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Abstract

Objectives: Quality control is difficult to achieve in Congenital Heart Surgery (CHS) because of the diversity of the procedures. It is

particularly needed, considering the potential adverse outcomes associated with complex cases. The aim of this project was to develop a new

method based on the complexity of the procedures.

Methods: The Aristotle project, involving a panel of expert surgeons, started in 1999 and included 50 pediatric surgeons from 23

countries, representing the EACTS, STS, ECHSA and CHSS. The complexity was based on the procedures as defined by the STS/EACTS

International Nomenclature 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 specific patient characteristics. It includes two categories of complexity factors, the

procedure dependent and independent factors. After considering the relationship between complexity and performance, the Aristotle

Committee is proposing that: Performance ¼ Complexity £ Outcome.

Results: The Aristotle score, allows precise scoring of the complexity for 145 CHS procedures. One interesting notion coming out of this

study is that complexity is a constant value for a given patient regardless of the center where he is operated. The Aristotle complexity score

was further applied to 26 centers reporting to the EACTS congenital database. A new display of centers is presented based on the comparison

of hospital survival to complexity and to our proposed definition of performance.

Conclusion: A complexity-adjusted method named the Aristotle Score, based on the complexity of the surgical procedures has been

developed by an international group of experts. The Aristotle score, electronically available, was introduced in the EACTS and STS

databases. A validation process evaluating its predictive value is being developed.

q 2004 Published by Elsevier B.V.
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1. Introduction

In 1999, the International Nomenclature of Congenital

Heart Surgery [1,2] was initiated by the Society of Thoracic

Surgeons (STS) and the European Association of Cardio-

Thoracic Surgery (EACTS). Following this important

creation, it was possible to establish consistent databases

in Congenital Heart Surgery (CHS), worldwide. Simul-

taneously, the STS and the EACTS began using the STS-

EACTS Nomenclature including its minimal dataset. The

progression of these two international databases has been

rapid. Today, in 2003, there are 13,000 and 16,000 cases

recorded in the databases of the STS and of the EACTS,

respectively.

The motivation behind the Complexity Score Project was

a growing frustration of pediatric cardiac surgeons over the

fact that their surgical performance was being

evaluated based on hospital mortality without regard for

the complexity of the operations performed.
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A working group from the European Congenital Heart

Surgery Association (ECHSA) and the International

Nomenclature Committee of the STS, decided to develop

a risk-stratification method which could be adapted to our

specialty.

The project was only possible because of the excellent

relationships, based upon expertise, loyalty, energy, and

friendship, created inside this international group of

pediatric cardiac surgeons. The group included representa-

tives from the four major international societies of pediatric

cardiac surgery; the STS, the EACTS, the Congenital Heart

Surgeons Society (CHSS) and the ECHSA.

2. Status of quality evaluation in congenital

heart surgery

The continuous evaluation of quality of care is becoming

a duty of surgical practice. This is particularly true in

pediatric cardiac surgery, where adverse outcomes can be

frequent due to the severity of the pathology [3,4]. Initially

considered a research issue, this responsibility is rapidly

increasing, driven by demand from hospital managers,

referring physicians, families, insurance companies, gov-

ernment agencies, courts and the media.

Evaluation of quality of care is a new chapter of modern

medicine which follows a different rhetoric and the need to

compare and measure. Many instruments used in the past to

describe results are inadequate and obsolete. New methods,

parameters and vocabulary are needed. The comparison and

measurement of quality of care depends on four tools:

† A common language used in the population studied:

nomenclature [1].

† A database with a simplified data set: registry [5].

† A parameter to allow comparison: complexity [6].

† A data verification process: validation.

Evaluation of quality in CHS is particularly complex as

our specialty deals with approximately 150 surgical

procedures and 200 diagnoses. Combined, the outcome

analyses require comparing several hundreds of different

factors. In addition CHS implies performing challenging

procedures, which require optimal control of advanced

surgical technique. When starting this project in 1999, we

faced two difficulties: (1) the multi-institutional databases

were just starting [7,8] and there was no reliable data yet

available. (2) Due to the absence of risk stratification, the

more prominent centers dealing with the sickest patients and

potentially having a significant mortality were very

reluctant to send their data.

It was necessary to base this risk-adjustment on an

evaluation that was partially subjective. Following many

discussions, it was felt that an approach based on the

consensus of a panel of experts was valid, provided that

the risk-adjustment score is subsequently prospectively

validated based on collected outcome data. Because our

scoring system was derived from opinions, we gave the

name of Aristotle to this project. According to Aristotle’s

philosophy (Rhetoric, Book I, 350 BC); “When there is no

scientific answer available, the opinion (Doxa) perceived

and admitted by the majority has value of truth.”

3. Methods

3.1. Principles

Although it was not perceived at the beginning of the

study, the concept of complexity arose naturally within the

Aristotle Committee. It is based on a different appreciation

of the so called ‘Risk Factors’. The incremental risk factors

for mortality and morbidity are extremely variable. They are

currently defined by publications, narrowly focused on

diagnostic groups, coming from prominent centers present-

ing their best work or from multi-institutional studies

(CHSS).

Dealing with the responsibility of constructing a quality

of care evaluation applicable to all centers and not only to

the best ones, the risk factors currently recognized are

insufficient. In addition, risk factors are labile. A good

example of this is the arterial switch operation. Complex

coronary anatomy that was a risk factor in the eighties is no

longer a risk factor in 2003 in experienced centers [9]. In

fact, a given center may well control an adverse anatomy or

an associated procedure, when another center does not. How

do we deal with this evidence that is the basis of surgical

performance?

We decided to introduce a first concept: complexity,

based on complexity factors. The original and specific

characteristic of complexity is that it is a constant calculated

by the scoring system we have developed.

After considering the relationship between Complexity

and Performance; we decided to introduce a second concept

and propose that complexity is a component of a new

equation of quality of care:

Complexity
Constant

£ Outcome
Variable

¼ Performance
Variable

An analogy can be drawn with the sport of alpine skiing;

the difficulty of a ski slope is a constant that is stratified in

Europe by the ski resort managers, and labeled green, blue,

red, or black, according to the difficulty. Modifiers such as

weather conditions or quality of snow can influence the

complexity and can be evaluated. The outcome is variable

depending on the expertise of the skier…

The same is true for complexity in CHD surgical

procedures. It is a constant, at a given time for a given

procedure in a given patient, whatever the center and its

global location.

The principle may be generalized to other disciplines

including non-surgical specialties, even though the definition
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of complexity might differ. By looking at a variety of

outcomes, different categories of performance can be

defined. Although, there is no consensus today on the

definition of medical or surgical performance, we envision

that overall performance is an aggregate of multiple areas of

performance, depending on the various outcomes considered

(Table 1); the term quality being reserved to long term

results.

4. Methodology details

The objectives of the project were to:

† Precisely score the complexity of each procedure.

† Produce a comprehensive scoring applied to all

procedures.

† Develop a system that is applicable worldwide.

The scoring of complexity is based on primary

procedures and not on diagnoses as there may be several

procedures that can apply to the same diagnosis.

The complexity score is the sum of three factors:

1. The potential for hospital mortality

2. The potential for post-operative morbidity, defined as the

length of ICU stay

3. The technical difficulty, defined as the anticipated

level of surgical expertise required to perform a given

procedure.

The scoring was based on a grade from 1 to 5 in each

category (Table 2).

The evaluation of complexity was carried out in two steps:

1. The Basic Score is a procedure-adjusted complexity

and only applies to procedures. An international group

including more than 50 prominent centers and 23

Nations was asked, through a questionnaire, to score

145 procedures of the short list of the International

Nomenclature, according to potential of mortality,

potential of morbidity and estimated technical diffi-

culty. Only simple form of the pathology indicating the

procedure was considered.For each procedure, the

median value of mortality, morbidity and technical

difficulty obtained from the 50 centers was calculated.

The sum of these three median values gives the final

basic score for each procedure (Appendix B2). The

distribution of the scoring among the centers was, in

general, quite uniform, although some rare or new

procedures had a large dispersion. The scale ranges

from 1.5 to 15 (Fig. 1), and four levels of difficulty

were defined (Appendix B2).

2. The Comprehensive Aristotle Score introduces patient-

adjusted complexity. It includes two categories of

complexity factors:

– Procedure dependent factors (Appendix B3)

adjust each patient’s procedure to a specific

complexity:

† Anatomical factors ðn ¼ 76Þ:

† Associated procedures ðn ¼ 85Þ:

† Age (n ¼ 6 age groups). The impact of age

varies in either direction depending on the

procedure.

Each factor is scored for contribution to

mortality, morbidity, and difficulty

– Procedure independent factors (Appendix B4)

adjust for each patient’s clinical status a specific

complexity, (81 factors):

Table 1

Different outcomes allow defining different performances

Complexity
Constant

£ Outcome
Variable

¼ Performance
Variable

Complexity £ Hospital Survival ¼ Operative Performance

Complexity FN Hospital Morbidity ¼ Peri-Operative Performance

Complexity FN Long Term Result ¼ Quality

Complexity FN Patient Evaluation ¼ Patient Satisfaction

Complexity FN Cost ¼ Financial Performance

Table 2

The complexity is the sum of: potential for mortality (discharge or 30 days

mortality), the potential for morbidity (ICU length of stay) and the potential

of anticipated surgical technique difficulty

Complexity Score (pt) Mortality (%) Morbidity Difficulty

1 ,1 ICU 0–24H Elementary

2 1–5 ICU 1D–3D Simple

3 5–10 ICU 4D–7D Average

4 10–20 ICU 1W–2W Important

5 .20 ICU . 2W Major

Complexity Score ¼ Mortality þ Morbidity þ Difficulty. The scoring

was based on a grade from 1 to 5 in each category (see Appendices

B2–B4).

Fig. 1. The Aristotle scale ranges from 1.5 to 25. The basic score [1.5–15]

reflects only procedure complexity. The comprehensive score (1.5–25)

includes complexity factors related to the specific patient.
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† General factors (3)

† Clinical factors (31)

† Extra-cardiac factors (39)

† Surgical factors (8)

Each factor is scored for contribution to

mortality, morbidity, and difficulty.

All complexity factors meet the following requirements;

precisely quantifiable, easily available, admitted by a

majority, and controllable.

The comprehensive score adds 10 points and two levels

of complexity to the basic score scale, (15.1–20 ¼ level 5

and 20.1–25 ¼ level 6), (Fig. 1). In the case of associated

procedures, the system defines the primary procedure as the

one with the highest complexity according to the basic

score.

The challenging task of developing the scores for 145

procedures took four years to complete, from 2000 through

September 2003. It was finally achieved by the Aristotle

Executive Committee who met more than 20 times in

conjunction with various international meetings.

The score values were exchanged several times among

the committee members until a true consensus was

achieved. Further, all the scores were finally reviewed in

Denver, at The Children’s Hospital Heart Institute.

4.1. Preliminary results

4.1.1. Basic score

The basic score is very simple to apply and can be

used retrospectively to enter complexity into almost any

database software. It is important to emphasize that it is

only a procedure-adjusted score. Since August 2003, the

basic score is included in the STS and EACTS databases,

at their respective data collection sites; the Duke Clinical

Research Institute, in Durham, NC, and the Memorial

Hospital in Warsaw. Some initial results comparing

centers using the basic score are already available. The

STS data analysis will be presented at the STS 2004

meeting in San Antonio.

The data analysis using the basic score has started at the

EACTS. The first evaluation deals with a preliminary study

of the variation in performance of European centers.

Twenty-six EACTS Centers were studied (Table 3),

during the period 1999–2003, involving a total of 13,508

patients and 14,493 procedures. The centers with less than

200 procedures performed during the time period were

excluded. The average number of procedures per center

was 519 (206–2457). According to the volume harvested,

there were: 2 large centers (.1000 procedures), 10

medium centers (500–1000 procedures) and 14 smaller

centers (,500 procedures). The average hospital mortality

within 30 days was 4.8% (1.9–9.6), corresponding to a

hospital survival of 95.2 ^ 2.02% (90.4–98.1%). The

average complexity, according to the Basic Score was

6.7 ^ 0.4 (5.7 – 7.2). The average Performance ¼

(Complexity £ Survival)/100 was 6.3 ^ 0.4 (5.5–6.9).

We compared centers in two different ways.

† First, the centers were compared plotting Complexity

versus Hospital Survival as shown on Fig. 2A.

† Second, the centers were compared using the equation:

Operative Performance ¼ (Complexity £ Hospital Sur-

vival)/100, with Performance plotted against Survival, as

shown in Fig. 2B. In addition, three different sizes of

bubble indicate the volume of procedures harvested by

centers. The complexity levels are represented by sloping

lines on the graph.

The average values of the vertical and horizontal axes

allow defining four quadrants;

† In the upper right quadrant are the best centers, with three

leading centers very close together.

† In the upper left quadrant are centers with low mortality

but with less complex procedures; these centers select

their patients and might send away the more complex

cases.

† In the right lower quadrant are centers with high

complexity but a higher mortality. These centers should

Table 3

Values from 26 EACTS centers

EACTS

Centers

Hospital

Survival (%)

Complexity Volume

Reported

Performance

A 98.1 7 Small 6.86

B 97.5 6.72 Medium 6.55

C 97.3 6.7 Small 6.52

D 97.1 6.95 Small 6.75

E 97.1 6.97 Small 6.77

F 96.8 7.12 Medium 6.90

G 96.8 6.35 Medium 6.14

H 96.6 6.98 Small 6.74

I 96.6 6.4 Medium 6.18

J 96.5 5.7 Large 5.50

K 96.3 6.84 Medium 6.59

L 96.3 7.16 Medium 6.89

M 95.8 6.61 Small 6.33

N 95.7 5.93 Small 5.67

O 95.5 6.78 Small 6.47

P 95.1 6.79 Small 6.46

Q 95.0 6.25 Small 5.94

R 94.2 6.12 Small 5.77

S 94.2 6.74 Small 6.35

T 94.0 6.92 Small 6.50

U 93.9 7 Small 6.57

V 93.4 6.75 Medium 6.30

W 92.6 6.46 Medium 5.98

X 92.0 6.99 Medium 6.43

Y 91.1 6.85 Large 6.24

Z 90.4 6.27 Medium 5.67

Average 95.2 ^ 2 6.7 ^ 0.4 519 (206–2457) 6.3 ^ 0.4

The volume of procedures reported by centers are defined in large

(.1000), medium (500–1000) and smaller (,500). Notice the different

results when looking respectively at survival, complexity and perform-

ance. The data reported have not been submitted to a validation process.
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be carefully evaluated; they can only be compared to

centers of the same level of complexity. If isolated in a

large geographic area or being the only national centers,

they are performing satisfactorily. If located near a

leading center, they may consider sending away their

most complex patients. They will then move to the left

and toward the top.

† The left lower quadrant contains centers with lower

complexity and higher mortality. These centers should be

informed by the scientific societies and those having

survival more than two standard deviations below the

mean may be encouraged and supported to organize a

retraining of their program.

5. Comprehensive Aristotle score

The comprehensive score is much more precise. The

complexity can vary enormously within the same basic

procedure category.

Using again the example of arterial switch, it is not

difficult to show this variation for the 10 switch operations

performed in Denver at The Children’s Hospital Heart

Institute, from January to September, 2003. The basic score,

adjusting only the procedures, shows the patients being on

one of two complexity score levels; either line 10 or 11,

respectively for TGA-IVS or TGA-VSD and DORV nc VSD

(Fig. 3A). The Comprehensive score, adjusting for the

specific patient characteristics, shows a large dispersion of

the complexity, jumping to over 15 for 3 patients (one with

TGA-IVS intramural coronaries, one with TGA-VSD and

single ostium with double coronary loop and one with DORV

nc VSD and arch obstruction)(Fig. 3B). There was no

mortality in this group of patients. This example illustrates

well the notion of the complex switch and the need of a

second learning curve. The same concept holds true for

Norwood, Truncus Arteriosus, TAPVR, CAVSD, etc.

The evaluation of the complexity is limited in this

preliminary report by the exclusive use of the basic score

(Appendix B2) dealing only with a procedure-related

complexity. We expect that the introduction of the

comprehensive score (Appendices B3 and B4), which took

four years of development, will provide a much better

accuracy when dealing with combined procedures, with the

large variation of the anatomy and with the clinical status of

each particular patient. This requires a prospective study

that is underway.

6. Development

6.1. Software development

The basic score is available in Appendix B2. The

comprehensive score (Appendix B3) is completed and ready

Fig. 2. (A) Data from 26 centers referring data to the EACTS Congenital

database. Survival is plotted against complexity (basic score). The average

survival and complexity of the centers are indicated. (B) Same 26 centers

data. The graph values follow the proposed equation: Performance ¼

Complexity £ Survival. Three bubble sizes indicate the volume of

procedures reported by centers (large, medium, smaller).Sloping lines

indicate the levels of complexity (basic score). Only centers having the

same complexity level (on the same slope lines) can be compared together.

Fig. 3. (A) Ten arterial switch patients plotted using the basic score

(procedure only) complexity rating show little variation. (B) The same ten

patients plotted using the Aristotle comprehensive score illustrate

considerably more dispersion of complexity.
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to be included in the multi-center databases of the STS and

the EACTS.

An Aristotlee prototype software, developed on Excel

was shown at the EACTS meeting in Vienna; it allows very

fast and simple navigation to score the patient complexity

factors. Several patient database prototype softwares

containing Aristotlee are under development. The com-

plete Aristotlee system will be provided freely to the

database participants of the STS and EACTS, with

the freedom of using indifferently the Basic Score or the

Comprehensive Score. For other parties, the Aristotlee

software will be made available on the Internet or on

compact disc.1

6.2. Validation of the Aristotle Scores

The Aristotle project is a work still in progress. This new

method of evaluation of quality of care needs to be further

validated. It is the next task of the Aristotle Committee which

will evaluate the predictive value of the Aristotle Score on

mortality and morbidity and compare the respective value of

the basic score and the comprehensive score. The validation

process is underway and should be completed in 2004 for the

Basic Score and in 2005 for the Comprehensive score. So far,

only very few databases are validated and they do not use the

International Nomenclature. Several centers volunteered to

have their databases reviewed by the Aristotle Committee

will provide the material for validation.

The Aristotle Scores will evolve overtime. As soon as the

multi-institutional databases have collected a large amount

of validated data, mortality and morbidity observed in these

databases will replace our potentials of mortality and

morbidity. The technical difficulty may remain a factor

controlled by a panel of experts. Nevertheless the Aristotle

score will remain constant for periods of four years and be

updated only at the World Congress of Pediatric Cardiology

and Cardiac Surgery.

7. Discussion

7.1. Functions of the Aristotle system

Knowing precisely the complexity of a given patient

undergoing CHS is crucial information requested by many

parties: the patient and his family, the surgical team,

the cardiologists, and the health care payers. This is

important information that was not available until now.

The stratification of each patient’s complexity allows

selective referral of the complex patient to the appropriate

center.

Residents and Fellows in charge of pre-operative

evaluation can find for each procedure a list of anatomic

factors that the surgeon needs to know.

The Aristotle system allows a simple electronic collec-

tion of all complexity factors. This should offer to outcome

research a rich and organized collection of data allowing

clear definition of risk factors.

The calculation of surgeon’s remuneration in many

places remains imprecise. Further evaluation of cost

according to complexity could provide health insurance

companies, precise benchmarks to use for their financial

management.

7.2. Quality control organized by the scientific societies

Evaluation of quality of care has become a duty of the

modern medical practice. It is requested in first place by the

patients and the health insurance companies. It seems

important that the evaluation of quality is organized by the

physicians. It might be a new role of the scientific societies

to organize, implement and finally control this process that

should ultimately become a self-evaluation process.

In their possible role as quality of care supervisor, the

scientific societies have several responsibilities: confidenti-

ality, support, and promotion.

The confidentiality of the data collected is crucial in

regard to both the patients and the centers. Some kind of

protection and support is needed for centers showing

suboptimal results at a given time. It is expected that these

centers would be informed confidentially and that the

societies would support and help organize a retraining of

their team.

The centers, which send complete and authenticated

data, provided that their results remain above or close to the

average values, should be promoted. It is the system that is

now implemented at the EACTS though the accreditation

process of the European Cardiothoracic Surgery Institute of

Accreditation [10].

7.3. Databases volume, risk-stratification and validation

To be efficient, a multi-institutional database needs to

collect a critical amount of data. The very large size of the

STS adult database is based on the participation of nearly

500 centers. One reason for their important success seems to

be the introduction of a risk-adjustment process. The risk-

adjustment method initially developed in the Veterans

Hospitals system in 1987 by F. Grover and

K. Hammermiester [11], was further applied to the STS

database in 1990 [12]. This method was further generalized

to all specialties by S. Khuri [13]. Once a fair risk-

adjustment for mortality and morbidity was introduced, the

STS database markedly increased its volume. We expect

that the complexity stratification described here will

similarly stimulate the growth of participation in our CHS

databases.

The preliminary graphs (Fig. 2A and B) shown in this

study are based on data from the EACTS congenital

database. These data are not authenticated and do not1 Note to the Editor. More details will be given later.
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represent the same time period of harvesting at each center.

These graphs, therefore, show only preliminary results; final

conclusions on effect of center’s size on outcomes will be

drawn later on verified and validated data. The first

impression, nevertheless, shows that centers reporting

smaller volume of procedures can have good results.

The validation process of the Scientific Societies

databases remains a controversial issue. It, nevertheless, is

needed and is anticipated by the health care payers. The

mechanism of such a process is not established yet and is

still under investigation at the STS and EACTS.

7.4. Controversies around the proposed definition

of performance

Several remarks arose at the EACTS Vienna Annual

Meeting and inside the Aristotle Committee regarding the

proposed equation of performance. Performance is a

concept that is per se subjective. Performance, either

medical or surgical, is not precisely defined and has

different aspects as shown in Table 1.

The original contribution of the Aristotle project is: to

define Complexity as a constant and global value for a given

patient, and to define Performance as a combination of

Complexity and Outcome. Based on this concept, we have

proposed that Performance equals Complexity times Out-

come. If it is well accepted that the complexity impacts on

the survival and that their combination is the performance;

there is no consensus on the optimal function that applies

between complexity and survival. Multiplication was

chosen after trying different mathematical functions to

relate complexity and outcome; it is the simplest function.

Taking the analogy between our equation:

Performance ¼ Outcome £ Complexity

and Ohm’s Law:

PotentialDifference
ðVoltsÞ

¼ CurrentFlow
ðAmperesÞ

£ Resistance
ðOhmsÞ;

Outcome is Current Flow or Intensity, Complexity is

Resistance and Performance is Potential Difference. Actu-

ally, a team having excellent results when dealing with

complex patients is probably performing under a ‘high

voltage’.

Another more suitable function may arise from the

ongoing validation. The absence of definition, as shown on

Fig. 2A, raises more questions than answers. At this stage

of the development, we consider that the hypothesized

equation provides a fair definition of performance but other

better solutions may come forth.

7.5. Further developments

A study of the morbidity of CHS will be conducted and

may produce a classification of centers, based on peri-

operative performance, which should be different from that

produced by the study of the operative performance. The

precise definition of patients with high risk of morbidity is

expected. A long term outcome evaluation is needed in the

future and will involve the active participation of the

pediatric cardiologists.

A study evaluating cost according to complexity will

orient more precisely the financial management of our

expensive specialty.

Scoring of interventional cardiology procedures is easily

achievable and will complete the listing of procedures

possibly performed during surgical hospitalization.

Combined evaluation including centers from the STS and

EACTS might be organized in the future.

Finally, the Aristotle method, based on a precise

evaluation of complexity that is a constant and global

value, can be applied to other disciplines including non

surgical specialties.

8. Conclusion

The complexity-adjustment project, carried out over a

four year period involving a large international work group,

is now completed. It is based on a precise measurement of

the new concept of complexity, which is a constant and

global value.

Two Aristotle scores are available; the basic score, a

procedure-adjusted complexity score, and the comprehen-

sive score, a patient-adjusted complexity score.

Preliminary results using the equation, complexity £

survival ¼ performance, allows establishing a new mode of

classification of the CHS centers; that we believe is more

precise and fair.

The comprehensive Aristotle score allows much more

precise complexity stratification, including all character-

istics of the patient. Allowing accurate evaluation of

surgical performance in CHS, the Aristotle score is also a

powerful vector of communication with patients, surgeons,

cardiologists and health care payers. Evaluating the

predictive values of the Aristotle method is in progress to

confirm the validity of the method.
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Appendix A. Conference discussion

Dr W. Klepetko (Vienna, Austria): I think this is really an important

tool in our need to validate the outcome of our surgical performance. I

would like to start the discussion with two questions.

Is this score already available to every center right now or will there

be some more time that they need to introduce it and to open it to a

more wider use to all the centers?

Dr Lacour-Gayet: Well, the basic score is running into the STS and

the EACTS databases, and as you may see this afternoon at the

Business Meeting, it is providing very interesting information. We

believe that it is not enough and that we should use the comprehensive

score; because under a single procedure name there is a very important

spectrum of differences. Everyone knows that a switch with intramural

coronary arteries is more complex than a switch with straightforward

coronaries. Through a validation process, we would like to make precise

calculation and ask the statisticians to calculate the predictability of the

system. This is going on and should be available in the next months.

Dr B. Maruszewski (Warsaw, Poland): I would like to add one

thing.

I believe for this project an evaluation of the quality of care is very

important. This thing needs to be validated, and this is a very powerful

and very important tool. This tool doesn’t mean that we want to punish

anyone or we want to evaluate anyone by name, but this is the

information that everyone who sends the data to the database will be

able to receive, and this will just help him to know what his

performance is.

And just to announce it again, because there are sort of questions

and doubts, this is all anonymous. I as the manager of the database

don’t know which center is which, but every one of you who will join

the database will know where actually he is on the scale of

performance.

Appendix B

Appendix B1. Aristotle Work Group.

50 Centers—23 Nations

Table B1

Torkel Aberg, Sweden Marshall Jacobs, USA

Zohair Al-Halees, Saudi Arabia Laszlo Kiraly, Hungary

Vladimir Alexi-Meskishvili, Germany Guillermo Kreutzer, Argentina

Hakan Berggren, Sweden Garry Lofland, USA

Christian Brizard, Australia François Lacour-Gayet, USA

Bill Brawn, UK Harald Lindberg, Norway

Kotturathu Cherian, India Bohdan Maruzewski, Poland

Duccio Di Carlo, Italy Constantine Mavroudis, USA

Thierry Carrel, Switzerland Dominique Métras, France

Juan Comas, Spain Jim Monro, UK

Dave Clarke, USA Marco Pozzi, UK

Antonio F. Corno, Switzerland Jean Rubay, Belgium

Giancarlo Crupi, Italy Alain Serraf, France

Willem Daenen, Belgium Heikki Sairanen, Finland

Sabine Daebritz, Germany Shunzi Sanno, Japan

Joseph Dearani, USA Babulal Sethia, UK

Roberto di Donato, Italy Tom Spray, USA

Tjark Ebels, Netherlands Giovanni Stellin, Italy

Martin Elliot, UK Christo Tchervenkov, Canada

Lorenzo Galletti, Spain Andreas Urban, Germany

William Gaynor, USA Careen Van Dorn, UK

Siegfried Hagl, Germany Ludwig Von Segesser, Switzerland

Leslie Hamilton, UK Pascal Vouhé, France

Frank Hanley, USA Alfred E. Wood, Ireland

Vladimir Ilyin, Russia Quing Yu Wu, China

Richard Jonas, USA Lucio Zannini, Italy

Jeffrey Jacobs, USA Gerhard Ziemer, Germany
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Appendix B2. Basic complexity score: the complexity is calculated on a simple anatomic form of procedures

Table B2

Complexity Basic Score

No. Procedures Complexity Levels

1.5–5.9 1

6.0–7.9 2

8.0–9.9 3

10.0–15.0 4

Basic Score Complexity Levels Mortality Morbidity Difficulty

1 PFO, Primary closure 3.0 1 1.0 1.0 1.0

2 ASD repair, Primary closure 3.0 1 1.0 1.0 1.0

3 ASD repair, Patch 3.0 1 1.0 1.0 1.0

4 ASD, Common atrium (Single atrium), Septation 3.8 1 1.0 1.0 1.8

5 ASD creation/enlargement 4.0 1 1.0 2.0 1.0

6 ASD partial closure 3.0 1 1.0 1.0 1.0

7 Atrial septal fenestration 5.0 1 2.0 2.0 1.0

8 VSD repair, Primary closure 6.0 2 2.0 2.0 2.0

9 VSD repair, Patch 6.0 2 2.0 2.0 2.0

10 VSD, Multiple, Repair 9.0 3 3.0 2.5 3.5

11 VSD creation/enlargement 9.0 3 3.0 3.0 3.0

12 Ventricular septal fenestration 7.5 2 3.0 2.0 2.5

13 AVC (AVSD) repair, Complete (CAVSD) 9.0 3 3.0 3.0 3.0

14 AVC (AVSD) repair, Intermediate (transitional) 5 1 1.5 1.5 2

15 AVC (AVSD) repair, Partial (incomplete) (PAVSD) 4.0 1 1.0 1.0 2.0

16 AP window repair 6.0 2 2.0 2.0 2.0

17 Pulmonary artery origin from ascending aorta (hemitruncus) repair 9.0 3 3.0 3.0 3.0

18 Truncus arteriosus repair 11.0 4 4.0 3.0 4.0

19 Valvuloplasty, Truncal valve 7.0 2 2.0 2.0 3.0

20 Valve replacement, Truncal valve 6.0 2 2.0 2.0 2.0

21 PAPVC repair 5.0 1 2.0 1.0 2.0

22 PAPVC, Scimitar, Repair 8.0 3 3.0 2.0 3.0

23 TAPVC repair 9.0 3 3.0 3.0 3.0

24 Cor triatriatum repair 6.8 2 2.0 2.0 2.8

25 Pulmonary venous stenosis repair 12.0 4 4.0 4.0 4.0

26 Atrial baffle procedure (non-Mustard, non-Senning) 7.8 2 2.8 2.0 3.0

27 Anomalous systemic venous connection repair 7.0 2 2.0 2.0 3.0

28 Systemic venous stenosis repair 8.0 3 3.0 2.0 3.0

29 TOF repair, No ventriculotomy 8.0 3 3.0 2.0 3.0

30 TOF repair, Ventriculotomy, Non-transanular patch 7.5 2 2.5 2.0 3.0

31 TOF repair, Ventriculotomy, Transanular patch 8.0 3 3.0 2.0 3.0

32 TOF repair, RV-PA conduit 8.0 3 3.0 2.0 3.0

33 TOF—AVC (AVSD) repair 11.0 4 4.0 3.0 4.0

34 TOF—Absent pulmonary valve repair 9.3 3 3.0 3.0 3.3

35 Pulmonary atresia—VSD (including TOF, PA) repair 9.0 3 3.0 3.0 3.0

36 Pulmonary atresia—VSD—MAPCA (pseudotruncus) repair 11.0 4 4.0 3.0 4.0

37 Unifocalization MAPCA (s) 11.0 4 4.0 3.0 4.0

38 Occlusion MAPCA (s) 7.0 2 2.0 2.0 3.0

39 Valvuloplasty, Tricuspid 7.0 2 2.0 2.0 3.0

40 Valve replacement, Tricuspid (TVR) 7.5 2 2.5 2.0 3.0

41 Valve closure, Tricuspid (exclusion, univentricular approach) 9.0 3 4.0 3.0 2.0

42 Valve excision, Tricuspid (without replacement) 7.0 2 3.0 3.0 1.0

43 RVOT procedure 6.5 2 2.0 2.0 2.5

44 1 1/2 ventricular repair 9.0 3 3.0 3.0 3.0

45 PA, reconstruction (plasty), Main (trunk) 6.0 2 2.0 2.0 2.0

46 PA, reconstruction (plasty), Branch, Central (within the hilar bifurcation) 7.8 2 2.8 2.0 3.0

47 PA, reconstruction (plasty), Branch, Peripheral (at or beyond the hilar

bifurcation)

7.8 2 2.8 2.0 3.0

48 DCRV repair 7.0 2 2.0 2.0 3.0

49 Conduit reoperation 8.0 2 3.0 2.0 3.0

50 Valvuloplasty, Pulmonic 5.6 1 1.8 1.8 2.0

51 Valve replacement, Pulmonic (PVR) 6.5 2 2.0 2.0 2.5

52 Conduit placement, RV to PA 7.5 2 2.5 2.0 3.0

53 Conduit placement, LV to PA 8.0 3 3.0 2.0 3.0

(continued on next page)

EJCTS 4181—9/4/2004—14:21—VEERA—101356— MODEL 5 (non-standard parts)

F. Lacour-Gayet et al. / European Journal of Cardio-thoracic Surgery xx (0000) xxx–xxx 9

ARTICLE IN PRESS

897

898

899

900

901

902

903

904

905

906

907

908

909

910

911

912

913

914

915

916

917

918

919

920

921

922

923

924

925

926

927

928

929

930

931

932

933

934

935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

952

953

954

955

956

957

958

959

960

961

962

963

964

965

966

967

968

969

970

971

972

973

974

975

976

977

978

979

980

981

982

983

984

985

986

987

988

989

990

991

992

993

994

995

996

997

998

999

1000

1001

1002

1003

1004

1005

1006

1007

1008



UNCORRECTED P
ROOF

Table B2 (continued)

No. Procedures Complexity Levels

1.5–5.9 1

6.0–7.9 2

8.0–9.9 3

10.0–15.0 4

Basic Score Complexity Levels Mortality Morbidity Difficulty

54 Valvuloplasty, Aortic 8.0 3 3.0 2.0 3.0

55 Valve replacement, Aortic (AVR), Mechanical 7.0 2 2.0 2.0 3.0

56 Valve replacement, Aortic (AVR), Bioprosthetic 7.0 2 2.0 2.0 3.0

57 Valve replacement, Aortic (AVR), Homograft 8.5 3 3.0 2.0 3.5

58 Aortic root replacement 8.0 3 2.5 2.0 3.5

59 Aortic root replacement, Mechanical 8.8 3 3.3 2.0 3.5

60 Aortic root replacement, Homograft 9.5 3 3.5 2.0 4.0

61 Ross procedure 10.3 4 4.0 2.3 4.0

62 Konno procedure 11.0 4 4.0 3.0 4.0

63 Ross–Konno procedure 12.5 4 4.5 3.0 5.0

64 Aortic stenosis, Subvalvar, Repair 6.3 2 2.0 1.8 2.5

65 Aortic stenosis, Supravalvar, Repair 7.5 2 2.5 2.0 3.0

66 Sinus of Valsalva, Aneurysm repair 7.5 2 2.5 2.0 3.0

67 LV to aorta tunnel repair 8.3 3 3.0 2.3 3.0

68 Valvuloplasty, Mitral 8.0 3 3.0 2.0 3.0

69 Mitral stenosis, Supravalvar mitral ring repair 8.0 3 3.0 2.0 3.0

70 Valve replacement, Mitral (MVR) 7.5 2 2.5 2.0 3.0

71 Norwood procedure 14.5 4 5.0 4.5 5.0

72 HLHS biventricular repair 15.0 4 5.0 5.0 5.0

73 Transplant, Heart 9.3 3 3.0 3.3 3.0

74 Transplant, Heart and lung(s) 13.3 4 4.0 5.0 4.3

75 Partial left ventriculectomy (LV volume reduction surgery) (Batista) 12.0 4 4.0 4.0 4.0

76 Pericardial drainage procedure 3.0 1 1.0 1.0 1.0

77 Pericardiectomy 6.0 2 2.0 2.0 2.0

78 Fontan, Atrio-pulmonary connection 9.0 3 3.0 3.0 3.0

79 Fontan, Atrio-ventricular connection 9.0 3 3.0 3.0 3.0

80 Fontan, TCPC, Lateral tunnel, Fenestrated 9.0 3 3.0 3.0 3.0

81 Fontan, TCPC, Lateral tunnel, Non-fenestrated 9.0 3 3.0 3.0 3.0

82 Fontan, TCPC, External conduit, Fenestrated 9.0 3 3.0 3.0 3.0

83 Fontan, TCPC, External conduit, Non-fenestrated 9.0 3 3.0 3.0 3.0

84 Congenitally corrected TGA repair, Atrial Switch and ASO (Double

switch)

13.8 4 5.0 3.8 5.0

85 Congenitally corrected TGA repair, Atrial switch and Rastelli 11.0 4 4.0 3.0 4.0

86 Congenitally corrected TGA repair, VSD closure 9.0 3 3.0 3.0 3.0

87 Congenitally corrected TGA repair, VSD closure and LV to PA conduit 11.0 4 4.0 3.0 4.0

88 Arterial switch operation (ASO) 10.0 4 3.5 3.0 3.5

89 Arterial switch operation (ASO) and VSD repair 11.0 4 4.0 3.0 4.0

90 Senning 8.5 3 3.0 2.5 3.0

91 Mustard 9.0 3 3.0 3.0 3.0

92 Rastelli 10.0 4 3.0 3.0 4.0

93 REV 11.0 4 4.0 3.0 4.0

94 DORV, Intraventricular tunnel repair 10.3 4 3.3 3.0 4.0

95 DOLV repair 11.0 4 4.0 3.0 4.0

96 Anomalous origin of coronary artery from pulmonary artery repair 10.0 4 3.0 3.0 4.0

97 Coronary artery fistula ligation 4.0 1 1.0 2.0 1.0

98 Coronary artery bypass 7.5 2 2.5 2.0 3.0

99 Coarctation repair, End to end 6.0 2 2.0 2.0 2.0

100 Coarctation repair, End to end, Extended 8.0 3 3.0 2.0 3.0

101 Coarctation repair, Subclavian flap 6.0 2 2.0 2.0 2.0

102 Coarctation repair, Patch aortoplasty 6.0 2 2.0 2.0 2.0

103 Coarctation repair, Interposition graft 7.8 2 2.8 2.0 3.0

104 Aortic arch repair 7.0 2 2.0 2.0 3.0

105 Interrupted aortic arch repair 10.8 4 3.8 3.0 4.0

106 PDA closure, Surgical 3.0 1 1.0 1.0 1.0

107 Vascular ring repair 6.0 2 2.0 2.0 2.0

108 Pulmonary artery sling repair 9.0 3 3.0 3.0 3.0

109 Aortic aneurysm repair 8.8 3 3.0 2.8 3.0

(continued on next page)
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Appendix B3. Comprehensive complexity score: procedure dependent factors

Table B2 (continued)

No. Procedures Complexity Levels

1.5–5.9 1

6.0–7.9 2

8.0–9.9 3

10.0–15.0 4

Basic Score Complexity Levels Mortality Morbidity Difficulty

110 Aortic dissection repair 11.0 4 4.0 3.0 4.0

111 Lung biopsy 5.0 1 1.5 2.0 1.5

112 Transplant, Lung(s) 12.0 4 4.0 4.0 4.0

113 Pectus repair 5.3 1 2.0 1.0 2.3

114 Pacemaker implantation, Permanent 3.0 1 1.0 1.0 1.0

115 Pacemaker procedure 3.0 1 1.0 1.0 1.0

116 ICD (AICD) implantation 4.0 1 1.5 1.0 1.5

117 ICD (AICD) (automatic implantable cardioverter defibrillator) procedure 4.0 1 1.5 1.0 1.5

118 Arrhythmia surgery—atrial, Surgical ablation 8.0 3 3.0 2.0 3.0

119 Shunt, Systemic to pulmonary, Modified Blalock-Taussig shunt (MBTS) 6.3 2 2.0 2.0 2.3

120 Shunt, Systemic to pulmonary, Central (From aorta or to main pulmonary

artery)

6.8 2 2.0 2.0 2.8

121 Shunt, Ligation and takedown 3.5 1 1.5 1.0 1.0

122 PA banding (PAB) 6.0 2 2.0 2.0 2.0

123 PA debanding 6.0 2 2.0 2.0 2.0

124 Damus–Kaye–Stansel procedure (DKS) (creation of AP anastomosis

without arch reconstruction)

9.5 3 3.0 3.0 3.5

125 Bidirectional cavopulmonary anastomosis (BDCPA) (bidirectional Glenn) 6.8 2 2.3 2.0 2.5

126 Glenn (unidirectional cavopulmonary anastomosis) (unidirectional Glenn) 7.0 2 2.5 2.0 2.5

127 Bilateral bidirectional cavopulmonary anastomosis (BBDCPA) (bilateral

bidirectional Glenn)

7.5 2 2.5 2.0 3.0

128 Hemifontan 8.0 3 3.0 2.0 3.0

129 Aneurysm, Ventricular, Right, Repair 8.0 3 3.0 2.0 3.0

130 Aneurysm, Ventricular, Left, Repair 9.0 3 3.0 2.5 3.5

131 Aneurysm, Pulmonary artery, Repair 8.0 3 3.0 2.0 3.0

132 Cardiac tumor resection 8.0 3 3.0 2.0 3.0

133 Ligation, Pulmonary artery 5.0 1 1.5 2.0 1.5

134 Pulmonary embolectomy 8.0 3 3.0 3.0 2.0

135 Pleural drainage procedure 1.5 1 0.5 0.5 0.5

136 Ligation, Thoracic duct 4.0 1 1.0 2.0 1.0

137 Decortication 5.0 1 1.0 1.0 3.0

138 Intra-aortic balloon pump (IABP) insertion 2.0 1 0.5 1.0 0.5

139 ECMO procedure 6.0 2 2.0 3.0 1.0

140 Right/left heart assist device procedure 7.0 2 2.0 3.0 2.0

141 Bronchoscopy 1.5 1 0.5 0.5 0.5

142 Diaphragm plication 4.0 1 1.0 2.0 1.0

143 Delayed sternal closure 1.5 1 0.5 0.5 0.5

144 Mediastinal exploration 1.5 1 0.5 0.5 0.5

145 Sternotomy wound drainage 1.5 1 0.5 0.5 0.5

Table B3

Examples of procedure dependent factors

No. Procedures Basic Score Mortality Morbidity Difficulty Total

9 VSD repair, Patch 6.0 2.0 2.0 2.0

Apical VSD 1.0 1.0 2.0 4.0

Inlet VSD 0.0 1.0 0.0 1.0

Straddling AV valve 1.0 1.0 1.0 3.0

Non Fallot RVOTO repair 0.0 0.0 1.0 1.0

Aortic arch repair (excluding IAA) Score as primary procedure (#104)

Aortic valve repair (see Valvuloplasty, aortic) Score as primary procedure (#54)

Age , 1M 0.5 0.5 0.0 1.0

(continued on next page)
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Appendix B4. Comprehensive complexity score: procedure independent factors

Table B3 (continued)

No. Procedures Basic Score Mortality Morbidity Difficulty Total

18 Truncus arteriosus repair 11.0 4.0 3.0 4.0

VSD enlargement 0.0 0.0 1.0 1.0

Valvuloplasty, Truncal valve 0.5 0.5 1.0 2.0

Replacement, Truncal valve 0.5 0.5 1.0 2.0

Pulmonary artery branch repair 0.5 0.5 2.0 3.0

Interrupted aortic arch repair Score as primary procedure (#105)

31 TOF repair, Ventriculotomy, Transanular patch 8.0 3.0 2.0 3.0

Coronary anomaly, LAD from RCA 0.5 0.5 1.5 2.5

Multiple VSD repair 0.5 0.5 1.0 2.0

Pulmonary artery branch repair 0.5 0.5 1.5 2.5

TOF, AVC (AVSD) repair Score as primary procedure (#33)

TOF, Absent pulmonary valve repair Score as primary procedure (#34)

Age , 1M 0.0 1.5 1.0 2.5

61 Ross procedure 10.3 4.0 2.3 4.0

Previous homograft 0.5 0.5 2.0 3.0

Endocarditis 0.5 1.0 0.5 2.0

Endocarditis with annular abcess 1.0 1.0 2.0 4.0

Coronary artery bypass 0.5 1.0 0.5 2.0

Mitral valvuloplasty 0.5 0.0 0.5 1.0

Aortic arch repair (excluding IAA) 0.5 0.0 0.5 1.0

Reduction annuloplasty 0.5 0.5 1.0 2.0

Age , 6M 0.5 1.0 0.5 2.0

71 Norwood procedure 14.5 5.0 4.5 5.0

Aortic atresia 1.0 1.0 1.0 3.0

Obstructed pulmonary venous return (no ASD) 2.0 1.5 0.5 4.0

AV valve regurgitation, Grade 3 and 4 1.0 2.0 0.5 3.5

Aberrant right subclavian artery (except Sanno shunt) 1.0 0.5 0.5 2.0

IAA repair 1.0 1.0 0.5 2.5

TAPVD repair 1.0 1.0 2.0 4.0

Age . 1M 1.0 2.0 0.0 3.0

88 Arterial switch operation (ASO) 10.0 3.5 3.0 3.5

Posterior loop: circumflex coming off the RCA 0.5 0.5 0.5 1.5

Posterior Loop: left trunk coming off the RCA 1.0 1.0 1.0 3.0

Anterior loop 1.0 1.0 1.0 3.0

Double loops 1.0 1.0 1.0 3.0

Single ostium 0.0 0.0 1.0 1.0

Intramural coronary 1.0 1.0 2.0 4.0

Malaligned commissures 0.5 0.5 0.5 1.5

Large infundibular artery, from LAD 0.5 0.5 0.5 1.5

ASO post LV retraining 0.5 0.5 1.0 2.0

Aortic arch repair 0.5 1.0 1.5 3.0

Take down of a commissure 0.5 0.5 0.5 1.5

Table B4

Procedure independent complexity factors

Complexity factors Definitions Score

General factors

Weight ,2.5 kg 2

Prematurity 32–35 weeks 2

Severe prematurity, ,32 weeks 4

Clinical factors

Pre-operative clinical factors

present within 48 h prior

to surgery unless otherwise stated

Cardiac Mechanical Cardio-Pulmonary Support Excluding post-operative ECMO 4

(continued on next page)
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Table B4 (continued)

Complexity factors Definitions Score

Shock—persistent at time of surgery Metabolic acidosis with pH ,7.2 and/or lactate

.4 mmol/l

3

Myocardial dysfunction LVSF ,25%, moderate to severe for RV 2

Cardio-pulmonary resuscitation Chest compression with medications within 48 h

prior to surgery

2

Shock—resolved at time of surgery Metabolic acidosis with pH , 7.2 and/or lactate

.4 mmol/l

1

Supraventricular tachycardia .160 ventricular beats/min (JET, AET, IART,

WPW)

0.5

Ventricular tachycardia 0.5

Pulmonary Mechanical ventilation to treat cardiorespiratory failure 2

RSV ***During same hospital admission**** 3

Elevated lung resistances. Bi-ventricular repair .6 Wood Units 2

Elevated lung resistances. Heart transplant .4 Wood Units 2

Elevated lung resistances. Uni-ventricular repair .2 Woods Units 2

Single lung Only one lung present 3

Tracheostomy Tracheostomy present 1

Infectious Septicemia Positive blood culture 2

Endocarditis Vegetation or new regurgitation at echocardiography 3

GIT Necrotizing entero-colitis treated medically ***During same hospital

admission****extraluminal air on X-ray

1

Necrotizing entero-colitis treated surgically ***During same hospital

admission****extraluminal air on X-ray

2

Hepatic dysfunction Prothrombin time .2 £ normal 1

Enterostomy present Enterostomy present includes esophagostomy,

gastrostomy, enterostomy, colostomy

0.5

Hemato Coagulation disorder—Acquired PT/PTT above normal, Thrombopenia ,100,000,

Fibrinogen split products positive (.10%)

1

Coagulation disorder—Congenital PT/PTT above normal, Thrombopenia ,100,000,

Fibrinogen split products positive (.10%)

0.5

Renal Renal dysfunction Creatinine .1 mg/dl in neonate or Creatinine

.2 mg/dl in older child

1

Renal failure requiring dialysis Renal failure requiring dialysis 3

Neuro Stroke, CVA, or Intracranial hemorrhage . Grade 2

during lifetime

During lifetime 1

Stroke, CVA, or Intracranial hemorrhage . Grade 2

within 48 h prior to surgery

Within 48 h prior to surgery 2

Seizure during lifetime During lifetime 0.5

Seizure within 48 h prior to surgery Within 48 h prior to surgery 1

Endocrin Hypothyroidism TSH .20 mU/l 1

Diabetes mellitus—insulin dependent 1

Diabetes mellitus—non-insulin dependent 0.5

Extra Cardiac Factors

CNS Hydrocephalus 0.5

Spina Bifida 0.5

Respiratory Laryngo-malacia 3

Broncho-tracheal Malacia 3

Cystic fibrosis 2

Tracheo-oesophageal Fistula 1

Pulmonary lymphangectasis 1

Choanal atresia 0.5

Cleft Palate 0.5

Congenital lobar emphysema 0.5

Congenital cystic adenomatoid malformation 0.5

Sequestration 0.5

Chest wall deformity including pectus 0.5

(continued on next page)
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Table B4 (continued)

Complexity factors Definitions Score

GIT Biliary atresia 4

Gastroschises 2

Omphalocoele 1

Duodenal atresia 1

Imperforate anus 0.5

Hirshsprungs disease 0.5

Inflammatory bowel disease—Crohn’s, Ulcerative

colitis

0.5

Renal Polycistic disease 0.5

Vesicouteric reflux 0.5

Hydronephrosis (PUJ and VUJ obstruction) 0.5

Genetic þ Chromosomal Marfan’s syndrome 2

Down’s syndrome 1

Di George 1

22q11 deletion 1

William Beuren’s syndrome 1

Alagille’s syndrome 0.5

Turner’s syndrome 0.5

Genetic þ Chromosomal Other 0.5

Spatial anomalies Heterotaxia 1

Situs inversus 0.5

Criss-cross heart 0.5

Dextrocardia 0.5

Other Ectopia cordis 4

Diabetic mother 1

Muscular dystrophy 0.5

Currently taking steroids 0.5

Surgical Technique Factors

Redosternotomy: Redo # 1, 2, or

3

2

Redosternotomy: Redo # 4 or

more

1

Redothoracotomy 1

Minimal invasive sternotomy Open heart surgery with skin incision ,50% manubrial-

xyphoid distance

0.5

Minimal invasive AL

thoracotomy

Open heart surgery through Antero Lateral thoracotomy 0.5

Minimal invasive PL

thoracotomy

Open heart surgery through Postero Lateral thoracotomy 0.5

Minimal invasive Posterior

thoracotomy

Open heart surgery through Posterior thoracotomy 1

Robot surgery 0.5

Video assisted thoracic surgery

(VATS)

0.5
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