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A polygenic risk score after corrective surgery for transposition of the great arteries: Can iiupcteosy

genetics add value to clinical predictors of outcome?

1. Introduction

Transposition of the great arteries (TGA) is a devastating congenital
cardiac defect where the pulmonary artery (pumping deoxygenated
blood) and the aorta (oxygenated blood) are reversed (Fig. 1). TGA af-
fects approximately 3 per 10,000 live births [1]. In a normal developing
heart, the straight embryonic heart tube loops to the right to initial
cardiac septation to form left and right ventricles as well as left and right
atria. Cardiac looping is an important step in cardiac morphogenesis to
ensure the formation of separate but connected left-right chambers to
pump oxygenated and deoxygenated blood, respectively.

TGA occurs when the outflow tracts of the pulmonary artery and the
aorta fail to loop. Subsequently, the aorta arises from the right ventricle
(RV) and the pulmonary artery arises from the left ventricle (LV)
resulting in ventriculoarterial discordance, causing deoxygenated blood
to be pumped into the systemic circuit via aorta. Consequently, new-
borns with TGA typically present with cyanosis during the first month of
their life. All infants with TGA will require open heart surgery as the
disease is postnatal lethal. There are two main surgeries: 1) atrial switch
procedure (Senning/Mustard procedure) and 2) arterial switch proced-
ure (more commonly practiced today). The atrial switch procedure
creates an atrioventricular discordance to counteract the ven-
triculoarterial discordance and reestablish the systemic circulation of
the great arteries. However, the venous tunnels surgically created to
reroute the systemic and pulmonary venous returns, leaves the patients
with a systemic RV which, because of abnormal loading conditions, over
time tends to decompensate. The atrial switch procedure is currently
superseded by arterial switch procedure where the transposed great
arteries are surgically removed and reconnected to their morphological
position. The atrial switch procedure has been shown to effectively
prolong the patient life to reproductive ages, but the post-surgery
management of these patients remains challenging and requires a
team of specialized pediatric cardiologists.

Currently, most patients operated by atrial switch have reached adult
age, lead active lives, but need ongoing expert care in an adult congenial
cardiac center.

2. TGA etiopathogenesis and outcome: the role of genetics

To date, the cause of TGA has been mainly ascribed to maternal
teratogenic factors such as maternal infections, obesity, hypertension
and diabetes mellitus [2]. Although TGA has been found to be sporad-
ically associated with 22q11.2 deletion, 3p14.3 and heterotaxy syn-
dromes (conditions in which the internal organs are abnormally
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arranged in the chest and abdomen), the genetic causes of majority of
TGA cases remain largely unknown [3-6]. The findings of rare genetic
variants and sporadic familial recurrence cases suggest that TGA could
be a polygenic disease. Furthermore, the genetic and environmental
factors involved in the extremely heterogeneous clinical course after
corrective surgery remain largely unknown.

In the current issue of International Journal of Cardiology, Woudstra
et al. combined clinical and genetic scores to construct a risk stratifi-
cation model to predict the outcome of adult patients after atrial switch
operation for TGA) [1]. For the analysis they use a composite endpoint
of symptomatic ventricular arrhythmia, heart failure hospitalization,
ventricular assist device implantation, heart transplantation, or mor-
tality. The authors perform a genome-wide association study (GWAS) in
TGA patients who underwent atrial switch surgery starting from the late
‘60s and have reached adulthood. The purpose is to determine the effects
of common single nucleotide polymorphisms (SNPs) on event-free sur-
vival and to determine if genetic factors may add value to the clinical
risk model of poor outcome prediction. The authors build a risk score by
combining the polygenic and the clinical scores and show that the new
model improves patients risk stratification over clinical factors alone.

The current challenges of polygenic diseases are that: 1) the
expression of the disease is affected by a large number of genetic vari-
ants which implicates the need to perform either exome (protein coding
genes) or whole genome sequencing to identify these genetic variants, 2)
although a large number of disease-associated variants have been
identified, the individual contribution of each “disease-associated”
variant is negligible. Because of these challenges, it is an arduous process
to utilize GWA summary statistics to calculate additive genetic risk
scores for a specific disease based on the sum of all associated SNPs in a
genome. A clear limitation of this study is the small sample size (n =
133) which is known to affect the strength of the GWA findings. How-
ever, TGA is a relatively rare disease and the number of TGA patients
operated by the atrial switch surgical technique that reached adulthood
is small. Another limitation is the lack of genetic diversity of the study,
which by design includes a population of mainly North-European sub-
jects. Hence, it is expected that the polygenic risk score calculated from
European DNA sequences could not be applied to predict outcome in
patients from other races.

Despite its limitations, this study is a first step to elucidate the ge-
netic underpinnings of systemic right ventricular failure in TGA oper-
ated patients. The findings support the hypothesis that including genetic
variants in risk assessment may be beneficial and suggest that the
combined genetic-clinical risk stratification model could lead to
actionable and cost-effective prevention care for TGA patients after the
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Fig. 1. Dextro-Transposition of the Great Arteries (dTGA). A) Morphology
of a healthy heart. The oxygenated blood from the lungs reaches the left atria
via the pulmonary veins and gets to the left ventricle which pumps it into the
aorta from where it will be transported to the whole body through the systemic
circulation. The deoxygenated blood reaches the right atria via the superior and
inferior vena cava; from the right aria deoxygenated blood gets to the right
ventricle which pumps it into the pulmonary artery which will direct it to the
lung through the pulmonary circulation. B) Morphology of a heart with dTGA.
The oxygenated blood reaches the left atrium and then the left ventricle, but
instead of entering the systemic circulation, it is pumped back to the lung via
the pulmonary artery which originates from the left ventricle; On the other
hand, the deoxygenated blood which returns to the right atrium and the right
ventricle is pumped back to the systemic circulation via the aorta which orig-
inates from the right ventricle.

corrective surgery. Hence, the study is a call for further worldwide
collaborative research to validate the promising value of genetics in risk
prediction in adults with congenital heart diseases.

In summary, the risk score model proposed in this paper should be
used with high cautious due to the small sample size and the lack of
genetic diversity in the studied population. Clinicians or genetic coun-
seling specialists should be watchful when communicating with patients
regarding implementation of the risk scores. The patient should be made
aware that being at hight risk does not necessarily mean that he will
develop a complication; while having a low score does not mean that he
will surely remain complication- free. The key point of using the pro-
posed polygenic risk score is to enhance the awareness of the clinicians
toward the TGA patients at higher risk who needs closer follow-ups and
individualized therapeutic and lifestyle adjustments.
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