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Abstract

Background—Intensive insulin therapy to control blood glucose levels has reduced mortality in
surgical, but not medical intensive care unit (ICU) patients. Control of blood glucose levels has
also been shown to reduce morbidity in surgical ICU patients. There is very little data for use of
intensive insulin therapy in the burn patient population. We sought to evaluate our experience with
intensive insulin therapy in burn injured ICU patients with regard to mortality, morbidity, and use
of hospital resources.

Study Desigh—Burn patients admitted to our American College of Surgeons Level 1 verified
Burn Center ICU from 7/1/2004 to 6/30/2006 were studied. An intensive insulin therapy protocol
was initiated for ICU patients admitted starting 7/1/2005 with a blood glucose target of 100-140
mg/dL. The two groups of patients studied were control (7/1/2004 to 6/30/2005) and intensive
insulin therapy (7/1/2005 to 6/30/2006). All glucose values for the hospitalization were analyzed.
Univariate and multivariate analyses were performed.

Results—152 ICU patients admitted with burn injury were available for study. No difference in
mortality was evident between the control and intensive insulin therapy groups. After adjusting for
patient risk, the intensive insulin therapy group was found to have a decreased rate of pneumonia,
ventilator-associated pneumonia, and urinary tract infection. In patients with a maximum glucose
value > 140 mg/dL, the risk for an infection was significantly increased (OR 11.3, 95% CI 4-32,
p-value <0.001). Presence of a maximum glucose value > 140 mg/dL was associated with a
sensitivity of 91% and specificity of 62% for an infectious complication.
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Conclusion—Intensive insulin therapy for burn injured patients admitted to the ICU was
associated with a reduced incidence of pneumonia, ventilator associated pneumonia, and urinary
tract infection. Intensive insulin therapy did not result in a change in mortality or length of stay
when adjusting for confounding variables. Measurement of a blood glucose level > 140 mg/dL
should heighten the clinical suspicion for presence of an infection in patients with burn injury.

INTRODUCTION

A prominent component of the stress response to burn injury is hyperglycemia.l This
sympathetic nervous system mediated elevation in blood glucose has traditionally been
treated expectantly given the belief that this was a beneficial “fight or flight” stress response
to injury. In 2001, publication of the first Van den Berghe paper challenged the conventional
wisdom that stress related elevations in blood glucose were not harmful.2 The study
demonstrated a reduction in mortality from 8.0% to 4.6% for mechanically ventilated
surgical intensive care unit patients treated with intensive insulin therapy to control
hyperglycemia. The two groups studied were the intensive insulin therapy group who
received intravenous insulin to maintain a blood glucose level between 80 and 110 mg/dL
and a control group who received infusion of insulin if the blood glucose level exceeded 215
mg/dL with a target range of 180-200 mg/dL. A reduction in morbidity was also
demonstrated with intensive insulin therapy patients experiencing reduced rates of acute
renal failure, hyperbilirubinemia, and sepsis.

The patients in the Van den Berghe study represented a mixed surgical intensive care unit
population with only 4% being multiple trauma or burn patients. The positive results from
this prospective randomized trial triggered interest in applying intensive insulin therapy to
other groups of critically ill patients. However, when intensive insulin therapy was studied
in a medical intensive care unit the results were varied with mortality increasing in some
groups and decreasing in others.3 Because of this difficulty in extrapolation of the reduction
in mortality and morbidity seen in a mixed group of surgical patients who received intensive
insulin therapy to other patient populations considerable interest has arisen in studying the
effect of intensive insulin therapy in trauma and burn patients.

Minimal data on hyperglycemia in burn patients is currently available, and what data exists
is primarily in the pediatric burn population. In pediatric patients with = 60% total body
surface area burn, poor glucose control (= 40% of all plasma glucose values = 140 mg/dL)
was associated with bacteremia, fungemia, reduced skin graft take, and increased mortality.
Intensive insulin therapy to maintain blood glucose levels of 90 to 120 mg/dL in pediatric
patients with a = 30% total body surface area burn has been compared to “conventional
insulin therapy”.® In the intensive insulin therapy group there was a reduced rate of urinary
tract infections and a trend was seen towards the experimental group having increased
survival in a logistic regression model. Because there is very little data for use of intensive
insulin therapy in the burn patient population, especially with regard to adult patients, we
sought to evaluate our experience with intensive insulin therapy in burn injured ICU patients
with regard to mortality, morbidity, and use of hospital resources.

METHODS

Patient Data

From July 1, 2004 to June 30, 2006, 152 burn patients were admitted to the Burn intensive
care unit on the University of Michigan Burn Service. Patients with concomitant burn and
trauma injuries were excluded. Those patients with desquamating skin diseases such as toxic
epidermal necrolysis or calciphylaxis were also excluded. All blood glucose values recorded
either at the bedside or in the central chemistry laboratory were available for analysis from
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the computerized medical record. Demographic and outcome data were obtained from the
Trauma Registry (NTRACS v3.4) and confirmed on retrospective chart review. Abstracted
data included age, gender, hospital length of stay, intensive care unit length of stay,
ventilator days, % total body surface area burn, % 3'd degree burn, % 2nd degree burn, type
of burn (scald, flame, chemical, etc.), presence of inhalation injury, and disposition.

For infectious complications, the presence of a ventilator-associated pneumonia (VAP)
diagnosed by bronchoalveolar lavage, bloodstream infection or urinary tract infection were
defined using Centers for Disease Control (CDC) definitions. These infections were
collected prospectively by our Infection Control Liaison and verified on retrospective chart
review. Superficial and deep wound infections, organ space infections, were classified by
the National Surgical Quality Improvement Project (NSQIP) definitions. Quantitative
wound culture results were considered positive if they grew > 1 x 105 cfu/g of tissue. All
infectious complications and microbiology results were reviewed and confirmed from the
medical record.

For the time period from July 1, 2004 to June 30, 2005, the Burn ICU had a suggested
insulin drip protocol for use in ICU patients with sustained blood glucose levels (> 12 hours)
over 150 mg/dL. A mandatory hospital-wide policy for use of insulin drips for mechanically
ventilated patients in the ICU, with a blood glucose > 140 mg/dL, was formally initiated on
July 1, 2005 in the Burn ICU. The goal was maintance of a blood glucose level between
100-140 mg/dL with a target of 120 mg/dL. Adjustments to the insulin drip rate in units/
hour were based on hourly blood glucose checks and a clinical nomogram. If the blood
glucose was between 100-140 mg/dL for three consecutive hours and changing < 40 mg/dL
per hour, then blood glucose checks were done every two hours. The policy was begun in
the winter/spring of 2005 and an educational program was conducted for the nurses,
technicians, and physicians prior to formal implementation of the intensive insulin therapy
policy. In non-intubated patients or following extubation, insulin drip therapy or sliding
scale was used as necessary to maintain a target blood glucose level of < 140 mg/dL until
the patient left the ICU or became floor status. For this study the patients admitted between
July 1, 2004 to June 30, 2005 served as the historical control group and the patients admitted
between July 1, 2005 to June 30, 2006 comprised the intensive insulin therapy group.

Statistical Analysis

Data were compared using both univariate and multivariate statistical measures. Continuous
variables were analyzed using an unpaired two-tailed Student's #test for data with a normal
distribution. Continuous data exhibiting a skewed distribution such as length of stay were
analyzed using the Wilcoxon Rank Sum test. Patients who died were excluded from hospital
length of stay calculations. Discrete variables were compared using a Chi-square analysis.
Multivariate analysis of outcome variables were performed using multiple logistic or linear
regression and adjusting for confounding variables such as age, gender, % total body surface
area burned, presence of inhalation injury, and history of diabetes. Database management
and querying were performed using Microsoft Access software (Microsoft Corporation,
Redmond, WA). All statistical analysis was performed using STATA SE 9.2 software (Stata
Corporation, College Station, TX). Results are presented as mean values * standard
deviation unless otherwise noted. Statistical significance was defined as a p-value < 0.05.
Approval for this study was obtained from the University of Michigan Health System
Institutional Review Board.
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RESULTS

Patient demographics

The historical control group consisted of 81 burn patients who were treated in the ICU
between July 1, 2004 and June 30, 2005. A hospital-wide policy regarding use of insulin
drips for mechanically ventilated patients in the ICU was formally initiated on July 1, 2005.
The intensive insulin therapy group consisted of 71 burn patients who were admitted to the
ICU between July 1, 2005 and June 30, 2006. Data describing the demographics for various
patient characteristics between these two groups is listed in Table 1. Patient characteristics
in the control and treatment group were reasonably well matched.

Glucose values

Following institution of the intensive insulin therapy protocol, the average number of
glucose checks per patient did not change (Table 2). There was no difference in the average
admission glucose value between the two groups. The mean of all measured glucose values
obtained for the control and intensive insulin therapy patient groups was different, 142 vs.
130 mg/dL (p<0.0001). To examine this result further, a mean daily patient glucose value
was calculated. There was a difference in the proportion of days that the mean daily patient
glucose was greater than 140 mg/dL for the two groups, 35% for the control and 22% for
intensive insulin therapy group (p<0.0001). The average of the mean daily patient glucose
was 135 vs. 129 mg/dL for the control vs. intensive insulin therapy groups (p=0.0007).
However, calculating a mean glucose for each patient for their entire hospital stay and
comparing these values between the control and intensive insulin therapy groups
demonstrated no calculated difference in the mean patient glucose level, 127 vs. 126 mg/dL

(p=0.9).

A maximum measured glucose value for each patient during their hospital stay was
obtained. There was no difference between the control and intensive insulin therapy groups
for the maximum measured glucose values. There was also no difference in the proportion
of days that the maximum patient glucose was greater than 140 mg/dL (54 vs 51%, p=0.3).
However, there was a difference in the proportion of days that the maximum patient glucose
was greater than 200 mg/dL (17 vs 11%, p=0.006).

Hypoglycemia was defined as a glucose value less than 70 mg/dL and severe hypoglycemia
as a glucose value less than 40 mg/dL. The proportion of days in which a patient
experienced a measured hypoglycemic episode out of the total number of days that a glucose
value was checked was 4.5% for the control and 6.4% for the intensive insulin therapy group
(p=0.09). A total of 7 episodes of severe hypoglycemia occurred in the control group and 3
events occurred in the intensive insulin therapy group (p=0.7). No adverse clinical sequela
was noted in any of the patients following the episodes of measured severe hypoglycemia.

Clinical outcomes

Mortality was 9% for the control group and 7% for the intensive insulin therapy group. No
difference was appreciated in mortality between the two groups in both univariate and
multivariate analysis. The mean hospital stay decreased from 17 to 10 days (p=0.01) when
intensive insulin therapy was initiated, however the statistical difference in univariate
analysis did not hold up when multivariate analysis was performed adjusting for age, gender,
% total body surface area burned, presence of an inhalational injury, and history of diabetes
(Table 3). Similarly, there was no difference in multivariate analysis for mean ICU length of
stay or mean ventilator days when adjusted for confounding variables.
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The control group of burn patients experienced proportionately more infectious
complications when compared to the intensive insulin therapy group (Table 3). In univariate
analysis this was true for any infection, pneumonia, ventilator-associated pneumonia,
bacteremia, and urinary tract infection. When adjusted for potential confounding variables a
difference in rate of infection between the control and intensive insulin therapy groups was
found for pneumonia, ventilator-associated pneumonia, and urinary tract infection.

Mortality and infectious risk

Mortality risk for admission, mean patient, maximum, and minimum glucose values
obtained throughout the hospital stay for each patient was assessed. In univariate analysis
admission glucose > 200 mg/dL, mean patient glucose > 140 mg/dL and maximum glucose
> 200 mg/dL were all associated with a significant risk of mortality (Table 4). Minimum
glucose < 70 mg/dL was not associated with an increased risk of mortality. None of these
parameters were found to correlate with an increased risk for mortality in burn patients when
adjustments were made for age, gender, TBSA burn, and inhalational injury using
multivariate analysis.

To further asses the affect of elevated blood glucose on infections, we analyzed the results
by stratifying patients by maximum measured glucose values. Experiencing an elevation of
blood glucose greater than 200 mg/dL was associated with a significant risk of infectious
complications in burn patients (Table 5). This was true for quantitative wound culture > 10°
cfu/g, pneumonia, ventilator-associated pneumonia, and bacteremia.

Burn patients who had at least one measured maximum glucose value > 140 mg/dL also had
a significantly increased risk of infection (OR 11.3, 95% CI 4-32, p-value < 0.001). Of a
total of 59 patients who had a maximum glucose < 140 mg/dL, 53 did not experience an
infection, and six had a bacterial infection diagnosed. Ninety-three burn patients had at least
one maximum glucose value > 140 mg/dL during their hospitalization. Of these patients, 32
did not experience an infection, and 61 patients did have an infectious complication
requiring antimicrobial treatment. Therefore, the presence of a maximum glucose value >
140 mg/dL was associated with a sensitivity of 91% and a specificity of 62% for an
infectious complication in burn patients treated in the ICU.

DISCUSSION

The use of intensive insulin therapy to maintain a target glucose level 100-140 mg/dL
reduced infectious complications in our burn patients. A glucose value > 140 mg/dL is a
non-specific marker of potential infection and should heighten clinical suspicion. In
addition, glucose values that exceed 200 mg/dL are associated with a substantially increased
risk for the following infections in burn patients: quantitative wound culture > 10° cfu/g,
pneumonia, ventilator-associated pneumonia, and bacteremia. The use of intensive insulin
therapy was not associated with a reduction in mortality or use of hospital resources by burn
patients.

This study is limited by the fact that it is an observational study and not a prospective
randomized clinical trial. The control and intensive insulin therapy groups were well
matched however, and the study was conducted over two years, which is a short time period.
It was not surprising that no difference in mortality was found as the study would need at
least 10-fold more patients to have a power of 0.8 to detect a 40% reduction in mortality.
The number of patients who died in each group was small (<9%) and therefore no
conclusions can be reached regarding the effect of intensive insulin therapy on burn patients
with regard to mortality. Another limitation is that our intensive insulin therapy protocol
targeted a blood glucose value of 100-140 mg/dL rather than “tight glucose control”
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between 80 and 110 mg/dL as described in other studies. Our hospital was not comfortable
with an insulin infusion protocol that would target a blood glucose level of < 110 mg/dL due
to the risk of profound hypoglycemia.

Hyperglycemia in burn patients is multifocal in etiology. These patients have increased
hepatic gluconeogenesis, resistance to the action of insulin to clear glucose into muscle, and
the ability of insulin to act as a muscle protein anabolic agent is markedly reduced.®.’
Harmful effects of hyperglycemia have been demonstrated in prior animal studies in which
elevated glucose levels resulted in impairments of immune function and wound healing.82
Elevations in plasma glucose impair immune function by altering cytokine production from
macrophages, reducing lymphocyte proliferation, and attenuating the intracellular
bactericidal activity of leukocytes.10-13 At glucose levels > 220 mg/dL immunoglobulins
become glycosylated causing a reduction in opsonin activity.8 In a rabbit burn model,
mortality was reduced in animals that maintained normoglycemia independent of insulin
levels.14 Maintaining normoglycemia also prevented endothelial dysfunction, as well as
liver and kidney injury. In these hyperglycemic burned rabbits, leukocyte dysfunction was
present and could be rescued by insulin treatment.

Intensive insulin therapy exerts an antiinflammatory effect on patients by reducing levels of
C-reactive protein, improving the systemic inflammatory response, and suppressing the
hepatic acute phase response.15:16 Insulin therapy also counteracts the adverse effect of low
mannose-binding lectin levels. In diabetic patients who underwent major noncardiac
surgery, good preoperative glycemic control defined as a HbA(1c) level less than 7% was
associated with a decreased rate of postoperative infectious complications (OR 2.1, 95%ClI
1.2-3.7).17 Early hyperglycemia in trauma patients (glucose = 200 mg/dL) measured during
day 1 or 2 following injury was found to be an independent predictor of infection in a
multiple regression analysis that controlled for the effect of age, injury severity score, and
base deficit.18 These findings were not true for cutoffs defining hyperglycemia as = 110 mg/
dL or = 150 mg/dL. In our study of burn patients we established a similar result with
presence of an elevated glucose level > 200 mg/dL being associated with a significant risk of
infectious complications.

For burn patients, the incidence of split thickness skin graft take has been found to be
reduced from 85% in patients with normoglycemia to 60% in patients with hyperglycemia.1?
Within the pediatric burn population there has been identified a significant association
between persistent and severe hyperglycemia to a reduction in skin graft take. Gore, et al
noted that pediatric burn patients who had poor glucose control, defined as = 40% of all
plasma glucose values = 140 mg/dL, also had an increased incidence of fungemia and
mortality. Maintenance of euglycemia (serum glucose 100 to 140 mg/dL) in pediatric burn
patients resulted in improved lean body mass, and less peripheral muscle wasting.29 Infusion
of insulin = 1.5 pU/kg/min to maintain euglycemia reduced hepatic acute phase protein
levels after a severe burn injury.?! This effect was most pronounced at days 21 and 28
following thermal injury. The burn patients in our study that received intensive insulin
therapy had a reduced rate of bacteremia (4 versus 14%), but this difference was not
statistically significant in multivariate analysis. We did find that a glucose level > 200 mg/
dL was associated with an odds-ratio of 8.8 for bacteremia among all of the patients studied.
We did not collect formal data on graft take, patient nutritional status, or draw blood
samples to measure immune response so no conclusions can be made about our results in
these areas relative to other studies.

In addition to the known toxic effect of elevated glucose levels the presence of
hyperglycemia may also be a marker for infection. Neonates with invasive fungal infections
had higher rates of hyperglycemia (serum glucose > 215 mg/dL) in the first month of life
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than a control group with late onset sepsis caused by bacteria (47% vs. 24%, p=0.008).22
Carbohydrate intolerance episodes typically occurred 72 hours prior to the onset of an
invasive fungal infection. In trauma patients the hourly and 24-hour insulin requirements
significantly increased from the time before to the time after developing a positive
bronchoalveolar lavage culture in patients with pneumonia.23 The 24-hour insulin
requirement increased from 7.6 units in the non-pneumonia group to 26.2 units in the
pneumonia group. Our findings that burn patients who had a glucose value > 140 mg/dL
experienced a significant increased risk of infection lends further support to the hypothesis
that hyperglycemia may be a marker of infection. It is conceivable that in the future an
algorithm could be created that evaluates dynamic glucose levels and changes in insulin
infusion rates over time to predict when a clinical alert should be sent to the physician to
perform a bedside physical exam and initiate an infection workup. Suspicion and prompt
diagnosis of pneumonia is important because patients who receive adequate and timely
antibiotic therapy based on bronchoalveolar lavage results when a ventilator-associated
pneumonia is suspected have a markedly improved rate of survival (62% vs. 9%).24

CONCLUSIONS

Intensive insulin therapy in burn patients to a target of 100-140 mg/dL reduced infectious
complications in burn patients. Presence of hyperglycemia was found to be a non-specific
marker of infection in burn patients and increased the risk of infections such as quantitative
wound culture > 10° cfu/g, pneumonia, ventilator-associated pneumonia, and bacteremia.
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Patient demographics.

Table 1

Patient Characteristic

Control  Intensivelnsulin Rx p-value

N (%) 81 (53) 71 (47) -
Mean Age, y 42 43 0.9
Gender

Male 70% 79% 0.2

Female 30% 21%
%TBSA Burn 19% 15% 0.1
%TBSA 3rd Degree Burn 7% 5% 0.3
%TBSA 2nd Degree Burn 12% 10% 0.2
Inhalation Injury 37% 31% 0.4
History of Diabetes 5% 10% 0.2
TPN 7% 4% 0.4
Insulin Drip 15% 23% 0.2
Other Hyperglycemic Medications 42% 38% 0.6
Steroid Therapy for Sepsis 12% 9% 0.4

TBSA, total body surface area; TPN, total parenteral nutrition.

Surgery. Author manuscript; available in PMC 2013 February 13.

Page 9



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Hemmila et al.

Table 2

Glucose values.

M easur ement Control  Intensivelnsulin Rx  p-value
Total Number of Glucose Checks 4455 3451 -
Mean Number of Glucose Checks per Patient 55 49 0.7
Total Number of Days Glucose Checked 1083 621 -
Mean Admission Patient Glucose, mg/dL 128 151 0.3
Mean Glucose, mg/dL 142 130 <0.001
Number of Days Mean Daily Patient Glucose > 140 mg/dL, N (%) 383 (35) 137 (22) <0.001
Mean of Mean Daily Patient Glucose, mg/dL 135 129 <0.001
Mean of Mean Patient Glucose, mg/dL 127 126 0.9
Mean of Maximum Patient Glucose, mg/dL 199 186 0.5
Number of Days Maximum Daily Patient Glucose > 140 mg/dL, N (%) 582 (54) 316 (51) 0.3
Number of Days Maximum Daily Patient Glucose > 200 mg/dL 189 (17) 70 (11) <0.001
Mean of Minimum Patient Glucose, mg/dL 87 92 0.4
Number of Days with Hypoglycemia Episode (Glucose < 70 mg/dL), N (%) 49 (4.5) 40 (6.4) 0.09
Number of Days with Severe Hypoglycemia Episode (Glucose < 40 mg/dL), N (%) 7 (0.6) 3(0.4) 0.7
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Table 3
Outcomes.
p -value
Parameter Control  Intensive Insulin Rx
Univariate  Multivariate”

N 81 71 - --
Mortality, % 9 7 0.7 0.9
Mean Hospital LOS, days 17+18 10+14 0.01 0.3
Mean ICU LOS, days 9+12 5+10 0.03 0.08
Mean Ventilator days 6+9 3+9 0.02 0.054
Any Infection 52% 35% 0.04 0.1
Positive Quantitative Wound Culture 11% 4% 0.1 0.3
Pneumonia 37% 16% 0.003 0.009
Ventilator-Associated Pneumonia 31% 10% 0.002 0.009
Bacteremia 14% 4% 0.047 0.1
Urinary Tract Infection 22% 6% 0.004 0.01

LOS, length of stay; ICU, intensive care unit.

*
Adjusted for age, gender, thsa, inhalation injury, history of diabetes.
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Table 4
Mortality risk.
Univariate Multivariate’
Parameter N (%)
OR (95% Cl) p-value OR(95% CI) p-value

Admission Glucose >200 mg/dL 13 (9)  11.8(3.1-46)  <0.001 2.0 (0.2-18) 0.6
Mean Glucose > 140 mg/dL 34(22) 4.0(1.2-13.3) 0.02 1.0 (0.2-5.4) 0.9
Maximum Glucose > 200 mg/dL 54 (36)  10.9 (2.3-52) 0.003 2.1(0.3-15) 0.5

Minimum Glucose < 70 mg/dL 33 (22) 1.9 (0.5-6.8) 03 0.6 (0.1-3.3) 05

OR, odds ratio; Cl, confidence interval.

*
Adjusted for age, gender, thsa, inhalation injury.

1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Surgery. Author manuscript; available in PMC 2013 February 13.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Hemmila et al.

Table 5

Risk of infection if maximum glucose > 200 mg/dL

MultivariateAnalys’s*

Parameter

OR (95% Cl) p-value
Any Infection 4.9 (2.1-12) <0.0001
Positive Quantitative Wound Culture 6.7 (1.2-38) 0.03
Pneumonia 4.1 (1.5-11) 0.005
Ventilator-Associated Pneumonia 7.2 (2.4-22) <0.0001
Bacteremia 8.8 (1.6-48) 0.01
Urinary Tract Infection 1.1 (0.4-3.4) 0.8

OR, odds ratio; Cl, confidence interval.

*
Adjusted for age, gender, thsa, inhalation injury.
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