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Thyroid function status and its impact on clinical
outcome in patients admitted to critical care
Faiza A. Qari

ABSTRACT

Objective: To analyze alterations in thyroid function and the correlation between results of thyroid
function test and mortality in medical and surgical intensive care unit (ICU) patients. It also aimed to
evaluate the effect of thyroid dysfunction in ICU patients and their need for mechanical ventilation (MV).
Methods: A single-center, prospective, observational study was conducted on patients admitted to
medical and surgical ICU between 2013-2014.. Clinical and paraclinical findings (free triiodothyronine,
free thyroxine and thyroid stimulating hormone) were documented for all patients. Regression analysis and
chi-square were used for death and MV outcome variables.

Results: We included 502 patients. Of these, 340 (67.7%) were admitted to the medical ICU. Results
of thyroid function tests were normal in 320 (64%) and 162 (32.3%) medical and surgical ICU patients,
respectively. Euthyroid sick syndrome (ESS) was documented in 86 patients (17%). Mortality was twice
higher among surgical ICU patients with ESS compared to those with normal thyroid function (p=0.085),
which is not statistically significant. Based on thyroid function status, no differences in the risk to be
mechanically ventilated was found between medical or surgical ICU patients.

Conclusion: There is a significant association between ESS and mortality in ICU patients. Future studies
should determine whether abnormal thyroid function increases the risk for MV in ICU patients.
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ventilation.
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INTRODUCTION triiodothyronine (T3/rT3) ratio, which frequently
relates tonormal orlow thyroid stimulatinghormone
(TSH) and thyroxine (T4) levels.? Euthyroid sick
syndrome (ESS) is considered when patients with
non-thyroidal illness (NTI) demonstrate abnormal
thyroid function.? Among intensive care unit (ICU)
patients, ESS or low-T3 syndrome is more common

Thyroid hormones play an essential part in
human metabolism.! Thyroid hormones support
anabolism, intricate in cardiovascular system
function (increase heart contractility and cardiac
output), and reduce triiodothyronine/reverse
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ESS, which has a poor prognosis.® Patients with
low or undetectable TSH levels have increased
morbidity and mortality.” Some authors have
reported a relationship between hypothyroxinemia
and mortality in seriously ill patients with sepsis.?
More so, it has been suggested that primary
hypothyroidism affects respiration by causing
abnormalities in the respiratory system;’ however,
the mechanism underlying the need for mechanical
ventilation (MV) in patients with ESS is unclear.'

The objective of this study was to assess thyroid
function in medical and surgical ICU patients
and to determine the relationship between thyroid
function and clinical outcomes as well as mortality.
Furthermore, it aimed to evaluate the effect of
thyroid dysfunction on the need for MV.

METHODS

A single-center, prospective, observational, cross-
sectional study was conducted on patients admitted
to the medical and surgical ICU of King Abdulaziz
University Hospital, Jeddah between 2013 and
2014. Patients were included provided they were
critically ill and admitted to the ICU, irrespective
of their gender, race, ethnic group and age. We
excluded all patients who were taking thyroid
hormone preparations or anti-thyroid medications.
The study was approved by the Institutional Ethics
Committee at King Abdulaziz University.

The medical history of patients, mortality, need
for mechanical ventilation, and the length of stay
at ICU was documented. Venous blood samples
for thyroid function tests (TSH, FI3, and FT4)
were collected on the first to third days after ICU
admission. Based on the results of thyroid function
tests, patients were considered to be euthyroid,
hypothyroid, hyperthyroid or to have ESS based on
the following definitions:"

* Euthyroidism was defined as a normal TSH
level (0.45 - 450 mU/L), with FT4 and FT3
within the normal ranges.

* Hypothyroidism was defined as a TSH
concentration 2 10 mU/L and FT4 level < 0.70
ng/dL.

* Hyperthyroidism was characterized as a TSH
concentration < 0.10 mU/L, with an elevated
FT4 level.

* Euthyroid sick syndrome was characterized as
low FT4, FT3 and TSH levels.

Statistical analysis: To describe the patients’

baseline characteristics, the proportion for

dichotomous variables as well as their means and
standard deviations were measured. Mortality and

MV outcome were compared between groups

using the chi-square test and regression analysis.

Multiple logistic regression analysis was performed

to control for potential confounding variables (age,

sex, surgery prior to ICU admission, and acute

renal failure). To test for statistical significance, a

95% confidence interval was estimated. Because of

non-normal distribution, length of stay at the ICU

was estimated among survivors using medians and
interquartile ranges. All analyses were performed
using STATA (Data Analysis and Statistic Software,

Texas, USA), version 12.

RESULTS

Baseline  Characteristics: We enrolled 502
consecutive patients. Of these, 340 (67.7%) were
admitted to the medical ICU (Table-I). The results
of thyroid function tests were normal in 320 (64.0%)
and 162 (32.3%) patients admitted to the medical
and surgical ICU, respectively. Euthyroid sick
syndrome was documented in 86 ICU patients
(17%); 16% were medical ICU patients, while 19.3%
were surgical ICU cases. 51.2% of surgical ICU

Table-I: Baseline characteristics of the patients stratified by thyroid function status'.

Characteristics Normal (n=320) Hypothyroidism (n=75) Hyperthyroidism (n=21) ESS (n=86)
Medical Patients (n=219) (n=49) (n=17) (n=55)
Mean (SD) age (years) 56 (17.6) 58.1 (19.1) 59.9 (19.2) 56.2 (19.9)
Males 97 (44.3) 20 (40.8) 9 (52.9) 26 (47.3)
ARF 36 (16.5) 9(18.4) 0 (0.0) 8 (15.4)
Surgical Patients* (n=101) (n=26) (n=4) (n=31)
Mean (SD) age (years) 53.3 (18.6) 59.1 (15.9) 52 (19.1) 57.1 (15.6)
Males 49 (48.5) 12 (46.2) 0 (0.0) 11 (35.5)
ARF 11 (10.9) 4 (16.0) 0 (0.0) 5 (16.1)
Sepsis 48 (47.5) 12 (46.2) 2 (50.0) 16 (51.6)

Abbreviations: ARF, acute renal failure; ESS, euthyroid sick syndrome; SD, standard deviation.
'Data are presented as frequency (percent) unless otherwise stated.

*Surgical procedure prior to critical care admission.
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Fig.1: Mortality during intensive care unit stay
of the patients stratified by thyroid function status.

patients had sepsis. Other characteristics of the
patients are as shown in Table-L.

Mortality: The highest mortality occurred
among patients with ESS (Fig.1). Patients with
hyperthyroidism had a lower risk than those with
normal thyroid function; however, these results
were not significant (Table-II). Similarly, no
difference in mortality was found between medical
and surgical ICU patients based on thyroid function
status with p value of 0.75 and 0.082 consecutively.
Need for mechanical wventilation based on
thyroid function status: After adjusting for age,
sex, and acute renal failure, logistic regression
analysis demonstrated that among medical ICU
cases, hypothyroid (OR, 1.38; 95% CI, 0.72-2.64),
hyperthyroid (OR, 0.71; 95% CI, 0.23-2.18) and ESS
patients (OR, 1.39; 95% CI, 0.74-2.62) had a higher
risk than euthyroid patients to be mechanically
ventilated (P-value=0.75). No difference in the risk
of being mechanically ventilated was observed
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Fig.2: Median length of intensive care unit stay among
survivors was five days (range, 4.0-11.0 days) for patients
euthyroid patients, four days (range, 3.0-8.8 days) for
hypothyroid patients, seven days (range, 4.5-12.0 days)
for hyperthyroid patients, and five days (3.0-11.0 days)
cases with euthyroid sick syndrome.

among surgical ICU patients based on their
thyroid status function. The ICU length of stay was
longest for hyperthyroid patients, while those with
hypothyroidism had the shortest stay (Fig.2).

DISCUSSION

Our study showed that 64.0% and 32.3% patients
were admitted to the medical and surgical ICU,
respectively. Euthyroid sick syndrome was
documented in 16% of medical ICU patients
compared with the 19.3% of surgical ICU cases.
Further, approximately half of surgical ICU patients
had sepsis. Sepsis is considered the leading cause
of death in non-cardiac ICU patients.> The National
Surgical Quality Improvement Program database,
in a recent analysis has reported that sepsis and

Table-II: Mortality during intensive care unit stay stratified by thyroid function status.

Frequency (%) Crude OR (95% CI) Adjusted OR1 (95% CI) P-Value
Medical Patients
Normal (n=212) 82 (38.7) Reference Reference 0.72
Hypothyroidism (n=46) 18 (39.1) 1.02 (0.53, 1.96) 0.94 (0.48, 1.84)
Hyperthyroidism (n=16) 5 (31.3) 0.72 (0.24, 2.15) 0.71 (0.23, 2.18)
ESS (n=55) 25 (45.5) 1.32(0.73, 2.40) 1.39 (0.74, 2.62)
Surgical Patients
Normal (n=101) 26 (25.7) Reference Reference 0.085
Hypothyroidism (n=26) 10 (38.5) 1.8 (0.73, 4.50) 1.6 (0.59, 4.10)
Hyperthyroidism (n=4) 2 (50) 2.9 (0.39, 21.5) 4.6 (0.55, 39)
ESS (n=31) 15 (48.4) 2.7 (1.2,6.2) 2.6 (1.1, 6.4)

Abbreviations: CI, confidence interval; ESS, euthyroid sick syndrome; OR, odds ratio.

'Adjusted for age, sex, and acute renal failure.
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Table-III: Need for mechanical ventilation among intensive care unit patients stratified by thyroid function status.

Frequency (%) Crude OR (95% CI) Adjust. OR* (95% CI) P-Value
Medical Patients
Normal (n=219) 120 (54.8) Reference Reference 0.75
Hypothyroidism (n=49) 31 (63.3) 1.4 (0.75,2.7) 1.38 (0.72, 2.64)
Hyperthyroidism (n=17) 10 (58.8) 1.17 (0.43, 3.2) 1.19 (0.43, 3.3)
Sick thyroid (n=54) 31 (57.4) 1.1 (0.61, 2.0) 1.14 (0.61, 2.12)
Surgical Patients
Normal (n=101) 47 (46.5) Reference Reference 0.608
Hypothyroidism (n=26) 12 (46.2) 0.98 (0.41, 2.3) 1.01 (0.41, 2.5)
Hyperthyroidism (n=4) 3 (75) 3.4 (0.35, 34.3) 4.4 (0.43,44.9)
ESS (n=31) 17 (54.8) 1.4 (0.62,3.1) 1.38 (0.6, 3.2)

Abbreviations: CI, confidence interval; ESS, euthyroid sick syndrome; OR, odds ratio.

!Adjusted for age, sex, and acute renal failure.

septic shock caused a ten-fold increase in mortality
and morbidity than preoperative myocardial
infarction and pulmonary embolism in the surgical
population.”? In another study, acute renal failure
and sepsis were reported as a common cause of
death in medical and surgical ICU patients.™

Our study demonstrates an association between
ESS and ICU. In this report, it was mainly associated
with sepsis in surgical ICU patients. Many studies
conducted on ICU patients have showed that low
T3 was a good predictor of mortality."* A similar
finding was also observed in our study, where
mortality was twice higher among surgical ICU
patients with ESS as compared with patients who
had normal thyroid function.

Peeters et al.,”*in a study conducted on 79 critically
ill patients, reported that serum iodothyronine
levels were low in the muscle and the liver. This
suggests that a reduction in T3 and T4 levels
during a critical illness occurs in the tissues. Which
could explain the higher mortality among ESS.'>1¢
Thorough serum thyroid hormone investigation
may be required to differentiate ESS from either
hypothyroidism or hyperthyroidism in critically
ill patients suspected of having abnormal thyroid
dysfunction.'”*

Hypothyroidism is associated with respiratory
failure, and it is a cause of ventilator dependence.
Impairment of normal ventilator responses to
hypercapnia and hypoxia, diaphragmatic and
skeletal muscle dysfunction, pleural effusions, and
obstructive sleep apneaare assumed to be the major
causes of respiratory failure in hypothyroidism.?
Correction of hypothyroidism was reported to be
beneficial in weaning these patients from MV.?2
In our cohort, hyperthyroid patients required MV
than other patients with thyroid dysfunction. It is
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possible that ventilator dependence was higher in
this group because of these patients had sepsis.

Intensive care unit length of stay varied among
our patients: 1-160 days for medical ICU and 1-90
days for surgical ICU cases. However, the duration
and length of stay among survivors in the medical
or surgical ICU did not correlate with thyroid
function status. Thus, an important question that
arises from our observations is whether T3/T4
supplementation can improve survival in critically
ill patients.

Several studies identify low T3 without increased
TSH as an adaptive reaction (metabolically
protective), and T3 or T4 measurement is therefore
not required in these cases.”* Furthermore,
reduced deiodinase activity in ESS could hamper
marginal conversion of T4 to T3. The therapeutic
role of thyroid hormones in controlling ESS is
still unclear and anticipates additional controlled
randomized trials.??

This study has several limitations: Results of
thyroid function investigations may have been
affected by the use of medications (for example,
propranolol, benzodiazepines, furosemide and
dopamine). As the use of these medications promote
imbalance in thyroid hormone levels, it is difficult
to adjust probable confounders in clinical trials and
practice. However, we tried to avoid the effect of
medication on thyroid function tests by extracting
blood from patients at the time of admission and
ensured that they were not taking drugs that could
affect thyroid function like thyroxine replacement
or anti-thyroid medications and other medications.
The duration of MV was not reported in our study.

Overall, this study shows that there is an
association between ESS and ICU mortality. A major
risk factor for PMV in mechanically ventilated,
critically ill patients may be attributed to thyroid



function dysfunction (ESS, hypothyroidism and
hyperthyroidism). It is still unknown whether these
are biochemical prognostic markers or whether
they actually contribute to the development and
progression of respiratory failure. By assessing
potential benefits in the respiratory functions of
critically ill patients after a replacement treatment,
clinicians may find an answer to control thyroid
dysfunction in ICU patients.

Disclosure of interest: The author has no conflict of
interests and the work was not supported or funded
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REFERENCES

1. Abe T, Suzuki T, Unno M, Tokui T. Thyroid hormone
transporters: recent advances. Trend Endocrinol Metab.
2002;13:215-220.

2. Faber ], Selmer C. Cardiovascular disease and thyroid
function. Front Horm Res. 2014;43:45-56.

3. Economidou F, Douka E, Tzanela M, Nanas S, Kotanidou
A. Thyroid function during critical illness. Hormones.
2011;10:117-124.

4. Plikat K, Langgartner J, Buettner R, Bollheimer LC,
Woenckhaus U, Scholmerich ], et al. Frequency and outcome
of patients with nonthyroidal illness syndrome in a medical
intensive care unit. Metabolism. 2007;56: 239-244.

5. Peeters RP, Wouters PJ, van Toor H, Kaptein E, Visser TJ,
Van den Berghe G. Serum 3,30,50-triiodothyronine (rT3)
and 3,5,30-triiodothyronine/rT3 are prognostic markers in
critically ill patients and are associated with postmortem
tissue deiodinase activities. ] Clin Endocrinol Metab.
2005;90:4559-4565.

6. Dietrich JW, Stachon A, Antic B, Klein HH, Hering S. The
AQUA-FONTIS study: protocol of a multidisciplinary,
cross-sectional and prospective longitudinal study for
developing standardized diagnostics and classification
of non-thyroidal illness syndrome. BMC Endocr Disord.
2008;8:13.

7. Chinga-Alayo E, Villena ], Evans AT, Zimic M. Thyroid
hormone levels improve the prediction of mortality among
patients admitted to the intensive care unit. Intensive Care
Med. 2005;31:1356-1361.

8. Suvarna JC, Fande CN. Serum thyroid hormone profile in
critically Il children. Indian J Pediatr. 2009;76:1217-1221.

9. Datta D, Scalise P. Hypothyroidism and failure to wean in
patients receiving prolonged mechanical ventilation at a
regional weaning center. Chest. 2004;126:1307-1312.

10. Scoscia E, Baglioni S, Eslami A, Iervasi G, Monti S, Todisco
T. Low triodothyronine (T3) state: A predictor of outcome
in respiratory failure? Results of a clinical pilot study. Eur |
Endocrinol. 2004;151:557-560.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pak J Med Sci

Thyroid Function Status in ICU

Baloch Z, Carayon P, Conte-Devolx B, Demers LM, Feldt-
Rasmussen U, Henry JF, et al. Laboratory medicine practice
guidelines. Laboratory support for the diagnosis and
monitoring of thyroid disease. Thyroid. 2003;13(1):3-126.
Marik PE. Early management of severe sepsis: concepts and
controversies. Chest. 2014;145:1407-1418.

Friedericksen DV, Van Der Merwe L, Hattingh TL,
Nel DG, Moosa MR. Acute renal failure in the medical
ICU still predictive of high mortality. S Afr Med J.
2009;99(12):873-875.

Himler M, Hurcombe SD, Griffin A, Barsnick R], Rathgeber
RA, McGillivray KC, et al. Presumptive nonthyroidal
illness syndrome in critically ill foals. Equine Vet ] Suppl.
2012;(41):43-47.

Peeters RP, Van der Geyten S, Wouters PJ, Darras VM, van
Toor H, Kaptein E, et al. Tissue thyroid hormone levels in
critical illness. ] Clin Endocrinol Metab. 2005;90:6498-6507.
Den Brinker M, Joosten KF, Visser TJ, Hop WC, de
Rijke YB, Hazelzet JA, et al. Euthyroid sick syndrome in
meningococcal sepsis: the impact of peripheral thyroid
hormone metabolism and binding proteins. ] Clin
Endocrinol Metab. 2005;90:5613-5620.

Mebis L, Van den Berghe G. Thyroid axis function and
dysfunction in critical illness. Best Pract Res Clin Endocrinol
Metab. 2011;25:745-757.

Vermes I, Beishuizen A. The hypothalamic-pituitary adrenal
response to critical illness. Best Pract Res Clin Endocrinol
Metab. 2001;15:495-511.

Mortoglou A, Candiloros. The serum triiodothyronine
to thyroxine (T3/T4) ratio in various thyroid disorders
and after Levothyroxine replacement therapy. Hormones
(Athens). 2004;3:120-126.

Tanidir IC, Unuvar T, Haydin S. Tanidir IC, Unuvar T,
Haydin S. Prolonged mechanical ventilation associated with
hypothyroidism after pediatric cardiac surgery. Cardiol
Young. 2014;24(4):745-747.

Haas NA, Camphausen CK, Kececioglu D. Clinical review:
Thyroid hormone replacement in children after cardiac
surgery: Is it worth a try? Crit Care. 2006;10:213.
Wadwekar D, Kabadi UM. Thyroid hormone indices during
illness in six hypothyroid subjects rendered euthyroid
with levothyroxine therapy. Exp Clin Endocrinol Diabetes.
2004;112(7):373-377.

Kaptein EM, Sanchez A, Beale E, Chan LS. Clinical review:
thyroid hormone therapy for postoperative non thyroidal
illnesses: A systematic review and synthesis. ] Clin
Endocrinol Metab. 2010;95:4526-4534.

Stathatos N, Wartofsky L. The euthyroid sick syndrome: is
there a physiologic rationale for thyroid hormone treatment?
J Endocrinol Invest. 2003;26:1174-1179.

2015 Vol.31 No.4  www.pjms.com.pk 919



