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ABSTRACT

Objectives: Transposition of the great arteries (TGA) is a rare congenital heart disease that occurs in 3 in
10,000 newborns and is rapidly fatal (90%) within one year if left untreated. The prognosis of this pathology
changed after introducing an early arterial switch operation (ASO), while the left ventricle could still adapt to
systemic high-pressure conditions. Appropriate regulation of thyroid hormones positively impacts metabolism,
cardiac function, and postoperative recovery. Therefore, regular thyroid hormone monitoring and thyroid func-
tion monitoring of TGA patients may help to improve the health status and prognosis of this group of postop-
erative patients.

Methods: In our study, 127 patients who underwent ASO at our pediatric cardiac surgery clinic between
01.01.2014 and 18.09.2021 were retrospectively analyzed and included. Among the patients, 43% (n=54) were
females, and 57% (n=73) were males.

Results: The coronary arteries were normal in 89.7% (n=114) and abnormal in 10.3% (n=13) of the patients.
Twenty-one of the patients exited, and mortality was calculated to be 16.5%. There were no significant differ-
ences in mortality or thyroid stimulating hormone (TSH), free thyroxine (T4), or free tritodothyronine (T3)
values (P=0.674, P=0.345, P=0.478). In our study, in which we investigated the effect of thyroid hormone
levels on prognosis in neonatal patients with TGA with normal free T3, T4, and TSH values, we found that
TSH levels were greater in the group with advanced aortic regurgitation and exitus, although the effect of thy-
roid hormones on postoperative results was not statistically significant.

Conclusions: Congenital hypothyroidism is a common disease with cardiac effects. During the neonatal period,
this disease may conceal itself. Careful, expert clinical follow-up and clinical trials are crucial to improve out-
comes in the surgical treatment of transposition of the great arteries, a complex congenital heart disease.
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Thyroid hormones and transposition of the great arteries

hyroid hormones have many effects on car-

diovascular  function. Hypothyroidism

causes decreased heart rate, stroke volume,
and contractility, resulting in decreased cardiac output.
Thyroid hormone replacement helps to maintain ade-
quate cardiac output by increasing heart rate, stroke
volume, and contractility. Accordingly, there is an im-
portant relationship between thyroid hormone levels
and cardiac function [1].

Transposition of the great arteries (TGA) is a rare
congenital heart disease that occurs in 3 in 10,000
newborns and is rapidly fatal (90%) within one year
if left untreated. The prognosis of this pathology has
changed since the introduction of the early arterial
switch operation (ASO), which was performed while
the left ventricle could still adapt to systemic high-
pressure conditions [2, 3]. The ASO was first success-
fully performed in Brazil in the mid-1970s by Dr. Adib
Jatene. The ASO, which is usually performed during
the neonatal period, initially has a high early mortality
rate. However, mortality decreases as the operative ex-
perience increases and various technical maneuvers
are performed [4].

Patients undergoing cardiopulmonary bypass
(CPB) may have a significant reduction in circulating
levels of thyroid hormones. It has been shown that
CPB secondary to hemodilution, hypothermia, and ul-
trafiltration triggers a hypothyroid state [3]. Hypothy-
roidism affects myocardial energy metabolism and is
associated with poor prognosis after cardiac surgery
with CPB in patient groups such as at-risk neonates
[2,4].

Congenital hypothyroidism is defined by thyroid
hormone deficiency and is the most common en-
docrine problem in newborn infants. It may be perma-
nent or transient. The clinical findings of more than
90% of congenital hypothyroidism patients do not
occur during the neonatal period. This depends on the
degree of thyroid gland dysfunction and residual thy-
roid function, deiodinase adaptation and maternal thy-
roxine at the end of pregnancy. Early diagnosis and
treatment of babies without clinical symptoms are
based on newborn screening [5]. In our study, we in-
vestigated the effect of thyroid hormone level on the
prognosis of ASO in our subclinical patients with thy-
roid stimulating hormone (TSH) values in the normal
range.

METHODS

In our study, 127 patients who underwent ASO at our
pediatric cardiac surgery clinic between 01.01.2014
and 18.09.2021 were retrospectively included. The
study was conducted retrospectively with the permis-
sion of the hospital administration and in accordance
with the Declaration of Helsinki and ethical rules (ID:
E-22686390-050.99-41961). Patients who had not un-
dergone surgery before were selected. Patients with
thyroid hormone levels in the normal range who un-
derwent ASO were included in the study. Patients who
required aortic arch repair were not included in the
study. Twenty-four patients underwent balloon sep-
tostomy preoperatively. TSH, free thyroxine (T4), and
free tritodothyronine (T3) are routinely measured in
all patients during the preoperative period. We did not
routinely administer thyroid hormone replacement
during the postoperative period.

The decision for surgical indication was made
jointly by the pediatric cardiology and pediatric car-
diac surgery team after evaluation of left ventricular
geometry, thickness, and function. The coronary
anatomy of all patients was evaluated intraoperatively,
and appropriate reconstruction was performed. Aorta-
bicaval cannulation was performed in all patients.

Preoperative hemodynamic monitoring via the ra-
dial artery or femoral artery was performed in all pa-
tients. A central venous pressure catheter was placed
through the subclavian vein and monitored. A urinary
catheter was inserted for urine monitoring.

In patients with ventricular septal defects, the de-
fect was closed with an autologous pericardial patch.
All patients underwent sternotomy. Patients were ad-
ministered heparin (3 mg/kg) before CPB. The acti-
vated clotting time (ACT) was maintained above 450
seconds. Under CPB, arterial blood pressure was
maintained between 40 and 60 mmHg with a pump
flow of 150-175 mL/kg/min. The hematocrit value
was maintained between 25 and 35%. Cold blood car-
dioplegia was used in 21 patients, Custodiol® was used
in 14 patients, and del-nido blood cardioplegia was
used in the remaining patients. An autologous peri-
cardium was preferred as the pulmonary reconstruc-
tion material. Moderate hypothermia (28-32 °C) was
induced. All patients underwent the Lecompte maneu-
ver. Routinely, the sternum was exited with an open
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sternum. The sternum was closed according to the pa-
tient's condition.

The need for extracorporeal membrane oxygena-
tion (ECMO) was decided by the intensive care team
after evaluating the patient's urinary diuresis, blood
pressure, lactate parameters in blood gas, left ventric-
ular (LV) status and ejection fraction (EF)% on
echocardiography. All the ECMOs were placed cen-
trally. In the postoperative intensive care unit (ICU),
intensive care was provided by a team of pediatric car-
diologists and pediatric cardiac surgeons. Decisions
regarding inotropic support and ventilation were made
jointly. Peritoneal dialysis was performed 24 h post-
operatively when there was inadequate diuresis (1-2
mL/kg/h) and in patients without a diuretic response.
The need for diuretics or peritoneal dialysis was de-
termined by intensive care physicians.

Our study was a retrospective, single-center study
in which the patient's age, gender, weight, diagnosis,
previous operations, performed operations, and bio-
chemistry results were recorded.

Statistical Analysis

The NCSS (Number Cruncher Statistical System)
2007 (Kaysville, Utah, USA) program was used for
statistical analysis. In addition to descriptive statistical
methods (mean, standard deviation, median, fre-
quency, ratio, minimum, and maximum), the distribu-
tion of the data was evaluated with the Shapiro—Wilk
test. The Mann-Whitney U test was used for two-
group comparisons of quantitative data that did not
show a normal distribution. The Friedman test was
used for three or more periodic comparisons, and the
Wilcoxon test was used for two-period comparisons.
Spearman's correlation analysis was used to determine
the relationships between quantitative data. ROC
analysis was used to determine the predictive value of
the quantitative data. Logistic regression analysis was
used to determine the independent variables affecting
the dependent variable. Significance was evaluated at
the P<0.01 and P<0.05 levels.

RESULTS

The preoperative weight, age, patent ductus arteriosus
(PDA) diameter, atrial septal defect (ASD) size, ven-
tricular septal defect (VSD) size, aortic diameter, pul-

monary artery diameter, TSH, free T4, free T3 values,
total CPB time, aortic cross-clamp (ACC) time, oper-
ation time, CPB balance, intensive care unit time,
length of stay in hospital and ventilation times are
given in Table 1.

Among the patients, 43% (n=54) were females,

and 57% (n=73) were males. The coronary arteries
were normal in 89.7% (n=114) and abnormal in 10.3%
(n=13) of the patients. Twenty-one of the patients ex-
ited, and mortality was calculated to be 16.5%.
The degree of postoperative aortic regurgitation was
mild in 77.1% (n=98), severe in 2.3% (n=3), moderate
in 3.1% (n=4), and absent in 17.5% (n=22) of patients
(Table 2).

There was no statistically significant relationship
between mortality and sex (P=0.572). There was no
statistically significant relationship between mortality
and postoperative degree of aortic regurgitation
(P=0.072). Preoperative TSH, free T3 and free T4 val-
ues were not significantly different from those of post-
operative aortic regurgitation. TSH values were
calculated as 1.84 mIU/L in patients with moderate
AR and 1.84 mIU/L in patients with advanced aortic
regurgitation and 7.9 mIU/L in patients with mild and
no aortic regurgitation (3.94 mIU/L). There were no
significant differences in mortality or TSH, free T4 or
free T3 values (P=0.674, P=0.345, P=0.478). How-
ever, TSH was greater in the mortality group than in
the living group (Fig. 1).

The preoperative heart rate, postoperative heart
rate, postoperative hematocrit (HCT) level after CPB,
weight, age, PDA size, preoperative heart size, preop-
erative heart size, and preoperative aortic diameter did
not significantly differ among the surviving group and
the mortality groups (P>0.05). The difference in the
CPB balance between the surviving group and the ex-
itus groups was statistically significant (P=0.001).
There was no statistically significant relationship be-
tween coronary artery circumference and sex
(P>0.05). There was no statistically significant corre-
lation between coronary artery pattern and postopera-
tive degree of aortic regurgitation (P>0.05).

The preoperative heart rate, pump balance, HCT
after CPB, weight, age, PDA size, preoperative ASD
size, preoperative VSD size, preoperative aortic diam-
eter, pulmonary artery diameter, ventilation time, in-
tensive care unit time, length of stay in the hospital,
ACC time, and total CPB time were not significantly
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Table 1. Preoperative measurements

Mean+SD Min-Max (Median)
Weight (kilogram) 3.394+0.59 2.1-5.8(3.2)
Age at the time of surgery (days) 15.9425.66 2-155 (10)
PDA size (mm) 2.66+2.21 0-9 (2.3)
Preoperative ASD size (mm) 5.434£2.76 0-16.5 (5)
Preoperative VSD size (mm) 5.45+5.44 0-21.4 (4)
Preoperative aortic diameter (mm) 8.79£1.77 3.2-14.1 (8.5)
Preoperative pulmonary artery diameter (mm) 10.17£2.19 6.2-16.6 (9.6)
Preoperative aortic diameter (mm)/ Preoperative 0.87+1.15 0.5-1.35 (0.88)
pulmonary artery diameter (mm) rate
Preoperative heart rate (min) 141+14.82 110-170 (140)
Preoperative TSH (mIU/L) 3.43+£2.63 0.132-9.98 (2.39)
Preoperative free T3 (ng/dL) 270+ 0.6 2.4-3.4(2.8)
Preoperative free T4 (ug/dL) 12.7+2.9 8.3-14.5 (11.5)
Total CPB time (min) 174.254+54.48 76-410 (173)
ACC (min) 120.78+39.76 31-272 (118)
Operation time (min) 266.37+£76.14 150-570 (255)
CPB balance (cc) -161.49+141.3 -520-495 (-155)
After CPB HCT value (%) 35.98+6.58 13.3-54.4 (36)
ICU time (day) 12+11.58 0.1-48 (9)
Length of hospital stay (days) 3.334£3.71 0-22 (3)
Ventilation (days) 3.93+5.3 0-28.6 (2)

ASD=Atrial Septal Defect, VSD=Ventricular Septal Defect, PDA=Patent Ductus Arteriosus, CPB=Cardiopulmonary Bypass,
ACC=Aortic Cross Clamp HCT=Hematocrit, ICU=Intensive Care Unit TSH=Thyroid Stimulating Hormone, SD=standart

deviation, min=minimum, max=maximum

different between those with usual and unusual pattern
coronary arteries (P>0.05).

The Alanine aminotransferase (ALT) value signif-
icantly differed according to the period (P=0.001). The
preoperative ALT value was significantly lower than
that on postoperative day 2 (P=0.001). The postoper-
ative day 1 ALT value was significantly greater than

that on postoperative days 2 and 3 (P=0.001). The
postoperative day 1 ALT value was significantly
greater than that on postoperative day 2 (P=0.001).
The aspartate aminotransferase (AST) value signifi-
cantly differed according to the period (P=0.001). The
preoperative AST value was significantly lower than
the other measurements (P=0.001). The preoperative

Table 2. The degree of postoperative aortic regurgitation distribution

n %

The degree of postoperative aortic regurgitation Mild 98 77.1
Severe 3 23

Moderate 4 3.1
Absent 22 17.5
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Aortic Regurgation and
Preoperative TSH value

Mild-Absent

O R, N W b U1 O N 0 O

Moderate Severe

Mortality and Preoperative
TSH values

3,52

3,5
3,48
3,46
3,44
3,42

3,4
3,38
3,36
3,34
3,32

Exitus Alive

Fig. 1. (a) Aortic regurgitation and preoperative TSH values. (b) Mortality and preoperative TSH values. TSH= thyroid stim-

ulating hormone.

urea value significantly decreased (P=0.001). The pre-
operative urea value significantly decreased compared
with the other measurements (P=0.001). The preoper-
ative creatinine value significantly decreased com-
pared with the other measurements (P=0.001). The
hematocrit value did not significantly differ according
to the period (P>0.05). The platelet value significantly
differed according to the period (P=0.001). The differ-

ence between the preoperative platelet value and the
other measurements was statistically significant
(P=0.001) (Table 3).

In the correlation analysis, there was no statisti-
cally significant correlation between preoperative
heart rate and pump balance, post-pump heart rate,
weight, age at surgery, PDA size, preoperative ASD
size, preoperative VSD size, preoperative aorta, pre-

Table 3. ALT, AST, urea, creatinine, hematocrit, platelet measurements

Preoperative Postoperative Postoperative Postoperative P value
(1st day) (2nd day) (3rd day)
ALT (IU/L) 15.95+17.69 40.49+148.55 37.49+118.62 34.63+130.15 0.001**
0.1-118.3 (12.1)  4.01-1205 (11.8)  0.01-734 (6.51) 0.01-725 (3.7)
AST (IU/L) 57.23£106.23 183.13+346.75  224.47+571.28  207.38£705.91  0.001%**
15-904.4 (37.2) 15-2798 (101.6) 10.2-3930 (72.65) 11.9-3995.3 (43.7)
Urea (mg/dL) 28.32+13.44 36.39+20.11 49.2+31.31 49.85+34.44 0.001**
6.78-66.61 (29.26) 16-160 (32) 10.59-236 (43) 8.33-253 (43.2)
Creatinine (mg/dL) 0..6+0.25 0.73+0.28 0.8+0.38 0.76+£0.41 0.001%*
0.17-1.49 (0.61) 0-1.31 (0.69) 0.22-1.84 (0.72)  0.18-1.96 (0.66)
Hematocrit (%) 42.12+15.84 37.63+£7.02 38.84+6.3 37.88+5.42 0.574
26.5-156 (39.7) 20.2-60.5 (36.9) 26.3-54.1 (38.8) 28-49.2 (37.8)
Platelets (x10*/uL) 302.79+125.5 156.45+93.14 152.83+82.83 143.13+£59.21 0.001%*

46.7-689 (288)

31-470 (132)

31.8-427 (131)  13.3-290 (142)

Data are shown as meantstandard deviation and median (minimum-maximum). ALT= alanine aminotransferase,

AST=aspartate transferase
Friedman test: **P<0.01
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operative pulmonary artery diameter, ratio to pul-
monary/aorta size, total CPB, ACC, operation time,
intensive care unit time, length of stay in hospital or
ventilation days (P>0.05).

There was a positive and weakly significant rela-
tionship between hematocrit after CBP and length of
service (r=.264, P<0.05). There was a positive and
weakly significant relationship between the hematocrit
after CBP and the number of days of ventilation
(r=,250, P<0.05). There was no statistically significant
correlation between hematocrit after CPB and weight,
age at surgery, PDA size, preoperative ASD size, and
preoperative VSD. size, preoperative aorta diameter,
preoperative pulmonary artery diameter, pulmonary
aorta, preoperative TSH, total CBP, ACC, operation
time, or intensive care unit duration (P>0.05).

There was no statistically significant relationship
between preoperative TSH or free T4 free T3 values
and operation time, intensive care unit time, hospital
stay time, or ventilation days (P>0.05). There was a
positive and highly significant correlation between the
length of service and the number of ventilation days
(r=.687, P<0.01).

DISCUSSION

Congenital hypothyroidism is defined by thyroid hor-
mone deficiency and is the most common endocrine
problem in newborn infants. It may develop due to ge-
netic factors such as mutations in the thyroid peroxi-
dase (TPO) or TSH receptor (TSH-R) gene or
immunological factors such as elevated anti-TPO lev-
els or morphologic thyroid gland defects. Disorders
that may occur in newborns with subclinical hypothy-
roidism may be difficult to detect due to the absence
of sensitive markers. Lipid metabolism, myocardial
function, linear growth, and cognitive abilities may be
affected [6]. As a result of increasing surgical experi-
ence, the results of the ASO are encouraging. Although
known factors affecting the success of the surgical op-
eration include the patient's age and weight at the time
of intervention, repair of a concomitant ventricular
septal defect, coronary artery anomaly, CPB time, and
time, there is no specific study on the patient's thyroid
hormone levels. [10] In our study, in which we inves-
tigated the effect of thyroid hormone levels on the

prognosis of neonatal patients with TGA with normal
free T3 and T4 and TSH values, we found that the ef-
fect of thyroid hormones on postoperative results was
not statistically significant, but we found that the TSH
level was greater in the group with postoperative ad-
vanced aortic regurgitation and exitus.

Children undergoing cardiopulmonary bypass are
known to develop low serum T3 levels during bypass
and in the postoperative period [7]. The decrease in
T3 levels is more profound and long-lasting than that
observed in adults.

Portman et al. [8] compared patients treated with
free T3 and placebo immediately after CPB among pa-
tients who underwent pediatric cardiac surgery in a pe-
diatric population younger than 1 year. They found an
increase in the peak systolic pressure ratio in patients
treated with T3 and suggested that this improved car-
diac performance and myocardial oxygen consump-
tion. They suggested that cardiac output increased and
pulmonary vascular resistance decreased after sys-
temic T3 administration [8]. In our clinic, we do not
routinely perform thyroid hormone replacement but
rather only in patients with a diagnosis.

A study on the pharmacokinetic evaluation of T3 ad-
ministration in the pediatric population revealed that the
T3 hormone was cleared faster than it was in adults [9].
Therefore, we believe that the neonatal group is more
sensitive to events that may occur in T3 metabolism.

Another important concern after ASO in patients
undergoing ASO is the risk of NeoAVR. Neo-aortic
valve insufficiency can develop due to the anastomosis
site of the neo-aorta or the size difference of the large
arteries [11]. In our series, 2.7% (n=2) of patients had
advanced postoperative aortic regurgitation, and 2.7%
(n=2) had intermediate postoperative aortic regurgita-
tion. The higher mean TSH values in the advanced
aortic regurgitation group, although not statistically
significant, suggest that this group is more at risk for
subclinical hypothyroidism.

Most of the time, compensated hypothyroidism is
asymptomatic in newborns due to maternal thyroid
hormones and is detected in the laboratory. The causes
of compensated hypothyroidism are unclear. Autoim-
munity has been hypothesized by several authors in
the literature. The natural history of congenital hy-
pothyroidism is not consistent, which is why many au-
thors do not favor replacement unless a definitive
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diagnosis is made. In TGA patients, having appropri-
ate levels of thyroid hormones affects energy regula-
tion in the body. Insufficient thyroid hormones can
lead to slowed metabolism and reduced energy pro-
duction. This may have negative effects on the growth,
development and general health status of TGA patients
[9, 10].

The effects of T3 on the heart are due to transcrip-
tional regulation of several contractile and calcium-
processing genes. These effects follow their role in
postnatal heart development, and cardiomyocytes exit
the cell cycle and differentiate terminally soon after
birth, suggesting a role for thyroid hormones in post-
natal heart development. Furthermore, recent evidence
that cardiomyocytes retain their proliferative compe-
tence beyond that of newborns has shown that car-
diomyocytes can revert to the proliferative phase [12].
In patients with cardiomyocyte, the levels and function
of cardiac thyroid hormones may be affected. This is
because TGA causes severe abnormalities in the car-
diovascular system and affects systemic and pul-
monary blood circulation. In addition, the blood
supply to the thyroid gland may also be altered in TGA
patients. Therefore, we believe that proper regulation
and monitoring of thyroid hormones will be highly im-
portant in TGA patients. In the subclinical patient
group in which we performed ASO, we did not find a
statistically significant correlation between TSH val-
ues and intensive care unit stay or service time. We be-
lieve that this may be due to the lack of severe
hypothyroidism in the selected patient group and com-
pensatory mechanisms of the newborn.

Patients with TGA often have saturation largely
dependent on the shunt between the right and left sys-
tems, despite being affected by adequate respiratory
function, anemia, and low cardiac output. There is no
definitive study on how hypoxia-induced inflamma-
tion and oxidative stress affect thyroid hormone sen-
sitivity [ 13, 14]. Additionally, the lack of a statistically
significant correlation in our results may be attributed
to the possibility that inflammation in patients could
vary in response.

The primary reason for perinatal iodine overload
is the local application of iodine antiseptics to both the
mother and the baby. Topical iodine applied to the
mother during childbirth or to the baby, especially for
umbilical cord care after birth, can lead to iodine over-

load in babies. Topically applied iodine can be easily
absorbed through the skin and mucous membranes.
Furthermore, the intake of iodine-containing com-
pounds such as amiodarone and contrast agents can
also lead to iodine overload. Topical iodine applied to
newborns can inhibit thyroid hormone synthesis and
secretion through the Wolff—Chaikoff effect. New-
borns are the most sensitive group to iodine overload.
Maternal iodine overload during pregnancy can result
in increased TSH levels in babies [15-18]. We believe
that the use of topical iodine during childbirth should
be considered to prevent iodine overload in such a sen-
sitive population. We also believe that examining indi-
vidual sensitivities and genetic factors in interpreting
babies' responses to 1odine overload will be instructive.

Dopamine, a commonly used drug in pediatric
cardiac intensive care units, acts through TSH, while
amiodarone affects thyroid hormone metabolism by
inhibiting the monodeiodinase enzyme that converts
T4 to T3 [19]. In our practice with newborn patients,
we avoid these drugs unless absolutely necessary and
regularly monitor thyroid function. We believe that cli-
nicians should be particularly mindful of thyroid prob-
lems in patients treated with dopamine and
amiodarone, especially those with Down syndrome.

The ASO is considered the best surgical option for
patients with transposition of the great arteries. Al-
though newborn patients are sensitive, the success of
surgery can be enhanced with increased experience and
precautionary measures [2, 20]. We believe that larger
studies are needed to assess the preoperative and post-
operative changes in thyroid hormone levels, which
may influence patient prognosis, especially considering
the known cardiac effects of thyroid hormones.

When evaluating serum hormone levels, it is im-
portant to remember that TSH, sT3, and sT4 levels
may vary according to the norm used in the kit [21].
We used the same kit used in our laboratory and did
not change the results.

Thyroid hormone changes occurring in postopera-
tive intensive care patients without primary thyroid dis-
ease are termed "nonthyroidal illness syndrome."
Although characterized by a decrease in free T3 and an
increase in reverse T3 without an increase in thyroid-
stimulating hormone levels, these values can remain
within the normal range in newborns. Although low
free T3 levels have been associated with poor progno-
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sis in studies involving these patient groups, the effect
of replacement therapy has not been proven [22]. We
believe that clinicians need to be aware of postsurgical
hypothalamic-pituitary-thyroid axis changes and the
effects of commonly used drugs on thyroid hormone
metabolism and take necessary precautions.

Hemodilution and hypothermia associated with
CPB can suppress enzyme activity involved in thyroid
hormone synthesis and disrupt thyroid metabolism.
The suppression of TSH release may also be associ-
ated with hypothalamic dysfunction (low levels of thy-
roid-releasing hormone) or a reduced response to TSH
[23]. We used moderate hypothermia (28-32°C) dur-
ing CPB and tried to keep the CPB lines as short as
possible to avoid hemodilution.

CONCLUSION

Proper regulation of thyroid hormones has a positive
impact on metabolism, cardiac function, and postop-
erative recovery. Therefore, regular monitoring of thy-
roid hormone levels and follow-up of thyroid function
in patients with TGA can improve the health status and
prognosis of this patient group. Congenital hypothy-
roidism is a commonly encountered disease with car-
diac implications that can persist during the neonatal
period. Careful expert clinical follow-up and further
clinical research are crucial for improving outcomes
in the surgical treatment of complex congenital heart
diseases such as TGA.
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