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The ongoing hypermetabolic response in patients with prolonged critical illness leads to the
loss of lean tissue mass. Since the cachexia of prolonged illness is usually associated with low
concentrations of anabolic hormones, hormonal intervention has been thought to be beneficial.
However, most interventions have been shown to be ineffective and their indiscriminate use
even causes harm. Before considering endocrine intervention in these frail patients, a detailed
understanding of the neuroendocrinology of the stress response is warranted. It is now clear
that the acute phase and the later phase of critical illness behave differently from an endo-
crinological point of view. The acute stress reponse consists primarily of an actively-
secreting pituitary in the presence of low circulating peripheral anabolic hormones, suggesting
resistance of the peripheral tissues to the effects of anterior pituitary hormones. However,
when the disease process becomes prolonged, there is a uniformly-reduced pulsatile secretion
of anterior pituitary hormones with proportionally reduced concentrations of peripheral anabolic
hormones. The origin of this suppressed pituitary secretion is located in the hypothalamus, as
hypothalamic secretagogues can reactivate the anterior pituitary and restore pulsatile secretion.
The reactivated pituitary secretion is accompanied by an increase in peripheral target
hormones, indicating at least partial sensitivity of these tissues to anterior pituitary hormones in
this chronic phase of illness. Thus, endocrine intervention with a combination of hypothalamic
secretagogues that more completely reactivate the anterior pituitary could be a more
physiological and effective strategy for inducing anabolism in patients with prolonged critical
illness.

Metabolism: Endocrinology: Stress

Within hours and during the first few days following an
acute severe insult patients develop clinical manifestations
such as fever, tachypnea and tachycardia accompanied
by hyperglycaemia, hypertriacylglycerolaemia and acceler-
ated proteolysis. The main purpose of this hypermetabolic
response is the provision of endogenous substrates to
wounded tissues and reparative cells for healing at a time
when exogenous energy intake is limited. When the under-
lying disease resolves, the stress response abates and re-
covery ensues.

With progress in intensive care medicine, however,
patients now survive medical and surgical conditions that
have previously been fatal. Recovery from such severe
insults may take weeks and prolongation of the hypermeta-
bolic response induces a profound erosion of lean body
mass. These patients can lose up to 10% of their muscle
mass per week (Gamrin et al. 1997) because of the

ongoing proteolysis. The loss of protein is not confined to
the skeletal muscle but also occurs in other organs, such as
the liver, kidney and heart, reducing their cell mass and
leading to impaired function. Extended recuperation often
includes prolonged duration of mechanical ventilatory
support because of extreme muscle weakness and fatigue.
Additionally, hyperglycaemia (Liu et al. 1999) and hyper-
triacylglycerolaemia (Robin et al. 1989) contribute to
immune dysfunction and thus increase the risk for infec-
tious complications. Such cachectic and immunocom-
promised patients often die in sepsis and multiple organ
failure.

As endocrine changes are invariably associated with
critical illness (see Fig. 1) and in view of their role in
intermediate metabolism, altered function of the anterior
pituitary and its peripheral effectors may contribute to the
wasting syndrome. Indeed, all critically-ill patients have
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low serum concentrations of anabolic hormones, such as
insulin-like growth factor I (IGF-I) and testosterone. As
recombinant human growth hormone (rhGH) replacement
has been used for many years in GH-deficient patients,
increasing lean body mass in this condition (Binnerts et al.
1992), it has been thought that rhGH treatment may benefit
the profoundly catabolic intensive care patient. The com-
bination of an activated GH secretion in the presence of
low peripheral IGF-I concentrations, consistently found
following acute stress, has been correctly interpreted as rep-
resenting a state of GH resistance. Additionally, anecdotal
evidence has shown that rhGH has a reduced efficacy in
generating IGF-I in patients with sepsis, again pointing to
the presence of GH resistance (Ross et al. 1993). It has
been assumed that this GH resistance persists throughout
the course of critical illness and that high doses of rhGH
would thus be required in order to overcome it and to
induce anabolism. As numerous studies, mostly small and
non-randomized, had reported positive effects of high-dose
rhGH treatment in hypercatabolic patients, a large multi-
centre European trial investigating the effects of pharma-
cological doses of rhGH was initiated in the mid-1990s
by Takala et al. (1999). Quite unexpectedly, this study
revealed a marked increase in morbidity and mortality, the
cause of which was unclear.

At the initiation of the Takala et al. (1999) study, the
neuroendocrine changes occurring during prolonged severe
illness were largely unknown. Rather, as explained earlier,
data obtained from acute catabolic states were merely extra-
polated to the prolonged critical illness setting, an assump-
tion that was clearly erroneous.

It is now known that both acute and prolonged critical
illness are associated with completely different neuro-
endocrine characteristics (Van den Berghe et al. 1998;
Weekers et al. 2002). Indeed, in prolonged critical illness
somatotrophs no longer actively secrete GH. Instead, a
state of relative hyposomatotropism follows the initial
stress response, in which pulsatile GH secretion is reduced
to levels that are in proportion to the low IGF-I concen-
trations. In this chronic phase of illness at least partial
recovery of peripheral GH sensitivity occurs. Adminis-
tration of pharmacological doses of rhGH at a time of
recovered GH sensitivity may expose patients to toxic side
effects of such an intervention. In particular, the aggrava-
tion of insulin resistance by rhGH and the concomitant
hyperglycaemia may have important consequences for
critically-ill patients (Van den Berghe et al. 2001b). The
biphasic response, first described in the GH axis, is also
present in the thyroid, prolactin and gonadal axes, and this
relative ‘panhypopituitarism’ could aggravate GH toxicity.
In the following review the neuroendocrine changes asso-
ciated with critical illness will be discussed and the current
strategies to reverse hypercatabolism reappraised.

Endocrine changes associated with critical illness

The hypothalamic–anterior pituitary–peripheral hormonal
axes play a central role in the endocrine regulation of
the majority of metabolic processes. As even partial dys-
function of the anterior pituitary is associated with in-
creased morbidity and mortality, there is a growing interest
among intensive care specialists in the neuroendocrine
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Fig. 1. A graphic representation of the dynamic changes in pituitary function during the course of critical

illness. In the acute phase of illness (first hours to a few days after onset) the secretory activity of the

anterior pituitary is essentially maintained or amplified, whereas anabolic target organ hormones are

inactivated. Cortisol levels are elevated in concert with corticotropin. After about 7–10 d in the chronic

phase of protracted critical illness the secretory activity of the anterior pituitary is uniformly suppressed,

now contributing to reduced circulating levels of target organ hormones. Impaired anterior pituitary

hormone secretion allows the respective target organ hormones to decrease proportionately over time,

cortisol being a notable exception. Circulating levels of cortisol remain elevated through a peripheral

drive, a mechanism that ultimately may also fail. The onset of recovery is characterised by restored

sensitivity of the anterior pituitary to reduced feedback control. (Adapted from Van den Berghe et al.

1998.)
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pathophysiology of critical illness. Until recently, it has
been commonly believed that the endocrine changes
evoked by acute illness persist even when the disease is
prolonged, although a scientific basis for this notion is
lacking. In the last decade it has become clear that the
anterior pituitary responds biphasically to stress and that
the acute and chronic (7–10 d following injury) phases of
critical illness are substantially different (Fig. 1). When
studying the neuroendocrinology of critically-ill patients, a
note of caution is warranted. Dopamine infusion, still one
of the cornerstones in critical care medicine, profoundly
suppresses the circulating concentration of all anterior
pituitary-dependent hormones, except cortisol, and thus is
an important confounding factor in interpreting the results
from many studies (Van den Berghe & de Zegher, 1996).

Neuroendocrinology of acute illness

GH secretion is clearly enhanced in response to acute
stress. At the same time, however, the serum concen-
tration of its main peripheral effector molecule, IGF-I,
is low (Ross et al. 1991). In addition, the GH-dependent
IGF-binding proteins (IGFBP) and the circulating levels
of GH-binding protein, the latter presumably reflecting
the functional GH receptor status, are low following acute
stress (Hermansson et al. 1997). These findings clearly
indicate the presence of GH resistance early after injury.
The finding that regular doses of rhGH administered to
sick patients elicit a decreased anabolic response and that
there is a reduction in gene expression of the GH receptor
in muscle and liver (Defalque et al. 1999) again point to
the presence of GH resistance. Enhanced clearance of
IGF-I, also partially related to changes in IGFBP, also
contributes to its low serum levels. From a teleological
point of view, this somatotropic response following acute
injury seems appropriate. Indeed, serum concentrations of
lipids and glucose are elevated by the enhanced direct
lipolytic and anti-insulin effects of GH, thus providing
metabolic substrates to vital tissues, while costly anabol-
ism, which is mediated largely by IGF-I and is considered
to be less vital at this time, is postponed.

Hypercortisolism, driven by increased release of cortico-
tropin-releasing hormone and corticotropin following ill-
ness (Rivier & Vale, 1983), also contributes to the acute
provision of energy by shifting endogenous carbohydrate,
fat and protein metabolism. In addition, cortisol suppresses
the endogenous inflammatory response, protecting the
acutely-ill patient against over-response of this system.
Furthermore, cortisol improves the haemodynamic status
of the stressed individual by inducing fluid retention and
by its sensitizing effect on the vasopressor response to
cathecholamines.

Prolactin, presumed to be an immune-enhancing hor-
mone, is a well-known stress hormone and the elevated
serum concentrations following acute stress are thought to
contribute to the activated state of the immune system
early in the disease process.

While the somatotropic, adrenocortical and lactotropic
axes are clearly activated in the acute phase following
injury or disease, such an activation within the thyroid and
gonadal axes is much more short lived. The thyroid axis

responds to acute stress with a rapid drop in triiodo-
thyronine (T3) and an increase in reverse T3, partially related
to an alternative peripheral conversion of thyroxine (T4).
Thyrotropin (TSH) concentrations are only transiently
elevated and then normalize. This normalization is con-
sidered inappropriate in the face of the low T4 and T3

concentrations, and thus altered central feedback settings
are likely (Bacci et al. 1982). As thyroid hormones are
implicated in the regulation of energy expenditure and
protein synthesis, their low activity in acute illness could
be seen as a beneficial adaptation at times when exogenous
provision of substrates is reduced.

Finally, despite elevated luteinizing hormone concen-
trations (Wang et al. 1978), Leydig cells are suppressed
soon after injury or disease, resulting in low testosterone
concentrations.

Thus, while the anterior pituitary is actively secreting in
the acute phase following illness, target organs become
resistant, resulting in low concentrations of their peri-
pheral effector molecules. These endocrine and metabolic
responses to acute stress are probably evolutionary adap-
tations and are likely to be beneficial as they reduce energy
and substrate consumption, drive substrates to vital tissues,
postpone anabolism and modulate the immune response in
order to improve survival. Currently, there is no evidence
that intervention with, or manipulation of, this response
would be advantageous for the acutely-ill patient.

Neuroendocrine changes in prolonged critical illness

Progress in critical care medicine has enabled patients to
survive insults that have previously been fatal. It is not
likely, therefore, that nature has selected coping mechan-
isms for the chronic phase of the disease process. In this
later phase of illness the continuing hypercatabolism
leads to a non-specific wasting syndrome, including severe
muscle weakness, intestinal atrophy, delayed tissue healing
and immune dysfunction. The pathophysiology under-
lying this catabolic response in prolonged critical illness
is not clear. Severe illness and tissue damage is invariably
accompanied by an inflammatory response characterized
by elevated levels of pro-inflammatory cytokines (TNF-a,
IL-1 and IL-6) and counter-regulatory hormones (catechol-
amines, glucocorticoids and glucagon) that have a profound
influence on body metabolism. However, although circu-
lating levels of these hormones are high in response to
acute stress, with prolongation of the disease process
serum concentrations of most of these mediators usually
normalize and thus are unlikely to contribute to the wasting
syndrome of prolonged critical illness.

In view of their role in intermediate metabolism and the
immune system, anterior pituitary hormones may have a
role in the wasting syndrome associated with prolonged
critical illness.

The somatotropic axis in the chronic phase of critical
illness. In contrast to the first few days following illness,
when release of GH from somatotrophs is increased while
the concentration of IGF-I is low, in the chronic phase
pulsatile release of GH is suppressed. Concomitantly, the
non-pulsatile fraction of GH release remains somewhat
elevated (Van den Berghe et al. 1997a).
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The finding of a strong and positive correlation between
circulating IGF-I, IGFBP-3 and acid-labile subunit on the
one hand, and the pulsatile fraction of GH release on
the other, indicates that the loss of pulsatile GH release in
the chronic phase of critical illness probably contributes
to the low IGF-I, IGFBP-3 and acid-labile subunit concen-
trations in this condition (Van den Berghe et al. 1999).
This finding conflicts with the previous presumption of
GH resistance, as an inverse relationship would then be
expected. Moreover, the clear increase in IGF-I and
GH-dependent IGFBP concentrations after infusion of
GH secretagogues (GHS; Van den Berghe et al. 2000)
and the presence of elevated GH-binding protein concen-
trations in this phase (Van den Berghe et al. 1996) indicate
at least some recovery of GH responsiveness during pro-
longed severe illness.

The mechanism underlying this relative hyposomato-
tropism is likely to be located in the hypothalamus. Indeed,
the impaired GH secretion reacts robustly to the injection
of GHS, thus excluding a pituitary deficiency of GH as
the mechanism underlying the relative hyposomatotropism
(Van den Berghe et al. 1996, 1997a). The GH release
observed following the injection of GH-releasing hormone
is less pronounced than that following GHS injection. This
finding suggests that, if a reduced hypothalamic drive
is responsible for the hyposomatotropism, a hypothalamic
deficiency of GHS is more plausible than GH-releasing
hormone deficiency. Reduced somatostatin tone could
also explain the profound response to GHS but cannot
be reconciled with the spontaneous dynamics of low-
amplitude GH bursts. This (relative) hyposomatotropism
associated with prolonged critical illness is not unimpor-
tant, as it has been shown to contribute to the wasting
syndrome (Van den Berghe et al. 1999). If GHS deficiency
is a mechanism involved in the relative hyposomato-
tropism during prolonged critical illness and the recovery
of peripheral GH sensitivity in this phase of illness,
administration of GHS may have potential in the manage-
ment of feeding-resistant hypercatabolism. Another im-
portant aspect of this treatment would be its safety. Indeed,
as endogenous negative feedback mechanisms are intact
in the patient with prolonged critical illness, the use of
GHS would prevent over-stimulation of the somatotropic
axis. It has been shown that GHS infusion results in a
reactivation of pulsatile GH secretion and increases IGF-I
concentrations up to a certain level above which further
stimulation of GH secretion has little or no additional
effects on IGF-I concentrations. In contrast, the adminis-
tration of peripherally-active hormones at an inappropriate
(too high) dose may expose these very sick patients to
toxic side effects of such a therapy.

The thyrotropic axis in the chronic phase of critical
illness. As for the somatotropic axis, circulating levels of
TSH measured in a single sample are often within the low
normal range, but the pulsatile fraction of TSH release is
dramatically reduced during prolonged illness (Van den
Berghe et al. 1998). In addition, the serum concentrations
of T4 and, particularly, T3 are low and correlate positively
with the reduced pulsatile TSH release (Van den Berghe
et al. 1997b). The low T4 and T3 levels present when TSH
release is normal or reduced suggest an altered feedback

inhibition set point, impaired TSH synthesis, inadequate
TSH stimulation by TSH-releasing hormone (TRH) or
elevated somatostatin tone. In critically-ill patients TRH
infusion increases TSH secretion and, concomitantly,
peripheral thyroid hormone levels (Van den Berghe et al.
1998). As for the somatotropic axis, these data are con-
sistent with a predominantly central origin of the sup-
pressed thyroid axis, suggesting reduced TRH activity in
the chronic phase of critical illness. The indirect evidence
provided by dynamic clinical studies is supported by the
work of Fliers et al. (1998), which has confirmed reduced
TRH mRNA levels in the hypothalamus of patients dying
after chronic critical illness compared with those who died
after a road accident or an acute illness. A role of reduced
GHS action in the pathophysiology of the suppressed
thyroid axis has also been suggested. Indeed, pulsatile TSH
release is only increased with TRH infusions when GHS
are infused concomitantly (Van den Berghe et al. 1998).
These findings have largely been confirmed in a rabbit
model of critical illness (Weekers et al. 2002). In the acute
phase of illness TRH injection induces a hyper-responsive
release of TSH that wanes in the chronic phase. It has been
hypothesized that GHS deficiency accounts for this finding,
as the full effect of TRH apparently requires sufficient
endogenous GHS availability (Van den Berghe et al. 2002).

Low-T3 syndrome results not only from alterations in
the pituitary, but also from changes in peripheral metabo-
lism. It has previously been shown that the reduced T3

levels in patients with prolonged critical illness are in part
a result of reduced type 1 deiodinase activity, the enzyme
responsible for the peripheral conversion of T4 to active
T3 (Peeters et al. 2003). Interestingly, the addition of
GH-releasing peptide-2 to TRH infusion not only stimu-
lates pulsatile TSH release and circulating T4 and T3, but
also prevents the rise in reverse T3. This finding suggests
an effect of GH-releasing peptide-2 on deiodinase activity,
either directly or indirectly through its effect on GH and
IGF-I. In an animal model combined GHRP and TRH
infusion augments the catalytic activity of hepatic type 1
deiodinase activity and depresses the activity of the main
peripheral hormone inactivator enzyme, type 3 deiodinase
(Weekers et al. 2004). The low-T3 syndrome in these
patients is relevant, as it has been related to hypercatab-
olism (Van den Berghe et al. 1999).

The gonadal and prolactin axes in the chronic phase
of critical illness. Hypogonadotropism occurs with pro-
longed critical illness. Indeed, in men with prolonged
critical illness mean luteinizing hormone concentrations
and pulsatile luteinizing hormone release have been shown
to be suppressed even when serum testosterone concen-
trations are extremely low. The profound hypoandrogen-
ism appears to be the result of a combined central and
peripheral defect within the male gonadal axis (Van den
Berghe et al. 2001a). Similar changes have been reported
for the prolactin axis. Although prolactin acutely increases
in response to stress, the pulsatile fraction of prolactin
release becomes suppressed with prolongation of the
disease process (Van den Berghe et al. 1997b; Weekers
et al. 2002), and it has been suggested that these changes
may contribute to the immune suppression associated with
prolonged critical illness.
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It can be concluded that the anterior pituitary reacts
biphasically to severe stress. In contrast to the acute phase
of illness, prolonged critical illness is associated with a
uniform suppression of the pituitary hormone axes. This
process contributes to the low serum concentrations of
the respective target organ hormones. Evidence now
points to a predominantly hypothalamic origin of these
alterations.

Interventions to attenuate the catabolic syndrome
of prolonged critical illness

As hypercatabolism has severe consequences for the
critically-ill patient, the quest for strategies to efficiently
reverse the loss of lean body mass has been ongoing for
some time.

Parenteral nutrition has been advocated as an effective
intervention to halt protein loss and muscle wasting. Early
studies have shown a beneficial effect of both glucose and
amino acid infusions on post-operative protein sparing,
leading to the provision of parenteral nutrition in the
post-operative setting. Critically-ill patients, however, are
frequently underfed and just increasing energy intake or
protein supply is now known to be insufficient to prevent
or reverse muscle wasting in hypercatabolic patients. In
fact, this strategy merely results in fat accretion (Streat
et al. 1987) and enhanced, instead of reduced, N loss.
In addition, a recent meta-analysis has concluded that
parenteral nutrition is not entirely harmless and may be
associated with a higher incidence of complications,
particularly in critically-ill patients (Heyland et al. 1998).
Thus, new nutritional formulations have been studied.
A high-carbohydrate enteral feeding regimen has been
shown to decrease muscle protein breakdown in severely-
burned children, probably by stimulating insulin release
(Hart et al. 2001). However, a glucose-rich parenteral feed-
ing regimen in critically-ill patients has been shown to
induce hyperglycaemia, to increase CO2 production and to
stimulate de novo lipogenesis. Furthermore, it does not
suppress gluconeogenesis and proteolysis. The develop-
ment of hyperglycaemia is particularly problematic in view
of the important effects of stress hyperglycaemia on
morbidity and mortality in critically-ill patients (Van den
Berghe et al. 2001b). Several small studies have shown
that parenteral and enteral feeding formulations enriched
with specific supplements, such as glutamine and arginine,
may be beneficial for certain patients, although a recent
meta-analysis has also suggested potentially harmful
effects (Heyland et al. 1998). Thus, it is necessary to await
confirmation from large clinical trials before these new
nutritional formulations enter widespread clinical use.

As a consequence of the failures encountered with
nutritional interventions during the last decade, pharmaco-
logical enhancement of energy support has been evaluated.
The non-selective b-blocker, propanolol, has a marked
effect on the preservation of lean body mass in severely-
burned children, mainly through a more efficient endogen-
ous use of amino acids, which increases protein synthesis
(Herndon et al. 2001).

Insulin has clear anabolic actions in patients with burn
injuries, and can improve net protein balance by increasing

protein synthesis or reducing protein degradation. Both
effects may be related to a more efficient incorporation of
amino acids into muscle. While the effect of insulin on
proteolysis has been shown consistently, only extreme
hyperinsulinaemia has been demonstrated to stimulate
protein synthesis (Hillier et al. 1998). Liver biopsies from
patients with prolonged critical illness show that insulin
treatment to maintain normoglycaemia does not affect
expression of phosphoenolpyruvate carboxykinase, the key
enzyme controlling gluconeogenesis. In addition, in order
for insulin to induce anabolism it is of paramount import-
ance that sufficient exogenous amino acids are available,
as without these amino acids insulin-stimulated protein
synthesis uses amino acids derived from accelerated endo-
genous proteolysis. Also, it remains to be determined
whether the anabolic effect of insulin is direct or mediated
via stimulated IGF-I synthesis.

As with insulin, infusion of IGF-I has been shown to
inhibit protein breakdown and stimulate protein synthesis
in the presence of sufficient amino acids (Russell-Jones
et al. 1994) and improved post-operative catabolism.
Prolonged administration, however, results in reduced
efficacy.

As several anterior pituitary-dependent hormones are
extensively involved in the regulation of intermediate
metabolism, and in view of the relative hypopituitarism
associated with prolonged critical illness, it is rational to
search for a role for these hormones in the treatment of
catabolism. Thyroid hormones are important for protein
synthesis, lipolysis and fuel utilization by muscle, and
they interfere with GH secretion and tissue responsive-
ness to GH. At present, however, it is unclear whether
treatment with thyroid hormones is beneficial or harm-
ful for the critically-ill patient (Stathatos et al. 2001).
Administration of T3 during starvation has been shown
to increase muscle wasting, and increased mortality has
been observed in animal models of sepsis (Gardner et al.
1979).

Administration of testosterone to men with severe burn
injuries is accompanied by a marked reduction in protein
catabolism, mainly through efficient intracellular amino
acid handling and inhibition of muscle breakdown
(Ferrando et al. 2001). In a small study (Demling, 1999)
the synthetic androgen, oxandrolone, has been shown to
reduce weight loss, improve functional status and increase
wound healing, and seems to be as effective as rhGH
therapy in the acute and recovery phase of illness; how-
ever, caution is warranted, as these studies were not well
controlled and did not report the potential complications
of this intervention. Moreover, testosterone supplement-
ation during illness may be associated with negative effects
on the immune system (Angele et al. 1998).

The beneficial metabolic effects of rhGH in GH-defi-
cient patients have been known for many years (Binnerts
et al. 1992). In these patients treatment with rhGH
increases lean body mass and stimulates bone remodelling.
The direct effects of GH are diverse. It induces insulin
insensitivity (Costa et al. 1998) and stimulates lipolysis
(Keller & Miles, 1991), inhibits the peripheral conversion
of cortisone to cortisol (Stewart et al. 2001), regulates the
peripheral conversion of thyroid hormones (Moller et al.
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1992) and interferes with drug metabolism. GH has also
been shown to improve heart function in patients with
heart failure, although it remains to be seen whether this
benefit is also applicable to patients in the intensive care. In
addition, GH is an immune-modulating agent and enhances
innate immunity, properties that might be beneficial in the
immune-deficient critically-ill patient.

Several small and often poorly-controlled studies have
suggested beneficial effects of rhGH in catabolic patients,
but very few of these studies have reported the potential
complications. Most of these studies used relatively
large doses of rhGH, as GH has been shown to diminish
metabolic efficacy in patients with sepsis, as a result of
GH resistance (Dahn et al. 1988). In elective colo-rectal
surgery a 9 d peri-operative rhGH injection (4 and 8 U
(1.3 and 2.6mg)/d) has been found to improve N balance
and lean body mass, even when patients have a low energy
intake, but the treatment is associated with an average
retention of 4 litres fluid (Vara-Thorbeck et al. 1992). In
post-operative cancer patients whole-body net protein
balance is improved following 5 d of rhGH treatment,
while there is no effect on muscle protein balance unless
insulin is added (Berman et al. 1999). In patients with
sepsis 7 d of rhGH treatment improves net protein
synthesis (Koea et al. 1996). rhGH treatment for 5 d has
been shown to stimulate muscle protein synthesis and to
increase glutamine stores in the muscle of patients with
prolonged critical illness (Gamrin et al. 2000). In children
with burns rhGH treatment is associated with faster healing
of the donor site and improved protein synthesis (Gilpin
et al. 1994). Furthermore, there is a reduced albumin
requirement, an anti-inflammatory response (reductions in
C-reactive protein, TNFa and IL-6) and only a transient
increase in NEFA. Mjaaland et al. (1993) have found that
rhGH alters substrate utilization with increased fat oxi-
dation, fatty acids and energy expenditure and decreased
carbohydrate oxidation.

The first prospective double-blind randomized con-
trolled trial of rhGH administration in a large population
of long-stay intensive care patients that was of sufficient
power to analyse morbidity and mortality was undertaken
by Takala et al. (1999). Prolonged critically-ill and
mechanically-ventilated patients without sepsis were ran-
domized to receive pharmacological doses of rhGH or
placebo for a maximum of 3 weeks. Surprisingly, in the
rhGH-treated group an excess of intensive care mortality
was reported, which persisted when analysing in-hospital
mortality. The main causes of death in patients receiving
rhGH treatment were reported to be sepsis and multiple
organ failure. Furthermore, surviving patients had longer
periods of mechanical ventilation, hospitalization and
higher health care costs despite increased levels of IGF-I
and a positive N balance. Hyperglycaemia was found to
be present more frequently in the rhGH-treated patients
compared with those receiving placebo. The aetiology
of the dramatic effect of rhGH treatment in the critically-
ill patient is not clear. It has been suggested that GH
treatment may have limited glutamine release from skeletal
muscle, thus reducing the supply of this amino acid for
immune and gut cells. Impaired immune function and
increased intestinal permeability could explain the high

incidence of infections in patients treated with high-dose
rhGH. This hypothesis has been questioned by findings in
rats with sepsis treated with rhGH (O’Leary et al. 2002).
Furthermore, GH and IGF-I have no influence on
glutamine metabolism. Additionally, as glutamine is
involved in the preservation of reserves of the antioxidant
glutathione in the liver, the finding that early rhGH
treatment in rats has an antioxidant effect, with reduced
lipid peroxidation in lung and liver, and increased tissue
levels of glutathione, does not support such a hypothesis
(Youn et al. 1998).

Liao et al. (1996) have reported that rhGH pretreatment
(by continuous infusion) followed by endotoxin injection
in rats results in a worse outcome, with profound shock,
hypertriacylglycerolaemia and liver and kidney failure.
This effect is independent of IGF-I and is presumed to be
related to the priming of lymphocytes. In agreement with
this notion are reports of a worsening of acidosis associ-
ated with reduced portal vein flow and higher TNF-a
levels in an animal model of sepsis that was treated with
rhGH (Unneberg et al. 1996).

In view of recent data on the neuroendocrine patho-
physiology of prolonged critical illness, the findings of
the study by Takala et al. (1999) can be interpreted from
another perspective. It is now clear that GH secretion is
suppressed and GH responsiveness recovers in the pro-
longed phase of critical illness. Hence, the high dose of
rhGH used in the multicentre trial was probably much too
high, exposing these patients to the potentially deleterious
direct effects of GH. Furthermore, the finding that multiple
endocrine axes are inactivated in critical illness suggests
that endocrine intervention should target the somatotropic,
thyrotropic and gonadal axes.

It has been shown (Van den Berghe et al. 1999) that
infusion of GH-releasing peptide-2, together with TRH,
for 5 d reactivates both the somatotropic and thyrotropic
axes in patients with prolonged critical illness. Basal and
pulsatile GH release and circulating levels of IGF-I,
IGFBP-3, acid-labile subunit and IGFBP-5 are all stimu-
lated. Concomitantly, the secretion of TSH and T4 and
T3 release are amplified without affecting levels of reverse
T3. Feedback inhibition loops remain active, thus prevent-
ing overstimulation. IGF-I increases to normal levels
during the first 48 h of treatment and then stabilizes. The
clear reactivation of the GH and thyroid axes that result
from the administration of these hypothalamic releasing
factors is associated after 5 d with a reduction in hyper-
catabolism and the stimulation of anabolism. The rate of
proteolysis is markedly reduced and this effect is predomi-
nantly related to the correction of the tertiary hypothy-
roidism. Osteocalcin, a surrogate marker for anabolism,
is increased with this treatment, as a result of improved
maturation of osteoblasts, and this anabolic effect could be
explained largely by the rise in IGF-I and GH-dependent
IGFBP. Recently, it has been found that co-activation
of the male gonadal axis using gonadotropin-releasing
hormone, in addition to the infusion of GH-releasing
peptide-2 and TRH, i.e. restoration of the three pituitary
axes, in critically-ill patients is associated with an even
more pronounced anabolic effect (Van den Berghe et al.
2001a).
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Conclusion

Patients with critical illness face a dramatic loss of lean
body mass when their disease process becomes prolonged.
Routine intensive care interventions, such as feeding, are
unable to reverse this catabolic state and they delay recu-
peration of these patients. Changes in anterior pituitary
function are invariably associated with critical illness.
The acute phase is characterized by an actively-secreting
pituitary, whereas the peripheral tissues are resistant to the
effects of anterior pituitary hormones, resulting in low
concentrations of their effector molecules. It was originally
assumed that this condition persists with ongoing disease.
As a result, interventions with high doses of single
hormone treatment, such as rhGH, have been deemed to
be necessary in order to induce anabolism. The results of
these interventions have been disappointing and some
of them have caused severe harm.

With prolonged illness, it is now know that there is a
reduced secretion of hormones by the anterior pituitary,
which causes reduced concentrations of peripheral effector
hormones and contributes to the general wasting syndrome
in these patients. Importantly, infusion of hypothalamic-
releasing substances can reactivate the anterior pituitary,
leading to an increase in peripheral effector hormones,
such as IGF-I and T3. These substances, therefore, hold
promise for the future, as short-term reactivation of the
somatotropic, thyrotropic and gonadal axes has been
shown to be associated with improved anabolism and
attenuated catabolism. Large-scale clinical studies examin-
ing the effect of hypothalamic secretagogues on the
outcome of critical illness should now be initiated.
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