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REVIEW 

ABSTRACT
Burn injuries are one of the most common forms of 
trauma worldwide. Immediately after burn injury, marked 
emotional and physical responses occur, which are 
brought about by sudden increases in sympathetic nervous 
system activity and endogenous stress hormone levels. 
Hypermetabolism is a hallmark of the stress response to 
burns, and it is associated with poor clinical outcomes. The 
role of the endocrine system in this response is complex 
and important, and almost all hormones take part in it. 
Although endocrine studies in patients with burns started in 
the early 1950s, the exact role of the pituitary gland in these 
alterations is unknown, with the biochemical pathways so 
far poorly defined. The early recognition of these changes 
and their treatment can improve clinical outcomes. The aim 
of this review was to summarize the current knowledge 
on how the hypothalamic-pituitary hormones respond to 
thermal injuries.
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INTRODUCTION
Despite a considerable decrease in their incidence around 
the world, burn injuries remain one of the most common 
forms of trauma worldwide. Immediately after the injury, 
a marked emotional and physical response occurs, which 
is brought about by sudden increases in sympathetic 

nervous system activity and endogenous stress hormone 
levels.1,2 There are local and systemic responses to a ther-
mal injury. Burns exceeding 30% of total body surface area 
result in considerable hypovolemia and the release of sev-
eral inflammatory mediators with a subsequent systemic 
effect.3-5 

Hypermetabolism is a hallmark of the stress response to 
burns, and it is associated with poor clinical outcomes.6 
Marked and sustained increases in secretion of stress 
mediators (catecholamines, glucocorticoids, and cyto-
kines) are released into the system, causing a cascade of 
systemic responses.7 These responses occur in all patients 
with trauma or after surgery, as well as in critically ill 
patients; however, the magnitude and their duration are 
particularly severe and sustained in patients with burn 
injuries (Table 1). The metabolic rate increases proportion-
ally with burn size. Adults with burn injuries of 20% total 
body surface area develop a metabolic rate between 118% 
to 210% of that predicted by the Harris-Benedict equa-
tion.8 Patients with burns greater than 40% total body 
surface area almost always experience hypermetabolism,9 
and the exact cause of this response is still inadequately 
understood.10The endocrine system plays an important 
role in this response, and almost all the known hormones 
are involved, generating a significant and complex impact 
on other systems distant from the burn area, including 
changes in supply sufficient substrates to cover the high 
energy demand; changes in supply of sufficient quantities 
of amino acids for anabolic pathways, immune response, 
and new enzymatic systems; and changes to maintain the 
water and electrolyte balance, thermal homeostasis, and 
pain control.Endocrine studies in patients with burn inju-
ries started in the early 1950s. The changes shown after 
burn trauma can be easily measurable. The endocrine 
response is characterized by significant alterations at sev-
eral points of the hypothalamic-pituitary-hormone axes. 
The response of the anterior pituitary follows a biphasic 
pattern. The low levels of effector hormones seen in the 
acute phase are caused by the targeted organ resistance. 
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In the long-term phase, low levels of targeted organ hor-
mones can occur as a result of hypothalamic suppression.7 
After the injury occurs, there are 2 phases of metabolic 
regulation, called the “ebb” and “flow” phases, which are 
described as an initial decrease and subsequent increase 
in metabolic activity.The ebb phase occurs within the first 
48 hours after the injury.11,12 This phase is characterized 
by decreases in the cardiac output, oxygen consumption, 
and metabolic rate. The glucose tolerance is impaired, and 
glycemia starts increasing.13 The flow phase represents a 
gradual increase in metabolism. This phase is associated 
with hyperdynamic circulation and insulin resistance. In 
response to glucose load, insulin release increases and 
plasma glucose levels are markedly elevated.7,14,15The 
hypermetabolic response (flow phase) may last for more 
than 12 months after the initial event and does not 
resolve completely after wound closure.9,16-19 Elevation 
of the stress mediators, impaired glucose metabolism, 
and insulin sensitivity can persist for up to 3 years.20 If 
hypermetabolism cannot be diminished or decreased, 
holistic catabolism ensues and multiple organ failure 
and death can subsequently occur.10 The hypermetabolic 
response can be diminished using nonpharmacologic and 
pharmacologic strategies. Nonpharmacologic options 
include early wound excision and closure, nutritional 
and environmental support, exercise, and other adjunc-
tive measures. Specific pharmacotherapies include pain 
relievers, anabolic hormones, anabolic steroids, cate-
cholamine antagonists, and recombinant human growth 

hormone, if needed, for children.13 Some pharmacother-
apies are more effective in the acute rather than in the 
chronic phase of thermal injury. 

The exact role of the pituitary gland in these alterations is 
unknown, and the biochemical pathways are so far poorly 
defined.7 However, it is well known that early recognition 
of these changes and treatment can improve clinical out-
comes.1-4 The mechanisms underlying the development 
and persistence of the stress response after burn injury, as 
well as interventions to ameliorate these responses, remain 
a clinical priority and areas of intense research. In this 
review, the role of the hypothalamus-pituitary axis during 
a thermal injury, specifically the serum levels of the main 
hormones classified according to their location in the pitu-
itary gland, is described.

HORMONES INVOLVED IN THE HYPOTHALAMIC AND 
PITUITARY RESPONSE TO A BURN INJURY
The pituitary gland is located inferior to the hypothalamus 
at the base of the brain within a protective bony structure 
called the sella turcica, and it is attached to the brain by 
blood vessels and nerve cell projections. The pituitary is 
connected to the hypothalamus by a stalk. It is made up of 
several cell types that produce various hormones that con-
trol the endocrine activities of the thyroid, adrenal cortex, 
and gonads. The gland is divided into the anterior (ade-
nohypophysis) and posterior (neurohypophysis) pituitary. 
The anterior portion represents up to 80% of the gland,21 
and a complex system of blood vessels connects the hypo-
thalamus to the anterior pituitary, which transports and 
exchanges the hypothalamic-releasing and -inhibiting hor-
mones that control the secretion of the pituitary cells.22

POSTERIOR PITUITARY
The posterior pituitary hormones are in charge of regulat-
ing water retention and inducing uterine contraction. The 
hypothalamus receives neural signals from the brain to 
make and release polypeptide and neuropeptide hormones 
that are transported via the hypothalamic-neurohypoph-
ysial system for storage in the posterior pituitary gland 
until they are ready for release.23

Antidiuretic hormone (vasopressin)
Antidiuretic hormone levels are very high during and 
just after resuscitation, but they are often elevated even in 
apparently volume-repleted patients. A syndrome of inap-
propriate vasopressin secretion has been described after 
burn injury.7,16 Elevated antidiuretic hormone levels can 
return to normal levels by day 4 or 5 after injury. Extreme 
elevations of plasma vasopressin levels contribute to the 
vascular complications of increased systemic vascular 
resistance and decreased cardiac output and contractility 
seen following burn injury.13

ANTERIOR PITUITARY
The anterior pituitary secretes peptide and glycoprotein 
hormones produced in a pulsatile fashion responding to 
the releasing hormone generators. The anterior pituitary 
regulates several functions by acting directly on respective 
target cells or by stimulating other endocrine organs to 
release hormones.24

Follicle-stimulating hormone
Low levels of follicle-stimulating hormone have been 
described as early as day 2 after burn injury. This hormone 
is considered a very sensitive indicator of burn trauma in 
both male and female patients.7,25-28 The low levels may 
persist for many weeks after a major burn, and they cor-
relate with the very low testosterone levels in male burn 
patients.7,25-27 If the burn trauma occurs at the preovulato-
ry phase of the menstrual cycle, it can interfere with female 
endocrine equilibrium and disrupt ovulation.29

Luteinizing hormone
Rising luteinizing hormone levels within the first 48 hours 
with a normal mean have been reported in patients with 
burn injuries. A significant fall of luteinizing hormone 
levels starts from day 14 to 30 postburn, returning back 
to normal by day 30.25-28 In an experimental study in 
rats with burn injuries, luteinizing hormone levels were 
within normal range; however, measurements were made 
from day 64. A correlation between gonadotropin levels 
and the total body surface area has also been reported. 
Gonadotropin levels were still subnormal at 30 days, 
although mainly in patients with mean burn in excess of 
30% of the total body surface area. The finding suggested 
that 30% of the total body surface area might be a threshold 
of burn extent at which altered endocrine priorities occur 
in the hypothalamic-pituitary axis.30

Prolactin
Serum prolactin levels are often elevated after burn trau-
ma. A positive correlation with the total burn surface area 
was found if the total body surface area was 20% or great-
er.26 Prolactin is known to be more sensitive to stressful 
stimuli than other stress-responsive hormones.31 However, 
normal prolactin levels are sometimes found even after a 
severe burn.25-28 Conversely, Popp and colleagues found 
a significant negative correlation between total body sur-
face area and the serum prolactin levels.26 Prolactin also 
counters the immunosuppressive effects of cortisol,32 
which becomes important later in the postburn inter-
val. Therefore, increasing prolactin levels during the later 
days after burn injury may improve patient outcomes by 
increasing patient resistance to infection.31

Thyroid-stimulating hormone
Serum levels of thyroid-stimulating hormone are occa-
sionally elevated after burn trauma. Although they are 

almost always within normal limits, sensitive measure-
ment methods have shown that they may be low during 
the acute period7 and elevated in the later phases after 
burn injury.7,33 The pituitary response to thyrotropin-re-
leasing hormone could be normal.25 Becker and colleagues 
reported that there was no compensatory elevation of basal 
or releasing hormone-stimulated thyrotrophin concen-
trations in patients with low free tetraiodothyronine and 
free triiodothyronine. The group also reported a lack of 
augmented thyroid-stimulating hormone concentrations 
and an absence of low plasma reverse triiodothyronine 
during the hypermetabolic response. The reduced plasma 
free triiodothyronine level does not indicate functional 
hypothyroidism but may represent an adaptation to the 
assumption of metabolic control by the sympathetic ner-
vous system.34

Adrenocorticotropic hormone
In major burns, adrenocorticotropic hormone (ACTH) is 
often produced in excess in relation to the cortisol response. 
Although the adrenal response to acute and chronic stress is 
intact after severe burn injury, the ACTH-adrenal feedback 
loop could be disrupted. The secretion of ACTH is known 
to be stimulated by vasopressin and the corticotropin-re-
leasing hormone acting synergistically.33 There is a highly 
significant positive correlation between plasma vasopres-
sin and ACTH levels.32 In a pediatric population, Palmieri 
and colleagues reported that random total serum cortisol 
measurements overestimate adrenal dysfunction; thus, it 
is recommended to perform ACTH stimulation testing 
to assess the adrenal function before the administration 
of exogenous steroids. There is good evidence that osmo-
lar stimuli may cause ACTH release, suggesting that it is 
involved in the stimulation of ACTH and cortisol secretion 
in patients with severe burns.35 Additional circulating fac-
tors such as cytokines might suppress ACTH synthesis and 
secretion.36 During the prolonged phase of recovery from 
severe burns, which typically can be weeks to months, a 
dissociation has been shown between high plasma corti-
sol and low ACTH levels, implying non-ACTH-mediated 
mechanisms for regulation of the adrenal cortex.2

CONCLUSIONS
The metabolic changes after a severe thermal injury are 
similar to any major trauma, but severe burns are charac-
terized by a hypermetabolic response that is more severe 
and sustained. The endocrine system plays a key role in this 
response, and almost all hormones take part in it (Figure 
1). Several studies have described the acute postburn 
pathophysiologic response and its complexity. A compre-
hensive understanding of this process by all members of 
the multidisciplinary team taking care of such complex 
patients cannot but further contribute to improving patient 

TABLE 1. Systemic Changes After Severe Thermal Injuries

Hypermetabolic Response to Thermal Injuries

Central nervous system
Increases in sympathetic activityDecreases in cholinergic 
activity

Circulatory
Increases in serum levels of catecholamines, glucocorticoids, 
cytokines, glucagon, insulin, heart rate, cardiac output, 
cardiac index, oxygen consumption

Gastrointestinal 
Increases in ammonia, urea, glutamine, bacterial 
translocation, lactate, lipid complexes, hepatic 
gluconeogenesis, and glycogenolysis

Urinary tract
Increases in ammonia and nitrogen wasting

Adipose tissue
Increases in white adipose tissue browning lipolysis, 
with increases in lipotoxic intermediates (fatty acids, 
diacylglycerols, and triglycerides)

Musculoskeletal
Increases in muscle proteolysis that leads to muscle 
wastingDecreases in protein synthesis
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outcomes. Although there is a large amount of research 
surrounding the biological response to burns, additional 
research is still required to translate this knowledge into 
clinically relevant applications with the potential to make 
significant impacts on the lives of patients affected.
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FFIIGGUURREE  11.. Main Hormones Implicated in the Pituitary Response to Thermal Injuries 

AAbbbbrreevviiaattiioonnss:: ACTH, adrenocorticotropic hormone; ADH, antidiuretic hormone; FSH, 

follicle-stimulating hormone; LH, luteinizing hormone; TSH, thyroid-stimulating hormone 

FIGURE 1. Main Hormones Implicated in the Pituitary Response to Thermal Injuries

Abbreviations: ACTH, adrenocorticotropic hormone; ADH, antidiuretic hormone; FSH, follicle-stimulating hormone; LH, luteinizing 
hormone; TSH, thyroid-stimulating hormone
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