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Modulation of the Hypermetabolic Response

After Thermal Injury
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Summary

Major thermal injuries have traditionally been associated
with mortality and poor outcomes. Over the past three
decades, however, patient survival has improved due to
greater understanding of the hypermetabolic stress
response and advancements in burn care treatment. The
hypermetabolic response is not only an acute phenome-
non, but continues for at least 9-12 months post-injury.
Circulating levels of glucagon, cortisol and catecholami-
nes are increased leading to a catabolic state that results
in loss of lean body mass and muscle wasting. An
important intervention after a burn injury is attenuation
of the catabolic activity occurring. Non-pharmacological
interventions include early excision and grafting,
control of infection, sustaining room temperatures to an
ambient level of 33°C, and instituting a high carbohyd-
rate enteral diet early in the acute setting. Pharmacologi-
cal alternatives include the use of recombinant human
growth hormone, insulin-like growth factor-1, insulin,
oxandralone, and propranolol. The purpose of this paper
is to review the mechanisms of the hypermetabolic
response and the current modes of treatment to provide
optimal care and improved outcomes for the severely
burned patient.
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Introduction

Traditionally, major thermal injuries have been
associated with mortality and poor clinical
outcomes. Predictors of mortality have been
extensively studied. Age, burn size, presence of
inhalation injury and delay in resuscitation have
been found to increase mortality (1-3). Over the past
three decades, a greater understanding of the
hypermetabolic stress response that occurs with
massive burns has dramatically increased patient
survival. Specifically, advancements in resuscitation
techniques, early identification and control of
infection, appropriate nutritional support and early
excision and grafting have led to improvements in
survival of thermally injured patients (4-6).

Hypermetabolic Response to Thermal Injury

The hypermetabolic response that follows a thermal
injury is typified by a hyperdynamic state which is
associated with increases in cardiac output and
basal energy expenditure (7). In addition, increases
in body temperature, lipolysis and proteolysis
occurs (8). The net result is a catabolic state of body
protein. Energy needs become greater leading to
depletion of protein stores and loss of skeletal
muscle (7, 8). In a study by Chang et al,
consequences associated with breakdown of lean
body mass include impairments in immune
function, longer wound healing times, increased
incidence of pneumonia, pressure sores and
mortality (9).

Although the burn wounds may be completely
healed at approximately 2 months post-injury, the
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catabolic state continues to persist even 9 months
after the acute hospital stay (10). Predictive
variables, including age, male sex, weight and
height correlated with increases in the catabolic
response during the acute burn hospitalization.
Serum creatinine values have been shown to
correlate directly with negative protein balance.
Increases in burn size up to 40% TBSA was
associated with a heighten degree of protein
catabolism. The highest predictor of catabolism was
sepsis using both the AACP/SCCM definition of
sepsis and the criteria defined by the burn team (8)
(Figure 1).

The phenomenon of hyperglycemia and impaired
insulin sensitivity observed during the hypermeta-
bolic response complicates the care of the thermally
injured patient. These changes in glucose metabo-
lism could be due to increased production of
glucose along with a decrease in ability of the
patient to clear glucose (7). Circulating levels of
gluconeogenic hormones, such as glucagon, cortisol
and catecholamines are elevated in response to a
thermal injury (7) and can stimulate glucose
production in the liver. Glucose production increas-
es as the recycling of glucose carbons derived from
lactate also increases (11,12). This recycling is
largely due to the anaerobic metabolism occurring
from wound healing and the net muscle protein
catabolism (7). In addition, plasma free fatty acid
levels are elevated in thermally injured patients and
play a role in fat oxidation and substrate utilization.

A common sequelae of severe burns is hepatome-
galy. On autopsy, severely burned children have
liver weights ranging from 142% to 406% of their
predicted normal size for age and height.
Histologic findings include fatty infiltration,
cholestasis and congestion (13, 14). Fatty infiltration
was found in over 80% of patients at autopsy [14],
thus presenting as the most common finding. One
mechanism for this is the catabolism contributes to
the increased breakdown in peripheral fat and
lipolysis and ultimately causing hepatic steatosis
(Table 1) (Figure 2).

Table 1: Liver weight per body weight for normal vs.
burned patients (2 mos. to 15 years of age)

Full-Thickness | Livenwgt/BW | Weight
Burn (%) (gm/kg) Increase (%)
Normal 0 34.3+1.1 -
(n=14)
Burn 7615 75.616.0* 120
(n=14)

Burn Size and Liver Weight Rations = Bady Weight
*Significant Difference at p<.001

e Burn

— At least 3 of the following;:

® T>38.5 or <36.5°C

e Progressive tachycardia

e Progressive tachypnea

* WBC > 12,000 or <4,000

e Refractory hypotension

e Thrombocytopenia

* Hyperglycemia

e Enteral Feeding Intolerance
- AND

e Pathologic tissue source identified

* Modified ACCP/SCCM

— At least 2 of the following:
® T>38.5 or <36.5°C
e HR>20% above NL for age
® RR>20% above NL for age or
PaCO2<32 torr
* WBC > 12,000 or <4,000
- AND
¢ Bacteremia or fungemia
e Pathologic tissue source identified

Figure 1: Definition of sepsis.
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Figure 3: Effect of ambient temperature on metabolic rate.
Reducing the Hypermetabolic Response

Effect of Environmental Temperature

Severe burns disrupt the integrity of the skin
leading to alterations in skin permeability. Heat is
lost through vaporization, and metabolic rates
increase by 30% above percent predicted (15). The
higher metabolic rate allows the body to raise skin
and core temperatures 1.7-2° C higher than normal
(16). Herndon previously studied the effect of
environmental manipulation with the burn rat
model and found that burned rats had metabolic
rates 40% higher than non-burned rats (17) (Figure
3). Other research has found that by treating
patients with a room environment of 33°C, as com-
pared to 22°C, metabolic rates decreased in patients
with burns over 60% TBSA (16).

Nutritional Support

Early nutritional support is fundamental to the
acute care of the burn patient. Patients with burns
that are greater than 40% of their total body surface
area can lose up to 25% of their preadmission
weight within three weeks of their injury (18). A
number of formulas have been established to
estimate the energy requirements of adult and
pediatric patients with severe burns. Traditionally,
continuous enteral or parental nutrition giving 25
kcal (0.105 MJ)/kg per day plus 40 kcal per % burn
in area per day in adults (19, 20), and 1800 kcal (7.56
M]J)/m2 per day plus 2200 kcal per m2 of burn area
per day in children (21) will maintain body weight
throughout the acute stay. However, the nutritional
requirements estimated from these formulas often
provided 35-45% more calories than actually
needed to maintain weight. Thus, 1500 kcal/m?2
body surface area per day plus 1500 kcal/m2 burn
is currently used to provide adequate calories for
weight maintenance (22). Parenteral feeding is
reserved only for patients with prolonged ileus or
intolerance to enteral feedings. Yet, a combination
of parenteral feeding with maximally tolerated
enteral nutrition can be used to reach the caloric
delivery requirements. This combination of
nutritional support should be used with caution
since research has found that parenteral feeding has
been linked to increased mortality, impaired liver
function and immunocompromise (23).

Indirect calorimetry provides an accurate measure-
ment of caloric needs through the calculation of
resting energy expenditure (REE). This noninvasive
technique is performed at the bedside and measures
oxygen consumption and carbon dioxide produc-
tion. REE can then be calculated with these values
using the Harris-Benedict equation. At our institu-
tion, total energy expenditure in burned children
was measured using the stable isotope technique
with doubly-labeled water. TEE was 1.2 times
higher than REE, and optimal nutritional support
will be achieved by multiplying REE by an activity
factor of 1.2 (24). Of significance, caloric delivery
greater than 1.2 times REE has resulted in increased
fat mass without changes in lean body mass (25).
Some studies have shown that enteral nutrition
delivering a high carbohydrate diet (3% fat,
82% carbohydrate and 15% protein) improves
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endogenous insulin production and lean body mass
compared to a high-fat enteral diet (44% fat, 42%
carbohydrate and 14% protein) (26). Sufficient
protein intake is vital in maintaining lean body
mass. Severely burned patients oxidize amino acids
at rates 50% higher than healthy fasting individuals.
Therefore, severely burned adults may need
increased protein delivery from 1.0 g/kg/day for
healthy individuals to 1.5-2.5 g/kg/day (27). In
children, Wolfe and his colleagues suggested that
increasing protein intake to 1.15-3 g/kg/day did
not improve the rate of muscle protein synthesis
but did increase skin protein synthesis, thereby
improving wound healing (28).

Pharmacological Modulation of the Hormonal
Response

The persistence of the hypermetabolic response is
largely due to catabolic hormones such as
catecholamines and cortisol. Pharmacological
management of the severe catabolism is an impor-
tant means of modulating the hypermetabolic
response. These treatments include: anabolic
agents; such as growth hormone, insulin, insulin-
like growth factor (IGF-1), IGF-1 and IGF binding
protein 3 (IGFBP-3), oxandrolone and testosterone;
and anticatabolic agents, including propranolol and
metoprolol.

Recombinant Human Growth Hormone

Daily administration of recombinant human growth
hormone (r-HGH) (0.2 mg/kg) increased serum
IGF-1 levels, decreased donor site healing times by
25% and reduced length of hospital stay for an adult
with burns averaging 60% TBSA [29, 30]. Acutely,
patients treated with r-HGH showed no difference
in scarring as compared with patients who did not
receive treatment. However, one to two years
post-burn, scarring improved in patients receiving
r-HGH at 0.2 mg/kg/day (31). Long- term, severely
burned children, when given a daily dose of growth
hormone at 0.05 mg/kg, showed improvements in
height velocities, weight gain, lean body mass
composition and bone mineral content and left
ventricular ejection fraction (32, 33). These
outcomes continued up to 3 years post-injury (34,
35). Growth hormone also decreased the acute

phase response that occurs with thermal injury by
decreasing C reactive protein, serum amyloid-A,
tumor necrosis factor-_ and IL-1; and increasing
serum retinol binding protein (36). However,
r-HGH is not without adverse side effects. One
double-blind, randomized, controlled study found
that adults given r-HGH during their acute
intensive care stay had higher mortality rates,
longer length of stays and increased number of days
on the ventilator (37). The safety of human growth
hormone in the severely burned pediatric popula-
tion was reviewed for similarities in morbidity and
mortality as seen in adults. At our institution,
mortality was not different among those patients
receiving human growth hormone vs. placebo
(2% for both groups). No differences were observed
in cardiac, renal or septic events, as well as the
number of days requiring ventilatory support. On
the other hand, the incidence of hyperglycemia was
higher in the r-HGH patients as compared to
placebo, and a higher percentage of children
receiving r-HGH required exogenous insulin to
maintain euglycemia (38).

IGF-1

Many of the effects of -HGH are mediated through
IGE. Continuous infusion of IGF alone in burned
patients has been shown to improve muscle protein
synthesis with fewer incidents of hyperglycemia as
seen with r-HGH (39). Furthermore, a combination
of IGF with its binding protein, IGFBP-3 was given
by continuous infusion to evaluate for enhanced
attenuation of the hypermetabolic stress response.
The results showed improvements in net balance
and muscle protein fractional synthetic rates,
especially in catabolic children (39), as well as
attenuation of the proinflammatory hepatic acute
phase response (40).

Insulin

Intensive insulin therapy protocols have been
instituted across the world after van den Berghe
and colleagues found that controlling blood glucose
levels between 80 mg/dl and 110 mg/dl, in
critically-ill adults, have led to improvements in
morbidity and mortality (41). Insulin, an anabolic
peptide hormone, infused continuously, has been
shown to stimulate muscle protein synthesis and
improve lean body mass (42) without increasing
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hepatic triglyceride production (43) in severely
burned children and adults. Patients were given
continuous insulin infusion titrated to maintain
plasma insulin levels of 400-900 U /ml over seven
days with the addition to intravenous dextrose to
maintain euglycemia to study the effects of insulin
on wound healing. Donor site healing time was
reduced by approximately 2 days (7 days for
placebo vs. 5 days for treatment) (44) (Figure 4).
Submaximal doses of insulin were given to adult
burn patients at a rate of 2.6 mU/kg/min which
raised plasma insulin concentrations to approxi-
mately 241.9uU/ml. Euglycemia was maintained
with intravenous administration of 20% dextrose.
Net amino acid balance as well as skeletal muscle
protein synthesis was significantly improved as
compared to the control group (45). Administration
of insulin at lower infusion rates, such as 1.5
pU/kg/min to maintain plasma glucose values
between 100 to 140 mg/dl, improved lean body
mass and bone mass, as well as, decreased length of
hospital stay (46).

Laminin immunostaining

4

Insulin
Figure 4: The effects of insulin on wound healing.

Oxandrolone

Thermal injury leads to decreases in testicular
hormone production. Restoration of testosterone in
healthy, young burned males caused a two-fold
increase in protein synthetic efficiency and a
two-fold decrease in protein breakdown, resulting
in net amino acid balance of approximately zero
(47). Although testosterone effectively improves net
protein catabolism, oxandrolone, a synthetic analog,
offers only 5% of the masculinizing effects of testos-
terone, and is the preferable choice, especially for
prepubertal males and females. When oxandrolone

was given to healthy, non-burned men, the fraction-
al synthetic rate of skeletal muscle protein increased
by 44% leading to improvements in net balance (48).
Thermally-injured patients benefit from administra-
tion of testosterone, as well. Improvements in
weight gain and physical endurance (49), as well as
net balance without evidence of hirsutism, acne or
behavioral change (50) were found in patients treat-
ed with oxandralone (0.1 mg/kg twice daily).

Catacholamine antagonist

Endogenous catecholamines have been attributed
as the primary mediators of the hypermetabolic
response after injury (51). Immediately following
injury, there is a 10-fold increase in plasma
catecholamine concentrations (52). This leads to a
hyperdynamic circulation, increases in basal energy
expenditure and catabolism of skeletal muscle
protein (51, 53). Increased lipolysis, a characteristic
feature of burn patients, is caused by stimulation of
the P2-adrenergic receptor for catecholamines
(54, 55). Blocking the effects of elevated concentra-
tions of catecholamines in burned patients has been
found to improve catabolism. Severely burned
patients, who were treated with continuous
infusion (2 mg/kg) of propranolol for 5 days were
found to have reductions in thermogenesis,
tachycardia, myocardial work load and resting
energy expenditure (56). Long term use of propra-
nolol during the acute burn care setting, at a dose
titrated to reduce heart rate by 20%, lowered cardi-
ac work load (57), and reduced fatty infiltration of
the liver (14). Propranolol lowers hepatic steatosis
by decreasing the release of free fatty acids from
adipose tissue and increasing the efficiency of the
liver in secreting fatty acids (58). Propranolol
decreased peripheral lipolysis (59) and lowered the
rates of fatty acid oxidation and triacylglycerol
secretion, thus reducing the storage of hepatic fat
(60). Moreover, stable isotope and serial body
composition studies have shown that propranolol
improves net-muscle protein balance during the
acute burn hospitalization by enhancing the
availability of free amino acids for muscle protein
synthesis (61).
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Rehabilitation

The hypermetabolic response to injury persists
beyond the acute hospitalization. Attenuation of the
catabolic effects that occur is vital to the ongoing
rehabilitation process. Continued use of selective
anabolic agents, such as growth hormone,
oxandrolone and propranolol, along with a
balanced exercise program will help maintain
muscle mass and growth development. Resistance
and aerobic exercise training at 6 months post-burn
improved strength and distance walked (62), plus
increased lean body mass (63) as compared to those
patients in a traditional physical therapy program.
Rehabilitation from severe burns is an involved
process in which great care should be taken to
enhance the quality of life and future of these
patients.

Conclusion

The hypermetabolic response that occurs after
thermal injury is a phenomenon that has been well
established in the literature. Modulation of the
catabolic effects is fundamentally significant to the
treatment of the acute and rehabilitative phases of
severe burns. Multiple interventions are now
available including environmental interventions,
pharmacological alternatives and physical rehabili-
tation. Treatment in a specialized burn care center
can improve clinical outcomes and survival so that
patients can lead productive, well-adjustive lives.
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