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Abstract

Acute and chronic critical conditions are associated with reduced serum levels of free triiodothyronine (FT3), free thyroxine FT4, and

thyrotropin, known as nonthyroidal illness syndrome (NTIS). It is still controversial whether these changes reflect a protective mechanism or

a maladaptive process during prolonged illness. However, larger studies to determine the prevalence of the NTIS and its association with

outcome in medical intensive care units (ICUs) are missing. Complete thyroid hormone levels from 247 of 743 patients admitted to our ICU

between October 2002 and February 2004 were retrospectively evaluated. From these patients, Acute Physiology and Chronic Health II

scores, ICU mortality, length of stay, mechanical ventilation, and concomitant medication were recorded. Ninety-seven patients (44.1%) had

low FT3 levels indicating an NTIS, either with normal (23.6%) or reduced (20.5%) serum thyrotropin levels. Of 97 patients with NTIS, 24

(23.3%) also showed reduced serum FT4 levels. The NTIS was significantly associated with Acute Physiology and Chronic Health II scores,

mortality, length of stay, and mechanical ventilation. In a multivariate Cox regression analysis, the combination of low FT3 and low FT4 was

an independent risk factor for survival. Nonthyroidal illness syndrome is frequent at a medical ICU. A reduction of FT4 together with FT3 is

associated with an increase in mortality and might reflect a maladaptive process, thereby worsening the disease.

D 2007 Elsevier Inc. All rights reserved.
1. Introduction

It has been shown for more than 30 years that acute and

chronic critical conditions are associated with a significant

decrease of the serum concentration of total triiodothyronine

(T3) and free triiodothyronine (FT3) [1]. In prolonged

critical illness, a concomitant and gradual decrease of serum

thyroxine (T4) and of thyrotropin (TSH) may also occur [2].

This condition, known as blow-T3 syndrome,Q beuthyroid
sick syndrome,Q or bnonthyroidal illness syndromeb (NTIS),
has been described in patients with various medical and

surgical conditions, such as tuberculosis [3], trauma [4],

myocardial infarction [5], general surgery [6], bypass

operations [7], and starvation [8]. In fact, it probably occurs

in any acute or chronic critical condition.
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The pathogenesis of these endocrine alterations is not

fully understood yet. The reduction of serum FT3 is

probably due to a decreased conversion of T4 caused by

an impaired activity of the type 1 deiodinase in liver and

kidney. In addition, there is an induction of the type 3

deiodinase in liver and skeletal muscle, which prevents

conversion of T4 to T3 by catalyzing T4 to the biologically

inactive reverse T3 instead. As a result, there may be an

increased level of serum reverse T3 in these patients [9-11].

Changes in serum TSH levels have been attributed to an

altered hypothalamic-pituitary regulation, particularly be-

cause the hypothalamic TSH-releasing hormone (TRH)

messenger RNA expression has been shown to be reduced

in patients with NTIS [12]. This theory is additionally

supported by the observation that serum TSH levels are not

elevated in the presence of decreased T4 levels, but increase

gradually during recovery from NTIS [13]. Besides this,

TSH and T4 serum levels have been shown to increase after

administration of TRH in patients with NTIS [14].

The reduction of serum FT3 levels occurs in the acute

phase and persists in the chronic phase, whereas the drop in
xperimental 56 (2007) 239–244



Table 1

Characteristics of the study cohort (mean values F SD)

Thyroid laboratory values Total P

Available Not available

n 247 (33.2%) 496 (66.8%) 741 (100%)

Age (y) 58.8 F 17.0 57.2 F 19.2 57.8 F 18.5 .27

Sex (% male) 49.4 53.6 52.2 .28

No. of days

at the ICU

9.8 F 13.2 3.5 F 5.8 5.6 F 9.5 b .001

Mechanical

ventilation (%)

49.4 35.5 40.1 b .001

Mortality at

the ICU (%)

18.4 16.7 17.3 .58
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free T4 (FT4) and TSH levels is associated with the prolonged

phase of critical illness [13,15]. The inactivation of peripheral

hormones in the acute setting of critical illness as well as

the down-regulation of hypothalamic-pituitary hormones in

the chronic phase have been observed in all hormone axes

[15], including the adrenal axis where this process may lead

to a relative adrenal insufficiency, requiring hydrocortisone

substitution in some patients with septic shock [16].

The hormone changes of the hypothalamic-pituitary-

thyroid axis in critically ill patients have often been regarded

as a protective mechanism to reduce energy expenditure to

avoid worsening catabolism. More recently, some authors

challenged this view suggesting that hormonal changes in

the chronic phase of critical illness may reflect a maladap-

tive process, thereby worsening the course of the disease

[15,17]. The presence of NTIS seems to correlate with the

severity of the underlying disease, and the outcome of

patients with low T3 and T4 serum levels was worse

compared with that of patients with normal thyroid

laboratory parameters [18-20]. However, it remains to be

proven that the NTIS itself represents an independent risk

factor for the increased mortality of critically ill patients,

thereby providing a rationale for a substitution with thyroid

hormones or hypothalamic peptides.

The question if this association between NTIS and

outcome is a causal one can only be answered by a large

randomized treatment study. However, the current data

published so far do not provide enough information for the

design of such a study. Therefore, the aim of our study was

to identify subgroups of patients who might benefit from a

treatment in the setting of a large randomized study.

2. Materials and methods

2.1. Study population

From October 2002 to February 2004, 743 patients had

been admitted to a 12-bed medical intensive care unit (ICU)

at the University Hospital of Regensburg (Regensburg,

Germany). Demographic data such as age and sex, length of

stay at the ICU, duration of mechanical ventilation, and ICU

mortality had been recorded for all patients. From 247

patients, complete serum thyroid hormone levels were

available, and these patients were further evaluated.

2.2. Laboratory values

All thyroid hormone levels were usually determined

within the first 24 to 48 hours of ICU admission (median,

1.0 days). Blood was drawn from nonheparinized central

lines. Serum FT3, serum FT4, and TSH were measured by

chemiluminescent immunoassays on an Advia Centaur

instrument (Bayer, Leverkusen, Germany).

2.3. Characterization of patients with complete thyroid

laboratory values

Patients with a complete thyroid status (laboratory values

for serum FT3, FT4, and TSH) were further characterized by
retrospective analysis of the ICU charts. The Acute

Physiology and Chronic Health II (APACHE II) score was

calculated within 24 hours of ICU admission as described

by Knaus et al [21]. The main diagnoses as well as any

preexisting thyroid disease were recorded (data available

from existing medical files). Because certain drugs have

been reported to interfere with the hypothalamic-pituitary-

thyroid axis, the use of dopamine, epinephrine, amiodarone,

and steroids as well as T4 or thyreostatic agents within

24 hours before the determination of serum thyroid hormone

levels was documented. Patients with T4 or thyreostatic

treatment were excluded from further analysis.

2.4. Statistical analysis

All statistical tests were calculated by SPSS software

(SPSS for Windows, Rel. 12.0.1, 2003, SPSS, Chicago, IL).

A P value of less than 0.05 was considered statistically

significant. Descriptive data were presented as median and

interquartile range for continuous data and percentages for

categorical data. Differences in baseline characteristics were

calculated by Mann-Whitney test (continuous data) and v2

test (categorical data). For survival analysis, follow-up time

was determined by the time patients were last seen in our

hospital. The event was defined as death at the ICU.

Significance levels were calculated by Cox regression

analysis with a 95% confidence interval.
3. Results

Between October 2002 and February 2004, 743 patients

had been admitted to our medical ICU. The median age of

these patients was 62 years, and 48% of all patients were

women. The median length of stay at the ICU was 2.0 days.

Of all patients, 40.1% were mechanically ventilated; overall

ICU mortality was 17.6% (Table 1). No significant differ-

ences between women and men were observed (data not

shown). In 247 (33.2%) of 743 patients, all thyroid hormone

values were available. These patients were more often

mechanically ventilated than those without complete thyroid

function tests (49.4% vs 35.5%, P b .001). They also stayed

longer at the ICU (median, 4 and 2 days, respectively; P b

.001). There were no significant differences between these

groups regarding age (median, 62.5 vs 61.0 years; P = .48),



Fig. 1. Combination of thyroid laboratory values in the study population.

Values are presented as percentage (n = 220).
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sex (49.4% male vs 53.6% female, P = .28), and mortality

(19.4% vs 16.7%, P = .37) (Table 1).

From those 247 patients with complete thyroid hormone

levels (TSH, FT3, FT4), 5 patients received thyreostatic

drugs, and 22 patients were on medication with T4. These

patients were excluded from further analyses.

Of the remaining 220 patients, 79 (35.9%) were

euthyroid, defined as having normal thyroid laboratory

values for TSH, FT3, and FT4. Ninety-seven (44.1%) had

low serum FT3 levels indicating an NTIS, either with normal

(52 patients, 23.6%) or reduced (45 patients, 20.5%) serum

TSH levels. Twenty-nine patients (13.2%) had reduced

serum TSH levels, but normal FT3 levels. Patients with

abnormal TSH and normal peripheral thyroid laboratory

values were formally classified as having bsubclinical
hyperthyroidismQ or bsubclinical hypothyroidism,Q although
these changes may have a different meaning in critically ill

patients, probably also indicating an NTIS. Six patients

(2.7%) had manifested hypothyroidism, and 1 (0.5%)

manifested hyperthyroidism (Fig. 1). Of the 97 patients with

NTIS, 24 (23.3%) showed also reduced serum FT4 levels.
Fig. 2. Acute Physiology and Chronic Health II scores of euthyroid patients

and patients with NTIS. Results are depicted as box plots. The top and

bottom of each box indicate the 25th and the 75th percentiles. The line

through the box is the median, and the error bars are the 5th and 95th

percentiles. Significance levels were determined by the Mann-Whitney test

(*P b .05).
The NTIS was associated with the severity of disease, as

expected. The median APACHE II score for patients with

normal thyroid laboratory values was 12.5, whereas patients

with reduced serum FT3 levels had median APACHE II

scores of 18.0 (P b .05). Patients with reduced serum FT3

and FT4 levels had the highest APACHE II scores (21.0).

These values were significantly higher than those for

euthyroid patients (P b .001) as well as for patients with

reduced FT3 values (P b .05). Surprisingly, additional

reduction of TSH did not significantly affect the correlation

between NTIS and APACHE II scores (Fig. 2). Therefore, 2

groups of patients with NTIS were built for further analyses,

one with low FT3 levels and one with low FT3 and FT4

levels, regardless of the TSH values.

The patients with NTIS had an increased length of stay at

the ICU. The median duration for patients with low FT3 was

5.0 days (interquartile range, 12.0 days) compared with

3.0 days (interquartile range, 6.0 days) for euthyroid patients

(P b .05). Patients with low FT3 and FT4 stayed significantly

longer at the ICU (median, 13.0 days; interquartile range,

29.0 days) than euthyroid patients (P b .001) and patients
Fig. 3. A, Duration of stay at the ICU for euthyroid patients, patients with

NTIS, and patients with other thyroid hormone changes. Results are shown

as box plots with the top and bottom of each box indicating the 25th and the

75th percentiles, the line through the box is the median, and the error bars

are the 5th and 95th percentiles, respectively. Significance levels were

indicated in the figure (Mann-Whitney test, *P b .05). B, Intensive care

unit mortality (light gray boxes) and percentage of mechanically ventilated

patients (dark gray boxes) for euthyroid patients, patients with NTIS, and

patients with other thyroid hormone changes. Significance levels were

determined by v2 test (*P b .05).
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with only reduced FT3 (P b .05, Fig. 3A). Patients with NTIS

were also more often mechanically ventilated (44.3% for

euthyroidism, 50.0% for low FT3, and 83.3% for low FT3/

FT4, respectively; Fig. 3B). The overall ICU mortality was

12.7% for euthyroid patients; the mortality of patients with

low FT3 levels was nonsignificantly higher (17.6%, P =

.396). Patients with low FT3 and low FT4 had a much higher

mortality of 45.8% than euthyroid patients (P b .001) and

patients with low FT3 (P = .005, Fig. 3B).

Because the mortality of euthyroid patients and patients

with low FT3 was not significantly different, these patients

were grouped together and a survival analysis of this group

compared with patients with NTIS and low FT4 was

performed (Fig. 4A). The multivariate comparison of hazard

rates was done by Cox regression analysis using NTIS as

independent variable. Because mortality was both associat-

ed with NTIS and APACHE II scores, these scores were

categorized by quartiles (first quartile, APACHE II score

b11; second quartile, 11-17; third quartile, 18-22; fourth

quartile, N22) and used as covariates for Cox regression
Fig. 4. Multivariate Cox regression analysis of patients with NTIS with low

FT3 and FT4 compared with patients with euthyreosis and NTIS having

only low FT3 values. The APACHE II scores were used as covariate. A,

Survival curve of patients with NTIS. B, Survival curve of patients based

on quartiles of the APACHE II score. Significance levels are indicated in

the figure.
(Fig. 4B). By this model, NTIS with reduced FT4 was

significantly associated with reduced survival (odds ratio,

2.57; 95% confidence interval, 1.19-5.52; P = .016);

independent of the APACHE II score (P = .006).

The main diagnoses were determined to identify

patients at risk for NTIS in the medical ICU. Although

patients with sepsis, pancreatitis, and pneumonia had the

highest NTIS prevalence, the number of patients was too

small to assess the influence of main diagnoses on the

NTIS (data not shown).

Several drugs have previously been associated with the

NTIS, and their associations on survival were determined by

univariate Cox regression analysis. The use of epinephrine

(n = 51) and dopamine (n = 24) was significantly

associated with reduced survival (P b .001), whereas no

association was found for b-blockers (n = 13, P = .237),

steroids (n = 40, P = .649), and amiodarone (n = 6, P =

.541). In the multivariate Cox regression analysis, NTIS

with low FT4 was still significantly associated with ICU

mortality after correction for dopamine (P = .004), but lost

significance after correction for epinephrine (P = .062).

However, when using hospital mortality instead of ICU

mortality, the correlation remained significant (P = .002 for

dopamine and P = .039 for epinephrine, respectively).
4. Discussion

In critically ill patients, disturbances of the hormonal

axes including the hypothalamic-pituitary thyroid axis

occur, leading to an NTIS with reduced FT3, FT4, and

TSH laboratory values. Although this pattern has been

described for many years, it still remains controversial

whether and to what extent these changes reflect a protective

or a maladaptive process. This question can only be

answered in a large prospective, randomized multicenter

treatment study. However, several factors important for the

design of such a study are unknown. There is a lack of larger

studies evaluating the prevalence of the NTIS at ICUs

because most studies were based on small numbers of

selected patients [1,18,20,22-26]. Our study evaluated

thyroid function in 247 patients at a medical ICU, which

is one of the largest studies published so far. Although

retrospective, this study compared demographic parameters

and mortality of patients with thyroid laboratory parameters

with those of patients admitted to our ICU, showing that

these parameters were not significantly different between

patients with and without thyroid laboratory values. A

recent study by Peeters et al [11] determined thyroid

laboratory values of 451 of 1548 surgical patients initially

randomized for intensive insulin treatment. However, the

prevalence of the NTIS was not calculated, and several of

the patients with NTIS were clinically judged as hypothy-

roid and treated with T4.

The reduced outcome of patients with NTIS found by

others [11,18-20,25,27,28] could be confirmed in our study.

Patients with reduced FT4 values, independently of TSH,
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had the highest mortality rates, consistent with an older

study from Slag et al [20] and a recent study by Van den

Berghe et al [27], whereas some other publications found T3

as the main predictor of survival [25,28].

Half of our patients with NTIS also had reduced TSH

levels, thereby indicating changes in the hypothalamic-

pituitary regulation. Interestingly, this alteration did not seem

to affect mortality, whereas concomitant low FT4 levels,

which may also be due to an impaired hypothalamic or

pituitary regulation [29], clearly increased mortality. These

findings are consistent with previous studies, although the

reasons for these results remain not fully understood.

In contrast to previous studies, our study had sufficient

patient numbers to correct for the severity of disease by

multivariate Cox regression analysis, using the APACHE II

score as a marker. In this analysis, only patients with

reduced FT4 values had an increased risk of nonsurvival,

indicating that the reduction of FT4 itself worsen the course

of the disease.

Treatment of patients affected by NTIS with thyroid

hormones has been controversially discussed, and there are

only a few studies in humans with small numbers available

so far [14,30-33]. Possible treatment includes the substitu-

tion of T4, which restored serum T4 levels but reduced TSH

levels and failed to show a clinically beneficial effect [30].

Treatment with T3 has been investigated in burn patients

[31] and in coronary artery bypass surgery [32,33], but its

clinical benefit has not been repeatedly shown yet.

Probably the most promising treatment was the continuous

infusion of TRH together with growth hormone–releasing

peptide 2, which was found to reduce protein catabolism in

patients with NTIS by restoring physiologic hormone levels

[14]. In an animal model for critical illness, this treatment

has also been shown to restore the tissue levels of type 1

and type 3 deiodinase [34]. However, because hormonal

changes in critical illness are dynamic processes [35], not

all patients with NTIS may benefit from such a treatment.

Because our study showed that only a reduction in FT4

levels, regardless of the TSH value, is an independent risk

factor for mortality, these patients should be treated within

controlled studies.

There are some limitations to our study. Thyroid

laboratory values were not determined in all patients, and

although the mortality of patients without laboratory values

was not statistically different, the stay of these patients at the

ICU was shorter and a bias cannot be ruled out.

Longitudinal measurement of thyroid hormone levels was

also not available. Because changes within the thyroid axis

during critical illness differ from acute to chronic phases, we

might have missed some of the NTIS occurring later during

the prolonged phase of critical illness. In addition, equilib-

rium dialysis is considered as the gold standard for the

determination of FT3 and FT4. Automated assays such as the

ADVIA assay used in this study are not validated for

critically ill patients and may overestimate the frequency of

reduced free thyroid values in patients with NTIS [36].
Determination of free thyroid hormones instead of total

hormone concentrations in patients with NTIS is contro-

versial because the validity of diagnostic tests for FT3 and

FT4 has not been sufficiently determined for these patients.

On the other hand, total hormone concentrations vary

significantly with changes in T4-binding globulin and

albumin concentrations, which are frequently seen in these

patients [37]. For T3, most publications reported a

concomitant reduction in free and total hormone concen-

trations [1,3,26,31,38], but the correlation between free and

total T4 is less clear. Whereas total T4 is often reduced, free

T4 values might be reduced [24,31] or elevated [1,24].

Whether free or total thyroid hormone measurements better

reflect the true thyroid function in patients with NTIS

remains speculative.

In summary, almost half of the patients treated in our

medical ICU had an NTIS. The reduction of FT4 values,

found in about one fourth of the patients with NTIS, was an

independent risk factor for mortality in our study. These

patients may benefit from a treatment, preferably with

hypothalamic peptides, in the setting of randomized studies.
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