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ABSTRACT 

Introduction: Inhalation injury is a particularly lethal form of thermal burn injury, and is associated with increased 
morbidity and mortality. Pneumonia is a common complication of inhalation injury, due to the increased susceptibility 
of lungs that have been stripped of their biologic defense mechanisms, as well as the general susceptibility of the burn 
population to infections. While older series suggest that pneumonia is associated with worse mortality and morbidity, 
recent reports suggest that this may not be the case in all populations. Methods: We attempted to clarify the impact of 
pneumonia in terms of mortality, length of mechanical ventilation, need for tracheostomy, and discharge disposition, in 
patients admitted with inhalation injury by performing a retrospective review of patients admitted to a regional burn 
center 2002-2009. Burn registry and electronic chart review were used to obtain demographic, clinical and outcome 
data. Univariate and multivariate analysis was used to compare outcomes in patients who developed pneumonia versus 
those who did not. Results: The study cohort comprised 166 patients, of whom 21 (13%) were diagnosed with pneu-
monia. Development of pneumonia was not predicted by age, surface area burned or other complications such as acute 
respiratory distress syndrome. Surprisingly, pneumonia was associated with reduced inpatient mortality (p = 0.006). 
However, patients who developed pneumonia were also more likely to have prolonged ventilator dependence (19 vs 5 
days, p < 0.001), require intensive respiratory therapy (p < 0.001), receive tracheostomy (p < 0.001) and have an in-
creased overall length of stay (33 vs. 10 days, p < 0.001). They were significantly less likely to be discharged home and 
more likely to be transferred to a nursing facility or rehabilitation center upon discharge (p = 0.002). 
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1. Introduction 

Up to a third of patients with major burns may have as-
sociated smoke inhalation injury, depending on the di-
agnostic criteria used. Inhalation injury continues to be 
associated with poor prognosis and significant mortality 
in the burn population. Improvements in critical care, 
fluid resuscitation and early excision and grafting of the 
burn wound that have led to substantial declines in mor-
tality and morbidity from cutaneous burns have unfortu-
nately not been replicated in the treatment of smoke in-
halation [1].  

Pneumonia is a very common complication of inhala-
tion injury, with incidence rates varying from 27% - 87%, 
partly due to differing criteria and definitions of both 
pneumonia and inhalation injury in different centers [2,3]. 
Studies from previous decades tend to have higher inci-
dence rates than more current reports [4,5]. There are 
several possible reasons for the high prevalence of pneu-  

monia among this population. Firstly, burn patients have 
long been recognized to be at significant risk for infec-
tion due to breaches of the skin protective barrier, as well 
as transient immunocompromise from the metabolic al-
terations of the burned state [6]. Similar to the destruc-
tion of the cutaneous barrier leading to an increase in 
invasive infections, the destruction of natural pulmonary 
defense mechanisms would be expected to result in an 
increase in the incidence of pneumonia. The pathophysi-
ology of smoke inhalation injury involves the activation 
of an inflammatory cascade leading to free radical gen-
eration, which combines with toxic products of combus-
tion to de-epithelialize the endobronchial tree, increase 
water permeability and inactivate surfactant, leading to 
the accumulation of fibrinous debris and plugs within the 
bronchial lumen. These plugs cause pulmonary atelecta-
sis distal to their formation, worsen the ventilation/per- 
fusion mismatch, and serve as platforms for bacterial co- 
lonization [7]. By simultaneously stripping the lungs of 
their protective mechanisms while creating wide-spread  *The authors declare they have no competing interest. 

#Corresponding author. pockets of atelactasis, smoke inhalation creates ideal con- 
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ditions for pneumonia to occur. 
While the incidence of pneumonia is unquestionably 

higher in patients with smoke inhalation, the effects upon 
the patient’s overall prognosis are less certain. Inhalation 
injury itself increases mortality and morbidity, but an 
incremental increase in mortality by the development of 
subsequent pneumonia has not been clearly demonstrated. 
Edelman et al. reported a doubling of mortality in their 
series of 117 patients with smoke inhalation; however 
this did not reach statistical significance [3]. Shirani et al. 
in a larger study of over 1000 patients demonstrated an 
increase in mortality with pneumonia of up to 40%; 
however the standard of critical care of burns, respiratory 
failure and infectious disease have all undergone vast 
improvements since this cohort of patients was reported 
nearly 25 years ago [5]. 

In a general critical care population, ventilator associ-
ated pneumonia (VAP), a subset of pneumonia that oc-
curs in patients who are ventilated over 48 hours, has 
been shown to double mortality and significantly in-
crease both morbidity and cost of care [8]. A recent 
analysis described a 6% attributable mortality to VAP [9]. 
However, in several studies limited to trauma patients, 
VAP has not been shown to increase mortality [10,11]. A 
recent series of 2436 trauma patients in 27 intensive care 
units from 9 countries showed an actual reduction in 
mortality in patients with VAP, suggesting that multiple 
factors are in effect in these situations, and that results 
obtained from a primarily medical population cannot be 
extrapolated to a trauma population [12].  

Patients suffering burn and inhalation injury have 
many of the same attributes of patients suffering other 
traumatic injury—a high proportion of healthy young 
people suffering a sudden catastrophic event. However, 
there are significant differences in the level of metabolic 
derangement, with thermal and inhalation injury resulting 
in much greater fluid shifts and hypermetabolism than all 
but the most severe traumatic injuries. Therefore the re-
sults from the general trauma population cannot be di-
rectly extrapolated to burn victims. Since there are sig-
nificantly fewer burn victims, and even fewer victims of 
inhalation injury, both nationwide and globally, com-
pared to victims of mechanical trauma, there is less data 
on the effects of pneumonia in these patients compared to 
the general trauma population. This study investigates 
the consequences of pneumonia in burned patients with 
inhalation injury, specifically regarding mortality. 

2. Materials and Methods 

The Texas Tech University Health Sciences Center In-
stitutional Review Board approved this study. Informed 
consent was not required due to the retrospective nature 
and use of de-identified data. 

2.1. Subject Selection 

A retrospective review was performed of all patients di-
agnosed with smoke inhalation injury admitted to the 
Timothy J. Harnar regional burn center, Lubbock, TX 
between January 2002 and December 2009. Subjects 
were identified using the burn registry and discharge 
coding information. Demographic and injury information, 
clinical parameters on admission, ventilator modes, res-
piratory therapy measures used and outcomes were ab-
stracted from the burn registry and electronic and paper 
medical records.  

2.2. Definitions and Clinical Practice 

All smoke inhalation patients were admitted to the 
Timothy J. Harnar regional burn center. Care was under 
the direction of one of three attending burn surgeons and 
surgical residents working under their direction. Aggres-
sive fluid resuscitation was performed according to the 
Parkland formula, modified for the addition of dextrose 
in children, and adjusted for urine output per standard 
protocols. Early enteral feeding was commenced in all 
patients. During the period of this study, sedation, pain 
control, and ventilator management of intubated patients 
was per attending surgeon discretion, as was the use of 
adjunctive respiratory treatments. The decision to per-
form tracheostomy was also per individual attending sur- 
geon, but a policy to not perform early (within 2 weeks 
of admission) elective tracheostomy except in cases of 
concurrent severe traumatic brain injury was in place.  

Smoke inhalation was defined by a combination of 
relevant clinical history including closed space fire, and 
physical signs and symptoms such as carbonaceous spu-
tum, dyspnea, hoarseness or stridor. Positive broncho-
scopic findings included erythema, edema, ulceration and 
carbonaceous particles. Current burn center protocol re-
quires that all suspected smoke inhalation patients re-
quiring mechanical ventilation undergo bronchoscopy 
shortly after admission; however during the early years 
of the study this protocol was not in place and broncho-
scopy was based on attending physician discretion.  

Pneumonia was defined using the criteria set by the 
National Trauma Data Bank: presence of fever, leukocy-
tosis, Gram stain of sputum with a predominant organism 
and moderate to many white blood cells, chest radio-
graph with a pneumonic infiltrate, and culture of sputum 
demonstrating a pathogen. Fever was defined as <96.8 F 
or >102.2 F, and leukocytosis as a WBC > 12. All clini-
cally suspected cases of pneumonia were confirmed by 
microbiologic data. 

2.3. Statistical Analysis 

Subjects were divided based on whether they had pneu-
monia or not, and analyzed with regard to outcome meas- 
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ures. The primary outcome measure was in-hospital mor- 
tality; secondary outcome measures were length of stay, 
ventilator days, and need for tracheostomy. Covariates 
included the ventilator mode on admission, and respira-
tory therapies used. A Cox proportional hazards model 
was used to relate survival to pneumonia, multisystem 
organ failure (MSOF), Acute Respiratory Distress Syn-
drome (ARDS), sepsis, age and total body surface area 
burned (TBSA), and the proportional hazard assumption 
for all variables was testing using the method of Gram- 
bsch and Therneau [13]. By including all variables in the 
model simultaneously the intent was to estimate the 
unique effect of each variable while holding all other 
variables constant. Since time to onset of pneumonia was 
not available in our database, the analysis was repeated 
excluding all patients who died within the first 5 days i.e. 
those who did not live long enough to develop the clini-
cal signs of pneumonia. A p < 0.05 was considered sig-
nificant for hypothesis testing. All analyses were per-
formed using SPSS 18.0 (Chicago, IL) and R (Develop-
ment Core Team, 2011) with the survival library [14] 
(Therneau and Lumley, 2011). 

3. Results 

Data was available on 166 patients with inhalation injury 
who were admitted during this time frame, of whom 123 
were men (74%). Regarding clinical characteristics on 
presentation, the majority of patients (87, 50%) had fa-
cial burns, 41 (24%) had singed nasal mucosa, 38 (22%) 
had difficulty swallowing and 33 (19%) had carbona-
ceous sputum. 131 (80%) were intubated and mechani-
cally ventilated on arrival or in the emergency room, and 
110 (66%) had bronchoscopy performed on admission. 

Assist control was the initial mode of ventilation in the 
majority 65 (61%) of patients, with 18 (17%) placed on 
high frequency oscillatory ventilation, 14 (13%) on syn-
chronized intermittent mandatory ventilation, and 9 (8%) 
on airway pressure release ventilation. Airway pressure 
release was used as rescue therapy for hypoxia in 27 pa-
tients (25%), and high frequency oscillatory ventilation 
in 8 (7%). 

Adjunctive respiratory therapies were used in a minor-
ity of patients, predominantly after a diagnosis of pneu-
monia (p = 0.001). Cough stimulation was used in 25 
(15%), chest physiotherapy in 41 (25%), and kinetic 
/rotation therapy in 10 (6%) smoke inhalation patients. 

Pneumonia was diagnosed in 21 patients (13%). The 
demographics and risk factors of patients with pneumo-
nia compared to those who did not develop pneumonia 
are shown in Table 1. Since the groups were not nor-
mally distributed within themselves with regard to sev-
eral variables, the median values and interquartile range 
are displayed, rather than the mean and standard devia-
tion. While the mean TBSA did not differ between 

Table 1. Baseline characteristics and initial ventilator mode 
used, by factor (pneumonia). 

 
Without 

pneumonia
Pneumonia Test statistic 

 = 129N = 21N   

Age 26, 45, 57 25, 32, 53 1

1,148 = 0.74, = 0.392F p
2 2

1 = 0.03, = 0.863p

2 2

3 = 2.07, = 0.557p

1

1,124 = 0.95, = 0.332F p

1

1,141 = 1.53, = 0.218F p

2 2

1 = 5.66, = 0.017p

1

1,126 = 0.33, = 0.567F p

2 2

6 = 9.71, = 0.137p

Sex 74% (96) 76% (16) 

Race    

Hispanic 37% (46) 42% (8) 

White 58% (73) 47% (9)  

Black 4% (5) 11% (2)  

Other 1% (1) 0% (0)  

Body mass index 
(BMI) 

22.2, 26.6, 
31.8 

22.5, 25.2, 
27.4 

Total burned 
surface area 

(TBSA) 
0, 6.25, 35 4, 21, 32 

Intubated 78% (100) 100% (21) 

Initial PO2:FiO2 
ratio 

3.50 3.38 

Initial  
ventilator mode 

  

AC 44% (53) 44% (8)  

SIMV 9% (11) 22% (4)  

CPAP 1% (1) 0% (0)  

APRV 6% (7) 11% (2)  

HFOV 12% (14) 22% (4)  

Ventilator modes are: assist control (AC), synchornized intermittent man- 
datory ventilation (SIMV), continous positive aurway pressure (CPAP), 
airway pressure release ventilation (APRV) and high frequency oscillatory 
ventilation (HFOV). a, b, c represent the lower quartile a, the median b, and 
the upper quartile c for continuous variables. Numbers after percents are 
frequencies. Tests used: 1Wilcoxon test; 2Pearson test. 

 
groups, (22.5 vs. 21.3, p = 0.859), there was an uneven 
distribution with more patients in the “no pneumonia” 
group admitted with pure inhalation injury and no cuta-
neous burns. Development of pneumonia was not related 
to age, total body surface area (TBSA) burned, initial 
ventilator mode used or the development of acute respi-
ratory distress syndrome (ARDS). Outcome measures for 
patients with pneumonia are shown in Table 2. Patients 
who developed pneumonia were significantly more likely 
to receive tracheostomy (p < 0.001), have prolonged ven-
tilator dependence (19 vs. 5 days, p < 0.001) and an in-
creased overall length of stay (33 vs. 10 days, p < 0.001). 
Patients who developed pneumonia were significantly 
less likely to be discharged home and more likely to be 
transferred to a nursing facility or rehabilitation center 
upon discharge from the burn center (p = 0.002). 

In the global model, pneumonia was associated with a 
significant reduction in mortality (p = 0.006), albeit with 
a much reduced effect size (Figure 1). Age (p = 0.011) 
and TBSA (p < 0.001) significantly increased mortality,  
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Table 2. Outcomes by factor(pneumonia). 

 Without pneumonia Pneumonia Test Statistic 

 2 2

= 1

= 5.1, = 0.024p
= 21N

1

N


29

  

Days on  
Ventilator 

0, 2, 6 12, 13, 20 
1,148

1

= 36.92, 

< 0.001

F

p

1,148

1

= 37.24, 

< 0.001

F

p
2

1

2

= 25.31, 

< 0.001p



2

1

2

= 4.65, 

= 0.031p



2

1

2

= 25.22, 

< 0.001p



2

1

2

= 21.23, 

< 0.001p



2

1

2

= 0.36, 

= 0.55p



2

1

2

= 0.47, 

= 0.494p



2

2

2

= 12.91, 

= 0.002p



2

1

2

= 5.1, 

= 0.024p



Length of Stay 2, 5, 14 15, 25, 53 

Tracheostomy 9% (12) 52% (11)  

Rotation  
Therapy 

7% (7) 27% (3)  

Chest  
Physiotherapy 

25% (27) 88% (14)  

Cough  
Stimulation 

14% (15) 62% (10)  

ARDS 16% (20) 21% (4)  

MSOF 20% (25) 26% (5)  

Disposition    

Home 54% (70) 57% (12)  

Nursing Facility 6% (8) 29% (6)  

Death 40% (51) 14% (3)  

a, b, c represent the lower quartile a, the median b, and the upper quartile c 
for continuous variables. Numbers after percents are frequencies. Tests used: 
1Wilcoxon test; 2Pearson test. 

 
with TBSA having the strongest impact. The effects of 
MSOF and ARDS were not significant once other co-
variates were considered. When patients who died within 
the first 5 days were excluded, the association remained 
significant, suggesting that this effect was not due to 
lead-time bias alone (data not shown). The Kaplan- 
Meier survival curve is shown in Figure 2, demonstrat-
ing the improved survival for patients with pneumonia 
compared to those who did not develop pneumonia.  

The organisms that were present in patients with 
pneumonia are shown in Figure 3. There was a trend 
toward increased mortality with Pseudomonas aeruginosa 
infection but small sample size prevented meaningful 
statistical analysis of the association between organism 
and outcome. 

4. Discussion 

This study demonstrates that pneumonia did not worsen 
inpatient mortality in a cohort of patients with inhalation 
injury. In fact, pneumonia was associated with improved 
survival in this high-risk group, a surprising finding that 

trauma patients with pneumonia. While it is very unlikely 
that this is a causal relationship, it is possible that the 
development of pneumonia serves as a marker for pa-
tients with improved survival, and raises further ques-
tions to be explored. 

This phenomenon c

nevertheless does have some parallels with reports on 

ould partly be explained by survi-
vo

xplanation is also plausible; the clinical 
de

oved 
su

in this area of re-
se

r-time bias; patients who died early in their hospital 
admission simply did not have time to develop pneumo-
nia prior to expiring from other causes. Since the existing 
literature suggests that a large proportion of patients with 
inhalation injury will develop pneumonia, it is plausible 
to assume that early deaths would skew the data toward 
the results shown. Unfortunately we were unable to de-
termine the exact date of initial diagnosis of pneumonia 
using the current dataset; therefore it is possible that sur-
vivor-time bias partially accounts for the findings. How-
ever since the association of pneumonia with improved 
survival remained consistent even after excluding pa-
tients who died within the first 5 days, the authors be-
lieve that this does not account for the strong association 
demonstrated. 

A biologic e
finition of pneumonia requires a relatively vigorous 

host immune response, which may indicate underlying 
genetic or biologic traits that portend an improved prog-
nosis. Davis et al. [15] demonstrated that patients who 
succumbed to their inhalation injury had lower bron-
choalveolar lavage fluid concenterations of numerous 
immunomodulators, including C5a, interleukin 1beta, IL- 
1 RA, IL-2, IL-8, IL-10 and IL-13, and TNF-alpha. This 
study suggests that an early immune hyporesponsiveness 
to smoke inhalation is associated with increased mortal-
ity. Conversely, patients who mount an aggressive host 
response—and are more likely to manifest signs and 
symptoms consistent with pneumonia—may have an im- 
proved survival, as was demonstrated in this study. Lar- 
ger multi-center studies of patients with smoke inhalation 
would be very valuable in elucidating the relationship 
between pneumonia, other morbidity, and survival. 

Although pneumonia was associated with impr
rvival, it also significantly increased resource utiliza-

tion, consistent with what has been demonstrated previ-
ously [16-18]. Patients who developed pneumonia had 
significantly longer length of time on ventilators, higher 
utilization of respiratory care services, longer hospital 
length of stay, and were more likely to require tracheo-
stomy, all of which translate into a significant increase in 
cost of care. Therefore efforts to prevent pneumonia in 
this vulnerable population should continue, as there is a 
significant increase in morbidity and health care costs, if 
not mortality from this complication. 

One issue of debate and concern 
arch has been the potential for over-diagnosis of 

pneumonia in burned patients. Pham et al. [19] have 
shown that clinical criteria such as the clinical pulmonary   
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Figure 1. Effect sizes (hazard ratios) and confidence intervals illustrating the impacts of pneumonia, MSOF, ARDS, sepsis, 
age and TBSA on patient mortality. 95% confidence intervals are denoted by the light gray bounds around hazard ratio es-
timates, and all estimates are derived from the Cox proportional hazards model including all variables. 
 

 

Figure 2. Patient survival as estimated by the Cox proportional hazards model. Here, survival is represe  for patients with, nted
and without, pneumonia, and is adjusted for all other covariates. Censored observations are denoted by the plus (+) symbols 
on the survival curves. 
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Figure 3. Bacterial species associated with pneumonia, shown as a percentage of total microbiologic pes recorded. 
 

fection score (CPIS) alone have limited utility in 

o the drawbacks inherent in a retrospective 
re

uniformly accepted standard currently exists. The defini-

 ty

in
burned patients, and that clinical suspicion should be 
followed with quantitative microbiologic data. Diagnoses 
of pneumonia based on clinical markers alone are likely 
to result in a significant number of false positives, given 
the high prevalence of classic inflammatory markers such 
as pyrexia and leukocytosis among thermally injured 
patients, and pulmonary alterations such as copious 
bronchial secretions which may result from smoke inha-
lation alone, even without concurrent infection. There-
fore current recommendations include obtaining micro-
biologic data in addition to clinical signs and symptoms 
for the diagnosis of pneumonia in burned patients [20]. 
All clinically suspected cases of pneumonia at our insti-
tution receive microbiologic analysis of sputum speci-
mens; since 2003 this has been performed using BAL 
techniques and quantitative or semi-quantitative cultures. 
This policy is likely the reason for the relatively low rate 
(13%) of pneumonia reported in this study, compared to 
older reports in patients with inhalation injury. The au-
thors are confident that this cohort represents a “true 
positive”, rather than an overdiagnosis from either the 
hypermetabolic burn response or contamination of spu-
tum samples. 

In addition t
view, there are several other limitations of this study. 

One drawback relates to the difficulty of classifying in-
halation injury, pneumonia, and sepsis in the burned 
population. This study did not attempt to classify the 
severity of inhalation injury; a grading scheme based on 
bronchoscopic scoring has been described [21], but no 

tion of pneumonia in burned patients has undergone 
some changes since the publication of the American 
Burn Association consensus statement in 2007 [20], 
which recommends 2 of the following be present for the 
diagnosis of pneumonia: chest radiograph changes, sepsis 
or change in sputum in concert with microbiologic data. 
The definition of sepsis in burned patients is also differ-
ent to that of the regular population. Since the study pe-
riod commenced several years before these definitions 
became available, the definitions used do not coincide 
with current practice. However the definitions used were 
uniform for the entire study period and population. As 
with any study that spans several years in an intensive 
care setting, there have been changes in practice. All pa-
tients suspected of inhalation injury now undergo bron-
choscopy immediately upon admission, for both diagnos-
tic and therapeutic indications. All patients suspected of 
pneumonia have bronchoalveolar lavage performed with 
protected specimens obtained for quantitative microbio-
logic analysis; these protocols had not been implemented 
at the outset of the study. While these variations in prac-
tice do reduce the internal consistency of the population, 
the authors do not believe that it negates the findings of 
the study. Comorbidities such as chronic obstructive pul- 
monary disease, history of tobacco use, coronary artery 
disease and congestive heart failure were not included in 
the analysis; certainly these and other medical conditions 
might have affected patient outcomes, both for the de-
velopment of pneumonia as well as mortality. Finally, we 
did not separately analyze patients who fit the definition 
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of ventilator associated pneumonia, due to the small 
number of total subjects, preferring to classify all posi-
tive cases as a form of healthcare-associated pneumonia 
complicating smoke inhalation.  

5. Conclusion 

Pneumonia may n
inhalation injury, a

ot increase mortality in patients with 
lthough it does lead to a large increase 

ments 

the staff of the Timothy J
r excellent care of our pa-
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The association of pneumonia with other clinical out-
comes in inhalation injury patients deserves further de-
tailed exploration. 
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