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    Abstract  

  The Aristotle Score is a complexity stratifi cation system that was based 
initially on expert opinion, in absence of suffi cient objective data from 
databases. Because the scoring system was derived from opinions, we 
gave the name of Aristotle to this project.
   The Aristotle Score follows several rules and principles:   
 –   The Aristotle Score measures the complexity of surgical procedures. 

The Aristotle Score was designed to evaluate performance and not 
directly to predict mortality.  

 –   The complexity of a surgical procedure is a constant and is calculated 
with the following equation:

 Complexity =  Potential for Mortality + Potential for Morbidity 
+ Technical Diffi culty   

 –    The calculated complexity includes both the  Aristotle Basic Complexity 
Score  (ABC Score) and the  Aristotle Comprehensive Complexity Score  
(ACC Score).  

 –    Performance is calculated with the following equation: 

 Performance = Outcome × Complexity 

 – Several performances can be calculated by combining complexity with 
various outcomes.    

 Two steps are defi ned:
    1.    The  Aristotle Basic Complexity Score  ( ABC Score ) is calculated on 15 

points and is determined from the primary procedure of any operation   
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   2.    The  Aristotle Comprehensive Complexity Score  ( ACC Score ) is calcu-
lated on 25 points: The Aristotle Comprehensive Complexity Score 
equals the Aristotle Basic Complexity Score plus 5 points for  Procedure -
 dependent Factors  and 5 points for  Procedure - independent   Factors .     

 The  Aristotle Basic Complexity Score  was introduced in the 
Congenital Heart Surgery Database of The Society of Thoracic 
Surgeons (STS) and The European Association for Cardio-Thoracic 
Surgery (EACTS) in 2002 and has been instrumental for the success of 
these congenital databases. The  Aristotle Basic Complexity Score  was 
validated with a C-Index for mortality and morbidity of 0.70 and 0.67 
respectively. The  Aristotle Comprehensive Complexity Score  (  www.
aristotleinstitute.org    ) is used by many individual institutions with a 
C-Index of 0.860 to predict mortality. 

 In the future, the next version of the Aristotle Score, named Aristotle 
2, will be based on objective data provided by the new STAT Mortality 
Score and STAT Morbidity Score and will include an updated technical 
diffi culty index re-calculated based on expert opinion. New basic perfor-
mances for mortality, morbidity and technical diffi culty will be proposed. 
The  Aristotle Comprehensive Complexity Score  will be updated and 
simplifi ed and involve only around 70 procedures, including procedures 
performed on adults with congenital heart disease. New comprehensive 
performances will be proposed. The Aristotle 2 score will be ready in 
2015. Once validated, it should provide a fair assessment for evaluation 
of performances in congenital heart surgery. Furthermore, the Aristotle 
Score is responsible for multiple important contributions leading to the 
development of newer tools to evaluate cardiac surgical performance.  
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       According to Aristotle’s philosophy (Rhetoric, 
Book I, 350 BC):
When there is no scientifi c answer available, the 
opinion (Doxa) perceived and admitted by the 
majority has value of truth.   

    Introduction 

 Evaluation of quality of care in congenital cardiac 
surgery is challenging. Compared to adult cardiac 
surgery, congenital cardiac surgery covers a 
smaller pediatric population and deals with many 
times more different diagnoses and procedures. 

This challenge explains the delay needed in our 
specialty to establish professional databases in the 
United States of America and in Europe. 

 The take-off of the Congenital Heart Surgery 
Database of The Society of Thoracic Surgeons 
(STS) and The European Association for Cardio- 
Thoracic Surgery (EACTS) occurred following 
the creation of the International Congenital Heart 
Surgery Nomenclature and Database Project led 
by Constantine Mavroudis, MD and Jeffrey 
P. Jacobs, MD and published on The Annals of 
Thoracic Surgery in 2000 [ 1 ]. The other obstacle 
was that outcome was only based on hospital 
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mortality without any risk stratifi cation or 
 adjustment for case-mix. As a consequence, the 
prominent centers dealing with the most complex 
cases and having a greater mortality were very 
reluctant to send their data. The creation of the 
Aristotle Score [ 2 – 6 ], based on the International 
Congenital Heart Surgery Nomenclature and 
Database Project, contributed to the full growth 
of the STS and EACTS Congenital Heart Surgery 
Databases [ 7 ]. 

 The Aristotle Complexity Score project 
started in 2002, [ 2 ] and was published in 2004 [ 3 , 
 6 ]. The objective of the Aristotle Score is to mea-
sure performance and to allow fair and meaning-
ful comparison between centers and surgeons. 
The Aristotle Score is not specifi cally designed 
to predict mortality. 

 This chapter will focus on the role of the 
Aristotle Score in evaluating performance:
•    First, this chapter will describe what was 

accomplished in the last decade with the 
Aristotle Score and the STS and EACTS 
Congenital Heart Surgery Databases.  

•   Second, this chapter will present the plans for 
the development of the next generation of the 
Aristotle Score.  

•   Third, this chapter will present the evolution 
of the Aristotle Score and its contributions 
towards the development of newer tools to 
evaluate cardiac surgical performance.     

    Current Aristotle Score 

    Defi nition of Performance 

 Performance in congenital cardiac surgery is a “pro-
teiform” concept. The outcomes of surgery depends, 
in most cases, not solely on the surgeon but mainly 
on the performance of the entire team [ 8 ]:
•    the pediatric cardiologist who insure an accu-

rate diagnosis,  
•   the operative team including the surgeon and 

also the anesthetist and the perfusionist and  
•   the team in the intensive care unit.    

 We believe that several performances should 
be studied and analyzed separately, depending on 
the outcome considered. Since the inception 
of analysis of outcomes of pediatric and congen-

ital cardiac care, quality has been essentially 
measured based on operative mortality. Although 
assessment of mortality is essential, it is insuffi -
cient as it involves only around 4 % of the patients 
and therefore 96 % are excluded from the assess-
ment. Instead of a assessing the unique and sin-
gular performance of mortality, the Aristotle 
Score is trying to evaluate all the aspect of con-
genital cardiac surgery, as shown in Table  27.1 .

   The Aristotle Score has focused on the fi rst 
three performances documented in Table  27.1 , 
based on mortality, morbidity and technical dif-
fi culty. Long term results, patient satisfaction and 
hospital cost are equally important but are not 
included in the Aristotle Score.  

    The Concept of Complexity 

 The Aristotle score propose a new and original 
approach to evaluate quality based on complexity. 
It is important to consider that complexity is dif-
ferent from risk [ 2 – 6 ]. The risk of mortality and 
morbidity of a Norwood operation is less in a large 
center with optimal experience and greater in a 
small center still confronted to a learning curve.
•     Risk is a variable factor and varies from center 

to center and even from surgeon to surgeon   
•    Complexity is designed to be a constant. 

Complexity is a calculated value based  on the 
following algorithm that is evaluated for each 
procedure:

Complexity =  Potential for Mortality 
+ Potential for Morbidity 
+ Technical Diffi culty    

    Table 27.1    Six performances can be defi ned according 
to outcomes   

 Outcome  Performance 

 Mortality  Safety 
 Morbidity  Effi ciency 
 Technical diffi culty  Profi ciency 
 Long-term results  Quality 
 Patient satisfaction  Reputation 
 Cost  Economical performance 

  The Aristotle Score focuses only on the fi rst three perfor-
mances: safety, effi ciency and profi ciency. The other three 
are equally important  
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Initially [ 3 ],  the potentials  for mortality and mor-
bidity were calculated by expert opinion and were 
subjective. Recently, the methodology for deter-
mining the fi rst two factors, potential for mortality 
and potential for morbidity, has transitioned from 
subjective probability (expert opinion) to determi-
nation based on raw data from databases, and is 
therefore objective. The methodology to estimate 
the third factor, technical diffi culty, remains sub-
jective, but might approach more objectivity in 
the future in using the Technical Performance 
Score developed in Boston under the leadership 
of Emile Bacha [ 9 – 12 ]. 

 The calculation of complexity using the 
Aristotle Score is done in  two steps .
•     The fi rst step gives the   Aristotle Basic 

Complexity Score  ( ABC Score ) (Fig.  27.1 ). 
The  Aristotle Basic Complexity Score  is a 
simplifi ed score that is calculated on 15 points 
and is determined from the primary procedure 
of any operation. The Aristotle Basic 
Complexity Score was ultimately also divided 
in four levels of complexity. The Aristotle 
Basic Complexity Score can be analyzed 

using these four categories, which are known 
as the  Aristotle Basic Complexity Levels . 
The  Aristotle Basic Complexity Score  and the 
 Aristotle Basic Complexity Levels  were intro-
duced in the Congenital Heart Surgery 
Database of The Society of Thoracic Surgeons 
(STS) and The European Association for 
Cardio-Thoracic Surgery (EACTS) in 2002 
and have been instrumental for the success of 
these congenital databases. The accuracy of 
the  Aristotle Basic Complexity Score  and the 
 Aristotle Basic Complexity Levels  are limited 
because of wide variations in complexity 
within a given procedure such as the Norwood 
(Stage 1) operation.

•       The second step is the   Aristotle 
Comprehensive Complexity Score  (ACC 
Score) (Fig.  27.1 ) that increases the potential 
for mortality, the potential for morbidity, and 
technical diffi culty by adding procedure 
dependent factors and procedure indepen-
dent factors. The Aristotle Comprehensive 
Complexity Score is calculated on 25 points: 
The Aristotle Comprehensive Complexity 
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  Fig. 27.1    Aristotle    Score. The Aristotle Basic Complexity 
Score is calculated on 15 points and is determined from the 
primary procedure of any operation. The Aristotle 
Comprehensive Complexity Score equals the Aristotle Basic 

Complexity Score plus 5 points for Procedure-dependent 
Factors and 5 points for Procedure- independent Factors. 
Therefore, the Aristotle Comprehensive Complexity Score is 
calculated on 25 points (  www.thearistotleinstitute.org    )       
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Score equals the Aristotle Basic Complexity 
Score plus 5 points for  Procedure - dependent 
Factors  and 5 points for  Procedure -
 independent Factors . Procedure-dependent 
factors include anatomical factors, associ-
ated procedures, and age at procedure, and 
procedure independent factors include gen-
eral factors, clinical factors, extracardiac fac-
tors, and surgical factors. Each factor is 
scored for contribution to mortality, morbid-
ity, and technical diffi culty. All complexity 
factors meet the following requirements: pre-
cisely quantifi able, easily available, admitted 
by a majority, and verifi able. These  additional 
complexity factors (procedure dependent 
factors and procedure independent factors) 
are based on subjective opinions and will 
remain so for several years until the  databases 
produce an accurate risk- stratifi cation for 
each procedure. The  Aristotle Comprehensive 
Complexity Score  is available on the Aristotle 
website: [  www.thearistotleinstitute.org    ]. The 
 Aristotle Comprehensive Complexity Score  
has not been used so far in the STS Congenital 
Heart Surgery Database and the EACTS 
Congenital Heart Surgery Database. Multiple 
individual institutional studies have docu-
mented the utility of the  Aristotle 
Comprehensive Complexity Score  [ 13 ,  14 ] 
(see below in validation). Perhaps the most 
important multi-institutional contribution of 
the  Aristotle Comprehensive Complexity 
Score  to date has been that its components 
have been incorporated into the STS 
Congenital Heart Surgery Database and the 
EACTS Congenital Heart Surgery Database 
and have been used to inform the upgrade of 
these databases.    
 It is obvious that a relationship exists between 

complexity, outcome, and performance. We have 
proposed a simple equation to measure 
performance:

Performance = Complexity × Survival

To summarize, there are fi ve principles behind 
the complexity concept:   

    Why Technical Diffi culty? 

 In sports, the concept of complexity is widely used. 
The complexity of ski slopes is defi ned by colors. 
In gymnastics [ 15 ], diving, and fi gure skating, the 
activities attempted by the athletes are ranked 
according to a complexity score established by the 
judges. An athlete performing a low complex activ-
ity cannot obtain the maximum score. 

 Two main reasons support the inclusion of 
technical diffi culty in the evaluation of 
performance: 

 First, it has been quite a surprise to observe on 
raw data from the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database that several complex proce-
dures were performed with extremely low mor-
tality, such as the arterial switch for transposition 
of the great arteries with intact ventricular sep-
tum and the Ross procedure [ 16 ]. Within a sys-
tem of risk stratifi cation that is exclusively based 
today on mortality, these procedures are 
 considered as average diffi culty. The reality how-
ever, is that most of those complex procedures 
are only performed by senior experienced sur-
geons. The addition of the component of techni-
cal diffi culty allows one to evaluate the 
complexity fairly, and therefore evaluate the per-
formance of the surgeon fairly. 

 Furthermore, the technical diffi culty of a given 
procedure is not constant. An arterial switch 

    1.     The Aristotle Score is a tool to evaluate 
performance and not directly to predict 
mortality    

   2.     Complexity is a constant    
   3.     Complexity   =   Sum of Potential for 

Mortality   +   Potential for Morbidity   +   
Technical Diffi culty    

   4.     The true calculated complexity includes 
both the Aristotle Basic Complexity 
Score and the Aristotle Comprehensive 
Complexity Score    

   5.     Performance   =   Complexity × Outcome     
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operation in a patient with an intramural coro-
nary artery is more challenging than with in a 
patient with the usual pattern of coronary arter-
ies. The technical diffi culty in the  Aristotle 
Comprehensive Complexity Score  integrates 
these anatomical variations and provides more a 
fair assessment. 

 The second reason supporting the inclusion of 
technical diffi culty in the evaluation of perfor-
mance is that the current evaluation of quality is 
able to say “If we do things right” but is unable to 
say “If we do the right things”. For example, the 
ongoing controversy involving the management 
of patients with hypoplastic left heart syndrome 
involves uncertainty as to whether the Norwood 
(Stage 1) Operation is the best option for all 
patients or whether some patients will benefi t 
from a less complex operation: the Hybrid Stage 
One. Many other examples exist where some sur-
geons prefer to choose a simple procedure, which 
may not be optimal for the long term results: 
Fontan versus repair of complex intracardiac 
repair for patients with complex double outlet 
right ventricle with remote ventricular septal 
defect, and even or mitral valve replacement ver-
sus mitral valve repair. We advocate that surgeons 
should perform the “right” operation, even if this 
operation is more demanding.   

  Methodology of the Aristotle Score 

  Methodology of the Aristotle Basic 
Complexity Score and Aristotle 
Basic Complexity Level 
 The Aristotle methodology to facilitate 
complexity adjustment is based upon the 
work of the Aristotle Committee. Starting 
in 2002, the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database incorporated the 
Aristotle Basic Complexity Score and 
Aristotle Basic Complexity Level in their 
analysis of discharge mortality analyses 
[ 17 ]. These complexity scores and levels 
can be reported by year, center, age group, 
and procedure. The complexity analysis 

represents a basic complexity adjustment 
method to evaluate surgical results 
(Complexity is a constant precise value for 
a given patient at a given point in time; per-
formance varies between centers and sur-
geons. In other words, in the same exact 
patient with the same exact pathology, 
complexity is a constant precise value for 
that given patient at a given point in time. 
The risk for that patient will vary between 
centers and surgeons because performance 
varies between centers and surgeons.). 

 The Aristotle complexity scoring was 
based on the primary procedure of a given 
operation as defi ned by the short list of pro-
cedures of the EACTS-STS International 
Nomenclature [ 1 ] and was evaluated in two 
steps. The fi rst step was the Aristotle Basic 
Complexity Score, defi ning, basically, the 
complexity through three factors: the 
potential for mortality, the potential for 
morbidity, and the technical diffi culty of 
the operation, using a questionnaire fi lled 
out by 50 surgeons representing interna-
tional centers. Only the Aristotle Basic 
Complexity Score (1.5–15) and Aristotle 
Basic Complexity Level (four levels: 1–4) 
are used in the STS Congenital Heart 
Surgery Database and the EACTS 
Congenital Heart Surgery Database 
(Appendix  1 ). 

 The Aristotle Basic Complexity Score is 
created from a survey of all 50 of the 
Aristotle project congenital surgeon par-
ticipants. Participants were asked to rank 
all procedures from the EACTS-STS 
Minimal Database Procedure Short List 
[ 1 ]. Each procedure was scored with a 
score of 0.5–5 in three areas: potential for 
mortality, potential for morbidity, and tech-
nical diffi culty. Guidelines were provided 
to the Aristotle project participants. Five 
levels of suggested scoring were provided 
for each of these three areas, with each sug-
gested level worth 1 point: potential for 
mortality (less than 1, 1–5 %, 5–10 %, 
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    Results of the Aristotle Score 

  The Aristotle Basic Complexity Score  was fi rst 
introduced in the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database in 2002 [ 17 ] and allowed origi-
nal risk stratifi cation with production of quite 
useful graphs to evaluate performance. 

 Figure  27.2  is a Bubble Chart that displays the 
outcomes of 42 institutions and 12,576 patients 
[reproduced with permission from Bohdan 
Maruszewski, MD, Chair of the EACTS 
Congenital Heart Surgery Database, EACTS 
2004 database annual report]. The Aristotle Basic 
Complexity Score is plotted against Mortality 
combined. Each bubble represents a different 
center, and the size of the bubble correlates with 
programmatic volume. The graph allows one to 
defi ne 4 quadrants, based on averages:  the best 
performing centers are in the lower right quad-

10–20 %, and greater than 20 %), potential 
for morbidity (based on estimated intensive 
care unit [ICU] stay: 0–24 h, 1–3 days, 
4–7 days, 1–2 weeks, and greater than 
2 weeks), and technical diffi culty (elemen-
tary, simple, average, important, and 
major). The points (0.5–5) from each of 
these three areas were added together to 
give a total of 1.5–15. For each procedure, 
the median value of mortality, morbidity, 
and technical diffi culty obtained from the 
50 centers was calculated. The sum of these 
three median values gives the fi nal Aristotle 
Basic Complexity Score for each proce-
dure (Appendix  1 ). The distribution of the 
scoring among the centers was, in general, 
quite uniform, although some rare or new 
procedures had a large dispersion. 

 In addition to assigning each procedure 
an Aristotle Basic Complexity Score rang-
ing from 1.5 to 15, each procedure was next 
assigned an Aristotle Basic Complexity 
Level ranging from 1 through 4 based on 
the Aristotle Basic Complexity Score (basic 
score of 1.5–5.9 = basic level of 1, basic 
score of 6.0–7.9 = basic level of 2, basic 
score of 8.0–9.9 = basic level of 3, and basic 
score of 10.0–15.0 = basic level of 4). 

 In the initial application of the Aristotle 
Basic Complexity Score in the STS 
Congenital Heart Surgery Database and the 
EACTS Congenital Heart Surgery Database 
[ 17 ], 145 procedures from the EACTS-STS 
procedure short list were scored and 29 
procedures were in level 1, 46 procedures 
were in level 2, 45 procedures were in level 
3, and 25 procedures were in level 4. Since 
this initial application, additional proce-
dures have been added to the nomenclature 
and have been assigned Aristotle Basic 
Complexity Scores and Aristotle Basic 
Complexity Level. The Aristotle Basic 
Complexity Level provides a broad gener-
alization of complexity by dividing surgi-
cal procedures into four complexity 
categories. Meanwhile, the Aristotle Basic 

Complexity Score can provide more pre-
cise complexity stratifi cation. Both the 
score and the level are useful tools; the 
appropriate tool can be chosen to match the 
required analysis. 

  Methodology of the Aristotle 
Comprehensive Complexity Score 
 The Aristotle Comprehensive Complexity 
Scores add two sorts of complexity modi-
fi ers: procedure- dependent factors 
(including anatomical factors, associated 
procedures, and age at procedure) and 
procedure-independent factors (including 
general factors, clinical factors, extracar-
diac factors, and surgical factors). Each 
factor is scored for contribution to mor-
tality, morbidity, and  technical diffi culty. 
All complexity factors meet the  following 
requirements: precisely quantifi able, eas-
ily available, admitted by a majority, and 
 verifi able. The Aristotle Committee is 
currently involved in ongoing research to 
validate this complexity adjustment scor-
ing system on a multi-institutional basis. 
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rant , with higher complexity and lower mortality. 
Notice that the best performing centers are not 
always largest ones.

   Figure  27.3  is a Bubble Chart that displays the 
outcomes of 226 surgeons [reproduced with per-
mission from Bohdan Maruszewski, MD, Chair of 
the EACTS Congenital Heart Surgery Database, 
EACTS 2004 database annual report]. The 
Aristotle Basic Complexity Score is plotted against 
Mortality combined. Each bubble represents a dif-
ferent surgeon, and the size of the bubble corre-
lates with the volume of cases performed by the 
individual surgeon. The graph also allows one to 
defi ne 4 quadrants, based on averages:  the best 
performing surgeons are in the lower right quad-
rant , with higher complexity and lower mortality.

   The  Aristotle Basic Complexity Score  is cal-
culated on 15 points and is determined from the 

primary procedure of any operation. The Aristotle 
Basic Complexity Score was ultimately divided 
in four levels of complexity. The Aristotle Basic 
Complexity Score can be analyzed using these 
four categories, which are known as the  Aristotle 
Basic Complexity Levels  (Fig.  27.4 ). Meanwhile, 
the  Risk Adjustment in Congenital Heart 
Surgery  ( RACHS - 1 ) has six categories (Fig.  27.4 ) 
[ 18 ]. Figure  27.4  displays the increment of mor-
tality as the Aristotle Basic Complexity Levels 
and RACHS-1. The results are very similar, 
showing a good discrimination for the two sys-
tems. The  Aristotle Basic Complexity Score  
includes 94 % of operations while the RACHS-1 
includes 86 % [ 19 ].

   RACHS-1 Category 5 is quite small, com-
posed of patients who undergo combined repair 
of Truncus arteriosus and Interrupted aortic arch 

Basic score vs mortality groupted by institutions
N = 45 (12.576 pts) Mean 6.54
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  Fig. 27.2    This Bubble Chart displays the outcomes of 42 
institutions and 12,576 patients. The Aristotle Basic 
Complexity Score is plotted against Mortality. Each bub-
ble represents a different center, and the size of the bub-
ble correlates with programmatic volume. Bubbles of 
different size represent the volume of centers. The graph 
allows one to defi ne 4 quadrants, based on averages: the 

best performing centers are in the lower right quadrant, 
with lower mortality and higher complexity. Notice that 
the best performing centers are not always the largest 
ones (Reproduced with permission from Bohdan 
Maruszewski, MD, Chair of the EACTS Congenital 
Heart Surgery Database, EACTS 2004 database annual 
report)       
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repair. Therefore, at the analytic level, RACHS-1 
Category 5 is usually combined with RACHS-1 
Category 6, which includes:
•    Damus-Kaye-Stansel procedure (DKS) (cre-

ation of AP anastomosis without arch 
reconstruction)  

•   Hybrid Approach “Stage 2”, Aortopul-
monary amalgamation + Superior Cavopul-
monary anastomosis(es) + PA Debanding +  
Aortic  arch repair (Norwood [Stage 1] +  
Superior Cavopulmonary anastomosis(es) + PA 
Debanding)  

•   Norwood procedure    
 The exclusivity of the combined RACHS-1 

Category 5 and RACHS-1 Category 6 allows for 
enhanced discrimination for prediction of mortality 
using RACHS-1. It is important to remember that 
the Aristotle Score was initially designed to measure 
performance and not to predict mortality; however, 

Aristotle Basic Complexity Score actually does also 
quite well with prediction of mortality [ 20 ]. 

 The results of the  Aristotle Comprehensive 
Complexity Score  are encouraging, but have 
been so far only been published by individual 
institutions and not by the STS Congenital 
Heart Surgery Database and the EACTS 
Congenital Heart Surgery Database (Perhaps 
the most important multi-institutional contribu-
tion of the  Aristotle Comprehensive Complexity 
Score  to date has been that its components have 
been incorporated into the STS Congenital 
Heart Surgery Database and the EACTS 
Congenital Heart Surgery Database and have 
been used to inform the upgrade of these data-
bases.). As expected, these individual institu-
tional analyses have documented that the 
discrimination of the  Aristotle Comprehensive 
Complexity Score  is superior. The reason for 
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  Fig. 27.3    This Bubble Chart displays the outcomes of 
226 surgeons. The Aristotle Basic Complexity Score is 
plotted against Mortality. Each bubble represents a differ-
ent surgeon, and the size of the bubble correlates with the 
volume of cases performed by the individual surgeon. 
The graph also allows one to defi ne 4 quadrants, based on 

averages: the best performing surgeons are in the lower 
right quadrant, with lower mortality and higher complex-
ity (Reproduced with permission from Bohdan 
Maruszewski, MD, Chair of the EACTS Congenital 
Heart Surgery Database, EACTS 2004 database annual 
report)       
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  Fig. 27.4    (a) Aristotle    
Basic Complexity Score and 
(b) RACHS-1 Categories 
versus mortality, by 
categories (four categories for 
Aristotle Basic Complexity 
Score and fi ve categories for 
RACHS-1)       
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  Fig. 27.5    Figure plots the Aristotle Basic Complexity 
Score (x-axis) versus the Aristotle Comprehensive 
Complexity Score (y-axis), in an analysis of 2,655 opera-
tions. Figure shows the incremental increased complexity 
documented in many operations due to the introduction 

of Procedure Dependent Factors and Procedure 
Independent Factors. Notice the wide increase in com-
plexity for many operations following the addition of 
procedure dependent factors and procedure independent 
factors       
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this superior performance is that the  Aristotle 
Comprehensive Complexity Score  is calculated 
based on 25 points, with the addition of many 
modifi ers (Procedure Dependent Factors and 
Procedure Independent Factors) that improve 
its accuracy. Figures  27.5  and  27.6  are produced 
from the Aristotle Comprehensive Complexity 
Score Study Committee, [  www.aristotleinsti-
tute.org    ] and include 2,655 operations from 
12 centers.   

  The introduction of the performance equation  
has been a source of controversy:

Performance = Complexity × Outcome

The EACTS [  http://www.eactscongenitaldb.org    ] 
have used this equation to measure performance. 

Table  27.2  shows the stagnation of performance 
at the EACTS Congenital Heart Surgery 
Database, while the mortality decreases. We 
assume that this fi nding is a consequence of the 
decreased number of Norwood operations per-
formed at centers participating in the EACTS 
Congenital Heart Surgery Database. This trend 
may be related to the development of the prenatal 
diagnosis.

       Validation of the Aristotle Score 

  The validation of the Aristotle Basic Complexity 
Score  was studied [ 20 ] using data from the 
EACTS Congenital Heart Surgery Database 
(17,838 operations, 56 centers) and the STS 
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  Fig. 27.6    Figure plots Aristotle 
Comprehensive Complexity 
Score (ACCS Level) versus 
Mortality. Notice the very 
severe observed mortality of 
21.4 and 41.7 % when the 
Aristotle Comprehensive 
Complexity Score is beyond 15 
and 20, respectively       

   Table 27.2    Evolution of performance within the EACTS Congenital Heart Surgery Database   

 Year  Performance  Mean BS  Mean MS  No. of patients  30 days mortality (%) 

 2012  6.71  6.93  0.68  13,870 patients  3.17 
 2011  6.74  6.96  0.67  14,999 patients  3.22 
 2010  6.7  6.92  0.65  15,312 patients  3.21 
 2009  6.74  7.01  0.68  12,676 patients  3.76 
 2008  6.77  7.05  0.7  12,012 patients  4.00 
 2007  6.87  7.14  0.7  11,050 patients  3.71 

  Reproduced with permission from Bohdan Maruszewski, MD, Chair of the EACTS Congenital Heart Surgery Database 
(  http://www.eactscongenitaldb.org    ) 
  BS  basic score,  MS  mortality score  
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Congenital Heart Surgery Database (18,024 
operations, 32 centers). “Discrimination of the 
ABC score for predicting in-hospital mortality 
and postoperative length of stay (PLOS) of 
more than 21 days was quantifi ed by the C sta-
tistic. Procedure-specifi c rates of mortality and 
prolonged PLOS were compared with predic-
tions from a logistic regression model, and an 
exact binomial test was used to identify proce-
dures that were mortality and morbidity outli-
ers” [ 20 ]. This analysis revealed that a 
signifi cant positive correlation exists between 
the Aristotle Basic Complexity Score of a pro-
cedure and its observed procedure-specifi c risk 
of mortality (C = 0.70) and prolonged PLOS 
(C = 0.67) (Fig.  27.7 ). It was concluded that the 
Aristotle Basic Complexity Score [ 20 ] “gener-
ally discriminates between low-risk and high-
risk congenital procedures making it a 
potentially useful covariate for case-mix adjust-
ment in congenital heart surgery outcomes 
analysis. Planned revisions of the ABC score 
will incorporate empirical data and will benefi t 
from the large sample sizes of the STS and 
EACTS databases.”

    The validation of the Aristotle Comprehensive 
Complexity Score  was achieved by several 
individual institutions and the  Aristotle 

Comprehensive Complexity Score  was used to 
study and compare outcomes of several complex 
procedures:
•    The Aristotle Comprehensive Complexity 

Score was proposed in Germany as a refer-
ence for “pay for performance” and hospital 
reimbursement [ 21 – 28 ]  

•   For patients undergoing the Norwood (Stage 
1) Operation, the Aristotle Comprehensive 
Complexity Score was found to be correlated 
with total cardiac output during the early post-
operative period [ 29 ].  

•   In patients undergoing surgery for hypoplastic 
left heart syndrome, the Aristotle Comprehensive 
Complexity Score was correlated with survival 
[ 30 ,  31 ]  

•   In low weight patients placed on cardio- 
pulmonary bypass, the Aristotle Comprehensive 
Complexity Score was  correlated with sur-
vival [ 32 ].  

•   In post-operative extracorporeal membrane 
oxygenation (ECMO), the Aristotle Compre-
hensive Complexity Score was correlated with 
survival [ 33 ].  

•   In patients undergoing surgery for Truncus 
Arteriosus with Interrupted Aortic Arch, the 
Aristotle Comprehensive Complexity Score 
was correlated with survival [ 34 ].  
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  Fig. 27.7    Validation of the Aristotle Basic Complexity Score [ 20 ]. C-Index of 0.70 for prediction of mortality (a) and 
0.67 for prediction of Hospital Length of Stay ( LOS ) (b)       
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•   The Aristotle Comprehensive Complexity 
Score was used to evaluate the progress of 
an institution [ 35 ]. “A high correlation 
was found between the ACC scores and mor-
tality, indices of morbidity and technique dif-
fi culty, Spearman’s correlation coeffi cient r 
being 0.9856, 1 and 0.9429, respectively. 
Mortality (p = 0.037) and morbidity 
(p = 0.041) were lower in year 2007 than in 
2002, surgical   performance being not signifi -
cantly different.”  

•   In patients undergoing the arterial switch 
operation, the Aristotle Comprehensive 
Complexity Score was correlated with mor-
bidity [ 36 ] and to mortality [ 37 ].  

•   The Aristotle Comprehensive Complexity 
Score was associated with the hospital length 
of stay in neonatal congenital cardiac surgery 
[ 38 ].  

•   In adults with congenital cardiac disease [ 39 ], 
the  Aristotle Comprehensive Complexity 
Score  was correlated with 30 day mortality 
with a C-Index of 0.755.  

•   The  Aristotle Score  was used to evaluate the 
impact of surgical volume on outcomes [ 40 ].  

•   The  Aristotle Comprehensive Complexity 
Score  was evaluated at the Necker Children’s 
Hospital in Paris on a cohort of 1,454 patients. 
The  Aristotle Comprehensive Complexity 
Score  was strongly related to mortality, with a 
C-Index of 0.86 [ 41 ].    
 The  Aristotle Comprehensive Complexity 

Score  compares favorably with all the existing 
models of complexity stratifi cation, with a 
C-Index of 0.860, as shown in Table  27.3 .

       Limitation of the Current Aristotle 
Scores 

 Complexity scores can incorporate only a fi nite 
number of known factors [ 17 ]. True complexity 
is related to both these known factors and other 
factors we may not know or measure. Although 
complexity itself is a constant precise value for a 
given patient at a given point in time, the Aristotle 
Basic Complexity Score, the Aristotle Basic 
Complexity Level, and the Aristotle Compre-
hensive Complexity Score all represent estimates 
to measure complexity. 

 Two Aristotle Scores exist: The  Aristotle 
Basic Complexity Score  and the  Aristotle 
Comprehensive Complexity Score . Since its 
introduction [ 3 ], it was made clear that the 
 Aristotle Comprehensive Complexity Score  will 
be a more accurate score, not only to predict mor-
tality but moreover to measure performance. 

 The expert opinion based system was initially 
judged inappropriate [ 42 ,  43 ]. In reality, the 
expert opinion is used in many disciplines and is 
objectively manageable using Bayesian statistics 
[ 16 ,  20 ,  44 ,  45 ]. When we started the new ver-
sions of the STS and EACTS Congenital Heart 
Surgery Databases in 2000 using the new interna-
tional nomenclature based on the International 
Congenital Heart Surgery Nomenclature and 
Database Project, data about risk-stratifi cation 
was not available. The only option was fi rst to 
create a system of risk stratifi cation based on 
expert opinion. The Aristotle Basic Complexity 
Score has been very instrumental to facilitate the 
growth of the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database: the most active centers are no 
longer reluctant to send their data, as a higher 
mortality was supported by a higher complexity. 
The transition and ultimate switch to a system of 
risk stratifi cation based on raw, observed, objec-
tive data [ 16 ,  45 ] was ultimately made when 
enough data was accumulated in the STS 
Congenital Heart Surgery Database and the 
EACTS Congenital Heart Surgery Database (see 
below). 

 The combination of the three variables (poten-
tial for mortality, potential for morbidity, and 

    Table 27.3    Comparison of risk stratifi cation models, for 
prediction of mortality. The Aristotle Comprehensive 
Complexity Score has the highest score C-Statistic [ 20 ]   

 Risk stratifi cation modeling  C-Index 

  Aristotle Comprehensive Complexity 
Score  a  

  0860  

 STAT Mortality Score b   0816 
 STAT Mortality Categories b   0812 
 RACHS-1 Categories b   0802 
 Aristotle Basic Complexity Score b   0795 

   a O’Brien et al. [ 20 ] 
  b Artrip et al. [ 30 ]  
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technical diffi culty) in the Aristotle system has 
limited the power to predict mortality as it is also 
looking at two additional outcomes (potential for 
morbidity and technical diffi culty). Nevertheless, 
it is noticeable that the Aristotle Comprehensive 
Complexity Score has today the best correlation 
to predict mortality (Table  27.3 ) [ 41 ]. 

 To date, the Aristotle Comprehensive 
Complexity Score has not been introduced in the 
STS Congenital Heart Surgery Database and the 
EACTS Congenital Heart Surgery Database 
because it was felt that a scientifi c evaluation was 
required, which, we believe, it has since gained 
with many publications. However, the Aristotle 
Comprehensive Complexity Score is judged 
complicated and not user friendly. Meanwhile, 
the mortality in our specialty is today essentially 
limited to very complex patients who accumulate 
multiple risk factors that are not all included in 
any database. Using a more accurate system 
of system of risk stratifi cation seems necessary 
to explain the cause of mortality and morbidity 
of the most complex patients, namely “those 
who die”. Perhaps the most important multi- 
institutional contribution of the Aristotle Com-
prehensive Complexity Score to date has been 
that its components have been incorporated into 
the STS Congenital Heart Surgery Database 
and the EACTS Congenital Heart Surgery 
Database and have been used to inform the 
upgrade of these databases, with the goal of 
increasing the accuracy of the methodology of 
risk stratifi cation. 

 The treatment of adults with congenital car-
diac disease has become a major component of 
our specialty. The Aristotle Comprehensive 
Complexity Score has been applied quite suc-
cessfully to analyze the surgical outcomes of 
adults with congenital cardiac disease [ 39 ]. 
Nevertheless, it is insuffi cient. The  Aristotle 
Comprehensive Complexity Score  for surgery in 
adults with congenital cardiac disease will 
include in the future many risk factors specifi c to 
the adult patients. 

 Aware of the current limitations of the 
Aristotle Score [ 38 ], The Aristotle Committee is 
today developing an Aristotle 2 model that is 
summarized below. The fi rst step is to incorpo-

rate the objectively derived STAT Mortality 
Score and the STAT Morbidity Score.   

    New Aristotle 2 Scores 

    From Subjective to Objective 
Evaluation: The STAT Mortality Score 
and the STAT Morbidity Score 

  The STAT Mortality Score  was introduced in 2009 
[ 16 ].  The STAT Mortality Score  is a mortality 
score or mortality index. Mortality risk was esti-
mated for 148 types of operative procedures using 
data from 77,294 operations entered into the 
EACTS Congenital Heart Surgery Database 
(33,360 operations) and the STS Congenital Heart 
Surgery Database (43,934 patients) between 2002 
and 2007. Procedure-specifi c mortality rate esti-
mates were calculated using a Bayesian model 
that adjusted for small denominators. Each proce-
dure was assigned a numeric score (the STS–
EACTS Congenital Heart Surgery Mortality 
Score [2009] or STAT Mortality Score) ranging 
from 0.1 to 5.0 based on the estimated mortality 
rate. Procedures were also sorted by increasing 
risk and grouped into fi ve categories (the STS–
EACTS Congenital Heart Surgery Mortality 
Categories [2009] or STAT Mortality Categories) 
that were chosen to be optimal with respect to 
minimizing within- category variation and maxi-
mizing between- category variation. The STAT 
Mortality Score and STAT Mortality Categories 
could predict mortality with a C-index for the 
score and the categories of 0.784 and 0.773, 
respectively. (It was noticed that the Aristotle 
Basic Complexity Score, based on expert opinion, 
had over- evaluated the risk of mortality for sev-
eral procedures.) 

  The STAT Morbidity Score  followed in 2013 
[ 45 ], after a very long debate around its defi ni-
tion. The STAT Morbidity Score was created 
because it was felt very necessary to evaluate the 
morbidity of the 96 % of patients surviving the 
operation; whose quality assessment was ignored 
in a system based only on mortality. The STAT 
Morbidity Score was developed using data from 
62,851 operations in the STS Congenital Heart 
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Surgery Database (2002–2008). Model-based 
estimates with 95 %Bayesian credible intervals 
were calculated for each procedure’s average risk 
of major complications and average postopera-
tive length of stay. These 2 measures were com-
bined into a composite morbidity score. A total 
of 140 procedures were assigned scores ranging 
from 0.1 to 5.0 and sorted into fi ve relatively 
homogeneous categories. It is expected that the 
impact of the STAT Morbidity Score will be very 
important to compare hospital cost between cen-
ters in the future. 

 The STAT Mortality Score and the STAT 
Morbidity Score are objectively derived and may 
replace the subjectively derived “potential for 
mortality” and “potential for morbidity” in the 
Aristotle Score.  The technical diffi culty compo-
nent of the Aristotle Score  remains today based 
on expert opinion. In 2009, the Congenital 
Data Base Committee produced a new ranking of 

technical diffi culty based on 148 procedures. 
Procedures with highest technical diffi culty are 
listed on Table  27.4 .

       Timing 

 The development of the Aristotle 2 score will start 
when the STS and EACTS have accumulated suf-
fi cient data on the Morbidity Score. It is expected 
that the new score will be  available in 2015 .  

    Adults with Congenital Cardiac 
Disease 

 A score for adults with congenital cardiac disease 
will be developed using new adult specifi c proce-
dure independent factors required for the adult 
population [ 39 ]  

    Simplifi cation of the Aristotle Scores 

  The Aristotle Basic Complexity Score 2  (ABS2) 
will be calculated, using the objective STAT 
Mortality Score and STAT Morbidity Score are. 
The technical Diffi culty will remain based on 
expert opinion. A new Technical Diffi culty may 
eventually be produced, incorporating the 
Surgical Performance data available from the 
Technical Performance Score developed in 
Boston under the leadership of Emile Bacha 
[ 9 – 12 ]. 

 The Aristotle Basic Complexity Score 2 will 
be calculated with the following equation:

Complexity =  STATM ortality Score 
+ STAT Morbidity Score 
+ Technical Diffi culty

 The Aristotle Comprehensive Complexity Score 2  
(ACS2) will remain based again on expert opin-
ion. An international committee of expert cen-
ters, surgeons, and intensivists will insure the 
defi nition of the procedure-dependent factors and 
procedure-independent factors [ 46 ,  47 ]. 

 The Aristotle Comprehensive Complexity 
Score 2 will be  reduced to 70 procedures  out of 

   Table 27.4    Technical diffi culty ranking of the 15 most 
technically demanding procedures   

 Technical 
diffi culty ranking  Procedures 

 1  Congenitally corrected TGA repair, 
Atrial switch and ASO (Double 
switch) 

 2  Norwood procedure 
 3  Ross-Konno procedure 
 4  HLHS biventricular repair 
 5  Arterial switch procedure and VSD 

repair + Aortic arch repair 
 6  Fontan revision or conversion 

(Re-do Fontan) 
 7  Aortic root replacement, Valve 

sparing 
 8  Transplant, Heart and lung 
 9  Truncus + IAA Repair 
 10  Congenitally corrected TGA repair, 

Atrial switch and Rastelli 
 11  Arterial switch operation (ASO) 

and VSD repair 
 12  Pulmonary atresia – VSD – 

MAPCA (pseudotruncus) repair 
 13  Arterial switch procedure + Aortic 

arch repair 
 14  Congenitally corrected TGA repair, 

VSD closure and LV to PA conduit 
 15  Truncus arteriosus repair 
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180, by selecting the 20 most frequent proce-
dures (with the exception of “PDA closure”) and 
the procedures for most complex pathologies. 
The nine pathologies studied in the Lesion 
Specifi c Section of the STS Congenital Heart 
Surgery Database Feedback Report will be 
included:
    1.     Atrial Septal Defect  ( ASD )   
   2.     Ventricular Septal Defect  ( VSD )   
   3.     Coarctation of the Aorta  ( COA )   
   4.     Tetralogy of Fallot  ( TOF )  Palliation    
   5.     Tetralogy of Fallot  ( TOF )  Repair    
   6.     AV Canal  ( AVC )  Defect    
   7.     Aortic Stenosis and Insuffi ciency  ( ASAI )   
   8.     Transposition of the Great Arteries  ( TGA )   
   9.     Hypoplastic Left Heart Syndrome  ( HLHS ) 

( Norwood procedure ,  Damus – Kaye – Stansel 
procedure  [ DKS ]  and Hybrid procedures )    
  The Aristotle Comprehensive Complexity 

Score 2 will also include 11 other pathologies 
and cardiac transplantation:
    1.     Adults with Congenital Cardiac Disease ,   
   2.     Truncus Arteriosus ,   
   3.     Corrected Transposition ,   
   4.     Double Outlet Right Ventricle  ( DORV ),   
   5.     Interrupted Aortic Arch  ( IAA ),   
   6.     Abnormal origins of coronary arteries ,   
   7.     Total anomalous pulmonary venous return  

( TAPVR ),   
   8.     Mitral Valve Stenosis and Regurgitation ,   
   9.     Ebstein ’ s repair ,   
   10.     Functionally univentricular heart  

( Cavopulmonary anastomoses and Fontan 
procedures ),  and    

   11.     Cardiac Transplantation .      

    Performance Measurements 

 A new methodology of Performance Measurement 
will be proposed. This new methodology of 
Performance Measurement will be discussed and 
evaluated by the Aristotle Committee. 

 In the Aristotle system, the Performance is 
defi ned by the axiom (axiom defi nition: “a basic 
proposition assumed to be true”):

Performance = Outcome × Complexity. 

The new system of Basic and Comprehensive 
Performance Measurement in Aristotle 2 will use 
the STAT Mortality Score and the STAT Morbidity 
Score based on raw data; meanwhile, technical 
diffi culty will remain based on expert opinion. 

 We, along with David Clarke, coined the term 
Optivival [ 48 ,  49 ], to measure the antonym of 
morbidity:

Optivival = 100% − Morbidity %

(Survival is the antonym of mortality and 
Optivival is the antonym of morbidity).   

    Contributions of the Aristotle Score 
Towards the Development of Newer 
Tools to Evaluate Cardiac Surgical 
Performance 

 Perhaps the most important contribution of the 
Aristotle Comprehensive Complexity Score to 
date has been that its components have been 
incorporated into the STS Congenital Heart 
Surgery Database and the EACTS Congenital 
Heart Surgery Database and have been used to 
inform the upgrade of these databases, with the 
goal of increasing the accuracy of the methodol-
ogy of risk stratifi cation. 

 The motivation to develop the STAT Mortality 
Score and the STAT Morbidity Score was at least 
in a large part related to the Aristotle Score. The 
desire to transition from subjective probability to 
objective data within the Aristotle Score is the 
rational for the eventual incorporation of the 
STAT Mortality Score and the STAT Morbidity 
Score into the Aristotle Score. 

 Although the Aristotle Comprehensive 
Complexity Score has not been incorporated into 
the STS Congenital Heart Surgery Database and 
the EACTS Congenital Heart Surgery Database, 
many of its components have been added indi-
vidually to these databases. 

 The listings of the procedure independent fac-
tors have been used to inform the STS Congenital 
Heart Surgery Database and the EACTS 
Congenital Heart Surgery Database. Procedure 
independent factors in the Aristotle 
Comprehensive Complexity Score include gen-
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eral factors, clinical factors, extracardiac factors, 
and surgical factors. These procedure indepen-
dent factors have been incorporated into these 
databases in comprehensive listings of chromo-
somal abnormalities, syndromes, noncardiac 
abnormalities, and preoperative factors (Of note, 
the term “preoperative factors” is used rather 
than “preoperative risk factors” because the data 
will help determine whether or not these preop-
erative factors are actually associated with risk.). 

 The listings of the procedure dependent fac-
tors have also been used to inform the STS 
Congenital Heart Surgery Database and the 
EACTS Congenital Heart Surgery Database. 
Procedure dependent factors in the Aristotle 
Comprehensive Complexity Score include ana-
tomical factors, associated procedures, and age 
at procedure. Incorporation of a list of proce-
dure dependent factors for all of the procedures 
in the STS Congenital Heart Surgery Database 
and the EACTS Congenital Heart Surgery 
Database would have been extremely challeng-
ing as in initial step because of the huge num-
ber of elements of data. Consequently, list of 
procedure dependent factors named: 
“Procedure Specifi c Factors” were incorpo-
rated into the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database for the following ten bench-
mark operations:
    1.    Ventricular Septal Defect (VSD) repair   
   2.    Tetralogy of Fallot (TOF) repair   
   3.    Complete atrioventricular canal repair   
   4.    Arterial switch   
   5.    Arterial switch + VSD repair   
   6.    Glenn/HemiFontan   
   7.    Fontan operation   
   8.    Truncus arteriosus repair   
   9.    Norwood procedure   
   10.    Off Bypass Coarctation repair - only include 

cases with Operation Type = No CPB 
Cardiovascular     

 Thus, although the Aristotle Comprehensive 
Complexity Score has not been incorporated 
into the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database, many of its procedure 
dependent factors and  procedure independent 
factors have been added individually to these 
databases.  

    Conclusion 

 In conclusion, the Aristotle Score is an origi-
nal method to evaluate quality in congenital 
cardiac surgery. The Aristotle Basic 
Complexity Score has been instrumental to 
help the growth of the STS Congenital Heart 
Surgery Database and the EACTS Congenital 
Heart Surgery Database. The Aristotle 
Comprehensive Complexity Score has proven 
to be today the best predictor of hospital mor-
tality with a C-Index of 0.86, and is success-
fully used by many institutions. The Aristotle 
Score system is designed to evaluate perfor-
mance of centers and surgeons, not to predict 
individual patient mortality. 

 The next steps will be to incorporate the 
STAT Mortality Score and STAT Morbidity 
Score into the Aristotle Score. New mea-
surements of Performance are proposed. 
The new Aristotle 2 will need more objec-
tive data on Morbidity to ultimately be con-
structed. The new Aristotle 2 should be 
available in 2015. 

 Finally, it is certain that the Aristotle 
Score is responsible for multiple important 
contributions leading to the development of 
newer tools to evaluate cardiac surgical per-
formance. The name of the philosopher 
Aristotle is derived from the term “aristos”, 
which means “the best” in Greek. 
Performance is therefore within the idiom 
“Aristotle Score”.      
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      Appendix 1: The Aristotle Basic Complexity Score (ABC Score) 
and the Aristotle Basic Complexity Levels (ABC Levels) (January 1, 2010)  

 Appendix 1 documents how the Aristotle Basic Complexity Score is applied in the STS Congenital 
Heart Surgery Database and the EACTS Congenital Heart Surgery Database. (Appendix 1 is repro-
duced with permission from Jacobs et al. [ 50 ])
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