy
trends. Various scoring systems have been developed to pre-
dict mortality and morbidity after cardiac surgery. Risk strat-
ification will inform patients and clinicians of the likely risk of
death for a group of patients with a similar risk profile under-
going the proposed operation. This information is useful and
should form part of the basis on which the patient and surgeon
decide whether to proceed or not. Risk models were also ap-
plied for quality improvement programs comparing year-to-
year outcomes, as well as allocation of healthcare resources
through the prediction of length of stay and postoperative
complication rates. In this review, we focus on the various risk
score models used in adult and pediatric cardiac surgery.
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Introduction

Preoperative risk scores are essential tools for risk assessment,
cost–benefit analysis, and the study of therapy trends. Various
scoring systems have been developed to predict mortality after
adult heart surgery. Although all of these scoring systems are
based on patient-derived data, such as age, gender, comorbid-
ity, and so forth, there are considerable differences between
scores with regard to their design and validity. As quality

control and cost–benefit analysis have gained new relevance
in many countries, selection of appropriate scoring sys-
tem for the evaluation of hospital performance has be-
come an important issue [1]. Most of the scoring systems
were primarily designed to predict mortality; however,
postoperative morbidity has been acknowledged as the
major determinant of hospital cost and quality of life after
surgery [2].

One of the original aims for the development of cardiac risk
models was risk adjustment, allowing fair comparison of treat-
ment outcomes among different institutions or surgeons [3].
Risk stratification will inform patients and clinicians of the
likely risk of death for a group of patients with a similar risk
profile undergoing the proposed operation. This information
is useful and should form part of the basis on which the patient
and surgeon decide whether to proceed or not [4]. Risk models
were also applied for quality improvement programs compar-
ing year-to-year outcomes, as well as allocation of healthcare
resources through the prediction of length of stay and postop-
erative complication rates [5].

The first widely used risk model, the Parsonnet score, was
based on a retrospective analysis of data collected during the
1980s. Risk modelling has been significantly influenced by
advances made in diagnostic and interventional technology.
The advances in interventional cardiology have adversely
changed the risk profile of patients presenting for cardiac sur-
gery [6]. This resulted in development of newer risk scores
and revalidation of existing risk scores.

Mortality and morbidity are the outcomes that are usually
measured in any risk model. Mortality is the most widely used
outcome measure as it is the least subjective of the outcome
variables. Multivariate analysis is the cornerstone for
assessing the outcome. The statistical technique commonly
used for multivariate analysis is called regression analysis.
Regression analysis builds a model based on dependency of
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the outcome on a set of predictor variables otherwise called
risk factors.

In this review, we aim to describe the various risk stratifi-
cation scores used in adult and pediatric cardiac surgery.

Validation and discrimination of risk models

Performance of a risk model is evaluated by calibration and
discrimination. The model is tested on the validation data set
for calibration (by comparing the observed and predicted mor-
tality or goodness of fit) and for discrimination [using the area
under the receiver operating characteristic (ROC) curve].
Goodness of fit of the final model is tested using the
Hosmer–Lemeshow statistic. The Hosmer–Lemeshow (HL)
chi-square statistic measures the differences between the ex-
pected and observed outcomes over deciles of risk. If a model
is well-calibrated, the O/E ratio should be close to 1; depar-
tures above or below are indicative of under-prediction and
over-prediction, respectively. A well-calibrated model gives
corresponding P>0.05. Discrimination means how well the
model differentiates a population that had an event from the
one that did not. ROC curves are typically plotted to evaluate
the performance of logistic regression models. In statistics, a
ROC, or ROC curve, is a graphical plot that illustrates the
performance of a binary classifier system as its discrimination
threshold is varied. The curve is created by plotting the true
positive rate (TPR) against the false positive rate (FPR) at
various threshold settings [7]. ROC curves were initially used
in the Second World War by the US navy in radar-based op-
erations to discriminate enemy ships or plane from friendly
ones (hence the name) and since then have found extensive
applications in industry and medicine. The curve typically
plots sensitivity in the Y axis and 1− specificity in the X axis
from a dichotomous outcome. C statistic is equal to the area
under the curve. A perfect discrimination gives a score of 1,
and 0.5 denotes no discrimination (like toss of a coin for heads
or tails). A value upward of 0.75 has good discriminatory
ability (Fig. 1).

Risk assessment scores in adult cardiac surgery

Initial Parsonnet’s score and modified Parsonnet’s score

The Parsonnet score was developed in 1989 by Victor
Parsonnet and is notable for having been a pioneer in system-
atic risk stratification in cardiac surgery and applicable to dif-
ferent populations [8]. This score is simple, additive, and
grades the severity of illness of patients into five groups
(Table 1) [8, 9]. This useful score has been rapidly taken up
by several cardiac surgery teams, and other authors have con-
firmed its predictive value on hospital mortality and morbidity

[10]. Two risk factors of the Binitial Parsonnet’s score^ are
however imprecise, and their weights are arbitrarily chosen
by the surgeon (catastrophic states, other rare circumstances).
Thus, the reliability of the initial Parsonnet’s score decreases
when these two risk factors are present. This original score
was later modified, including 30 new risk factors according to
the SUMMIT system [11, 12]. These 30 new risk factors take
the place of the two imprecise risk factors of the initial score,
and this new score is referred to as the Bmodified Parsonnet’s
score^ [13].

Improvements in anesthesia, modern-day intensive care,
extracorporeal circulation, myocardial preservation, and sur-
gical therapy advances have contributed to lower mortality
rates than those predicted by Parsonnet's score. Initial
Parsonnet’s score overestimates mortality has been criticized
as it does not take into account the quality of a patient’s cor-
onary arteries in predicting operative risk and probably over-
estimates the risk of age. There have been several other com-
puterized attempts at predicting operative risk more accurate-
ly, but this is always at the expense of simplicity and practi-
cality of use. Parsonnet’s score has therefore become a famil-
iar and workable tool for cardiologist and cardiac surgeon
alike [14].

EuroSCORE

The European System for Cardiac Operative Risk Evaluation
(EuroSCORE) identifies a number of risk factors which help
to predict mortality from cardiac surgery [1]. The predicted
mortality (in percent) is calculated by adding the weights
assigned to each factor. Since its initial publication in 1999,
EuroSCORE has been widely used in Europe and elsewhere
and has been the subject of several studies [15, 16].
EuroSCORE is a simple, objective, and up-to-date system
for assessing heart surgery, soundly based on one of the largest
databases in European cardiac surgical history [15].

Fig. 1 ROC curve.Dashed line = empirical curve, solid line = smoothed
(Gaussian-based) curve, and straight line = no discrimination
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There are two extremes in the selection of a risk stratifica-
tion system. Accuracy can be achieved by assessing a large
number of risk factors for an individual patient and comparing
the findings with the results of a large database such as
EuroSCORE. Such a system should provide very accurate risk
assessment for small subgroups of patients. This approach
required the gathering of large amounts of patient data and
complex statistical operations. It is impossible to implement
without sophisticated information technology which is not yet
available to all hospitals. On the other hand, very simple
models relying on one or two risk factors (such as age and
sex, for example) are also possible. This approach would have
some use for the overall assessment of a hospital’s perfor-
mance but is unlikely to be useful for risk assessment for an
individual patient and is likely to perpetuate a reluctance to
operate on high-risk patients. A compromise must be reached
so that the system recognizes common risk factors and is able
to provide some degree of risk prediction yet remains simple
enough to use at the point of delivery of care [15].
EuroSCORE satisfies these requirements.

Most EuroSCORE risk factors are derived from the clinical
status of the patient. Only four risk factors are related to the
operation, and these are factors that are difficult to influence
through subtle variation in surgical decision-making [15].

The logistic EuroSCORE was found more suitable for in-
dividual risk prediction in very high-risk patients. Using the
same risk factors as the additive model, the logistic regression
version of the score (the Blogistic EuroSCORE^) can be cal-
culated. For a given patient, the Blogistic EuroSCORE^which
is the predicted mortality according to the logistic regression
equation can be achieved with the following formula:

Predicted mortality ¼ e
βoþ

X
βiXi

� �
.
1

þ e
βoþ

X
βiXi

� �

where e is the natural logarithm=2.718281828…βo is the
constant of the logistic regression equation=−4.789594βi is
the coefficient of the variable Xi in the logistic regression

Table 1 Description of the initial Parsonnet’s score [9]

Risk factors Assigned weight

Female gender 1

Morbid obesity (≥1.5, ideal weight) 3

Diabetes 3

Hypertension (systolic blood pressure >140 mmHg) 3

Ejection fraction

≥50 % 0

30–49 % 2

<30 % 4

Age

70–74 7

75–79 12

≥80 20

Reoperation

First 5

Second 10

Preoperative intra-aortic balloon pump 20

Left ventricular aneurysm 5

Emergency surgery following PTCA or catheterization complications 10

Dialysis dependency (peritoneal dialysis or hemodialysis) 10

Catastrophic states (acute structural defect, cardiogenic shock, acute renal failure) 10–50

Other rare circumstances (paraplegia, pacemaker dependency, severe asthma, congenital heart disease in adult) 2–10

Mitral surgery 5

Mitral surgery and pulmonary artery pressure ≥60 mmHg 8

Aortic surgery 5

Aortic surgery and pressure gradient >120 mmHg 7

CABG at the time of valve surgery 2

CABG coronary artery bypass graft, PTCA percutaneous transluminal coronary angioplasty
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equationXi=1 if a categorical risk factor is present and 0 if it is
absentFor age, Xi=1 if patient age <60; Xi increase by one
point per year thereafter.Hence, for age 59 or less Xi=1, age
60 Xi=2, age 61 Xi=3, and so on [16].

The logistic model was more discriminatory than the addi-
tive in tracing extended intensive care unit (ICU) stay [4].

EuroSCORE II

The EuroSCORE, worldwide used as a model for prediction
of mortality after cardiac surgery, was renewed. On 3 October
2011, the EuroSCORE II was launched at the 2011 European
Association for Cardiothoracic Surgery (EACTS) meeting in
Lisbon, and the online calculator (www.EuroSCORE.org) has
been updated to use this new risk stratification model [17].

EuroSCORE II, an update of the logistic EuroSCORE
model, uses similar methodology but is derived from a more
current data set and refined to incorporate evidence-based im-
provements and to reflect better current cardiac surgical prac-
tice [17]. This score reduces the overestimation of the calcu-
lated risk by the initial EuroSCORE [18]. EuroSCORE pre-
dicts 30-day mortality, 1-year mortality, and costs in cardiac
surgery.

Society of Thoracic Surgeons (STS) score

The Society of Thoracic Surgeons National Cardiac Database
(STS NCD) was created in 1989, and it has become the largest
clinical database of its kind. The primary aim for the develop-
ment of the STS model was the support of national quality
improvement programs. Now, it is also used for research fo-
cusing on improvement of patient care and outcome [5, 19].
The STS NCD is unparalleled in terms of its size and compre-
hensiveness: data were collected prospectively from more
than 950 participating centers in the USA. The STS NCD
now also includes more than 3.6 million surgical procedures
[20]. STS risk models for various cardiac procedures have
been developed since 1999 and have undergone periodic re-
visions [20, 21]. A wide variety of endpoints are included in
some of the models calculating risk for isolated coronary ar-
tery bypass grafting, valve surgery, or combined surgeries
[21].

STS score includes 50 clinical variables of preoperative
variables. The predictive performance of the STS algorithms
is in general comparable with other systems and remains the
most widely used model in the USA [21]. STS score also
allows for the calculation of postoperative morbidity [5].

ASCERT score

Most survival prediction models for coronary artery bypass
grafting surgery are limited to in-hospital or 30-day end
points. So, a long-term survival model was developed using

data from the Society of Thoracic Surgeons Adult Cardiac
Surgery Database and Centers for Medicare and Medicaid
Services [22].

The American College of Cardiology Foundation, the STS,
and the Duke Clinical Research Institute were collaborated on
a comparative effectiveness study (American College of Car-
diology Foundation–Society of Thoracic Surgeons Collabora-
tion on the Comparative Effectiveness of Revascularization
Strategies [ASCERT]) of coronary artery bypass graft
(CABG) and percutaneous coronary interventions (PCI),
funded by the National Heart, Lung, and Blood Institute of
the National Institutes of Health. The first aim of the ASCERT
study is to develop novel, long-term mortality risk prediction
models for CABG and PCI to estimate the time-dependent
effect of preoperative patient factors on medium- and long-
term mortality after CABG [23]. This provides valuable infor-
mation for shared decision-making, comparative effectiveness
research, quality improvement, and provider profiling [22].

SYNTAX score

The SYNTAX score (SS), based on the anatomical character-
istics of coronary artery disease, is recommended by practice
guidelines to decide between PCI with drug-eluting stent or
CABG surgery in patients with unprotected left main coronary
artery stenosis or three-vessel disease. The score has been
criticized for considering only anatomical variables, without
taking into account other factors that may influence the results
of both procedures [24]. Syntax score is very useful for un-
derstanding prognosis of left main coronary disease patients.

As the SS was initially validated for patients with native
CAD, it cannot be implemented in patients with CABG. To
help address this issue, the CABG SS was developed. This
score can be calculated by computing first the baseline SS of
native vessels and then subtracting points on the basis of graft
functionality. Despite the limited power of the study, it sug-
gested a trend toward higher all cause death and major adverse
cardiac events (MACE) in patients with high CABG SS. One
major limitation of this score is that it does not take into con-
sideration the type of graft used [25].

SS ideally should be calculated by a Bheart team^ rather
than individually. SS when associated with clinical variables
like age, creatinine level, and EF (ACEF), BClinical Syntax
Score^ was superior in predicting major adverse cardiac
events (MACE), and similar predicting mortality as
EuroSCORE, it offers additional advantage in prediction of
ischemic endpoints [26].

Therefore, the SYNTAX score II (SS II) was developed
using baseline features and 4-year follow-up information re-
corded in the SYNTAX study. In addition to SS and the pres-
ence or absence of left main coronary artery disease, this novel
score considers age, gender, creatinine clearance, left ventric-
ular ejection fraction, chronic obstructive lung disease, and
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peripheral vascular disease. The predictive accuracy of the
score for mortality was validated in the study population and
in a multinational registry [24].

The SS II allowed for the individualized assessment of
long-term mortality in patients with LM/multi-vessel CAD
undergoing either PCI or CABG, compared to the grouping
of risk (low, intermediate, high) with the anatomical SS. The
SS II was developed in the randomized SYNTAX Trial and
validated in the Drug-eluting stent for left main coronary ar-
tery disease (DELTA) registry [25].

Amphiascore

Amphiascore was a predictive model for major adverse out-
comes after CABG and/or heart valve operation in a large
cohort of patients from a single institute in the Netherlands.
It was created in Amphia Hospital (a teaching hospital at Bre-
da, the Netherlands) which has kept an expanding database for
more than 10 years with pre, per, and postoperative character-
istics of all patients who underwent cardiac surgery [27].

This score was developed depending on the three outcomes
such as,

1. In-hospital death, defined as death during hospitalization in
the Amphia hospital or in one of the affiliated hospitals
2. MACE defined as in-hospital death or perioperative myo-
cardial infarction (Q-wave or non-Q-wave with creatinine ki-
nase MB fraction (CK-MB). 50 mg/l in the year 1997 or CK-
MB. 100 mg/l from 1998 onwards) or ventricular tachycardia/
fibrillation
3. Extended length of stay (ELOS) defined as intensive care
length of stay of at least 3 days or in-hospital death [27]

Amphiascore performs in discriminating patients with re-
spect to in-hospital death. This model for predicting major
adverse cardiac events and extended length of stay on inten-
sive care may be useful tools in categorizing patients in vari-
ous subgroups of risk for postoperative morbidity [27].

CABDEAL

The CABDEAL model for risk stratification has been devel-
oped solely for the prediction of morbidity. The CABDEAL
model was developed using a Bayesian approach, and it in-
cludes seven preoperative risk factors which are assigned
point values: renal dysfunction, advanced age, obesity, diabe-
tes mellitus, emergency surgery, arrhythmia and/or unstable
angina or previous AMI, and chronic obstructive lung disease
[28]. The maximum possible risk score is 10. A score of 3 or
more is associated with increased morbidity, the outcome
criteria for which were in the original model the following:
at least one severe complication postoperatively and postop-
erative length of stay (POS) of >11 days, or at least two mild

complications postoperatively, or death during the hospital
stay. Due to changes in treatment policies, the POS limit for
increased morbidity was lowered to 8 days. Severe postoper-
ative complications included reoperation due to bleeding or
low cardiac output, mediastinitis, pneumonia, or prolonged
ventilator support (>36 h) or ICU stay longer than 3 days,
stroke (cerebrovascular accident), acute renal failure requiring
dialysis or a more than 50% increase in serum creatinine level
(compared to preoperative values), severe cardiac failure re-
quiring inotropic support or intra-aortic balloon pump inser-
tion or perioperative myocardial infarction (MI), severe ar-
rhythmia (ventricular fibrillation or asystole), or death. Mild
complications included superficial wound infection (leg or
sternum), atrial fibrillation, or other mild supraventricular ar-
rhythmia [28].

Cleveland clinic score

It is also termed as Higgins score [5]. This model is developed
using logistic regression analysis. The Cleveland model is
designed to predict both morbidity and mortality. The score
level for significantly increased mortality (>10 %) in the
Cleveland model is 6. For increased morbidity, the score level
is 4 in the Cleveland model [28]. Outcome criteria for in-
creased morbidity in the Cleveland model comprised one of
the following: central nervous system complication (stroke),
cardiac complication (perioperative MI, need for mechanical
assistance device, intra-aortic balloon pump), acute renal fail-
ure requiring dialysis, serious infection (mediastinitis, sepsis),
return to surgery due to bleeding, prolonged mechanical ven-
tilation (>3 days), or death [28]. Cleveland Clinic score has
one of the highest discriminating powers after EuroSCORE
(for CABG only).

French score

This score was highly predictive for mortality and severe mor-
bidity. A national database was developed as a part of this
score, which includes anonymous information from two thirds
of all cardiac surgery cases. Nationwide results for France
allow each center freely to assess its results. This self-
assessment approach is the most accurate way of quality of
care assessment [29].

Magovern score

Clinical risk score (CRS) is based entirely on preoperative
data, and it reliably predicts morbidity and mortality for pa-
tients undergoing CABG. This score was derived from the
Allegheny General Hospital’s cardiothoracic surgery data-
base. The database was implemented in July 1991, with pro-
spective data collection on all patients undergoing cardiac
surgery [30]. This model identifies patients at high risk for
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postoperative morbidity and mortality. The model was devel-
oped from the experience of one institution. It has been vali-
dated at the Allegheny General Hospital but not at other insti-
tutions [30]. The most powerful predictors were those associ-
ated with emergency operation and depressed cardiac func-
tion. Other factors reflect comorbid disease processes, such
as chronic obstructive pulmonary disease, renal insufficiency,
peripheral vascular disease, diabetes, low serum albumin, and
anemia. Finally, age, gender, and low body mass were also
significant predictors. Obesity was not a predictor of morbid-
ity or mortality [30]. Magovern score can also predict 1-year
mortality as well as 30 days.

New York’s Cardiac Surgery Reporting System (NYS)
score

New York’s Cardiac Surgery Reporting System was used to
develop an in-hospital and 30-day logistic regression model
for patients undergoing CABG surgery in 2009, and this mod-
el was converted into a simple linear risk score that provides
estimated in-hospital and 30-day mortality rates for different
values of the score. The accuracy of the risk score in
predicting mortality was tested. This score was also validated
by applying it to 2008 New York CABG data. Subsequent
analyses evaluated the ability of the risk score to predict com-
plications and length of stay [31]. There are seven risk factors
comprising the score, with risk factor scores ranging from 1 to
5, and the highest possible total score is 23. The risk score is a
simple way of estimating short-term mortality that accurately
predicts mortality in the year the model was developed as well
as in the previous year. Perioperative complications and length
of stay are also well predicted by the risk score [31].

Northern New England score (NNE)

Northern New England Score was developed from a prospec-
tive regional study which was conducted to identify factors
associated with in-hospital mortality among patients undergo-
ing isolated CABG. A prediction rule was developed and
validated based on the data collected [32]. Variables used to
construct the regression model of in-hospital mortality includ-
ed age, sex, body surface area, presence of comorbid disease,
history of CABG, left ventricular end-diastolic pressure, ejec-
tion fraction score, and priority of surgery. The model signif-
icantly predicted the occurrence of in-hospital mortality [32].

Ontario province risk score

A multicenter population-based study was conducted to de-
velop and validate a risk index for mortality, ICU length of
stay, and postoperative length of stay after cardiac surgery
using data from all nine adult cardiac surgery institutions in
Ontario. A six-variable risk index (age, sex, left ventricular

function, type of surgery, urgency of surgery, and repeat op-
eration) was developed using logistic regression analysis to
predict in-hospital mortality, ICU stay in days, and postoper-
ative stay in days after cardiac surgery. It is also termed as
Provincial Adult Cardiac Care Network (PACCN) [33].

Mortality, ICU length of stay, and postoperative length of
stay after cardiac surgery can be predicted using a simple six-
variable risk index. Thus, the index has multiple potential
applications, including comparing patient outcomes and re-
source use among different surgeons and hospitals, counseling
patients about the risks of cardiac surgery, and use in patient
and staff scheduling when resources are limited [33]. Hospi-
tals are given their risk-adjusted outcomes so that they can
evaluate their relative performance with the goal of continu-
ous quality improvement. Use of an additive model allows
clinicians to see how well they are performing relative to
others at different levels of patient risk (e.g., low, medium,
or high risk), and it provides a summary measure (i.e., the
mean risk score) of a hospital’s case mix severity. The major
difference between this model and others that have been de-
veloped is its lack of inclusion of comorbid diseases [33].

Pons risk score

A risk stratification model was developed to assess open heart
surgery mortality in Catalonia (Spain) in order to use risk-
adjusted hospital mortality rates as an approach to analyze
quality of care. A risk stratification model through a metacen-
tric, prospective, and exhaustive collection of data in all types
of open heart procedures was developed [34]. The main var-
iable analyzed was surgical mortality, which was defined as
that occurring during the 30 days after the intervention or
during hospitalization irrespective of the length-of-stay (hos-
pital-to-hospital transfer was not considered discharge). Risk-
adjusted surgical mortality was the outcome studied as an
approach to hospital quality of care [34]. A score was gener-
ated for each patient using the weight of the model. Patients
were stratified into categories depending on the score. Several
cut-off points were examined in order to determine the best
association of the score with surgical mortality. Finally, five
risk levels were selected depending on the score: level 1 or
low risk (0–10), level 2 or fair risk (11–15), level 3 or high risk
(16–20), level 4 or very high risk (21–30), and level 5 or
extremely high risk (≥31) [34].

Toronto risk score (TRS)

The TRS is a valid measure of acuity that can identify patients
who are at high risk of experiencing an adverse effects (AE)
and having prolonged length of stay after any cardiac surgery
procedure, capture changes in acuity over time, and allow for
continuous quality performance evaluation [35]. The primary
binomial outcome for this model was any postoperative AE
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following cardiac surgery. AE was defined as any of the fol-
lowing: operative death, a perioperative myocardial infarction
defined by electrocardiogram and enzymatic criteria, low car-
diac output syndrome (systolic blood pressure less than
90 mmHg and cardiac index less than 2.1 L/min/M2 lasting
longer than 15 min despite adequate preload), a perioperative
stroke, new postoperative renal failure (defined as the need for
any form of dialysis), or deep sternal wound infection [35].

UK national score

In the UK, a model has recently been produced to predict
mortality following CABG (also known as UK Society of
Cardiothoracic Surgeons score) [36].

It is easy to implement, objective, and accurate predictor of
observed mortality, allowing comparison between surgeons
and units [36].

Veterans administration (VA) score

The VA Continuous Improvement in Cardiac Surgery Study
was initiated in 1987 to develop risk-adjusted outcomemodels
of continuous quality improvement and to evaluate the quality
of all cardiac surgical procedures performed in VA medical
centers [37]. The data included preoperative risk factors, sur-
gical data, postoperative death and complications data, and
length of stay. In the VA, 30-day surgical death was defined
as death from any cause occurring within the first 30 days after
surgery or death at a later time occurring as a direct result of a
perioperative complication. This broad-based definition also
includes all index hospitalization deaths [38]. The models
have been developed for two groups of patients: those under-
going CABG only and those undergoing a valve operation or
other cardiac procedures. Procedural designation for patients
undergoing aortic valve replacement, mitral valve replace-
ment, great vessel repair, and other procedures has been added
to the multivariate analysis to identify risk factors specific for
each of these procedures [38]. The preoperative risk variables
are entered into a backward stepwise logistic regression anal-
ysis with surgical death as a dependent variable. The expected
surgical death rate for each patient is calculated from this
logistic regression model and compared with the observed
surgical death rate [38].

AusSCORE

A new model was developed for predicting 30-day mortality
after isolated CABG for the Australian population. The Aus-
tralian Society of Cardiac and Thoracic Surgeons (ASCTS)
database has prospectively collected information about adult
patients having cardiac surgery in six public hospitals in Vic-
toria since June 2001. The ASCTS database contains informa-
tion on patient risk factors (including preoperative cardiac

status and previous interventions), intra-operative details (in-
cluding the procedure performed, myocardial protection, and
procedural durations), and postoperative outcomes. The index
outcome was mortality, defined as death within 30 days post-
operatively [39]. The risk factors in the AusSCORE are as
follows: age, NYHA class, urgency of procedure, ejection
fraction estimate, previous cardiac surgery, hypercholesterol-
emia (lipid-lowering treatment), peripheral vascular disease,
and cardiogenic shock [39].

Ambler score

This is the first risk model that predicts in-hospital mortality
for aortic and/or mitral valve patients with or without concom-
itant CABG. Based on a large national database of heart valve
patients, this model has been evaluated successfully on pa-
tients who had valve surgery during a subsequent time period.
It is simple to use, includes routinely collected variables, and
provides a useful tool for patient advice and institutional com-
parisons. This risk model provides a simple, useful tool for
risk stratification for most patients undergoing valve surgery
[40].

German Aortic Valve Score

A scoring system was developed to predict mortality in aortic
valve procedures in adults. German Aortic Valve Score (Ger-
man AV Score) is based upon the comprehensive data pool
mandatory by law in Germany [41]. It is well known that a
predictive model works best in the setting where it was devel-
oped; therefore, the German AV Score fits well to the patient
population in Germany. It was designed for fair and reliable
outcome evaluation. It allows comparison of predicted and
observed mortality for conventional aortic valve surgery and
trans-catheter aortic valve implantation in low-, moderate-,
and high-risk groups. Thus, it enables primarily a risk-
adjusted benchmark of outcome and fosters the efforts for
continuous improvement of quality in aortic valve procedures
[41]. This score fairly predicts risk (absolute) for TAVI. How-
ever, it does not provide additional prognostic information.

Observant score

A simple score developed using pre-procedural variables, for
prediction of 30-day mortality after trans-catheter aortic valve
replacement (TAVR). The risk score was built from the
(TAVR) cohort of the Observational Study of Appropriate-
ness, Efficacy and Effectiveness of AVR-TAVR Procedures
for the Treatment of Severe Symptomatic Aortic Stenosis
(OBSERVANT) study. Briefly, OBSERVANT is a national,
observational, prospective, cohort study that enrolled patients
with aortic stenosis undergoing TAVR or surgical aortic valve
replacement at 95 Italian centers [42].
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The principal findings of this study, in which a new com-
putational tool specific to patients undergoing TAVR (OB-
SERVANT score) was created and internally validated, are
the following: (1) early mortality of TAVR at 30 days can be
predicted using seven clinical variables that are routinely
available before the intervention, (2) renal dysfunction (de-
fined as glomerular filtration rate (GFR) <45 mL/min) is the
single most powerful independent predictor of 30-day mortal-
ity, and (3) the OBSERVANT model, when validated against
an independent internal data set, provided better discrimina-
tion, goodness of fit, and global accuracy for 30-day mortality
than the logistic EuroSCORE, which is more complex (17
variables) and does not incorporate factors specific to the in-
herent risk of patients undergoing TAVR [42].

Risk scores in pediatric cardiac surgery

Aristotle score

Aristotle the Greek philosopher proposed the Consensus
Theory. Consensus theory holds that truth is whatever is
agreed upon, or in some versions, might come to be
agreed upon, by some specified group.

The analysis of congenital heart surgery outcomes is
challenging owing to the large number of surgical proce-
dures that vary in complexity. One method that has been
proposed for complexity-adjusted outcomes analysis is
known as the Aristotle Basic Complexity Score (ABC
score). The ABC score expresses the case complexity of
congenital heart surgery procedures based on three com-
ponents: the potential for mortality, the potential for mor-
bidity, and the technical difficulty of the procedure [43].
The Aristotle project, involving a panel of expert sur-
geons, started in 1999 and included 50 pediatric surgeons
from 23 countries. The complexity was based on the pro-
cedures as defined by the STS/EACTS International No-
menclature and was undertaken in two steps: the first step
was establishing the basic score, which adjusts only the
complexity of the procedures. It is based on three factors:
the potential for mortality, the potential for morbidity, and
the anticipated technical difficulty. A questionnaire was
completed by the 50 centers. The second step was the
development of the Comprehensive Aristotle Score,
which further adjusts the complexity according to the spe-
cific patient characteristics. It includes two categories of
complexity factors, the procedure-dependent and indepen-
dent factors. After considering the relationship between
complexity and performance, the Aristotle Committee is
proposing that performance=complexity×outcome [44].

The utility of the ABC score depends on its ability to cor-
rectly classify procedures according to their potential for mor-
bidity, mortality, and technical difficulty. Although the diffi-
culty of a procedure is inherently subjective and difficult to
validate, the accuracy of the ABC score with respect to mor-
tality and morbidity can be objectively determined for proce-
dures with adequate sample size [43]. The ABC score gener-
ally discriminates between low-risk and high-risk congenital
procedures making it a potentially useful covariate for case
mix adjustment in congenital heart surgery outcome analysis
[43].

RACH’S score

Under the leadership of Kathy Jenkins, M.D. (Children’s Hos-
pital, Boston,MA, USA) and colleagues, the Risk Adjustment
in Congenital Heart Surgery (RACHS-1) method was devel-
oped to adjust for baseline case mix differences in compari-
sons of discharge mortality among groups of patients under-
going pediatric and congenital cardiac surgery. The RACHS-1
method was created using a combination of judgment-based
and empirical methodology. It is one of the first widely ac-
cepted complexity adjustment tools developed in this field
[45].

Initially, an 11-member nationally representative panel of
pediatric cardiologists and cardiac surgeons grouped cardiac
surgical procedures into six risk categories based on expected
discharge mortality (category 1 [lowest risk] to category 6
[highest risk]), although functionally, findings have shown
that category 5 has too few cases for accurate estimates of
mortality rates. The categories then were refined using empir-
ical data from two large data sets: one from the Pediatric
Cardiac Care Consortium (PCCC) and the other generated
from statewide hospital discharge databases. In addition to
risk group, the RACHS-1 method incorporates age at surgery,
prematurity, presence of a major non-cardiac structural anom-
aly, and whether multiple surgical procedures were performed
simultaneously or not. RACHS-1 system discriminates better
at the higher end of complexity [45].

Heart transplantation risk scores

CARRS score

The CARRS scoring model is developed using five pre-
transplant risk factors (C for prior CVA, A for albumin
<3.5 mg/dL, R for retransplant, R for glomerular filtration rate
<40 mL/min, and S for >2 prior sternotomies with 2 points for
each, except renal with 1 point) sorted out high and low sur-
vival groups [46].

A prognostic risk score (CARRS) derived from these fac-
tors stratified survival post-heart transplantation (post-HTx) in
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high-risk (3+ points) versus low-risk (0–2 points) patients
(87.9 versus 52.9 % at 1-year post-HTx; 65.9 versus 28.4 %
at 5-year post-HTx; P<0.001). Low-risk alternate patients had
post-HTx survival comparable with regular patients [47].

The creation of the CARRS score was based on the results
of the univariable and multivariable proportional hazards risk
analysis. The multivariable analysis failed to identify multiple
independent predictors and could not score the covariables by
relative hazard. Prior cerebral vascular accident, albumin
<3.5 mg/dL, re-HTx, renal dysfunction (GFR <40 mL/min),
and >2 prior sternotomies were associated with poor survival
after heart transplantation (Htx). Univariable analysis and
Kaplan–Meier analysis help to score predictors with a hazards
ratio >2 and a pronounced early survival effect with 2 points
and GFR <40 mL/min with 1 point (attributable to lower im-
pact compared with the other factors). Significant univariable
predictors with >15 % missing data or negligible hazards, as
well as intra-operative and donor risk factors, were also not
included. Stratification of high- and low-point values was var-
ied according to survival predictive power before a final in-
flection point was set at 0 to 2 points for low risk and 3 to 9
points for high risk [47].

The risk stratification using the non-invasive CARRS score
allows identification of patients with unacceptably high mor-
tality after HTx. Among patients previously accepted for al-
ternate donor listing, application of the CARRS score iden-
tifies patients with unacceptably high mortality after HTx and
those with a survival similar to regularly listed patients [47].

IMPACT score

IMPACT score is a recipient risk index developed for
predicting short-term mortality after orthotopic heart trans-
plantation (OHT). This model utilized United Network for
Organ Sharing (UNOS) data to develop a novel quantitative
recipient risk score for use in OHT [48].

From the final model, a 50-point recipient risk score (Index
for Mortality Prediction After Cardiac Transplantation [IM-
PACT]) was created approximating the magnitude of relative
odds of 1-year mortality and applied independently to all
members of the derivation and validation sets. Cumulative
survival was estimated using the Kaplan–Meier method, with
censoring for those individuals lost to follow-up or alive at the
end of study time (administratively censored). All means are
presented with standard deviations, medians with interquartile
ranges, and odds ratios with 95 % confidence intervals. Sta-
tistical analyses were performed with STATA software (v9.2
SE; StataCorp LP, College Station, TX) [48].

This score was a novel internally validated OHT recipient
risk score, which is highly predictive of 1-year mortality. This
risk index may prove valuable for patient prognosis, organ
allocation, and research stratification in OHT [48].

Conclusions

Risk scores measure cardiac mortality but do not assess qual-
ity of care. The comparisons of operative mortality among
centers are meaningless without risk adjustments derived from
case mix. However, risk scores are useful tools to assess costs
related to patient severity. Risk scores measure the risk of care
not the quality of care. Overall risk scores are an essential tool
in cardiac surgery practice for risk assessment, decision-mak-
ing, and consent.
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