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Analysis of congenital heart surgery results: A comparison of four risk scoring systems
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ABSTRACT

Background: This study aims to evaluate the surgical results of our clinic according to
presumption systems of Risk Adjustment in Congenital Heart Surgery, Aristotle Basic
Complexity score, Aristotle Comprehensive Complexity score, and Society of Thoracic
Surgeons and European Association for Cardiothoracic Surgery mortality categories
and to compare the efficiency of these systems in predicting morbidity and mortality.

Methods: In the study, classification and the risk scoring were performed with the four
different systems for 1,950 patients (1,038 males, 912 females; mean age 5.5 months; range,
1 day to 18 years) who were administered congenital heart surgery between 1 October 2012
and 31 December 2016. The hospital mortality and morbidity were calculated for each
category from the four models. The discriminatory ability of the models was determined
by calculating the area under the receiver operating characteristic curve and the receiver
operating characteristic curves of the four models were compared.

Results: Median weight of the patients was 7.2 kg (range, 1.8-80 kg). Among the
patients, 53% were males and 47.5% were younger than one year of age. Of totally
1,950 operations, mortality was observed in 149 (7.6%) and morbidity was observed
in 541 (27.7%). Areas under the receiver operating characteristic curve for mortality
were 0.803, 0.795, 0.729, and 0.712 for the Society of Thoracic Surgeons and European
Association for Cardiothoracic Surgery mortality categories, Aristotle Comprehensive
Complexity, Risk Adjustment in Congenital Heart Surgery, and Aristotle Basic
Complexity scores, respectively. Areas under the receiver operating characteristic curve
for morbidity were 0.732, 0.731, 0.730, and 0.685 for the Society of Thoracic Surgeons
and European Association for Cardiothoracic Surgery mortality categories, Risk
Adjustment in Congenital Heart Surgery, Aristotle Comprehensive Complexity, and
Aristotle Basic Complexity scores, respectively.

Conclusion: Society of Thoracic Surgeons and European Association for Cardiothoracic
Surgery mortality categories, Risk Adjustment in Congenital Heart Surgery, Aristotle
Basic Complexity, and Aristotle Comprehensive Complexity score systems were
effective in predicting the morbidities and mortalities of patients who underwent
congenital heart surgery and evaluating the performance of the surgical centers. Society
of Thoracic Surgeons and European Association for Cardiothoracic Surgery mortality
categories were on the forefront due to high feasibility and performance. Aristotle Basic
Complexity score system had the lowest performance. Combinations of systems will
provide the most benefit during evaluation of results.
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Amag: Bu ¢alismada, klinigimizin cerrahi sonuglar1 Konjenital Kalp Cerrahisinde Risk
Belirleme, Aristotle Temel Zorluk skoru, Aristotle Kapsamli Zorluk skoru ve Gogiis
Cerrahlar1 Dernegi ve Avrupa Kardiyotorasik Cerrahi Birligi mortalite kategorileri
varsayim sistemleri ile degerlendirildi ve morbidite ve mortaliteyi éngormek i¢in bu
sistemlerin etkinligi karsilastirildi.

Caligma plani: Calismada 1 Ekim 2012-31 Aralik 2016 tarihleri arasinda konjenital
kalp cerrahisi uygulanan 1950 hastanin (1038 erkek, 912 kadin; ort. yas 5.5 ay;
dagilim, 1 giin - 18 yi1l) dort farkli sistemle siniflandirma ve risk puanlamasi
yapildi. Hastane mortalitesi ve morbiditesi dort modelden her bir kategori i¢in
hesaplandi. Modellerin ayirt edici kabiliyeti, alici igletim karakteristigi egrisi
altindaki alan hesaplanarak belirlendi ve dort modelin alic1 isletim karakteristigi
egrileri kargilastirildi.

Bulgular: Hastalarin medyan agirlig1 7.2 kg (dagilim, 1.8-80 kg) idi. Hastalarin
%53’1i erkek ve %47.5°1 bir yasindan daha kiiciik idi. Toplam 1950 ameliyatin
149’unda (%7.6) mortalite ve 541’inde (%27.7) morbidite izlendi. Mortalite i¢in
alic1 isletim karakteristigi egrisi altindaki alanlar Gogiis Cerrahlar1 Dernegi ve
Avrupa Kardiyotorasik Cerrahi Birligi mortalite kategorileri, Aristotle Kapsaml
Zorluk, Konjenital Kalp Cerrahisinde Risk Belirleme ve Aristotle Temel Zorluk
skorlart i¢in sirastyla 0.803, 0.795, 0.729 ve 0.712 idi. Morbidite ig¢in alict
isletim karakteristigi egrisi altindaki alanlar Gogiis Cerrahlart Dernegi ve
Avrupa Kardiyotorasik Cerrahi Birligi mortalite kategorileri, Konjenital Kalp
Cerrahisinde Risk Belirleme, Aristotle Kapsamli Zorluk ve Aristotle Temel Zorluk
skorlart igin sirasiyla 0.732, 0.731, 0.730 ve 0.685 idi.

Sonug: Gogiis Cerrahlar: Dernegi ve Avrupa Kardiyotorasik Cerrahi Birligi mortalite
kategorileri, Konjenital Kalp Cerrahisinde Risk Belirleme, Aristotle Temel Zorluk ve
Aristotle Kapsaml1 Zorluk skoru sistemleri konjenital kalp cerrahisi geciren hastalarin
morbidite ve mortalitelerini 6nceden tahmin etme ve cerrahi merkezlerin performansini
degerlendirmede etkili oldu. Yiiksek uygulanabilirlik ve performans nedeniyle Gogiis
Cerrahlar1 Dernegi ve Avrupa Kardiyotorasik Cerrahi Birligi mortalite kategorileri
on plana ¢ikti. Aristotle Temel Zorluk skoru sistemi en diisiik performansa sahipti.
Sonuglarin degerlendirilmesi sirasinda sistemlerin kombinasyonlar: daha faydali
olacaktir.

Anahtar sozciikler: Sonug analizi; Aristotle skoru; kardiyak cerrahi; konjenital; risk belirleme.
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Analysis of congenital heart surgery results: A comparison of four risk scoring systems

Congenital heart disease is an important health
problem in both developed and developing countries.
Approximately nine of every 1,000 live births and one-
third of every major congenital disease are congenital
heart diseases.!"

Congenital heart diseases have various types
and numbers of pathologies. Patients undergo either
corrective or palliative surgeries depending on
the problem. In addition, many underlying factors
such as low birth weight, genetic syndromes, or
preoperative clinical conditions affect the success
of surgery.

It is difficult to establish a risk stratification
system of nomenclature that is universally accepted
for congenital heart diseases.”” There are different
risk scoring systems for pediatric cardiac surgery
to determine the risks and difficulty levels. In
addition, healthcare centers may use scoring systems
to predict their mortality and morbidity rates;
thus, determine their current situation compared
to national and international healthcare centers
and prepare for necessary regulations.”® Risk
Adjustment in Congenital Heart Surgery (RACHS-1),
Aristotle Basic Complexity (ABC) score, Aristotle
Comprehensive Complexity (ACC) score, and Society

of Thoracic Surgeons and European Association
for Cardiothoracic Surgery mortality categories
(STS-EACTS MC) systems are most commonly
used for this purpose.®5! Although these systems are
strongly related to hospital mortality and morbidity
rates, studies show that they are different in terms of
effectiveness.5®! Furthermore, studies that compare
all four scoring systems are limited. Therefore, in
this study, we aimed to evaluate the surgical results
of our clinic according to presumption systems of
RACHS-1, ABC score, ACC score, and STS-EACTS
MC and to compare the efficiency of these systems in
predicting morbidity and mortality.

PATIENTS AND METHODS

This study included 1,950 congenital heart disease
patients (1,038 males, 912 females; mean age
5.5 months; range, 1 day to 18 years) operated in
University of Health Sciences Istanbul Mehmet Akif
Ersoy Thoracic and Cardiovascular Surgery Training
and Research Hospital between 1 October 2012 and
31 December 2016. The study protocol was approved
by the University of Health Sciences Istanbul Mehmet
Akif Ersoy Thoracic and Cardiovascular Surgery
Training and Research Hospital Ethics Committee.

Table 1. Demographic characteristics of patients undergoing cardiovascular surgery

Variables n % Median Range
Gender

Male 1,038 53

Female 912 47
Age

Newborn 336 17.2

Infant 877 45.0

Toddler 611 313

Adolescent 126 6.5
Weight (kg) 7.2 1.8-80
Syndrome

None 1,705 874

Down syndrome 165 8.4

Other 80 4.2
Cardiopulmonary bypass

Used 1,730 88.8

Not used 220 11.2
Timing of operation

2012 158 8.1

2013 448 229

2014 437 224

2015 432 22.1

2016 475 243
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The study was conducted in accordance with the
principles of the Declaration of Helsinki.

The inclusion criterion was to have undergone
operation due to a congenital or acquired heart disease
(either corrective or palliative) under the age of 18.
Cases that could not be categorized in any of the
four scoring systems, such as permanent pacemaker
implantations, and those that were transferred to
another unit for any reason were excluded. Data
from patient records regarding age, gender, weight,
year of surgery, diagnosis, presence of syndromes,
type of surgery, and use of cardiopulmonary bypass
(CPB) were obtained. Cases were separated according
to their age groups as newborn (1-28 days), infant
(29 days-1 year), toddler (1-12 years) and adolescent
(12-18 years).

A team consisting 11 pediatric cardiologists and
pediatric cardiac surgeons from Boston Children’s
Hospital created the RACHS-1 model, which contains
207 procedures. The RACHS-1 system scale ranges

Table 2. Distribution of scores over cohort

from one to six. Three additional clinical factors (age,
prematurity and non-cardiac congenital structural
abnormalities) complement the model.™

In 1999, 50 cardiac surgeons led by Lacour-Gayet
from 23 different countries developed the ABC score,
which is based on three factors: potential for mortality,
potential for morbidity and anticipated technical
difficulty. For the ABC system, the scale ranges
from 1.5 to 15. The ACC further adjusts complexity
according to specific patient characteristics. It includes
two categories of complexity factors as procedure
dependent and procedure independent factors and a
corresponding basic complexity level between one and
four (level 1 [1.5 to 5.9]; level 2 [6.0 to 7.9]; level 3
[8.0 to 9.9] and level 4 [10.0 to 15.0]).

Society of Thoracic Surgeons and European
Association for Cardiothoracic Surgery mortality
categories are the latest system found in 2008. The
mortality risk was estimated for 148 procedure types,
using real data from 77,294 patients (33,360 patients

Number Observed mortality Morbidity Predicted mortality*
Variables n % n % n %
RACHS-1
Not scored 17 0.8 3 17.6 3 17.6 -
Category 1 220 11.2 1 0.5 7 3.1 04
Category 2 838 429 28 34 138 16.4 3.8
Category 3 578 29.6 61 10.5 231 399 8.5
Category 4 246 12.6 34 13.8 125 50.8 194
Category 5 - - - - - - -
Category 6 51 2.6 22 43.1 37 72.5 477
ABC
Level 1 255 13 2 07 7 27 <1
Level 2 863 44 47 54 224 259 1-5
Level 3 538 28 43 79 144 26.7 5-10
Level 4 294 15 57 19.7 166 56.4 10-20
ACC
Level 1 231 11.8 2 0.8 4 1.7 <1
Level 2 609 31.2 23 37 121 19.8 1-5
Level 3 480 24.6 24 5 116 24.1 5-10
Level 4 630 323 100 158 296 46.9 10-20
STS-EACTS MC
1 441 22.6 3 0.6 32 7.2 0.8
2 667 342 14 2 133 199 2.6
3 333 17 29 8.7 113 339 5.0
4 455 23.3 73 16 221 48.5 99
5 54 2.7 30 55 42 77 23.1

* Determined according to references 3-4 and 5; RACHS-1: Risk Adjustment in Congenital Heart Surgery; ABC: Aristotle Basic Complexity Score;
ACC: Aristotle Comprehensive Complexity Score; STS-EACTS MC: Society of Thoracic Surgeons and European Association for Cardiothoracic Surgery

mortality categories.
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from the EACTS and 43,934 patients from the STS)
between 2002 and 2007. Using Bayesian statistics that
fit the data for small denominators, mortality rates
were calculated for each procedure. For the STS-
EACTS MC, the scale range from 0.1 to 5.0, and a
corresponding mortality category level between 1 and 5
is assigned (level 1 [0.1 to 0.3]; level 2 [0.4 to 0.7];
level 3 [0.8 to 1.2]; level 4 [1.3 to 2.6] and level 5
[2.9 to 5.0]).”

In each scoring system, a higher score indicates
a higher risk of mortality. For patients undergoing
multiple procedures, the procedure with the highest
level was scored. Every single case’s risk scores were
calculated using RACHS-1, ABC, ACC, and STS-
EACTS MC scoring systems.

In this study, our two primary outcomes were
operative mortality and hospital morbidity. Operative
mortality included all the deaths occurred during the
hospital stay when the operation was performed and
the deaths occurred after discharge within 30 days
of the procedure. Intensive care unit stay longer than
seven days was identified as hospital morbidity.

Statistical analysis

Data were analyzed using SPSS for Windows
version 15.0 software (SPSS Inc., Chicago, IL, USA).

@

ROC Curve

Sensitivity

------ RACHS-1
STS-EACTS MC
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Descriptive statistics were performed in relation to the
distribution of variables and characteristics of the study
population. Categorical variables were represented
as frequencies; the numeric variables as mean or
median with the respective measures of dispersion.
Analysis of the discriminatory ability of the surgical
risk stratification methods were performed using
the C statistic comparison with receiver operating
characteristic (ROC) curves of the four methods.!”

RESULTS

Of the study population, 336 (17.2%) were newborns
and 1,213 (62.2%) were under one year of age. Of the
cases, 220 were operated without using CPB. Median
weight was 7.2 kg (range, 1.8 to 80 kg). A majority of
the operations were performed in the year 2016 (n=475).
Demographic characteristics were shown in Table 1.

Mortality and morbidity rates were 7.6% (n=149)
and 27.7% (n=541), respectively. Mortality by years
was 9.5% in 2012, 8.9% in 2013, 8.7% in 2014, 6% in
2015 and 5.9% in 2016. Seventeen cases could not be
categorized in RACHS-I1. In all scoring systems, as the
category or the level increased, the mortality and the
morbidity increased accordingly. The mortality and the
morbidity rates were shown in Table 2.
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Figure 1. Receiver operating characteristic curves: (a) Mortality receiver operating characteristic curves for comparison. (b) Morbidity

receiver operating characteristic curves for comparison.

ROC: Receiver operating characteristic; RACHS-1: Risk Adjustment in Congenital Heart Surgery; STS-EACTS MC: Society of Thoracic Surgeons and European
Association for Cardiothoracic Surgery mortality categories; ACC: Aristotle Comprehensive Complexity score; ABC: Aristotle Basic Complexity score.
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Table 3. Results regarding area under receiver operating characteristic curve between methods concerning
mortality and morbidity outcomes

Mortality* Morbidity
Model/method Area under ROC curve 95% CI1 Area under ROC curve 95% CI1
RACHS-1 0.729 0.689-0.770 0.731 0.706-0.755
ABC 0.712 0.668-0.755 0.685 0.659-0.711
ACC 0.795 0.753-0.837 0.730 0.705-0.755
STS-EACTS MC 0.803 0.768-0.837 0.732 0.707-0.756

* There is no difference between groups when groups are compared with each other (p>0.05); & There is no difference between groups when groups are
compared with each other (p>0.05); ROC: Receiver operating characteristic; CI: Confidence interval; RACHS-1: Risk Adjustment in Congenital Heart
Surgery; ABC: Aristotle Basic Complexity score; ACC: Aristotle Comprehensive Complexity score; STS-EACTS MC: Society of Thoracic Surgeons and

European Association for Cardiothoracic Surgery mortality categories.

The results of the area under the ROC curve for
mortality and morbidity are shown in Figure 1a, b. The
RACHS-1 categories, ABC, ACC and STS-EACTS
MC had satisfactory performance (above 0.650).

There was no statistical difference between the
four forms of categorization and the areas under the
ROC curve of the four methods for the discriminatory
capacity for hospital mortality (Table 3).

DISCUSSION

In our study, we aimed to compare all four scoring
systems according to their predictive values on mortality
and morbidity in congenital heart surgery. Thus, we
detected that STS-EACTS MC had a C-index of 0.803
(95% confidence interval [CI] 0.768-0.837), RACHS-1
of 0.729 (95% CI 0.689-0.770), ABC of 0.712 (95% CI
0.668-0.755), and finally ACC of 0.795 (95% CI 0.753-
0.837). All four scoring systems predicted mortality
significantly similar to each other while STS-EACTS
MC provided superior predictions. Since there are a
limited number of studies that compare RACHS-I,
ABC, ACC, and ST-EACTS MC scoring systems,®4
our study may be considered valuable and extensive.

There are different types of surgeries used in
various complex congenital heart diseases. Therefore,
scoring systems are needed to evaluate mortality and
morbidity. It is difficult to establish a universally
accepted risk stratification system of nomenclature
as congenital heart surgery involves approximately
200 different diagnostic topics and procedures.
Categorization of these into groups or relatively
homogeneous strata is necessary to compare the
outcomes within each category. In pediatric cardiac
surgery, mortality analysis without stratification of
complexity is a failure. This risk stratification has
been identified essential for assessing and improving
the quality.!'>!¢)
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Risk Adjustment in Congenital Heart Surgery has
been the first system used for this purpose. It is rather
an easier model, because it needs less data. Although
it does not contain all cardiac procedures and is based
on personal foresight, it is widely used to determine
mortality. RACHS-1 was first described by Jenkins et
al.”¥ They divided cardiac diseases into six categories.
Expected mortalities in category 1, 2, 3, 4 and 6 are
0.4%, 3.8%, 8.5%, 19.4%, and 47.7%, respectively. For
category 5, there is no estimation of mortality.

Cavalcante et al.'" evaluated 3,071 cases and showed
that mortality ratios according to RACHS-1 was 1.8%
in category 1, 5.5% in category 2, 14.9% in category 3,
32.5% in category 4, and 68.8% in category 6. In our
study, 1,931 of 1,950 cases were suitable for RACHS-1.
Majority of the cases were in category 2 (n=838).
Mortality rates were as follows: 0.5% in category 1,
34% in category 2, 10.5% in category 3, 13.8% in
category 4, and 43.1% in category 6.

European Association for Cardiothoracic Surgery
defined Aristotle scoring system as two separate
scoring systems, namely, ABC and ACC, in 2014."
The first score was the Basic score, which adjusted
only for the complexity of the procedure. The second
score was the Comprehensive score, which took into
account specific procedure-dependent and procedure-
independent patient characteristics. It is divided into
four levels according to difficulty. Lacour-Gayet et
al.® indicated mortality and morbidity in ABC and
ACC as follows; <1% in level 1, 1-5% in level 2,
5-10% in level 3, and 10-20% in level 4. In our study,
mortality for ABC and ACC was 0.7%-0.8% for
level 1, 5.4%-3.7% for level 2, 7.9%-5% for level 3, and
19.7-15.8% for level 4, respectively. Our results were
similar to predicted values.

Society of Thoracic Surgeons and European
Association for Cardiothoracic Surgery mortality
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categories is the most recent scoring system estimating
mortality based on processing data from a database
containing 148 different procedures. It divides into
five subgroups according to difficulty level. Mortality
rates are as follows; 0.8% in level 1, 2.6% in level 2,
5% in level 3, 9.9% in level 4, and 23.1% in level 5.
In our study, mortality rates were 0.6% in level 1,
2% in level 2, 8.7% in level 3, 16% in level 4, and
55% in level 5. An evaluation of all the scoring
systems showed that expected rates were obtained
according to the results of RACHS-1, ABC, and ACC.
Based on STS-EACTS MC, we may suggest that
regulations should be developed to improve the results
in levels 3-5.

Different results were achieved when the scoring
systems were compared in different studies. Al-Radi et
al.® evaluated the mortality prediction of RACHS-1
and ABC in 11,438 operated congenital heart disease
patients. They both indicated strong predictive
effect while the best scoring system was RACHS-1
(ROC curve 0.733&0.698).

Furthermore, Joshi et al.® retrospectively evaluated
the mortality prediction using ROC analysis in 1,150
cases. The results were 0.677 (95% CI: 0.61-0.73) for
ABC, 0.704 (95% CI: 0.64-0.76) for ACC, and 0.607
(95% CI: 0.55-0.66) for RACHS-1. They claimed that
ACC had better results than both ABC and RACHS-1.

Moreover, Bojan et al.'” compared ACC and
RACHS-1 on 1,384 cases and suggested that ACC had
superior results. They also stated that when a corrected
model for age, prematurity and extracardiac anomalies
was used, then RACHS-1 had an equal efficacy.

Cavalcanti et al.'® compared mortality in three
systems (STS-EACTS MC, ACC, and RACHS-1) on
360 cases who were under 18 years of age in Brazil.
The three models had similar accuracy by calculating
the area under the ROC curve: RACHS-1: 0.738,
STS-EACTS MC: 0.739, and ACC: 0.766.

In addition, O’Brien® compared mortality
prediction of STS-EACTS MC to ACC and RACHS-1.
The discriminatory capacity of STS-EACTS MC by
area under the ROC curve (0.778) was higher than
RACHS-1 (0.745) and ABC (0.687).

The association of mortality outcomes with annual
hospital volume has been substantiated in the literature.
Centers with <150 cases/year had an odds ratio of 1.59
for having higher operative mortality. Certainly, this
reflects the learning curve for surgeons, perioperative
cardiologists, and anesthesiologists.'"”!®! Our study
supports these opinions, with mortality being 9.5% in
2012 and decreasing to 5.9% in 2016.

Some studies have emphasized that scoring systems
can be used as a predictor of morbidity. Larsen et al.'"”!
applied the RACHS-1 score to rank 957 procedures in
Denmark and concluded that it is a good predictor of
morbidity.

On the other hand, Kogon and Oster!""! evaluated
458 cases of congenital heart disease patients who were
over 18 years old. For prolonged length of stay, areas
under the ROC curve were 0.82, 0.76, and 0.61 for the
Aristotle, STS-EACTS MC, and RACHS-1 scores,
respectively. In our study, the morbidity predictability
of the four scoring systems was high, with STS-EACTS
MC having the best predictive score (0.732). This was
followed by RACHS-1 (0.731) and ACC (0.730). The
efficacy of ABC was lower than the others (0.685).

There were some limitations to our study. Primarily,
it was a retrospective and single-centered study.
Furthermore, the number of operations performed in
the first year was low compared to the other years.
In addition, there were three different surgical teams
performing the surgeries.

In conclusion, all four scoring systems that assist
in resolving the complexity of congenital heart disease
and difficulty of surgical treatment were successful in
determining hospital mortality and morbidity. However,
although an evaluation of the comparative results showed
that the scoring systems provided similar results, the
Society of Thoracic Surgeons and European Association
for Cardiothoracic Surgery mortality categories scoring
system was superior than the others.
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