Corrected Proof

Iran J Pediatr. 2018 December; 28(6):e69397.

doi: 10.5812/ijp.69397.

Published online 2018 September 23.

Research Article

Thyroid Function Tests in Critically Ill Children; Any Correlation with
Disease Severity or Outcome?
Fatemeh Sayarifard 1, 2 , Bahareh Yaghmaie 1 , Azadeh Sayarifard 2, 3 , Masoud Mohammadpour 1 , Meisam
Sharifzadeh 1 , Farzaneh Abbasi 1, 2 , Mohammad-Taghi Haghi-Ashtiani 1 and Marjan Kouhnavard 1, 4, *
1

Children’s Medical Center, Pediatrics Center of Excellence, Tehran, Iran
Growth and Development Research Center, Tehran University of Medical Sciences, Tehran, Iran
3
Community Based Participatory Research Center, Iranian Institute for Reduction of High Risk Behaviors, Tehran, Iran
4
Diabetes Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran University of Medical Sciences, Tehran, Iran
2

*

Corresponding author: Children’s Medical Center, Tehran University of Medical Sciences, P.O. Box: 1419733151, Tehran, Iran. Tel/Fax: +98-212161479, E-mail:
mkouhnavard@gmail.com

Received 2018 April 14; Revised 2018 August 20; Accepted 2018 August 20.

Abstract
Background: Sick euthyroid syndrome (SES) is the most common endocrine disorder in critically ill patients. It has been shown
that the decrease in T4 levels correlates with disease severity and prognosis. Whether SES is a compensatory response to the disease
course or needs to be treated is not known yet.
Objectives: To our knowledge, there are only a few studies on critically ill infants and children investigating the correlation between
thyroid function and disease severity as well as its outcome. Therefore, this study aimed to investigate thyroid hormone levels in
critically ill patients.
Methods: In this study, thyroid function tests including thyroid stimulating hormone (TSH), total T3 (TT3), free T3 (FT3), total T4
(TT4), free T4 (FT4), and reverse T3 (rT3) were measured in 35 critically ill children admitted to intensive care unit (ICU) on days 1
and 3 of admission. Disease severity was evaluated using pediatric logistic organ dysfunction score (PELOD). Then the patients were
divided into groups of survivors and non-survivors and the results were compared between these two groups accordingly.
Results: Thirty-five patients, including 19 (54.3%) female and 16 (45.7%) male, with the mean age of 2 years (SD: ± 3.8 years, range: 4
months - 15 years) had entered the study based on the inclusion criteria. 25 (71.6%) patients were transferred from PICU to other wards
and 10 (28.4%) patients died. Age and sex were not statistically different in survivors and non-survivors (P > 0.05). It was revealed
that there was a significant reduction in mean TT3 levels in non-survivors compared to survivors on the first day of admission (P =
0.007). On the third day of admission, however, a significant reduction in TT4 levels were seen in non-survivors (P = 0.03).
Conclusions: Thyroid function assessment, especially TT3 on the first day and TT4 on the third day of admission, along with PELOD
score, might be helpful in predicting disease outcome and patient’s survival.
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1. Background
Sick euthyroid syndrome (SES), is the most common
endocrine disorder in critically ill patients (1). This syndrome is defined as low levels of three-iodothyronine (T3),
low or normal levels of thyroxine (T4) and normal levels
of thyroid stimulating hormones (TSH) in the serum (2).
In critically ill patients, the most common disorder in thyroid hormones is low T3 levels (3). Additionally, T4 level
also decreases with disease severity (4-6) and it has been
shown that low T4 level is associated with prognosis (7-10).
Whether SES promotes recovery and is adaptive or it is a
direct result or cause of the illness and organ failure and
therefore maladaptive is unclear (2). On the other hand,

there is not enough information on the effectiveness of
thyroid hormones replacement in critically ill patients (11).
So far, most studies on thyroid function and its association with prognosis or illness severity have been carried
out on adults, especially surgical patients (12, 13), and there
are only a few studies on critically ill children. Therefore,
this study was performed to evaluate thyroid function in
critically ill children to assess the correlation between thyroid hormone levels and disease outcome.
2. Methods
This is a single center, cross sectional study conducted
in the pediatric intensive care unit (PICU) at Children’s
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Medical Center affiliated to Tehran University of Medical
Sciences. Children admitted to the PICU within a 4 months
(March 2016 to June 2017) period were enrolled in this
study.
In this study, a critically ill child is referred to as a child
who has functional impairment in one or more organs or
body systems, and requires supportive care to maintain
the function (14). Thirty five patients with the mean age
of 2 years (range, 4 months - 15 years) were evaluated. Patients who did not have a prior history of thyroid disease
were considered eligible for recruitment. Age, sex, the reason for ICU admission, length of stay in the hospital and in
the intensive care unit, and number of days the patient was
on mechanical ventilation were also recorded, The severity of the patient’s condition was assessed using pediatric
logistic organ dysfunction (PELOD) scores (15). Mortality
and survival were also recorded. In order to evaluate disease severity on the first and the third days of admission
using PELOD score, the most undesirable clinical and laboratory findings during the early 24 hours (referred to as
PELOD-24) as well as over the 48 to 72 hours of ICU admission (referred to as PELOD-72) were considered. Blood
samples for the evaluation of thyroid hormone profile including TSH, total T3 (TT3), total T4 (TT4), free T3 (FT3), free
T4 (FT4), and reverse T3 (rT3), were also obtained accordingly. Serum thyroid hormones were measured by the enhanced chemiluminescence (ECL) method in the laboratory of the Children’s Medical Center using the Chemiluminescence System Kit (Nichols Institute Diagnostics, San
Juan Capistrano, USA). Serum RT3 was assayed by using
enzyme-linked immunosorbent assay (ELISA) (DBC Kit, Ontario, Canada). Results were summarized collectively and
compared according to survival status in two groups of
survivors and non-survivors. The local ethics committee
approved this study and written informed consent was obtained from the patients’ parents.
2.1. Statistical Analysis
In this study, SPSS software version 21 was used for data
analysis. To compare the levels or the mean of two independent samples of quantitative data, t-test with independent
samples was used. Non-parametric Mann-Whitney U test
was used in cases where the distribution of data was not
normal. Chi-square test (χ2 ) was used to determine the correlation between two qualitative variables in two or more
independent groups.

3. Results
Thirty-five patients were enrolled in the study (16 boys,
19 girls; mean age, 2 years; SD: ± 3.8 year; range, 4 month - 15
2

Table 1. Reasons for PICU Admission of Patients
Number

Percent (%)

Respiratory distress

20

57.1

Loss of consciousness

11

31.4

Diabetic ketoacidosis

2

5.7

Multiple trauma

1

2.9

Post operation

1

2.9

years). Reasons for ICU admission are listed in Table 1. Seventeen patients discharged and two patients died in less
than 72 hours of their admission to PICU. Therefore, 16 patients were evaluated on the third day of PICU admission.
Overall, 25 (71.6%) patients were transferred from PICU to
other wards and 10 (28.4%) patients died. Age and sex were
not statistically different in survivors and non-survivors (P
> 0.05).
In addition, duration of mechanical ventilation was
significantly longer in non-survivors (13.10 ± 16.98 days)
compared to survivors (3.32 ± 6.46 days P = 0.001). Mean
hospital stay in survivors and non-survivors was 16.00 days
(SD: ± 11.48), and 26.20 days (SD: ± 27.07), respectively.
In addition, PICU stay was significantly longer in nonsurvivors (P = 0.02) (Table 2).
Although mean TT3, TT4, FT3, and FT4 levels on the first
day of admission were lower in non-survivors, only TT3 and
FT3 mean levels were within abnormal ranges. However, it
was revealed that there was a statistically significant reduction only in mean TT3 levels in non-survivors compared to
survivors on the first day of admission (P = 0.007). No significant changes were seen in mean rT3 and TSH levels in
both groups on the first and the third days of admission.
Comparing mean levels of FT3, FT4, TT3, and TT4 on
the third day of admission between survivors and nonsurvivors, there was a significant decrease in mean TT4 levels in non-survivors (P = 0.03).
Regarding illness severity assessment, mean calculated PELOD scores on the first day of admission were 10.08
(SD: ± 8.39) and 25.50 (SD: ± 14.44) in survivors and nonsurvivors respectively. Hence, PELOD score on the first
day of admission (PELOD-24) was significantly higher in
non-survivors. PELOD score on the third day of admission
(PELOD-72) showed rather the same results (Tables 3 and 4).
Higher PELOD-24 correlated with lower TT3 levels on the
first and the third day of admission. On the other hand,
higher PELOD-72 correlated with lower TT3, TT4, FT4 levels
on the first day and lower TT3, FT3 levels on the third day.
Iran J Pediatr. 2018; 28(6):e69397.
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Table 2. Demographic Data, Hospital and ICU Stay and Duration of Mechanical Ventilation in Survivor and Non-Survivor Groups
Variables

Survivors (n = 25)

Non-Survivors (n = 10)

Age (months)

37.72 ± 42.14

66.20 ± 66.94

0.35

Gender (f/m)

16/9

3/7

0.07

a

Hospital stay (days)a

P Value

16.00 ± 11.48

26.20 ± 27.07

0.27

ICU stay (days)a

7.12 ± 7.92

15.20 ± 16.65

0.02

Mechanical ventilation (days)a

3.32 ± 6.46

13.10 ± 16.98

0.001

Survivors (n = 25)a

Non-Survivors (n = 10)a

P Value

10.08 ± 8.39

25.50 ± 14.44

0.008

100.46 ± 27.60

76.70 ± 18.85

0.007

a

Values are expressed as mean ± SD.

Table 3. PELOD Parameters and Thyroid Function Tests in Survivors and Non-Survivors on the First Day of Admission
Variables
PELOD-24
TT3-24 (ng/dL)
TT4-24 (microg/dL)

6.40 ± 1.57

5.1 ± 2.32

0.132

FT3-24 (picomol/L)

3.36 ± 0.88

3.07 ± 1.36

0.46

FT4-24(ng/dL)

1.10 ± 0.29

0.90 ± 0.29

0.078

TSH-24 (mIU/mL)

3.16 ± 6.10

5.73 ± 6.97

0.67

rT3-24 (ng/mL)

0.33 ± 0.24

0.43 ± 0.24

0.276

Non-Survivors (n = 8)a

P Value

a

Values are expressed as mean ± SD.

Table 4. PELOD Parameters and Thyroid Function Tests in Survivors and Non-Survivors on the Third Day of Admission
Variables
PELOD-72
TT3-72 (ng/dL)
TT4-72 (microg/dL)

Survivors (n = 8)a
4.88 ± 5.38

29.25 ± 14.73

0.002

120.79 ± 100.71

67.87 ± 41.40

0.177

7.56 ± 3.34

3.94 ± 2.86

0.030

FT3-72(pmol/L)

3.89 ± 1.46

2.96 ± 1.53

0.222

FT4-72 (ng/dL)

1.29 ± 0.66

0.78 ± 0.45

0.085

TSH-72 (mIU/mL)

1.45 ± 1.81

2.09 ± 3.95

0.685

rT3-72 (ng/mL)

0.57 ± 0.23

0.67 ± 0.30

0.484

a

Values are expressed as mean ± SD.

4. Discussion
According to previous studies, sick euthyroid syndrome (SES) is the most common endocrine disorder in
critically ill patients (1). In our study, 77.14% of the critically
ill children on the first day and 100% of the patients on the
third day of admission showed some evidence of sick euthyroid syndrome.
As shown by Galusova et al., evaluation of thyroid hormones serially on days 1, 2, 3, and 7 is more valuable than
a one-time measurement (16). Accordingly, in our study,
evaluation of thyroid function tests (TFT) on the third day
of admission seemed to be more valuable than TFT on the
first day in predicting disease outcome. That is because TFT
on the third day showed more variation compared to the
Iran J Pediatr. 2018; 28(6):e69397.

TFT on the first day and was associated with illness severity based on PELOD-72. So that patients with higher PELOD72 scores had greater thyroid dysfunction (notably TT3 and
FT3 level on the third day), while this correlation was less
observed between TFT on the first day of admission and the
illness severity on the same day based on PELOD-24 (only at
the TT3 level on the first day).
In previous studies the decrease in TT3 levels was the
most common form of the sick euthyroid syndrome (3), in
our study also, most patients had low TT3 levels on the first
day of admission.
Since there was a significant reduction in mean TT3
levels on the first day of admission and mean TT4 levels
on the third day of admission in survivors compared to
3
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non-survivors, it can be concluded that in assessing thyroid function on the first day of admission, TT3 levels and
the third day of admission, TT4 levels would be better predictors of outcome or survival rate. In a study by Van den
Berghe et al. also, it has been shown that TT4 levels may decrease during the prolonged phase of an illness compared
to the acute phase (17).
In the present study, illness severity on the first day
correlated with lower TT3 levels as well as lower FT3 and
TT3 on the third day of admission. In contrast, in a study
by Maldonado et al., only TT4 levels associated with illness
severity and could be considered as a prognostic factor (18).
However, there are controversial results in the literature regarding parameters related to thyroid function and prognosis (19-21).
Meyer et al. showed that FT3 and TT3 levels were not
associated with prognosis in the acute phase of a disease
(22), while in the study of Ture et al., there was a significant difference between FT3 levels in survivors and nonsurvivors (23). Additionally, as shown in a study by F Wang
et al., FT3 was the most powerful and the only independent
predictor of ICU mortality amongst the other thyroid function indicators (24). However, most studies have been conducted on adult patients that are physiologically different
from children. A systematic review of the literature on children and adolescents with a history of septic shock showed
that there is a correlation between thyroid function impairment in critically ill patients and the disease outcome
(25).
In our study, mean TSH levels on the first and the third
day of admission, in spite of changes in other components of the thyroid function tests, were within the normal range, and therefore confirmed the euthyroid state in
hospitalized patients. It has been shown that TSH may increase in the acute phase of the disease and return to normal levels during the course of an illness. However, in case
of decreased thyroid hormones, normal levels of TSH are
considered abnormal (26). In a study by Peeters et al., rT3
was reported as a predictor of patients’ survival (27), while
in our study, mean rT3 levels were within normal ranges
and there was no significant difference between rT3 levels
in survivors and non-survivors.
Considering the correlation between PELOD-72 and the
level of TT3, TT4, and FT4 on the first day of admission, it
can be concluded that lower levels of TT3, TT4, and FT4 on
the first day of admission could be a warning for the worse
course of the illness on the third day of admission.
In this study, also, we did not find any significant difference in free thyroid hormone levels including FT3 and
FT4 on the first and the third days of admission between
survivors and non-survivors. This may be justified by the
mechanism of the sick euthyroid syndrome, as described
4

previously. On the other hand, the effectiveness of thyroid hormone replacement in critically ill patients with
sick euthyroid syndrome still remains controversial (26).
It has been shown that thyroid hormone replacement had
no benefit and did not change the outcome in critically
ill patients (28-30). In contrast, in a study by Bettendorf
et al., it was revealed that treatment of children with triiodothyronine after cardiopulmonary bypass operations
reduced the need for postoperative intensive care (31).
Based on the results of our study, insignificant differences
in levels of free thyroid hormones on the first and third
days of admission in survivors and non-survivors suggest
that replacement of thyroid hormones in these patients
may not have an effect on the disease outcome. In other
words, although free thyroid hormones may be reduced in
the course of a critical illness, it seems that low levels of FT3
and FT4 are still sufficient to maintain cell function.
Regarding the limitations of our study, it should be
noticed that this study was conducted only on the patients who were not treated with the drugs affecting
Hypothalamus-pituitary-thyroid axis (32). Since many patients admitted to intensive care units receive dopamine
due to various reasons, including hemodynamic instability, results of this study cannot be generalized to all patients admitted to PICUs.
4.1. Conclusion
Based on the results of our study, low TT3 is the most
common form of SES in critically ill children. Thyroid function assessment, especially TT3 on the first day and TT4 on
the third day of admission along with PELOD score, might
be helpful in predicting disease outcome and patient’s survival.

Acknowledgments
We would like to thank the staff at Children’s Medical Center ICU and medical laboratory for their kind assistance.

Footnotes
Authors’ Contribution: Study conception and design:
Fatemeh Sayarifard and Bahareh Yaghmaie; acquisition
of data: Bahareh Yaghmaie, Masood Mohammadpour,
Meisam Sharifzadeh, Marjan Kouhnavard and Mohammad
Taghi Haghi Ashtiani. Analysis and interpretation of data:
Azadeh Sayarifard; drafting of manuscript: Marjan Kouhnavard; critical revision: Fatemeh Sayarifard, Azadeh Sayarifard, Farzaneh Abbasi.
Iran J Pediatr. 2018; 28(6):e69397.

Corrected Proof

Sayarifard F et al.

Ethical
Considerations:
IR.TUMS.MEDICINE.REC.1396.2646.

Ethical

Code:

Funding/Support: This study was supported by Tehran
University of Medical Sciences as a pediatric residency thesis.
References
1. Sahana PK, Ghosh A, Mukhopadhyay P, Pandit K, Chowdhury BR,
Chowdhury S. A study on endocrine changes in patients in intensive
care unit. J Indian Med Assoc. 2008;106(6):362–4. [PubMed: 18839647].
2. Vasa FR, Molitch ME. Endocrine problems in the chronically critically
ill patient. Clin Chest Med. 2001;22(1):193–208. [PubMed: 11315456].
3. Kaptein EM, Weiner JM, Robinson WJ, Wheeler WS, Nicoloff JT. Relationship of altered thyroid hormone indices to survival in nonthyroidal illnesses. Clin Endocrinol (Oxf). 1982;16(6):565–74. [PubMed:
7105428].
4. Chopra IJ, Hershman JM, Pardridge WM, Nicoloff JT. Thyroid function
in nonthyroidal illnesses. Ann Intern Med. 1983;98(6):946–57. [PubMed:
6407376].
5. Zucker AR, Chernow B, Fields AI, Hung W, Burman KD. Thyroid function in critically ill children. J Pediatr. 1985;107(4):552–4. [PubMed:
4045604].
6. Anand NK, Chandra V, Sinha RS, Chellani H. Evaluation of thyroid
functions in critically ill infants. Indian Pediatr. 1994;31(10):1233–7.
[PubMed: 7875784].
7. Wehmann RE, Gregerman RI, Burns WH, Saral R, Santos GW.
Suppression of thyrotropin in the low-thyroxine state of severe nonthyroidal illness. N Engl J Med. 1985;312(9):546–52. doi:
10.1056/NEJM198502283120904. [PubMed: 3881675].
8. Slag MF, Morley JE, Elson MK, Crowson TW, Nuttall FQ, Shafer RB. Hypothyroxinemia in critically ill patients as a predictor of high mortality. JAMA. 1981;245(1):43–5. [PubMed: 7431627].
9. Kaptein EM, Grieb DA, Spencer CA, Wheeler WS, Nicoloff JT. Thyroxine metabolism in the low thyroxine state of critical nonthyroidal illnesses. J Clin Endocrinol Metab. 1981;53(4):764–71. doi: 10.1210/jcem-534-764. [PubMed: 6793608].
10. Mirboluk AA, Rohani F, Asadi R, Eslamian MR. Thyroid function test
in diabetic ketoacidosis. Diabetes Metab Syndr. 2017;11 Suppl 2:S623–5.
doi: 10.1016/j.dsx.2017.04.015. [PubMed: 28545910].
11. Fliers E, Bianco AC, Langouche L, Boelen A. Thyroid function in critically ill patients. Lancet Diabetes Endocrinol. 2015;3(10):816–25. doi:
10.1016/S2213-8587(15)00225-9. [PubMed: 26071885]. [PubMed Central:
PMC4979220].
12. Hagenfeldt I, Melander A, Thorell J, Tibblin S, Westgren U. Active and
inactive thyroid hormone levels in elective and acute surgery. Acta
Chir Scand. 1979;145(2):77–82. [PubMed: 463442].
13. Adami HO, Johansson H, Thoren L, Wide L, Akerstrom G. Serum levels of TSH, T3, rT3, T4 and T3-resin uptake in surgical trauma. Acta Endocrinol (Copenh). 1978;88(3):482–9. [PubMed: 581019].
14. American Academy of Pediatrics; Committee on Hospital Care and
Section of Critical Care; Society of Critical Care Medicine; Pediatric
Section Admission Criteria Task Force. Guidelines for developing admission and discharge policies for the pediatric intensive care unit.
Pediatrics. 1999;103(4 Pt 1):840–2. [PubMed: 10103320].
15. Leteurtre S, Martinot A, Duhamel A, Proulx F, Grandbastien B, Cotting J, et al. Validation of the paediatric logistic organ dysfunction
(PELOD) score: Prospective, observational, multicentre study. Lancet.
2003;362(9379):192–7. doi: 10.1016/S0140-6736(03)13908-6. [PubMed:
12885479].
16. Galusova A, Pauliny M, Majek M, Mackova J, Meskova M, Vlcek M,
et al. Dynamic neuroendocrine changes in critically ill patients
with polytrauma. Neuro Endocrinol Lett. 2015;36(5):498–503. [PubMed:
26707051].

Iran J Pediatr. 2018; 28(6):e69397.

17. Van den Berghe G, de Zegher F, Veldhuis JD, Wouters P, Gouwy S,
Stockman W, et al. Thyrotrophin and prolactin release in prolonged
critical illness: Dynamics of spontaneous secretion and effects of
growth hormone-secretagogues. Clin Endocrinol (Oxf). 1997;47(5):599–
612. [PubMed: 9425400].
18. Maldonado LS, Murata GH, Hershman JM, Braunstein GD. Do thyroid
function tests independently predict survival in the critically ill? Thyroid. 1992;2(2):119–23. doi: 10.1089/thy.1992.2.119. [PubMed: 1525579].
19. Suvarna JC, Fande CN. Serum thyroid hormone profile in critically Ill
children. Indian J Pediatr. 2009;76(12):1217–21. doi: 10.1007/s12098-0090250-7. [PubMed: 19936665].
20. Lee WK, Hwang S, Kim D, Lee SG, Jeong S, Seol MY, et al. Distinct features of nonthyroidal illness in critically ill patients with
infectious diseases. Medicine (Baltimore). 2016;95(14). e3346. doi:
10.1097/MD.0000000000003346. [PubMed: 27057916]. [PubMed Central: PMC4998832].
21. Quispe EA, Li XM, Yi H. Comparison and relationship of thyroid hormones, IL-6, IL-10 and albumin as mortality predictors
in case-mix critically ill patients. Cytokine. 2016;81:94–100. doi:
10.1016/j.cyto.2016.03.004. [PubMed: 26974766].
22. Meyer S, Schuetz P, Wieland M, Nusbaumer C, Mueller B, Christ-Crain
M. Low triiodothyronine syndrome: A prognostic marker for outcome in sepsis? Endocrine. 2011;39(2):167–74. doi: 10.1007/s12020-0109431-4. [PubMed: 21210252].
23. Ture M, Memis D, Kurt I, Pamukcu Z. Predictive value of thyroid hormones on the first day in adult respiratory distress syndrome patients admitted to ICU: Comparison with SOFA and APACHE II scores.
Ann Saudi Med. 2005;25(6):466–72. [PubMed: 16438455].
24. Wang F, Pan W, Wang H, Wang S, Pan S, Ge J. Relationship between thyroid function and ICU mortality: A prospective observation study. Crit
Care. 2012;16(1):R11. doi: 10.1186/cc11151. [PubMed: 22257427]. [PubMed
Central: PMC3396242].
25. Angelousi AG, Karageorgopoulos DE, Kapaskelis AM, Falagas ME. Association between thyroid function tests at baseline and the outcome of patients with sepsis or septic shock: A systematic review.
Eur J Endocrinol. 2011;164(2):147–55. doi: 10.1530/EJE-10-0695. [PubMed:
21078686].
26. Mebis L, Van den Berghe G. Thyroid axis function and dysfunction in
critical illness. Best Pract Res Clin Endocrinol Metab. 2011;25(5):745–57.
doi: 10.1016/j.beem.2011.03.002. [PubMed: 21925075].
27. Peeters RP, Wouters PJ, van Toor H, Kaptein E, Visser TJ, Van den Berghe
G. Serum 3,3’,5’-triiodothyronine (rT3) and 3,5,3’-triiodothyronine/rT3
are prognostic markers in critically ill patients and are associated
with postmortem tissue deiodinase activities. J Clin Endocrinol Metab.
2005;90(8):4559–65. doi: 10.1210/jc.2005-0535. [PubMed: 15886232].
28. Brent GA, Hershman JM. Thyroxine therapy in patients with severe
nonthyroidal illnesses and low serum thyroxine concentration. J
Clin Endocrinol Metab. 1986;63(1):1–8. doi: 10.1210/jcem-63-1-1. [PubMed:
3011834].
29. Klemperer JD, Klein I, Gomez M, Helm RE, Ojamaa K, Thomas SJ, et
al. Thyroid hormone treatment after coronary-artery bypass surgery.
N Engl J Med. 1995;333(23):1522–7. doi: 10.1056/NEJM199512073332302.
[PubMed: 7477166].
30. Farwell AP. Thyroid hormone therapy is not indicated in the majority of patients with the sick euthyroid syndrome. Endocr Pract.
2008;14(9):1180–7. doi: 10.4158/EP.14.9.1180. [PubMed: 19158057].
31. Bettendorf M, Schmidt KG, Grulich-Henn J, Ulmer HE, Heinrich UE. Tri-iodothyronine treatment in children after cardiac
surgery: A double-blind, randomised, placebo-controlled study.
Lancet. 2000;356(9229):529–34. doi: 10.1016/S0140-6736(00)02576-9.
[PubMed: 10950228].
32. Van den Berghe G, de Zegher F, Lauwers P. Dopamine suppresses pituitary function in infants and children. Crit Care Med. 1994;22(11):1747–
53. [PubMed: 7956277].

5

