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Abstract In patients undergoing open-heart surgery, ab-
normalities in thyroid hormone levels have been ob-
served even in the absence of primary thyroid disease.
These abnormal changes in thyroid hormone level and
function have been found to be sufficient to affect myo-
cardial performance and postoperative recovery. In the
intensive care unit, postoperatively, it has been found
that features such as low cardiac output, left ventricular
dysfunction and prolonged ventilator support were asso-
ciated with hypothyroidism. We reviewed the available
literature on the effect of thyroid hormone supplementa-
tion in paediatric patients undergoing open-heart surgery
under cardiopulmonary bypass and concluded that chil-
dren after complex congenital cardiac surgery are at risk
of developing a clinically significant hypothyroid state in
the early postoperative period. In the literature where the
effects of supplementation of thyroxine were studied,
beneficial effects were observed in terms of reduced me-
chanical ventilation time, reduced inotropic support and
intensive care unit stay, rapid achievement of negative
fluid balance and early recovery. Supplementation with
thyroid hormones enables a smoother postoperative re-
covery and is beneficial. The total duration of this ther-
apy is, however, unclear.
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Introduction

Thyroid hormones are known to be the key regulators of me-
tabolism. Thyroxine (T4) and triiodothyronine (T3) are both
produced by the thyroid gland. T4 is the main product and is
converted in the periphery by deiodination to T3 which is the
main biologically active thyroid hormone. During hyperthy-
roidism, a high cardiac output state exists secondary to in-
creased heart rate and contractility along with a reduction in
systemic vascular resistance and reciprocal effects are ob-
served during hypothyroidism. We therefore reviewed the
available literature on the effect of thyroid hormone supple-
mentation in paediatric patients undergoing open-heart sur-
gery for congenital heart defects and elucidate some pertinent
observations.

Review method

We performed an exhaustive PubMed interface and
Google database search in the time frame between
January 1996 and October 2013 for all papers that ad-
dressed the issue of thyroid hormones in post-
cardiotomy paediatric patients in the English literature.
The reference lists of each publication were searched.
Papers discussing this issue in adults or patients undergo-
ing non-cardiac surgery were excluded. We specifically
aimed to address if the thyroid hormone supplementation
has the potential to improve myocardial performance in
the form of optimal heart rate, systolic blood pressure,
cardiac output, less inotropic support, less intensive care
unit (ICU) stay and hospital stay. Sixteen papers were
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found using the reported search. Out of these, seven pa-
pers provided the best evidence to form this review
(Table 1).

Effects of thyroid hormones

Children with hypothyroidism may present with dyspnea,
pedal oedema and pleural effusions suggestive of heart failure.

These symptoms can be explained due to decreased heart rate,
reduced ventricular filling and decrease in myocardial con-
tractility. These children are also at increased risk of ventricu-
lar arrhythmias due to prolonged cardiac action potential.
Supplementation with thyroid hormones can lead to reversal
of these cardiovascular symptoms [1–3]. On the other hand,
tachycardia and rhythm disturbances are the most common
cardiac manifestations noticed in children with hyperthyroid-
ism. Supranormal cardiac output noticed in these patients can

Table 1 Summary of papers discussing the role of thyroid hormone supplementation in paediatric patients after open-heart surgery

Author
(year of publication)
Journal

Country Level of
evidence

Patient group Outcomes Key results Comments

Bettendorf et al.
(1996)

Pediatric Research

Germany Level IIb 132 children with CHD
(84 acyanotics and 48
cyanotics)

T3 Non-T3 Secondary
hypothyroidism after
cardiac surgery in
children may delay
early postoperative
recovery

1. Inotropic support Low High

2. Mechanical ventilation 5 days 1 day

3. ICU stay 7 days 1 day

4. Hospital stay 23.5 days 19.5 days

Chowdhury et al.
(2000), JTCVS

USA Level IIa 28 patients (age range
1 day to 18 years),
significant results
found only in
neonates (n=9)

T3 Non-T3 Therapeutic benefit of T3
in newborn patients
undergoing surgery for
complex congenital
heart disease is
observed

1. TISS 40±7 49±3

2. Inotropic score 5±3 23±26

3. Mechanical ventilation 4±2 6±2

4. Hospital stay 18±17 56±38

Portman et al.
(2004).

Am Heart J

USA Level Ib Infants undergoingVSD
and TOF repair

T3 Non-T3 This study was observed
with shorter cross-
clamp times, hence
more studies to be done
with prolonged cross-
clamp times

1. Heart rate Increased Steady

2. Blood pressure Steady Steady

3. Peak pressure-rate
product

Increased Steady

Bettendorf et al.
(2000)

The Lancet

Level Ib Randomized, double-
blind placebo-
controlled trial,
(age 2 days to
10 years)

Cardiac index T3 Non-T3 Treatment with
triiodothyronine after
CPB reduces or
shortens the
postoperative ICU stay

20.4 % 10 %

Carrel et al. (2001)
The European

Journal of Heart
Failure

Switzerland Level IIb Low cardiac output
following surgery for
complex congenital
heart disease (n=7)

Pre-T3 Post-T3 Although 2 patients died,
remaining 5 did well
and went home

1. MAP <40 Improved

2. CVP >18 Improved

3. U.O. (ml/kg/min) <1 ml Improved

4. Acidosis −10 Improved

5. Inotropic support High Improved

Mackie et al. (2005)
JTCVS

USA Level Ib Randomized, double-
blind, placebo-
controlled trial, 42
patients aged
<1 year, underwent
complex cardiac
surgery

T3 Non-T3 T3 supplementation after
complex cardiac
surgery was safe and
results in rapid
recovery in early
postoperative period

1. Composite clinical
outcome score

Better Poor

2. ICU stay Less More

3. Hospital stay Less More

Talwar et al. (2012)
Congenital Heart

Disease

India Level IIa Prospective cross-
sectional study (age
15.9±14.6 months)

Study of thyroid profile
in patients who
underwent cardiac
surgery under CPB

Total thyroxine, total
triiodothyronine,
thyroid-stimulating
hormone, inotropic
score, duration of
mechanical ventilation

Significant fall
(P<0.005) in free
T3, total T4,
inverse relation
with inotropic
score and
mechanical
ventilation

Children who underwent
cardiac surgery
showed significant fall
in thyroid hormones
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be related to the increase in heart rate, left ventricular contrac-
tility and reduction in systemic vascular resistance.

Precipitous decline in circulating concentrations of T3, T4
and thyroid-stimulating hormone (TSH) occurs during severe
physiological stress conditions like cardiac surgery. Euthyroid
sick syndrome is an adaptive response to keep to a minimum
metabolic demand during the stress of cardiac surgery and has
also been referred to as the non-thyroidal illness syndrome
(NTIS) [4, 5]. These reductions were previously attributed to
the haemodilution following the institution of cardiopulmo-
nary bypass (CPB). However, recent studies have revealed
similar reductions in thyroid hormone levels in patients who
underwent cardiac surgery without utilizing CPB support.
This implies that NTIS during cardiac surgery is a non-
specific stress response and CPB is not the only contributing
factor to its occurrence [2, 3, 6]. This NTIS does require thy-
roid hormone replacement therapy in view of the presence of
transient hypothyroidism. Reduction in concentrations of free
T3 (fT3) in hospitalized patients has been demonstrated to be
predictive of mortality [7]. Suppression of thyroid function
after cardiac surgery although transient is well documented.
However, the need for therapeutic intervention is not yet
strongly recommended [8]. The use of thyroxine is hypothe-
sized to improve the postoperative course of children suffering
from cardiac failure following open-heart surgery. It has been
documented earlier that thyroid hormone concentrations fall
in the immediate postoperative period [9]. Triiodothyronine is
hypothesized to improve the cardiac performance by nuclear
binding or extranuclear binding [10]. Acute inotropic effects
of triiodothyronine are achieved without oxygen wasting and
without an increase of protein catabolism. It also potentiates
the cardiovascular effects of catecholamines administered af-
ter cardiac surgery [11].

Results of supplementation

Most of the published literature support thyroid hormone sup-
plementation in the early postoperative period following con-
genital cardiac surgery.

Bettendorf et al. [1] studied 132 children with a median
age of 2 days to 16 years (90 children were below 6 years, 48
patients were below 1 year of age) undergoing open-heart
surgery and assessed plasma thyroid-stimulating hormone
(TSH), thyroxine (T4), free thyroxine (fT4), triiodothyro-
nine (T3) and thyroglobulin (Tg). Preoperative plasma thy-
roid hormone concentrations and urinary iodine excretion
were compared with the maximal postoperative change and
with the maximal change during recovery thereafter. They
found a significantly low plasma concentration of these hor-
mones, starting from day 1 with minimum levels on day 2
when patients did not receive dopamine and on day 3 when
they received dopamine. They showed that this transient
secondary hypothyroidism, part icularly when T3

concentration was less than 0.6 nmol/l (n=52), was associ-
ated with prolonged mechanical ventilation, more inotropic
support and ICU stay. Urinary iodine excretion increased by
370 % after CPB and peaked at 1 day postoperatively.
Subsequently, urinary iodine excretion decreased but was
still elevated 5 days after surgery. Aweak negative correla-
tion was found between maximal postoperative urinary io-
dine excretion and lowest postoperative plasma concentra-
tions of T3. These changes occurred irrespective of patient’s
age, gender and cardiac malformations. This is the first
study in paediatric age group that provided evidence that
thyroid dysfunction may affect the early postoperative peri-
od and change the overall outcome.

Chowdhury et al. [12] evaluated 28 patients (age 1 to
18 years), undergoing cardiac surgery, where serum total T3
level was less than 40 ng/dl (or <60 ng/dl in newborns) on
postoperative days 0–2). Out of these, 14 patients were ran-
domized to T3 treatment and 14 patients were controls. They
found that T3 levels decreased in all patients with a maximum
fall at 24 to 48 h but did not find a significant relation between
T3 levels and postoperative outcome (ionotropic score and
therapeutic interventional scoring system (TISS)), but when
compared with neonates (age <1 month), this TISS score and
inotropic score were significantly less in patients who were
treated with T3 infusion. The duration of mechanical ventila-
tion and hospital stay was shorter in neonates who were treat-
ed with T3.

Portman et al. [13] performed a randomized multicenter
randomized trial in patients (<2 years) with perimembranous
ventricular septal defect and tetralogy of Fallot and divided
them into two groups: one received T3 (before CPB initiation
and second dose after clamp release) and another did not re-
ceive any T3. They observed an increase in heart rate and peak
pressure-rate product in patients who received T3, while the
control group did not show any increase in heart rate, systolic
and diastolic blood pressure and peak pressure-rate product.
They suggested that because cross-clamp time was relatively
short in these special group of patients (ventricular septal de-
fect and tetralogy of Fallot), further study is needed to define
the haemodynamic impact of T3 repletion.

Bettendorf et al. [9] performed a randomized double-blind
placebo-controlled trial in 40 patients (age 2 days to 10 years)
dividing them into two groups: one received the T3 supple-
mentation in the postoperative period and one received place-
bo. Primary measures were the thyroid hormone concentra-
tions and the echocardiographic variables of left ventricular
function. Secondary measures were the intervention scoring
system, the postoperative inotropic support with catechol-
amines and diuretics, the postoperative need for mechanical
ventilation and oxygen supplementation, and the time spent in
the hospital. In both groups, plasma triiodothyronine concen-
trations were greatly decreased after surgery and rose after T3
infusion in the treatment group. Plasma concentrations of
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thyrotropin were equally suppressed in all patients after cardi-
ac surgery. The mean therapeutic intervention score was
equally raised in the triiodothyronine and placebo groups just
after surgery. An important finding of the study was that sys-
tolic cardiac function (measured by echocardiography) and
cardiac index were improved in most patients who received
T3. They concluded that treatment with T3 improves the myo-
cardial function and reduces the need of postoperative inten-
sive care.

Carrel et al. [14] studied seven patients (age <1 year), with
complex congenital heart disease, who had severe low cardiac
output in the postoperative period characterized by mean ar-
terial pressure <40 mmHg, central venous pressure
>18 mmHg, urine output <1 ml/kg, base excess >−10, high
inotropic support (including milrinone) and nitric oxide ven-
tilation. Before T3 supplementation, the level of T3 was
<60 ng/dl in neonates and <40 mg/dl in infants. All these
patients received a bolus dose of T3 followed by continuous
infusion for the next 24–48 h. Although two patients did not
survive, remaining five recovered fully. These results showed
the impact of T3 supplementation in such complex congenital
cardiac diseases after surgery.

Mackie et al. [15], in their double-blind, randomized
placebo-controlled trial of 42 patients who underwent surgery
for complex congenital cardiac lesions, showed results of T3
supplementation. Primary end points were composite clinical
outcome score, derived through consensus by experts in pae-
diatric cardiac intensive care; (a) time until negative fluid bal-
ance first achieved, (b) time until sternal closure and (c) time
until first extubation; and cardiac index. Secondary end points
included serum lactate level at 12, 24 and 48 h; serious

adverse events; and inotropic score. Total and free T3 levels
were significantly higher in the T3 supplement group. They
showed favourable composite clinical outcome scores in the
early postoperative period as a rapid achievement of a nega-
tive fluid balance. They also observed a shorter ICU stay and
hospital stay, but these were not significant. They concluded
that T3 supplementation is safe and resulted in more rapid
achievement of negative fluid balance and early recovery.

Talwar et al. [16] studied 100 consecutive patients (age
15.9±14.6 months) who underwent open-heart surgery for
congenital cardiac lesions and found a significant inverse
relationship of total T4 with inotropic score and duration of
mechanical ventilation. They assessed the free T4, total T4
(TT4), free T3, total T3 and TSH at baseline and at 1, 24, 48
and 72 h of cardiac surgery and found a significant fall
(29.1 % for FT4, 32.1 % for TT4, 77 % for TSH, 46 % for
FT3 and 45 % for T3; P<0.0001) in thyroid hormones.
Patient who survived had a high total T4 level compared
to non-survivors. When the area under the curve (AUC)
for postoperative TT4 was compared between survivors
(n=87) and non-survivors (n=12), a significantly larger
AUC was seen in survivors (492.81±158.6; confidence in-
terval (CI)=459.01–526.60) than non-survivors (360.75±
179.6; CI=246.59–474.9; P=0.0125; Fig. 1). AUC TT4
was significantly larger in those who had an uneventful
postoperative course in comparison with those who had
postoperative complications (516.48±18.6 vs. 394.78±
29.9, P=0.001). AUC TT4 showed a significant inverse
correlation with inotropic score (r2=−0.06, P=0.014;
Fig. 2) and a borderline inverse correlation with duration
of mechanical ventilation (r2=−0.03, P=0.08; Fig. 3).

Fig. 1 Area under the curve for
TT4 between survivors and
non-survivors. The length of the
whiskers refers to 1.5 times the
width of the inter-quartile range
from themedian (reproducedwith
permission from [16])

20 Indian J Thorac Cardiovasc Surg (January–March 2016) 32(1):17–22



A detailed analysis of the above studies, however, does
not shed any light on the optimal dosage, duration and
route of administration of the thyroid hormones, and cur-
rent research including that of the authors is directed in this
area. In the Western countries, injectable preparations of T3

are used; however, this is not available in India. At the
authors’ institution, a double-blind randomized trial using
oral thyroxine preparations in the postoperative period
while the patient is in the ICU is in progress and results
are expected soon.

Fig. 3 Area under the curve of
TT4 is co-related with duration of
mechanical ventilation (in hours)
(reproducedwith permission from
[16])

Fig. 2 Area under the curve of
TT4 is co-related with the
inotropic score (reproduced with
permission from [16])
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Conclusion

Children after complex congenital cardiac surgery are at a
specific risk of developing a clinically significant hypothyroid
state in the early postoperative period. Supplementation with
thyroid hormones enables smoother postoperative recovery
and is beneficial. The total duration of this therapy is, howev-
er, unclear.
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