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Congenital Heart Disease

Euthyroid Sick Syndrome after
Open Heart Surgery

Tsyr-Yuh Ho,"? Pi-Chang Lee,”* Zen-Chung Weng,“ Ming-Chik Tsai,” Chi-Ming Liang,’
Chih-Yuan Lin,® Chung-Chang Laura Meng®* and Betau Hwang**

Background: The hemodynamic effects of thyroid hormones are well documented, and include effects on cardiac
contractility, heart rate and myocardial oxygen consumption.' Major cardiac surgery under cardiopulmonary bypass
(CPB) support may produce many alterations in endocrine homeostasis, which can exert substantial hemodynamic
effects postoperatively.” Twenty patients with various congenital heart diseases (CHDs) were enrolled to analyze
their thyroid function before, during and after cardiac surgery.

Materials and Methods: We found that there were short-term reversible postoperative declines in free thyroxine
(T4), total T4, total tri-iodothyronine (TT3) and thyrotropin concentrations. TT3 decreased significantly from
preoperative state to 30 min after the start of CPB (p = 0.007) and 1 day postdperatively (p =0.008). The significant
changes of the thyroid hormones in our 20 patients belonged to the euthyroid sick syndrome (ESS). There was no
surgical complication and no need for thyroid hormone replacement. All these patients recovered and were
discharged home smoothly.

Conclusions: We conclude that patients with CHDs under cardiac surgery might present with ESS in postoperative
period, but have no need for thyroid hormone replacement and will recover spontaneously within one week.
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INTRODUCTION

CPB on thyroid function are conflicting and inconclu
sive.”*%12 Thyroid function is usually depressed during

It is well documented that thyroid function will be
affected by severe systemic illnesses and major surgical
procedures.> Open heart surgery supported by car-
diopulmonary bypass (CPB) is a major stress on both
psychologic and physiologic aspects. Previous studies of
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and after cardiac surgical procedures, which can ad-
versely affect the myocardial performance and even the
outcomes of surgery. To evaluate and analyze the thy-
roid function before, during and after open heart surgery
for congenital heart diseases (CHDs), twenty patients
who underwent open heart surgery with CPB support
were enrolled for study.

MATERIALS AND METHODS

Study Patients

This study consisted of 20 patients with various
CHDs who underwent open heart surgery with CPB sup-
port during the period of August 2002 to June 2003 at
our institution. Patients who weighed less than 5 kg were
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excluded because of the risk of excessive blood loss
from frequent blood sampling.

Data Collection, Hormone Analysis and
Statistical Analysis

After informed consents was obtained, the patients
had their blood samples drawn for the determination of
free thyroxine (T4), total T4 (TT4), total tri-iodothy-
ronine (TT3) and thyrotropin (TSH) in the following
periods: 1-2 days preoperatively, 30 min after the start of
CPB, and 1, 2 and 7 days postoperatively. The mea-
surements of thyroid hormones were performed by radio-
immunoassay technique using Coat-A-Countg kits (D.
P.C., Los Angeles, USA) for TT3 as well as TT4 detec-
tion, and RIA-gnost® kits (C.I.S. Bio International,
Yvette Cedex, France) for free T4 and TSH detection.
Normal values of free T4, TT4, TT3, and TSH were set
0.8-1.8 ng/dL, 5-12 ng/dL, 70-220 ng/dL, and 0.4-5.0
uU/mL, respectively.

All demographic, clinical and technical data were
collected prospectively in standard forms, entered into a

Table 1. Data for 20 patients

computer database and expressed as mean values (see
Table 1). Results of the thyroid hormone measurements
were presented as mean + standard error of the mean
(Figures 1-4). These data were analyzed by SPSS soft-
ware (10.0). The changes of thyroid hormones between
preoperative, perioperative and post-operative statuses
were compared by one way ANOVA and Turkey’s test.
Significance was defined as p value < 0.05.

RESULTS

The patients’ characteristics are shown in the Table
1. The study group consisted of 20 patients: 14 male
(70%) and 6 female (30%) with a mean age of 8y3m
(range, 10m to 33y10m). The mean values of body
height and weight were 115.9 cm and 31.0 kg. The mean
body surface area was 0.97 m”. The mean duration of
aortic clamping and CPB were 54.2 and 85.7 min, re-
spectively. Fifteen patients underwent ventricular septal
defect repairs, three for atrial septal defect repairs, one

Patient S A Hei Wei BSA (m2 Duration (min) of ; i
No. €x ge eight (cm) eight (kg) (m°) AO clamping CPB Operative procedures
1 F 1y2m 72 9 0.42 35 57 VSD closure

2 F lylm 69 0.37 26 52 VSD closure

3 M  3ySm 94 11 0.54 37 63 ASD closure

4 F  22y6m 160 58 1.61 35 80 VSD closure

5 M  1y3m 72.5 10 0.45 26 80 VSD closure

6 M  6y7m 130 32 1.07 44 70 VSD closure

7 M  2ylm 91 15.5 0.63 36 53 VSD closure

8 M  6y3m 138 325 1.12 33 61 VSD closure

9 M  6y8m 115 23 0.85 35 48 ASD closure

10 F 6ySm 154 70 1.73 47 70 VSD closure

11 M 1y7m 82 10.9 0.5 28 51 VSD closure

12 M  10m 68 72 0.37 55 74 VSD closure

13 F  33yl0m 155 56 1.55 59 100 VSD closure

14 F  22y0m 152 445 1.37 52 71 VSD closure

15 M lyllm 73 9.1 0.43 167 259 Arterial switching operation
16 M 21y0m 160.5 73 1.8 136 160 Aortic valve replacement
17 M 9y7m 128.5 27 0.98 31 76 VSD closure

18 M  8yllm 175 67.5 1.81 83 111 ASD closure

19 M  12y3m 155 49 1.45 47 77 VSD closure

20 M  1y9m 74 8.5 0.42 72 100 VSD closure
Mean 8y3m 115.9 31.0 0.97 54.2 85.7

Abbreviations: AO = aorta; ASD = atrial septal defect; BSA = body surface area; CPB = cardiopulmonary bypass; F = female;

M = male; VSD = ventricular septal defect.
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Normal values are as follows: 0.8-1.8 ng/dL.
Abbreviations: pre-op: pre-operation; cbp 30: 30 min after the start of cardiopulmonary bypass; 1st,
2nd, and 7th day: first, second, and seventh day after surgery.

Figure 1. Perioperative changes in free T, concentrations. Vertical bars represent mean t standard error of the mean.
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Normal values are as follows: 5-12 ng/dL. Time abbreviations are the same as in Figure 1.

Figure 2. Perioperative changes in total T, concentrations. Vertical bars represent mean * standard error of the mean.
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Normal values are as follows: 70-220 ng/dL.. Time abbreviations are the same as in Figure 1.

Figure 3. Perioperative changes in total T; concentrations. Vertical bars represent mean * standard error of the mean.
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Normal values are as follows: 0.4-5.0 uU/mL. Time abbreviations are the same as in Figure 1.

Figure 4. Perioperative changes in TSH concentrations. Vertical bars represent mean * standard error of the mean.
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for arterial switching operation, and one for aortic valve
replacement. The values of free T4, TT4, TT3, and TSH
are summarized in Figures 1-4. TT3 levels decreased in
16 patients and with statistical significance from preop-
erative state to 30 min after the start of CPB (p = 0.007)
and to 1 day postoperatively (p = 0.008). The changes of
free T4, TT4 and TSH levels followed a pattern similar
to that of TT3. TT3 and TSH reached minimum 30 min
after the start of CPB. Free T4 and TT4 reached mini-
mum in the first day after surgery. All patients had
successful operations without complication.

DISCUSSION

The thyroid gland produces three different hor-
mones: T4, T3 and reverse T3 (RT3). T3 is 3 to 5 times
as potent as T4 and mainly produced by peripheral
deiodination of T4 in the liver and kidney, and only
10-20% is produced by the thyroid gland. The peripheral
deiodination of T4 is under strict hormonal and meta-
bolic control.®

Compared with preoperative data, our results indi-
cated that thyroid function, especially the level of TT3,
depressed during and immediately after open heart sur-
gery, which is consistent with the findings in ESS.
Thyroid hormones in ESS are usually characterized by
normal concentrations of free T4, TT4 and TSH, in-
creased concentration of RT3, and decreased concentra-
tions of free T3 and TT3;*'*!> whereas in primary
hypothyroidism, decreased concentrations of free T4 and
TT4, increased concentration of TSH, and normal con-
centrations of free T3 and TT3 are characteristically
observed. ESS is usually observed as an acute alteration
of the thyroid axis in response to many kinds of systemic
illnesses (or stress).>’ %7 Physical stress reduces the
deiodination process of T4 to T3 and increases the syn-
thesis of RT3 without any increase in the TSH level.'® It
has been suggested that the declines in the free thyroid
hormone levels may in part be involved in the pa-
thophysiologic mechanism of a low cardiac output state
that may occur after operation. Fortunately, this syn-
drome will usually revert to normal without hormone
supplement.

The mechanism postulated for ESS involves regula-
tion of specific deiodinases in T4 metabolism.®'*?° Two

deiodinases are involved in the stepwise deiodination of
T4: 5'-deiodinase converts T4 to T3 and RT3 to 3,3'-T2,
and 5-deiodinase converts T4 to RT3 and T3 to 3,3'-T2.
It is postulated that diminished activity of 5'-deiodinase
results in decreased formation of T3, thus allowing in-
creased conversion of T4 to RT3 by 5-deiodinase. In
addition, there is a concomitant diminished metabolism
of RT3 to 3,3’-T2, which contributes to the large eleva-
tion of RT3.>%'°

Thyroid hormone has also been considered a treat-
ment for patients with congestive heart failure, for
patients with hyperlipidemia, and for patients undergo-
ing CPB and heart transplantation.”! At present, there is
no evidence to suggest a favorable treatment outcome
using thyroid hormone supplement for any systemic
condition, except in those patients with documented hy-
pothyroidism. Administration of T3 to patients who
manifest the ESS is still controversial.'®** Studies are
limited, and optimal management is undetermined. Pre-
operative thyroid replacement in patients with coronary
artery disease may precipitate acute myocardial ischemia
or infarction.>*® Whether patients with ESS should be
treated has yet to be resolved. This study found no
adverse perioperative events, which indicates that imme-
diate thyroid hormone replacement therapy may not be
necessary for patients with ESS. Treatment of children
with T3 after CPB could raise T3 plasma concentration
and improve myocardial function, especially in patients
with low postoperative cardiac output.®*

Preoperative thyroid hormone replacement is needed
in case of nonurgent operation for those patients with
overt hypothyroidism and possibly those with mild
hypothyroidism (i.e., normal T4 and elevated TSH
levels, with symptoms attributable to thyroid under-
activity)."!

The limitation of the present study lies mainly in
the following two specific issues. Firstly, although the
transient decreases of thyroid hormones found in imme-
diate post operation were statistically significant, yet
the amount of decreases was still within normal limit
and it may raise questions about the clinical implication
of the present findings. Secondly, the decrease of T3
and T4 associated with the decrease of TSH has been
suspected to be the effect of hemo-dilution seen post
operatively. However, we did not see similar dilution in
the complete blood count data of those patients, and
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therefore, we can exclude the transient decrease of TSH
seen in our patients with ESS were the result of hemo-
dilution. We did not know the exact etiology for de-
crease of TSH.

In summary, our study support that open heart sur-
gery under CPB can produce ESS in the perioperative
period, and that ESS is transient with no adverse events.
We also conclude that patients with CHDs undergoing
cardiac surgery do not require routine thyroid function
examination, and that ESS does not need thyroid hor-
mone replacement therapy.
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