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Abstract

Introduction Severe thermal injury is characterized by profound
morbidity and mortality. Advances in burn and critical care,
including early excision and grafting, aggressive resuscitation
and advances in antimicrobial therapy have made substantial
contributions to decrease morbidity and mortality. Despite these
advances, death still occurs. Our aim was to determine the
predominant causes of death in burned pediatric patients in
order to develop new treatment avenues and future trajectories
associated with increased survival.

Methods Primary causes of death were reviewed from 144
pediatric autopsy reports. Percentages of patients that died
from anoxic brain injuries, sepsis, or multi-organ failure were
calculated by comparing to the total number of deaths. Data was
stratified by time (from 1989 to 1999, and 1999 to 2009), and
gender. Statistical analysis was done by chi-squared, Student's

t-test and Kaplan-Meier for survival where applicable.
Significance was accepted as P < 0.05.

Results Five-thousand two-hundred-sixty patients were
admitted after burn injury from July 1989 to June 2009, and of
those, 145 patients died after burn injury. Of these patients, 144
patients had an autopsy. The leading causes of death over 20
years were sepsis (47%), respiratory failure (29%), anoxic brain
injury (16%), and shock (8%). From 1989 to 1999, sepsis
accounted for 35% of deaths but increased to 54% from 1999
to 2009, with a significant increase in the proportion due to
antibiotic resistant organisms (P < 0.05).

Conclusions Sepsis is the leading cause of death after burn
injury. Multiple antibiotic resistant bacteria now account for the
bulk of deaths due to sepsis. Further improvement in survival
may require improved strategies to deal with this problem.

Introduction
Burn injury is often followed by a profound hypermetabolic
response that persists long after injury in those that survive
[1,2]. The extent and duration of the response is related to the
extent of the original burn injury sustained [2]. It is responsible
for devastating muscle and protein catabolism, insulin resist-
ance, and cardiac dysfunction that last for months after dis-
charge, and significant growth retardation that impedes
proper development [3,4]. Patients have supraphysiologic
metabolic rates, multi-organ dysfunction, and increased
inflammatory cytokines and acute phase proteins [4]. This
response, which is mediated by 10- to 50-fold elevations in
catecholamines, glucagon, and cortisol, leads to increases in
morbidity and mortality [1,2,4,5]. Failure to attenuate the

hypermetabolic response leads to irreparable damage and
death.

The primary determinants of mortality from severe burn injury
were described in 1997 as age, presence or absence of inha-
lation injury, and extent of burn [6]. However, recent advances
in burn care including pharmacologic and non-pharmacologic
modulations of the post-burn response, have led to significant
improvements in morbidity and mortality [5]. Survival from a
severe burn is no longer the exception, but the rule - even for
those victims at the extremes of age [7,8]. Unfortunately,
although patients with severe burns are more likely to survive,
death still occurs. Thus, the aim of this study was to determine
the predominant causes of death in severely burned pediatric
patients in a single pediatric burn center, to guide physicians
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to focus on and evaluate new treatment avenues for clinical
management to further improve survival.

Materials and methods
Medical records
The study was approved by the Institutional Review Board of
the University of Texas Medical Branch and informed consent
was obtained from patients, parents, or legal guardians prior to
enrollment. Of more than 5200 children with burn injury admit-
ted to the Shriners Hospitals for Children in Galveston, Texas,
from July 1989 to July 2009, there were 145 in-hospital
deaths. Autopsies were performed on all burned children that
died at the hospital except for one patient (patient number
144) whose family refused due to religious reasons (99.3% of
pediatric deaths underwent autopsy). All autopsies were per-
formed at the Shriners Hospitals or at the adjacent University
of Texas Medical Branch by two pathologists. In addition to the
autopsy findings, pathologists reviewed the patients' hospital
records and provided a summary of the clinical course. Patient
demographics, characteristics, and clinical courses were
recorded. The primary causes of death were assigned by the
pathologist based on integration of the clinical information and
the gross and microscopic findings from the autopsy. When
present, herniation of the cerebellar tonsils across the tento-
rium cerebelli due to severe cerebral edema was considered
to be the mechanism of brain death. In all cases in which brain
death was declared based on clinical criteria but herniation
was not identified at autopsy, neuropathologic examination
demonstrated evidence of neuronal injury and necrosis suffi-
cient to represent a cause of death. When no single immediate
cause of death could be assigned, deaths were generally clas-
sified as being due to multiple-organ failure. These primary
causes of death were obtained from the autopsy reports. The
occurrence of inhalation injury and sepsis was also reviewed.
Inhalation injury was diagnosed and confirmed with bronchos-
copy. Charts were thoroughly reviewed for evidence of sepsis,
including blood, tissue, and sputum culture results.

Percentages of patients that died from anoxic brain injuries,
sepsis, pneumonia, or multi-organ failure due to circulatory
shock were calculated by comparison with the total number of
deaths. Data were stratified by time (from 1989 to 1999, and
1999 to 2009) to examine changes between time periods, and
by gender to evaluate fundamental physiologic differences or
treatment biases.

Clinical care
Prior to death, all patients were admitted to the Shriners Hos-
pitals for Children and all were treated in an identical manner
by the same team of burn surgeons. Standard treatment
included early excision of the burn wound, systemic antibiotic
therapy, and continuous enteral feeding [6]. Standard treat-
ment did not change significantly during the two decades
studied. Within 48 hours of admission, each patient under-
went total burn wound excision and grafting with autograft

skin, allograft or both. Patients returned to the operating room
when autograft donor sites healed and became available for
reharvesting (usually 6 to 10 days). Sequential staged surgical
procedures for repeat excision and grafting were undertaken
until the wounds were healed. Each patient received enteral
nutrition via naso-duodenal tubes with a high-protein (15 to
20%), high-carbohydrate (70 to 82%), low-fat (3 to 10%)
feeding formula. Daily caloric intake was given at a rate calcu-
lated to deliver 1500 kcal/m2 total body surface area (TBSA)
burned plus 1500 kcal/m2 TBSA. Enteral tube feeding was
started at admission and continued at a constant rate until the
wounds were healed. In general, patients remained at bed rest
after excision and grafting procedures for four days. Thereaf-
ter, patients ambulated daily until the next excision and grafting
procedure if clinically stable. Patient demographics (age, date
of burn and admission, sex, burn size and depth of burn) and
concomitant injuries, such as inhalation injury, sepsis, morbid-
ity, and mortality were recorded. Inhalation injury was diag-
nosed by positive bronchoscopy associated with a positive
history. Wound infection was defined by wound biopsies
growing more than 105 colony forming units (CFU) per gram
of tissue with the identification of the pathogen. Throughout
acute hospitalization, we counted every incident of wound
infection in which biopsies yielded more than 105 bacterial
CFU/gram tissue, except subsequent recovery of the same
bacterium in the same location, which was counted as one
infection. Sepsis, multi-organ failure, and pneumonia were
defined, as previously described [4,9-11]. Pneumonia was
defined as the clinical diagnostic finding of a new and persist-
ent infiltrate on chest x-ray, and a recent change in sputum or
purulence in the sputum [9]. By definition, a diagnosis of sep-
sis and a change in sputum or new and persistent infiltrate on
chest x-ray could be used for a clinical diagnosis of pneumonia
[9].

Respiratory failure was defined as death caused by failure of
the pulmonary system. It was categorized as death due to
acute respiratory distress syndrome (ARDS), as defined clini-
cally, diffuse alveolar damage (DAD) based solely on findings
at autopsy, aspiration or asphyxia, or asthma attack. ARDS
was clinically defined by meeting four criteria: acute onset;
bilateral fluffy pulmonary infiltrates by x-ray; pulmonary artery
wedge pressure less than 18 mmHg without evidence of left
atrial hypertension; and a decrease in the ratio of partial pres-
sure of arterial oxygen to fraction of inspired oxygen to 200 or
less, indicating acute hypoxemia [12,13]. DAD by definition is
the pathological diagnosis of ARDS [14]. It reflects injury to
the pulmonary alveolar microvasculature and alveolar wall that
leads to the exudation of fluid and plasma proteins that over-
whelms the local lymphatic drainage [14]. Although diffuse
alveolar damage was frequently recognized in cases of ARDS,
there was an additional group of patients in whom histologic
evidence of diffuse alveolar damage was considered sufficient
to account for death even in patients who did not meet the clin-
ical criteria for ARDS. Aspiration was defined as the inhalation
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of enteric contents or other material that compromised the air-
way.

Brain death was generally defined as the hypoxic or ischemic
changes indicative of neuronal necrosis, as assessed by a
neuropathologist, that were seen during the autopsy. The diag-
nosis of cerebral edema with herniation was generally made by
clinical changes in the patients' neurological exam, confirmed
radiographically, and confirmed again by the autopsy.

Statistical analysis was performed with chi-squared test, Stu-
dent's t-test and Kaplan-Meier statistics where applicable.
Significance was accepted as P < 0.05.

Results
Patient characteristics
Mortality for all acute burn admissions during this 20-year
period was 145 of a total of 5260 patients, equal to 2.8% (Fig-
ure 1). The general patient characteristics are included in
Table 1. Of patients who died, 71% had inhalation injury diag-
nosed clinically by bronchoscopy and autopsy findings (Table
1). From 1989 to 2009, the majority of pediatric burn patients
was male, had suffered a flame burn injury and had 23% TBSA
burn. Inhalation injury was present in 20% of all admitted
burns.

Respiratory failure
Respiratory failure accounts for 29% of all deaths. The aver-
age (standard deviation) TBSA was 61% ± 24%. ARDS
assessed clinically accounts for 69% of the deaths caused by
respiratory failure, which was significantly higher than all other
causes of respiratory failure (14% due to aspiration or
asphyxia, and 2% due to acute asthma attack; P < 0.05). DAD,
the pathological correlate of ARDS, was present in many of
these cases, but was considered to be the primary cause of
death in an additional 14% of all respiratory deaths. Thus,
83% of respiratory deaths were due to ARDS. Nineteen per-
cent of patients had TBSA less than 40%. Sixty-four percent
of patients had inhalation injury. On average, patients lived 26
± 35 days before death.

Brain deaths
Brain injury accounted for 16% of all deaths. Anoxic brain
injury accounted for 48% of the brain deaths after burn injury,
while cerebral edema with herniation accounted for 52% of
the brain deaths. The average TBSA was 62% ± 25%.
Twenty-two percent of patients had TBSA less than 40%.
Sixty-five percent of patients had inhalation injury. On average,
patients lived 6 ± 5 days before death.

Shock
Shock accounted for 8% of all deaths. The average TBSA was
67% ± 30%. Cardiac arrest secondary to hypovolemic circu-
latory shock accounts for 58% of deaths due to shock. In the
remaining 42%, cardiovascular failure and shock were part of
a picture of sterile multi-organ failure. Twenty-five percent of
patients had TBSA less than 40%. Fifty percent of patients
had inhalation injury. On average, patients lived 7 ± 10 days
before death.

Sepsis
Sepsis accounted for 47% of all deaths. The average TBSA
was 76% ± 18%. The organisms that caused sepsis are
shown in Figure 2. Multi-drug resistant organisms, listed in
Table 2, caused 73% of septic deaths (P < 0.05; Figure 2). Six
percent of patients had TBSA less than 40%. Seventy-nine
percent of patients had inhalation injury. On average, patients
lived 43 ± 64 days before death.

There was a significant decrease in deaths due to fungal sep-
sis from July 1999 to June 2009 (P < 0.05; Table 2). There
was a dramatic and statistically significant increase in deaths
due to multi-drug resistant organisms from 1999 to 2009,
compared with 1989 to 1999 (P < 0.05; Table 2). The per-
centage of deaths due to multi-drug resistant organisms
increased from 42% to 86% (P < 0.05; Table 2). From 1999
to 2009, Pseudomonas aeruginosa was responsible for 64%
of all deaths from multi-drug resistant organisms, followed by
Acinetobacter species at 27% (Table 2).

Figure 1

Cause of death stratified by decade and genderCause of death stratified by decade and gender. More patients died of 
respiratory failure from July 1989 to June 1999, while more patients 
died from sepsis from July 1999 to June 2009. More male patients from 
all time points died of sepsis compared with females, while more female 
patients from all time points died of respiratory failure compared with 
males (*P < 0.05 compared with females).
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Multi-organ failure
Multi-organ failure was present in 51% of all deaths after burn
injury.

Changes over time
Mortality was similar between the decades (2.7% from July
1989 to June 1999, and 2.8% from July 1999 to April 2009).
The average age of the non-survivors was 5 ± 5 years between
July 1989 to June 1999, which was significantly younger than
non-survivors from July 1999 to April 2009 (7 ± 6 years; P <
0.05). There were no significant differences in TBSA of non-
survivors, incidence of inhalation injury, cause of death, or time
until death. Respiratory failure was the primary cause of death
from 1989 to 1999, while sepsis was the primary cause from

1999 to 2009, although this change was not statistically sig-
nificant.

Gender differences
There were no significant differences in age, percentage of
deaths from brain injury, or shock, incidence of inhalation injury
or time until death. Male non-survivors had significantly higher
TBSA burns compared with female non-survivors (72% ±
23% versus 65% ± 23%, respectively; P < 0.05). Female non-
survivors were more likely to die of respiratory failure (39% ver-
sus 22% in males; P < 0.05). Male non-survivors were more
likely to die of sepsis (55% versus 36% in females; P < 0.05).

Discussion
The mortality rate over this 20-year review was 2.8%. This is
considerably lower than reported rates in the National Burn
Repository (5.6%) [15]. More than 99% of all deaths that
occurred at our institution had autopsies conducted. Only one
patient who died at the institution (and is not included in this
study) did not have an autopsy because of religious reasons.
Low mortality rates, with high autopsy rates allowed us to
investigate potential factors of clinical management that are
correctable and could lead to improved survival.

Acute lung injury or ARDS accounted for 40% to 50% of all
deaths among the critically ill [9-11,16] ARDS is a clinical
diagnosis. Sixty-nine percent of patients that died from respi-
ratory failure, died because of ARDS. Although the methods
used for management of patients with ARDS has changed
dramatically between 1989 and 1999 and 1999 and 2009,
the mortality rate remained the same, whether or not there was

Table 1

Patient characteristics

Characteristic Number of patients

Total number of patients admitted from 1989 to 2009 (n) 5260

Total number of deaths (n) 145

Mortality (%) 2.8

Age of deceased (years) 7 ± 6

Total body surface area burned of deceased (%) 69 ± 23

Respiratory failure (%) 29

Brain death (%) 16

Shock (%) 8

Sepsis (%) 47*

Incidence of inhalation injury among deceased (%) 71

Time until death post-burn (days) 29 ± 50

Data presented as a percentage or average ± standard deviation.
* P < 0.05 compared with other causes of death.
Sepsis causes significantly more deaths than other etiologies.

Figure 2

Cause of death from sepsis stratified by organismsCause of death from sepsis stratified by organisms. * P < 0.05 com-
pared with other organisms. More septic patients died of drug-resistant 
organisms.
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clinical evidence of smoke inhalation injury. In addition, the
breakdown of respiratory failure demonstrates the potential
overlap of clinical diagnoses. Many patients that died of ARDS
had evidence of pneumonia, and also demonstrated patholog-
ical evidence of DAD. The one patient that died of an acute
asthma attack also had ARDS, but it was the asthma attack
that was the fatal event. Respiratory compromise can be a glo-
bal problem in burn patients as mucus accumulates in distal
parenchyma and bronchioles influenced by an increased
secretory state of submucosal glands and decreased mucocil-
iary function secondary to resuscitation efforts, and mechani-
cal ventilation [17]. This physiologic change underscores the
fact that overlapping diagnoses may contribute to death.
Cases in which there were overlapping diagnoses, patients
were placed in the category corresponding to the primary
cause of death at autopsy. Thus, a patient may have pneumo-
nia, but the primary cause of death was an anoxic brain injury.
On the otherhand, patients may have confirmation of anoxic
brain injury at autopsy, but the primary cause of death was
overwhelming sepsis.

Patients diagnosed with ARDS were treated in concordance
with the guidelines outlined in the ARDSNET trial in order to
improve mortality [12]. Although this trial did not include pedi-
atric burn patients, we had better outcomes with lower tidal
volumes and lower plateau pressures [12]. The data suggest
that the decrease in respiratory deaths from 1999 to 2009
may be associated with these more gentle, supportive ventila-
tor practices.

Only 14% of deaths with burns were in patients with burns
less than 40% of their TBSA (minor burns). Of note, 22% of
patients that died from brain injury had minor burns. In addi-
tion, a quarter of patients that died from shock had burns

encompassing less than 40% TBSA. These etiologies are
attributed to delays in care or resuscitation, or deficient fluid
resuscitation. Regardless of the extent of injury, airways for
these particular patients were not obtained or maintained to
ensure survival. A prior study looking at the determinants of
mortality in severely burned patients underscored the relation
between delays in resuscitation and increased mortality [6].
This study shows that this holds true despite the size of burn.

Patients who died of sepsis had longer times until death com-
pared with patients who died of other etiologies (Figure 3).
This was significantly longer than in the anoxic brain injury,
shock, and respiratory failure groups (P < 0.05). Patients with

Table 2

Sepsis stratified by decade and organisms

July 1989 to June 1999 July 1999 to June 2009 P value

Deaths due to fungal sepsis (%) 26 6* <0.05

Deaths due to sepsis from drug sensitive organisms (%) 32 8* <0.05

Deaths due to sepsis from resistant organisms (%) 42 86* <0.05

Multi-Drug Resistant Organisms

Klebsiella Pneumonia (%) 25 2 NS

Pseudomonas Aeruginosa (%) 25 64 NS

Acinetobacter baumannii (%) 0 27 NS

MRSA (%) 12.5 5 NS

Enterococcus faecalis (%) 25 2 NS

Enterobacter cloacae (%) 12.5 0 NS

Data presented as average ± standard deviation.
* P < 0.05 compared with other causes of death.
MRSA = methicillin-resistant Staphylococcus aureus; NS = no significance.

Figure 3

Percent of patients remaining for the different causes of deathPercent of patients remaining for the different causes of death. * P < 
0.05. Patients that died of sepsis lived longer until death compared 
with patients that died of shock, brain death, or respiratory failure.
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respiratory failure had the second longest time until death, but
this was not statistically significant. Life may have been pro-
longed in this patient population with the use of mechanical
ventilation. Further investigation needs to be conducted to see
if ARDS in this patient population was due, at least in part, to
ventilator-associated pneumonia.

Multi-organ failure was present in over half of all deaths after
burn injury. It is caused here by sepsis, hypoxia, hypovolemia,
and shock. Again, these etiologies can be attributed to delays
and deficiencies in care and resuscitation.

The most notable finding in this review was the effect of multi-
drug resistant organisms on long-term survival. From 1989 to
1999, only 42% of patients died from sepsis from multi-drug
resistant organisms and 25% of patients had Pseudomonas
as the organism responsible. From 1999 to 2009, 86% of
patients that died from sepsis, died from multi-drug resistant
organisms and 64% of those patients had Pseudomonas as
the organism responsible. Sepsis deaths from Acinetobacter
did not arise in our institution until 1999 to 2009, and that
organism was associated with the demise of 27% of patients
with multi-drug resistant deaths. Although this was a substan-
tial increase, it was not a statistically significant increase due
to the sample size. Despite advances in anti-microbial thera-
pies, the number of deaths associated with multiple antibiotic
resistant organisms has increased. The incidence of invasive
fungal infections decreased in the second decade. This find-
ing is significant as invasive fungal infections lead to increased
morbidity and mortality [18]. The decline in incidence of death
due to fungal infection can be attributed to development of
more effective antifungal therapies during the time period
studied. In general, strategies to prevent infection, such as
early excision and grafting, aggressive anti-microbial therapy,
including the use of colistin, and early enteral feedings improve
survival [14,15,17-21]. On the other hand, widespread use of
aggressive anti-microbial therapies has led to increased colo-
nization of pathogens that have resistance to current therapies
[20,22]. In addition, faulty contact isolation practices propa-
gate spreading the organism from one patient to the next
[19,20]. With any signs of infection, patients were cultured,
including blood, sputum, urine and tissue, and started on
broad-spectrum antibiotics (covering for Gram-negative and
Gram-positive organisms, fungi and parasites). Once cultures
and sensitivities had been identified, therapy was tailored to
these organisms. Despite these practices drug-resistant
organisms remain a threat and challenge in the burn unit. The
development and strengthening of pathogens to resist anti-
microbial therapy are linked to the dramatic increase in the per-
centage of sepsis-related deaths in our institution.

A recent study showed that female patients had a more atten-
uated hypermetabolic and inflammatory response compared
with males [22]. Another issue raised by these findings relates
to the aggressiveness with which we treat male and female

patients. Female patients were more likely to die of respiratory
failure, than any other cause, but had a lower incidence of inha-
lation injury. In addition, female patients had a lower incidence
of sepsis. The question remains of whether female patients
were more aggressively resuscitated, leading to fluid overload
and need for mechanical ventilation, or if they received more
aggressive anti-microbial therapy.

In this study, all but one of all patients who died had an autopsy
performed, thus, we suggest that these findings are represent-
ative of clinical care and management, despite the fact that
autopsies are known to disagree with clinical diagnoses in up
to 40% of cases [23,24]. Patients, regardless of burn size,
age, or point of origin have become more likely to survive a
burn injury during the past 20 years. Those that did not survive
had some evidence of delays or deficits in resuscitation with
either airway management or volume leading to burn shock.
The progression to multi-organ failure from shock was pro-
longed due to the extensive physiologic reserve and cardiac
resilience that are characteristic of children. The development
of sepsis significantly contributed to the demise of patients
with and without the emergence of multi-drug resistant organ-
isms.

The main focus of this study was on the single primary imme-
diate cause of death. Burn trauma is a complicated injury that
causes profound physical and physiologic derangements. The
clinical course for these patients is also complicated. For
example, many patients died with anoxic brain injury but that
injury was not the primary cause of death. Furthermore, many
patients died with burn wound infections due to multi-resistant
organisms, but these infections were not the primary cause of
death. Some patients died with derangements in multiple
organ systems, which led to their demise.

Conclusions
On some level, most burn deaths may be preventable with bet-
ter airway management and more aggressive but precise
resuscitative efforts. However, sepsis, due to multi-drug resist-
ant organisms, may continue to impede efforts to increase sur-
vival if we cannot develop strategies to fight these organisms
that go beyond the surgical and clinical techniques that have
been implemented already. The data suggested that while
most severe burn injuries are survivable, delays in resuscita-
tion, inadequate resuscitation (leading to inadequate tissue
perfusion), poor airway management, and inappropriate or
inadequate anti-microbial coverage lead to increased morbid-
ity and mortality in our patients. Advances and improvements
in airway management, and resuscitative efforts have led to a
decrease in deaths caused by those deficiencies, but deaths
due to multi-drug resistant organisms still represent a chal-
lenge. Also, more studies need to be conducted to examine
the potential gender differences in the response to sepsis, and
the response to therapy. Further studies will investigate the
proteomic and genomic changes post-burn in all patients in
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order to identify patients at increased risk of becoming recal-
citrant to treatment modalities for sepsis, multi-organ failure,
and persistent respiratory failure.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
FNW performed the retrospective review, wrote the manu-
script, and performed the statistical analysis. DNH outlined the
design of study, drafting the manuscript, and was clinically
responsible for the patients. HKH participated in the design of
the study, drafting the manuscript, and performed the autop-
sies. JOL participated in the design of the study, drafting the
manuscript, and was clinically responsible for the patients.
REC participated in the design of the study, and drafting the
manuscript. GAK participated in the design of study and retro-
spective review. CCF participated in the design of the study,
and drafting of the manuscript. DLC participated in the design
of the study, drafting the manuscript, and performed the statis-
tical analysis. MGJ participated in the design of the study,
drafting the manuscript, and was clinically responsible for the
patients. All authors read and approved the final manuscript.

Acknowledgements
This work was supported by grants from Shriners Hospitals for Children 
(8460, 8480, 8640, 8660, 8740, and 8760).

References
1. Hart DW, Wolf SE, Mlcak R, Chinkes DL, Ramzy PI, Obeng MK,

Ferrando AA, Wolfe RR, Herndon DN: Persistence of muscle
catabolism after severe burn.  Surgery 2000, 128:312-319.

2. Reiss E, Pearson E, Artz CP: The metabolic response to burns.
J Clin Invest 1956, 35:62-77.

3. Gauglitz GG, Herndon DN, Kulp GA, Meyer WJ, Jeschke MG:
Abnormal insulin sensitivity persists up to three years in pedi-
atric patients post-burn.  J Clin Endocrinol Metab 2009,
94:1656-1664.

4. Jeschke MG, Chinkes DL, Finnerty CC, Kulp G, Suman OE, Nor-
bury WB, Branski LK, Gauglitz GG, Mlcak RP, Herndon DN:
Pathophysiologic response to severe burn injury.  Ann Surg
2008, 248:387-401.

5. Herndon DN, Tompkins RG: Support of the metabolic response
to burn injury.  Lancet 2004, 363:1895-1902.

6. Wolf SE, Rose JK, Desai MH, Mileski JP, Barrow RE, Herndon DN:
Mortality determinants in massive pediatric burns. An analysis

of 103 children with > or = 80% TBSA burns (> or = 70% full-
thickness).  Ann Surg 1997, 225:554-569.

7. Barrow RE, Wolfe RR, Dasu MR, Barrow LN, Herndon DN: The
use of beta-adrenergic blockade in preventing trauma-
induced hepatomegaly.  Ann Surg 2006, 243:115-120.

8. Herndon DN, Hart DW, Wolf SE, Chinkes DL, Wolfe RR: Reversal
of catabolism by beta-blockade after severe burns.  N Engl J
Med 2001, 345:1223-1229.

9. Greenhalgh DG, Saffle JR, Holmes JHt, Gamelli RL, Palmieri TL,
Horton JW, Tompkins RG, Traber DL, Mozingo DW, Deitch EA,
Goodwin CW, Herndon DN, Gallagher JJ, Sanford AP, Jeng JC,
Ahrenholz DH, Neely AN, O'Mara MS, Wolf SE, Purdue GF, Gar-
ner WL, Yowler CJ, Latenser BA: American Burn Association
consensus conference to define sepsis and infection in burns.
J Burn Care Res 2007, 28:776-790.

10. Hart DW, Wolf SE, Chinkes DL, Gore DC, Mlcak RP, Beauford
RB, Obeng MK, Lal S, Gold WF, Wolfe RR, Herndon DN: Deter-
minants of skeletal muscle catabolism after severe burn.  Ann
Surg 2000, 232:455-465.

11. Jeschke MG, Chinkes DL, Finnerty CC, Przkora R, Pereira CT,
Herndon DN: Blood transfusions are associated with
increased risk for development of sepsis in severely burned
pediatric patients.  Crit Care Med 2007, 35:579-583.

12. The Acute Respiratory Distress Syndrome Network. Ventila-
tion with lower tidal volumes as compared with traditional tidal
volumes for acute lung injury and the acute respiratory dis-
tress syndrome.  N Engl J Med 2000, 342:1301-1308.

13. Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L,
Lamy M, Legall JR, Morris A, Spragg R: The American-European
Consensus Conference on ARDS. Definitions, mechanisms,
relevant outcomes, and clinical trial coordination.  Am J Respir
Crit Care Med 1994, 149:818-824.

14. Mandal RV, Mark EJ, Kradin RL: Organizing pneumonia and pul-
monary lymphatic architecture in diffuse alveolar damage.
Hum Pathol 2008, 39:1234-1238.

15. Miller SF, Bessey PQ, Schurr MJ, Browning SM, Jeng JC, Caruso
DM, Gomez M, Latenser BA, Lentz CW, Saffle JR, Kagan RJ, Pur-
due GF, Krichbaum JA: National Burn Repository 2005: a ten-
year review.  J Burn Care Res 2006, 27:411-436.

16. Suman OE, Spies RJ, Celis MM, Mlcak RP, Herndon DN: Effects
of a 12-wk resistance exercise program on skeletal muscle
strength in children with burn injuries.  J Appl Physiol 2001,
91:1168-1175.

17. Cox RA, Mlcak RP, Chinkes DL, Jacob S, Enkhbaatar P, Jaso J,
Parish LP, Traber DL, Jeschke MG, Herndon DN, Hawkins HK:
Upper airway mucus deposition in lung tissue of burn trauma
victims.  Shock 2008, 29:356-361.

18. Murray CK, Loo FL, Hospenthal DR, Cancio LC, Jones JA, Kim SH,
Holcomb JB, Wade CE, Wolf SE: Incidence of systemic fungal
infection and related mortality following severe burns.  Burns
2008, 34:1108-1112.

19. Roberts JA, Kruger P, Paterson DL, Lipman J: Antibiotic resist-
ance--what's dosing got to do with it?  Crit Care Med 2008,
36:2433-2440.

20. Roberts MC: Antibiotic toxicity, interactions and resistance
development.  Periodontol 2000 2002, 28:280-297.

21. Rosanova M, Epelbaum C, Noman A, Villasboas M, Alvarez V, Ber-
berian G, Sberna N, Mudryck G, Lede R: Use of colistin in a pedi-
atric burn unit in Argentina.  J Burn Care Res 2009, 30:612-615.

22. Jeschke MG, Mlcak RP, Finnerty CC, Norbury WB, Przkora R, Kulp
GA, Gauglitz GG, Zhang XJ, Herndon DN: Gender differences in
pediatric burn patients: does it make a difference?  Ann Surg
2008, 248:126-136.

23. Goldman L, Sayson R, Robbins S, Cohn LH, Bettmann M, Weis-
berg M: The value of the autopsy in three medical eras.  N Engl
J Med 1983, 308:1000-1005.

24. Mort TC, Yeston NS: The relationship of pre mortem diagnoses
and post mortem findings in a surgical intensive care unit.  Crit
Care Med 1999, 27:299-303.

Key messages

• Respiratory failure and sepsis are the leading causes of 
death in severely burned pediatric patients.

• Deficiencies or delays in resuscitation increase risk of 
death after burn despite the size of burn injury.

• Multi-organ failure is present in over 50% of all deaths 
after burn injury.

• Future studies are needed to outline genomic or pro-
teomic pathways that predispose patients to different 
outcomes.
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