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ABSTRACT

During critical illness, patients with no known history of thyroid disorders may experience multiple altera-
tions in their serum thyroid hormone levels. Such alterations have been termed sick euthyroid syndrome or,
more recently, non-thyroidal illness syndrome (NTIS). The laboratory parameters of NTIS usually include low
serum levels of triiodothyronine (T3), normal or low serum levels of thyroxine (T4) and normal or low serum
levels of thyroid-stimulating hormone (TSH). The magnitude of the alteration in thyroid function correlates
with the severity of the illness and its outcomes in critically ill patients with NTIS. The pathogenetic mecha-
nisms involved in NTIS include a decreased conversion of T4 to T3 in extrathyroidal tissues and alterations in
thyroid hormones” binding to serum proteins. In cases of protracted critical illness, a decrease in the pulsatile
frequency of TSH secretion, resulting from reduced thyrotropin-re leasing hormone (TRH) release by the hy-
pothalamus, may also occur. Several medications or clinical conditions that are commonly present in critically
ill patients may be responsible for lowering serum concentrations of thyroid hormone. Among those who study
the condition, the question of whether NTIS is a protective adaptation of the organism to illness or a maladap-
tive response to a stressful insult remains unanswered. In either case, thyroid hormone abnormalities are likely
to play a role in the critically ill patient.However, there is currently no convincing evidence to suggest that re-
storing physiological thyroid hormone concentrations in unselected patients with NTIS would be beneficial.
(Minerva Anestesiol 2010;76:919-28)
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Critical illness can be defined as any life-
threatening condition requiring the support
of failing vital organ functions.! In patients with
no previously diagnosed intrinsic thyroid dis-
ease, critical illness can cause profound changes
in thyroid hormone metabolism. Such changes
have been named “euthyroid sick syndrome”2-4
or, more recently, “non-thyroidal illness syn-
drome (NTIS)”.5 The latter term will be used
throughout this review.

The abnormalities observed in cases of NTIS
include low serum levels of triiodothyronine
(T3), normal or low levels of thyroxine (T4) and
normal or low levels of thyroid-stimulating hor-
mone (TSH).1.5 NTIS affects about 70% of pa-
tients hospitalized with diseases of various etiol-
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ogies.57 In this context, the magnitude of either
the decrease in thyroid hormone or the blunted
response of TSH to thyrotropin-releasing hor-
mone (TRH) has been shown to reflect the se-
verity of the patient’s illness and outcome.8-13

Even though NTIS has been studied for sev-
eral decades now, it is still unclear whether this
condition represents a protective and appropriate
adaptation to a stressful event or a maladaptive
response to illness that needs correction.14 15

The following sections deal with the patho-
physiology of the thyroid function alterations
that can occur during critical illness and the po-
tential benefits and hazards of restoring normal
serum concentrations of thyroid hormone in pa-
tients with different critical illnesses.
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Pathophysiology of NTIS

The pathogenetic mechanisms involved in
NTIS are shown in Figure 1. The thyroid hor-
mone changes observed after an acute and stress-
ful event show different features during the ini-
tial and chronic phases of a critical illness. The
most common alteration to occur within the
thyroid axis during the acute phase of a critical
illness is the decreased conversion of T4 to T3
(the active form of thyroid hormone) in extrath-
yroidal tissues due to the acute inhibition of type
I 5’-deiodinase. A second explanation of thyroid
hormone abnormalities during acute critical ill-
ness suggests that the thyroid hormone-binding
proteins — T4 binding protein, transthyretin, and
albumin — become impaired in their production
or in their affinity for the thyroid hormones.16

Within the hours immediately following the
onset of the stressful event, T3 serum concentra-
tions decrease, while T4 and TSH may slightly
increase. Serum concentrations of reverse T3 —
which is biologically inactive — may increase be-
cause T4’s inner ring deiodination process (which
produces reverse T3) is not inhibited by acute ill-
ness. At the same time, the normal degradation
of reverse T3 by type I 5’-deiodinase is reduced.
Later on, serum concentrations of TSH and T4
usually return to more normal values, whereas

THYROID DYSFUNCTION IN THE CRITICALLY ILL

T3 concentrations remain low. At this stage, the
normal nocturnal serum TSH surge seems to be
decreased or even absent,!” even though meas-
ured serum TSH concentrations may be normal.
In cases of protracted critical illness, thyroid
hormone abnormalities may also be explained by
a decreased TRH release by the hypothalamus,
which results in a decrease in the pulsatile fre-
quency of TSH secretion.! In this phase, thyroid
function tests usually reveal low circulating levels
of T3 and T4 and low or normal levels of TSH.
Additionally, the pulsatile secretion of TSH signif-
icantly decreases because of reduced hypothalamic
stimulation. Finally, during a patients recovery
from critical illness, a modest increase in serum
TSH concentrations may occur.!8 Full restoration
of the patient’s normal physiological biochemical
state may not occur until several months after hos-
pital discharge.!? In the critically ill patient, several
medications and clinical conditions may induce or
maintain NTIS by various mechanisms (Table I).
The abnormalities in thyroid hormone metab-
olism observed during critical illness are part of
a systemic response to stress that involves other
neuroendocrine systems. The first reaction, which
occurs within hours of the onset of acute illness, is
the activation of the anterior pituitary gland and
the associated suppression of anabolic pathways
in the periphery. This reaction has been consid-

(In the prolonged critical illness)
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Figure 1.—Major changes within the thyroid axis during critical illness. The pathogenetic mechanisms proposed to explain serum
thyroid hormone abnormalities during critical illness include the following: decreased conversion of T4 to T3 in extrathyroidal
tissues; alterations in the binding of thyroid hormones to serum proteins; and, in the protracted phase of critical illness, a decreased
pulsatile frequency of TSH secretion, resulting from a reduction in TRH release by the hypothalamus. T4: thyroxine; T3: trii-
odothyronine; T2: diiodothyronine; TSH: thyroid-stimulating hormone; TRH: thyrotropin-releasing hormone.

920 MINERVA ANESTESIOLOGICA November 2010



MINERVA MEDICA COPYRIGHT®

THYROID DYSFUNCTION IN THE CRITICALLY ILL

TaBLE I.—Factors thar may cause alterations in the hypotha-
lamic-pituitary axis during critical illness.

Causes of inhibition of the type I 5'deiodinase enzyme activity

Ciritical illness
Starvation
Glucocorticoids
Beta blockers
Amiodarone
Selenium deficiency
Cytokines

Fatty acids

Causes of decreased secretion of thyroid-stimulating hormone

Critical illness
Starvation
Glucocorticoids
Catecholamines

Opioids

Causes of impaired binding of thyroid hormones to serum proteins

Critical illness
Glucocorticoids

Furosemide

Heparin

Nonesterified free fatty acids
Phenytoin

Carbamazepine

Salicylates

ered to be beneficial, as it should contribute to the
patient’s metabolic adaptation and thus be essen-
tial for survival. However, when patients are treat-
ed in the Intensive Care Unit (ICU) for weeks or
even months, a different set of hormonal changes
may occur, including the uniform suppression of
the pulsatile secretion of growth hormone (GH),
TSH, and prolactin, as well as the decrease in
serum levels of thyroid hormones, insulin-like
growth factor I, and leptin.!

Different critical illness conditions

The following sections will analyze the most
common populations of subjects in whom NTIS
has been described, as well as the available evi-
dence on the effects of restoring normal serum
concentrations of thyroid hormone in critically
ill patients with N'TIS.

Heart disease

Thyroid hormone exerts a variety of direct and
indirect actions on the cardiovascular system,
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including the following: an increase in cardiac
inotropy and chronotropy, resulting from either
the binding of T3 to nuclear receptors in cardiac
myocytes or non-nuclear T3 actions on the ion
channels for sodium, potassium, and calcium; an
increase in tissue oxygen and substrate require-
ments, which leads to a secondary increase in
cardiac contractility; a decrease in systemic vas-
cular resistance, resulting from the direct action
of T3 on vascular smooth muscle cells; and an
increase in blood volume caused by either the
activation of the renin-angiotensin-aldosterone
axis, resulting from vasodilation, or an increase
in erythropoietin secretion, resulting from direct
thyroid hormone stimulation.20

Changes have been observed in the thyroid
hormone profiles of patients with cardiovascu-
lar disorders of various origins, such as acute
myocardial infarction 2! and congestive heart
failure,22 23 as well as in those undergoing cardi-
opulmonary bypass surgery.24-26

Pingitore ez al.23 showed that administering
thyroid hormone to patients with dilated car-
diomyopathy and NTIS significantly increased
left ventricular end-diastolic volume and stroke
volume while decreasing heart rate. Klemperer ez
al.24 randomized 142 patients undergoing coro-
nary artery bypass surgery to receive either intra-
venous T3 or a placebo immediately after aortic
cross-clamp removal. Raising serum T3 concen-
trations in those patients increased their cardiac
output and lowered systemic vascular resistance,
but it could not change the patients’ outcomes
or alter their need for standard postoperative
therapies. In the randomized controlled study
conducted by Bennett-Guerrero e# a/.,2> which
looked at 211 patients at a high risk of requiring
inotropic drug support after coronary artery by-
pass graft surgery, an intravenous infusion of T3
did not change patients’ hemodynamic variables
or inotropic drug requirements. Mullis-Jansson
et al.26 studied 170 patients undergoing elective
coronary artery bypass grafting who were ran-
domly given either intravenous T3 or a placebo
after aortic cross-clamp removal. T3-treated
patients had a higher cardiac index and lower
inotropic requirements after the operation, and
they showed a significantly lower incidence of
postoperative myocardial ischemia as well as a
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reduced need for pacemakers or mechanical car-
diac support devices.

To date, the pathophysiological role of the
thyroid hormone changes that occur in pa-
tients with heart disease has not yet been estab-
lished. These changes could be mere biochemi-
cal markers of the severity of the disease, or
they could actually contribute to the develop-
ment and progression of cardiac dysfunction.
Moreover, the existing data on the use of T3 in
patients with heart disease remains contradic-
tory, even though potential benefits of thyroid
hormone supplementation have been widely
reported in this setting. Thus, it must be borne
in mind that giving thyroid hormone to cardi-
ac patients may carry risks. Exogenous thyroid
hormone administration may directly influ-
ence myocardial oxygen supply and demand,
resulting in a myocardial ischemic event, even
in the absence of coronary artery stenosis or
spasms.?” Therefore, further studies are re-
quired to clarify the potential value of thyroid
hormone replacement and define specific treat-
ment recommendations for patients with heart
disease.

Brain-dead potential organ donors

Several studies have been published concern-
ing the association between brain death and
hypothalamic-pituitary-adrenal  axis impair-
ment.2830 Low levels of circulating thyroid hor-
mone may alter mitochondrial function, thus
impairing the use of metabolic substrate and
hindering the production of ATP29

Novitzky ez al.29 found that T3 supplemen-
tation after brain death increased pyruvate, glu-
cose, and palmitate use, and also normalized
plasma lactate and free fatty acid concentrations,
suggesting an apparent reversal from an anaero-
bic to an aerobic metabolism in the tissue. On
the basis of these data, the authors concluded
that T3 should be administered to all brain-dead
potential organ donors to correct and maintain a
more physiologic metabolic status, thus improv-
ing organ function.?’

Rosendale ez al3% retrospectively analyzed
more than 10,000 brain-dead donors recovered
in the United States from January 1, 2000 to

922 MINERVA ANESTESIOLOGICA

THYROID DYSFUNCTION IN THE CRITICALLY ILL

September 30, 2001. Their analysis showed that
hormonal resuscitation of the donor, consisting
of a methylprednisolone bolus, an infusion of
vasopressin, and either T3 or T4, was associated
with a significantly higher probability that an
organ could be successfully harvested from the
donor.30

Although the benefits of thyroid hormone
treatment in brain-dead donors have been re-
ported in several studies, most of these studies
have included only a small number of subjects
and have not been controlled. Moreover, other
studies have disproved the hypotheses regarding
the presence of hormonal depletion in brain-dead
donors and the correlation between vasopressor
requirements and levels of circulating lactate and
thyroid hormone.3!- 32 Furthermore, the existing
research does not unanimously report improved
outcomes among patients receiving hormone
administration.33. 34

Pérez-Blanco er al3% prospectively rand-
omized 52 adult organ donors to receive T3 or
a placebo. Hemodynamic measurements did not
differ significantly between the two groups, and
the inotrope dose could not be diminished after
treatment. Additionally, T3 treatment did not
affect the concentration of adenine nucleotides
in any of the biopsied organs. Based on these
observations, the authors suggested that brain
death, per se, should not cause impairment in
the hypothalamic-pituitary axis, as the thyroid
hormone abnormalities they found in the study
population could be explained by the pre-exist-
ing conditions that had led to brain death.34

All of these findings would invalidate the ra-
tionale for a routine replacement therapy of T3
or cortisol to maintain endocrine homeostasis
prior to organ harvesting. In the absence of clear
evidence, further research should be conducted
to better define the efficacy and optimal timing
of thyroid hormone administration in brain-
dead donors.

Burn patients

Circulating thyroid hormone concentrations
are generally suppressed in severe burn patients,
and the low T3 state in these patients seems to
be associated with a poor prognosis.3>
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Gangemi et al.3¢ retrospectively analyzed the
serum levels of free T3, free T4 and TSH in
295 burn patients, finding that free T3 and
TSH serum concentrations were significantly
lower in non-survivors compared to survivors,
while no significant difference between the two
groups was found in the serum levels of free
T4. Additionally, serum concentrations of free
T3 were significantly correlated with fatal out-
comes.

In a prospective randomized study, Becker
et al37 assigned 28 patients with 2nd and 3«
degree burns covering a total of 18-93% of the
body’s surface area to receive either a placebo
or T3 at a rate of 200 pg/day (orally or via na-
sogastric tube) in four divided doses until their
wounds were healed. In the survivors (N=20),
T3 supplementation managed to restore free
T3 serum levels but did not affect mortality,
resting metabolic rate, or plasma catecholamine
concentrations.

In the absence of strong evidence, no con-
clusions can be drawn regarding the possible
effectiveness of thyroid hormone replacement
in burn patients with NTIS.

Acute renal failure

Thyroid hormone supplementation has been
demonstrated to ameliorate or reverse ischemic
and toxic acute renal failure in a wide variety
of animal models.38-40 However, the positive
effects seen in the experimental models have
not been confirmed in humans. Acker er al.4!
randomized 59 patients with acute renal fail-
ure to receive intravenous T4 or a placebo. The
protocol solution consisted of 150 pg of T4 in
20 mL of normal saline, administered over five
minutes by intravenous infusion. Thyroid hor-
mone administration resulted in a progressive
and sustained suppression of TSH serum levels
in the T4 group but had no effect on renal fail-
ure severity. Additionally, mortality was higher
in the treated group than in the control group
(43% vs. 13%; P=0.01) and correlated with
TSH suppression. Thus, we conclude that thy-
roid hormone administration is not beneficial
for the treatment of clinical acute renal failure
in critically ill patients with NTIS.
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Heterogeneous populations in the [CU

In the 1980s, Brent and Hershman*? undertook
a randomized prospective study to assess the re-
sponses to either T4 treatment (N=11) or a placebo
(N=12) among patients admitted to a medical ICU
with severe NTIS and total T4 serum levels of less
than 5 pg/dL. These patients’ diagnoses included
sepsis, respiratory failure, gastrointestinal hemor-
rhage, aspiration pneumonia, and hepatic failure,
and these conditions were similarly distributed in
both groups. T4-treated patients received a daily
intravenous injection of T4 in a dose of 1.5 pg per
kilogram for two weeks. Interestingly, in this study,
the authors used T4 rather than T3 to treat thyroid
hormone alterations. In the treatment group, cir-
culating T4 levels significantly increased from day
1 to day 3, and they were in the normal range on
day 5. Despite treatment, serum T3 levels signifi-
cantly increased only on the 10t day and failed to
return to the normal range at any point in the study.
Moreover, serum TSH levels in the treated patients
decreased significantly, as did the TSH response
to TRH. Mortality was similar in the two groups
(75% control versus 73% treatment).

The authors of the study concluded that T4
treatment was not beneficial to critically ill pa-
tients with non-thyroidal illnesses admitted to
the ICU. They also suggested that the suppres-
sive effects of T4 treatment on TSH secretion
may have dangerously compromised the physi-
ological normalization of the hypothalamic-pi-
tuitary axis during recovery.

We cannot exclude the possibility that, due to
the relatively small number studied, a treatment
effect existed that was not immediately evident.
Furthermore, there is a possibility that the failure
to obtain a beneficial effect from T4 treatment
might be due to the failure of serum T3 concen-
trations to be restored to the normal range. How-
ever, the data currently available are too limited
to allow us to draw firm conclusions about the
usefulness of thyroid hormone replacement in
unselected patient populations with NTIS.

Starvation

The inhibition of type I 5’-deiodinase that oc-
curs within 24 hours of the onset of caloric dep-
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rivation results in a decrease in the serum levels
of T3 and an increase in reverse T3 levels.43 Also,
it has been reported that fasting induces a drop
in the basal metabolic rate.#3 These neuro-hor-
monal changes are thought to be “teleological,”
adaptive responses to starvation as a way of keep-
ing metabolic demands to a minimum. Based on
this interpretation, starving subjects should not
receive endocrine correction.

Most of the existing data support the view
that the decrease in thyroid hormone during
times of starvation is an appropriate and protec-
tive response by the body to reduce energy ex-
penditure. The general interpretation of NTIS
as an adaptive response to spare energy has often
been based on the changes in thyroid hormone
metabolism that are observed during starvation.
However, it is unclear whether the altered state
of thyroid hormone during starvation is compa-
rable to the thyroid hormone decrease induced
by critical illness.

Respiratory failure

Respiratory function has been widely inves-
tigated in primary hypothyroidism.Conversely,
only a few reports address the correlation be-
tween respiratory failure and NTIS.

Hypothyroidism has been found to be a cause
of respiratory failure that may require prolonged
mechanical ventilation.44 45 In addition, the res-
piratory failure associated with hypothyroidism
responds well to thyroid hormone supplemen-
tation.46-48 Several mechanisms have been sug-
gested to explain the association between respi-
ratory failure and hypothyroidism: a change in
the normal ventilatory responses to hypercapnia
and hypoxia,i6 47, 4951 diaphragmatic and skel-
etal muscle impairment,46 47, 50, 5255 pleural ef-
fusions,5¢ and obstructive sleep apnea.5” In a
one-year study conducted at a long-term wean-
ing center, Pandya er a4 discovered four cases
of hypothyroidism in a group of patients with
ventilator-dependent respiratory failure. The
correction of hypothyroidism allowed three of
these patients to be weaned from mechanical
ventilation. Datta and Scalise#> reported similar
results in an analogous patient population.

Data relating to the correlation between ven-

924 MINERVA ANESTESIOLOGICA

THYROID DYSFUNCTION IN THE CRITICALLY ILL

tilator-dependent respiratory failure and a low
T3 state are scarce. Plikat ez /.58 retrospectively
analyzed 220 patients whose complete serum
hormone levels had been determined within 24-
48 hours of ICU admission. They found that
patients with NTIS were more often mechani-
cally ventilated than those with normal results
on thyroid function tests (44% for euthyroid
patients, 50% for patients with only low levels
of free T3, and 83% for patients with low levels
of free T3/free T4). More recently, in a retro-
spective study of 264 patients admitted to our
ICU who underwent mechanical ventilation fol-
lowing respiratory failures of various etiologies,
NTIS was found to be an independent risk fac-
tor for prolonged mechanical ventilation (OR,
2.25; 95% CI, 1.18-4.29; P=0.01).59 The latter
was defined as dependence on mechanical venti-
lation for >13 days, which was the median value
of the duration of mechanical ventilation in the
entire study population

Similar to other critical illness conditions,
it remains unclear whether NTIS contributes
to impaired respiratory function or only acts a
negative prognostic marker of that condition.
This question might be answered by evaluating
whether respiratory function benefits from the
administration of thyroid hormones or hypotha-
lamic peptides to a selected group of NTIS pa-

tients in randomized controlled trials.

Role of the hypothalamus in NTIS

Hypothalamic changes seem to play a major
role in the pathogenesis of the lowered activity of
the thyrotropic and somatotropic axes in cases of
prolonged critical illness. A number of findings
are in line with this concept.

In a postmortem examination of human brain
specimens in 10 subjects with varying degrees of
NTIS, Fliers er al.% found that TRH gene ex-
pression in hypothalamic paraventricular nuclei
is decreased when death occurs after a prolonged
critical illness, whereas such a decrease is not ob-
served when death is caused by acute events such
as trauma. In this study, the reduction of TRH
gene expression in the hypothalamus was signifi-
cantly correlated with decreases in serum levels

of both TSH and T3, but not T4.
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In healthy subjects, GH, TSH and prolactin
are released from the anterior pituitary gland in
a pulsatile and synchronized fashion. During
protracted critical illness, the nocturnal secre-
tory patterns of GH, TSH and prolactin have
been found to be reduced and desynchronized.6!
Under these conditions, it has been shown that
GH, TSH and prolactin may still be released in
response to a continuous infusion of GH secre-
tagogues and TRH,¢! and a continuous infusion
of GHPR-2 (but not TRH) may have a syn-
chronizing effect on the serum concentrations of
these hormones.62 It remains unknown whether
GHRP-2 exerts this coordinating action at the
level of hypothalamus or at the level of uni- or
pluri-hormonal pituitary cell types.

Additionally, patients suffering from a pro-
longed critical illness who were treated for five
days with an intravenous co-infusion of TRH
and GH-releasing peptide (GHRP-2) experi-
enced not only a reactivation of blunted GH
and TSH secretion and a partial restoration of
circulating thyroid hormone levels (without af-
fecting cortisol release) but also a return of pe-
ripheral tissue responsiveness, as documented by
increased markers of anabolism and decreased
markers of catabolism.63

Interestingly, the co-infusion of TRH and
GHRP-2 seems to be more advantageous than
the administration of TRH alone; the combina-
tion can increase the pulsatile fraction of TSH
release and overcome the impaired peripheral
conversion of T4 to T3 observed during critical
illness. Additionally, the effects of co-infusing
a GH secretagogue with TRH seem to be self-
limited by intact feedback inhibition loops. In
fact, the negative feedback exerted by thyroid
hormone on the thyrotropes remains in place
during TRH infusion, thus preventing overstim-
ulation of the thyroid gland.6!

To treat or not to treat: a persistent dilemma

There is no consensus in the literature about
correcting serum concentrations of thyroid hor-
mone in critically ill patients affected by NTIS.
However, on one point most authors seem to
agree: carefully controlled studies are needed
to clarify the role of thyroid hormone changes
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during critical illness.!4 15 In evaluating the ef-
fects of hormone replacement therapy in NTIS
patients, a number of issues must be discussed
before settling on an optimal method.

Establishing clinical endpoints is one major
concern in developing and evaluating a treat-
ment for NTIS. Obviously, the aim of such a
treatment would not be to cure critically ill pa-
tients with NTIS but to contribute somehow to
their recovery from critical illness. Theoretically,
if NTIS patients were actually hypothyroid, the
normalization of their circulating thyroid hor-
mone levels might reverse at least some of the
abnormalities that tend to accompany hypothy-
roidism and have no other evident explanation.
Based on this assumption, a possible study of the
treatment of NTIS might analyze a series of clin-
ical disorders including mental obtundation, dry
skin, hypothermia, bradycardia, hypotension,
sluggish tendon reflexes, constipation, pleural or
pericardial or peritoneal effusions, weight gain
and hair loss, as well as laboratory disorders such
as anemia and increased serum levels of triglycer-
ides, creatinine phosphokinase, lactate dehydro-
genase, and glutamic-oxaloacetic transaminase.
Unfortunately, each of these disorders may result
from a wide variety of factors commonly present
in the ICU. Therefore, it would be difhicult to
show any correlation between the endocrine
treatment and any correction of these disorders.
Instead, clinical endpoints such as mortality and
morbidity rates, physiological functions, or met-
abolic markers would seem to be more suited to
evaluating the effects of thyroid hormone resto-
ration (by giving thyroid hormone or releasing
peptides) on critically ill patients in placebo-con-
trolled, randomized trials.

Another important issue is to establish which
thyroid hormone is best to use: T3, T4, or a com-
bination of the two. In ICU patients with a low
T3 state, the administration of T4 alone failed to
normalize serum T3 concentrations,? probably
because of the impaired peripheral conversion of
T4 to T3 during critical illness. Therefore, treat-
ment with T4 alone should be avoided.

Also, it will be important to define both the
optimal dose of thyroid hormone and the op-
timal interval of time between one hormone
determination and the next. Initial doses of thy-
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roid hormone should rapidly restore the body’s
hormone reserves while preventing dangerously
abnormal increases in serum hormone concen-
trations. At least during the first several days of
treatment, serum thyroid hormone levels should
be checked at frequent intervals, and hormone
doses should be adjusted to maintain those levels
within normal limits. Once serum hormone lev-
els are steadily within the normal range, hormone
determinations may be made less frequently. The
interval between one hormone measurement
and the next should be established on the basis
of a series of factors such as the mode of hor-
mone administration (oral dosage, intravenous
boluses or intravenous infusion), the trend in se-
rum hormone concentrations over time, the type
of study, and the need to perform a pharmacoki-
netic evaluation of hormone replacement.

Once the treatment is started, an extremely
prudent approach will be needed. Therefore, or-
gan functions must be carefully monitored, and
serum thyroid hormone concentrations should
be kept stable throughout the whole endocrine
treatment. In patients with NTIS, many tissues
can be deficient in thyroid hormones, but the
severity of these hormone deficits may vary from
one organ to another.4 Consequently, the same
dose might be insufficient for one organ or tissue
but excessive for another.

A further issue is to determine the cut-off val-
ues of serum thyroid hormone levels at which a
treatment may be started, as well as how long
that treatment should last.

The route of thyroid hormone administra-
tion, whether intravenous or oral, also requires
consideration. Intestinal absorption of thyroid
hormone can be affected by several factors, such
as enteral nutrition, individual absorption kinet-
ics,® and treatment with other medications.66-68
Therefore, enterally nourished patients should
take thyroid hormone either intravenously or on
an empty stomach for optimal drug absorption.
Patients with altered intestinal absorption should
also receive thyroid hormones intravenously. For
all of these reasons, intravenous administration
would seem the preferred route for this prospec-
tive treatment.

Finally, it is possible that the eventual treat-
ment of NTIS might move beyond the simple
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administration of T3 or T4. Abnormalities in
hypothalamic function and interactions among
the different anterior pituitary axes that can oc-
cur during critical illness should be taken into
account if NTIS is to be treated. Administering
hypothalamic releasing factors seems to improve
metabolism and restore anterior pituitary pul-
satile secretion in patients with chronic criti-
cal illnesses.®3 During the intravenous infusion
of these neuropeptides, feedback-inhibition
mechanisms seem to be maintained, thus allow-
ing the introduction of appropriate amounts of
thyroid hormone into the blood and preventing
overtreatment.6! 63 Based on these findings, the
administration of hypothalamic peptides might
be a safer strategy than thyroid hormone supple-
mentation if treatment of NTIS is atctempted.

Conclusions

There are, as yet, no definitive answers to the
question of whether the metabolic changes in
the hypothalamic-pituitary axis observed during
critical illness represent an adaptive advantage or
a maladaptive response to stress. Likewise, it is
still not clear whether and when these changes
may be corrected.
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