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Introduction

Acute Respiratory Distress Syndrome (ARDS) is a hetero-
genic clinical condition with complex pathological mecha-
nisms. It affects critically-ill patients and is associated with
high mortality rates and treatment costs.1,2 ARDS is character-
ized by severe acute hypoxemia following alveolar injuries in
the lungs. Injuries are inflammatory in nature, leading to pro-
tein-rich pulmonary edema and acute respiratory failure.3

Since ARDS was first described by Ashbaugh et al.,4 there
have been great advances in the knowledge of its pathophysi-
ology. However, sound epidemiological data on ARDS were
only possible after its definition was standardized in the Amer-
ican European Consensus Conference (AECC).5 This defini-

tion was used by researchers and clinicians all over the world,
and lead to advances in knowledge about the syndrome. 

More recently, the definition criteria for ARDS were re-
viewed and updated, and a new definition was proposed.6 The
Berlin definition describes ARDS as an acute condition that
takes place within a week of a known insult or that presents
worsening of respiratory symptoms within this period of time,
followed by bilateral radiographic opacities that are not fully
explained by effusions, pulmonary collapse or nodules. An ob-
jective assessment of cardiac function is required in cases where
risk factors for ARDS are not identified. ARDS is classified ac-
cording to hypoxemia levels: mild (PaO2/FiO2 ratio between
201 and 300 mmHg), moderate (PaO2/FiO2 ratio between 101
and 200 mmHg) and severe (PaO2/FiO2 ratio < 100 mmHg).
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SUMMARY. After a burn lesion, Acute Respiratory Distress Syndrome (ARDS) may occur via direct lung injury due to inhaled smoke
and fumes or mediated by the inflammatory response associated with the burn or its infectious complications. The aim of the present study
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and data on the extent and depth of burns were collected. Data related to risk factors for ARDS and death were also recorded. A total of 85
patients were included in the study. Patients were aged 41.7 (SD = 15.7) years old; 71.8% were male and the mean total body surface area
burned was 28.3% (SD = 19.1%); 35.3% presented inhalation injuries. Invasive ventilatory support was required in 44 ICU inpatients
(51.8%). ARDS was diagnosed in 38.6% of patients under invasive mechanical ventilation. In multivariate analysis, the presence of in-
halation injuries was a risk factor for ARDS (OR = 9.75; CI 95% 2.79 – 33.95; P < 0.001). ARDS is a common complication in burn
patients admitted to specialized intensive care units. Inhalation injuries were an independent risk factor for ARDS. Mortality rate observed
in the study patients was high and associated with ARDS diagnosis. 
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RÉSUMÉ. Après une brûlure, un SDRA peut survenir soit en raison d’une atteinte pulmonaire directe (inhalation de fumées) soit en raison
de la réaction inflammatoire due à la brûlure ou à une complication infectieuse. Le but de ce travail est d’évaluer l’épidémiologie des
SDRA survenus chez des adultes brûlés hospitalisés dans l’unité de réanimation dédiée d’un CHU durant l’année 2012. Les données dé-
mographiques, celles concernant la brûlure (cause, étendue, profondeur, scores pronostics) et les facteurs de risque de SDRA ont été
relevés. Quatre vingt cinq patients ont été inclus. Les patients étaient âgés de 41,7+/-15,7 ans, 71,8% d’entre eux étaient des hommes, ils
étaient brûlés sur 28,3+/-19,1% de la SCT, 35,3% d’entre eux avaient des lésions d’inhalation. Quarante quatre patients (51,8%) ont eu
besoin de ventilation mécanique. Un SDRA a été diagnostiqué chez 38,6% des patients ventilés. En analyse multivariée, les lésions d’inha-
lation sont un facteur de risque de SDRA (OR 9,75 ; IC95 2,79-33,95 ; p<0,001). Le SDRA est une complication fréquente chez les brûlés
admis en unité de réanimation spécialisée. Les lésions d’inhalation sont un facteur de risque indépendant de SDRA. La mortalité de la co-
horte était élevée, et associée au diagnostic de SDRA.
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Rubenfeld et al.2 described pulmonary sepsis (46%), sepsis
elsewhere (33%), bronchoaspiration (11%) and polytrauma
(7%) as the main risk factors for ARDS. In a different study
carried out in Australia, sepsis, pneumonia and bronchoaspi-
ration were again shown to be the most frequent risk factors.
The other risk factors involved were pulmonary contusion
(10.7%), transfusions (3%), trauma (2.4%), pancreatitis
(1.8%), overdose (0.6%) and other indiscriminate factors
(3.6%).7

After a burn lesion, ARDS can occur via direct lung injury
due to inhaled smoke and fumes or mediated by the inflamma-
tory response associated with the burn or its infectious com-
plications.8 The increase in capillary permeability in patients
with extensive burns is not only observed in the lesion site, but
also in organs elsewhere. The increase in vascular permeability
leads to the leakage of fluid to the interstitial space;9 under
those circumstances, pulmonary edema is aggravated by ther-
mal injuries due to inhaled smoke.10

Epidemiologic aspects of ARDS seem to have peculiar
characteristics in burn patients. In a retrospective cohort of 469
burn patients, multivariate analysis showed that age was the
only independent risk factor (p = 0.03).11 Few studies provide
information on epidemiologic aspects of ARDS in burn pa-
tients;11-14 these were performed before the new ARDS defini-
tions, or even before protective mechanical ventilation
strategies were recommended.15 More recent studies describe
a higher incidence of ARDS in burn patients applying the
Berlin definition, and association with increased risk of death
according to escalating severity of ARDS.16,17

Knowledge of epidemiologic data on clinical characteris-
tics, risk factors and prognosis of burn patients who develop
ARDS is crucial to the development of preventive and thera-
peutic interventions to improve clinical outcomes.

The purpose of this study was to assess incidence and risk
factors for Acute Respiratory Distress Syndrome associated
with thermal injury in adult burn patients admitted to intensive
care in a burn unit at a university hospital.

Materials and methods

This study was approved by the local Human Research
Ethics Committee (study number: 00826912.4.0000.5231); in-
formed consent forms were not required.

A prospective cohort study was conducted with adult pa-
tients admitted to the Intensive Care Unit (ICU) specialized in
the treatment of burn patients at a university hospital. A con-
secutive sampling of all patients admitted to the ICU was per-
formed from 1st January 2012 to 31st December 2012.
Exclusion criteria were patients under 18 years of age and those
staying in the ICU for less than 24 hours.

Data were collected from patients’ records. Identification
data, demographic characteristics, diagnosis, date of the ther-
mal injury, date of ICU and hospital admission and release
were collected. In the first 24 hours after ICU admission, clin-
ical and laboratory data required to calculate Acute Physiology
and Chronic Health Evaluation (APACHE II),18 Sequential
Organ Failure Assessment (SOFA)19 and Abbreviated Burn
Severity Index (ABSI)20 were collected.

Percentage of total body surface area burned (TBSA) was
calculated with the Lund and Browder Chart21 and the presence
of third-degree burns was noted. Inhalation injury was sus-
pected in patients with the following symptoms: history of a

closed-space fire and facial burns with singed nasal hair, car-
bonaceous sputum, hoarseness, stridor or laboured breathing.
Bronchoscopy was performed in patients suspected of having
inhalation injury to confirm diagnosis. If bronchoscopy was
not available, patients underwent a direct examination of the
oropharynx followed by laryngoscopy. If edema or blistering
was seen during laryngoscopy, patients were intubated. Intu-
bation and mechanical ventilation were indicated if inhalation
injury with respiratory distress was present or anticipated.
Chronic disease was defined according to the Charlson Comor-
bidity Index.22

The date of ARDS diagnosis was noted, as well as the start
of mechanical ventilation and its duration. The diagnosis of
ARDS was made according to Berlin criteria6 within one week
of thermal injury, considering it to be the insult associated with
ARDS. Time to ARDS diagnosis was expressed in days, con-
sidering the date of thermal injury and ARDS-grading was
evaluated at the initial time of ARDS diagnosis. Mechanical
ventilation was defined as time between the start of ventilator
support until the withdrawal of mechanical ventilation for 24
hours or more, or death. Mechanical ventilation parameters
were routinely set to employ pressure limitation modes to
maintain airway pressure levels under 30 cmH2O. Outcome of
the patients in the study was assessed when leaving the ICU.

Statistical analysis

Results of continuous variables were described by mean,
standard deviation (SD) or median and interquartile range
(ITQ), depending on data distribution. The Student’s t-test was
used to compare the means of continuous variables with nor-
mal distribution and variance homogeneity, and the non-para-
metric test (Mann-Whitney U test) was applied for data with
non-normal distribution and/or variance heterogeneity. Cate-
gorical factors are given as frequency and shown in charts and
tables. Categorical variables were assessed with the chi-
squared test. The Kaplan-Meier curve was used to compare
survival between patients with or without ARDS. Univariate
analysis was used to compare the relevant groups (patients with
and without ARDS diagnosis). Multivariate logistic regression
with variable selection was performed using the forward step-
wise method with the variables that were considered to be risk
factors and that showed p <0.20 in the univariate analysis for
the study outcome (ARDS diagnosis). Results were given as
odds ratio (OR) and 95% confidence interval (CI 95%). Sig-
nificance level was 5% and analyses were performed using
MedCalc for Windows, version 15.2.2 (MedCalc Software
bvba, Ostend, Belgium).

Results

The study included 85 patients that met the eligibility cri-
teria (Fig. 1). Table I describes their main clinical and demo-
graphic characteristics. Study patients were admitted to the
ICU 2 days (1 – 4) after the thermal injury. Mean ABSI score
was 7.24 (SD = 2.53) at ICU admission.

In terms of depth, third-degree burns were observed in 70
(82.4%) patients. The most common etiology among the study
patients was flames due to accidents involving alcohol in open
spaces (Table II). Fifty (58.8%) patients were deemed healthy
before the thermal injury. Comorbidities were diagnosed in 35
patients (41.2%): 8 cases of alcoholism (9.4%); 5 diabetes mel-
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litus (5.9%); 4 arterial hypertension (4.7%); 4 substance abuse
(4.7%); 3 cases of seizures (3.5%); 2 coronary artery disease,
acquired immunodeficiency, depression, and chronic obstruc-
tive pulmonary disease (2.4% each), and 3 cases of other co-
morbidities (3.5%).

Invasive ventilatory support was required in 44 ICU pa-
tients (51.8%). Duration of invasive mechanical ventilation
was 18.5 (8.5 – 33.5) days. Median TBSA was higher among
patients requiring invasive mechanical ventilation: 34%
(21.5% – 50%) compared to 18% of other burn patients (9% –
28%; P < 0.001). Inhalation injuries were frequent (65.9%)
among patients who required invasive mechanical ventilation.

Non-invasive ventilatory support was used in one patient in the
post-extubation period as part of the invasive mechanical ven-
tilation withdrawal plan and in two patients as part of the initial
ventilatory strategy.

ARDS was diagnosed in 17 (20.0%) patients, which cor-
responds to 38.6% of patients who needed invasive mechanical
ventilation. Five patients were classified as mild, nine as mod-
erate, and three as severe according to the Berlin definition.
Time to onset of ARDS was 3 (2 – 5) days after the thermal in-
jury, and invasive mechanical ventilation was the initial venti-
latory support method for all these patients.

Longer stay in ICU was observed in patients with ARDS:
26 (14 – 44) days compared to 11 (6 – 23) days for patients
without the condition (P = 0.01). No difference in length of
hospital stay was observed between patients with or without
ARDS: 27 (14 – 46) days and 20 (14 – 30.5) days respectively
(P = 0.31). Fig. 2 shows the comparison of survival between
patients with and without ARDS diagnosis.

Fig. 1 - Flowchart of study patients.

Fig. 2 - Comparison of survival between patients with and without ARDS
diagnosis.

Characteristic Patients (n=85)
Overall 

Age (years) 41.78 (SD=15.72)
Gender (male) 61 (71.8%)
ABSI 7.24 (SD=2.53)
APACHE II 15.23 (SD=9.32)
SOFA at admission 3.90 (SD=4.09)

Burn
TBSA burned (%) 24 (14–36)
Inhalation injury 30 (35.3%)

Comorbidities 35 (41.2%)
Ventilatory support 

Oxygen therapy 41 (48.2%)
Non-invasive MV 3 (3.5%)
Invasive MV 44 (51.8%)

Outcomes
ICU stay (days) 13 (6–26)
Hospital stay (days) 22 (14–33)
ICU mortality 31 (36.5%)

ABSI = Abbreviated Burn Severity Index; APACHE II = Acute Physiology
and Chronic Health Evaluation; SOFA = Sequential Organ Failure
Assessment; TBSA = total body surface area; MV = mechanical ventilation;
ICU = intensive care unit

Table I - General characteristics of study patients

Agent Patients (n=85)
Flames

Liquid alcohol 45 (52.9%)
Fire of unknown cause 9 (10.6%)
Gasoline 6 (7.0%)
Gas 3 (3.5%)
Kerosene 1 (1.2%)
Paint thinner 1 (1.2%)
Gunpowder 1 (1.2%)

Scalding
Hot foods 6 (7.0%)
Hot water 3 (3.5%)

Electrical 
Electrical current 5 (5.9%)
Voltaic arc 5 (5.9%)

Table II - Etiologic agents of burns in study patients
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The comparison of prognostic scores between the groups
of patients with and without ARDS showed that mean ABSI
was higher for patients with ARDS (8.8, SD = 2.5) compared
to patients without ARDS (6.8, SD = 2.3; P = 0.002). Mean
APACHE II was higher in patients with ARDS (23.1, SD =
10.4) compared to patients without ARDS (13.2, SD = 7.9; P
< 0.001); mean SOFA was also higher in patients with ARDS
(7.5, SD = 3.9) compared to patients without ARDS (3.0, SD
= 3.6; P < 0.001).

Median TBSA was higher in patients with ARDS: 30 (21
– 54) compared to 23 in those without ARDS (12.5 – 33.5; P
= 0.04). In multivariate analysis, the presence of inhalation in-
juries was the only independent risk factor identified for ARDS
(OR = 9.75; CI 95% 2.79 – 33.95; P < 0.001) (Table III). 

Hospital mortality was higher for patients with a diagnosis
of ARDS (52.9%) compared to patients without ARDS (27.9%,
P = 0.04).

Discussion

A high incidence of ARDS was observed in burn patients
admitted to a specialized intensive care unit, particularly in
those under invasive mechanical ventilation. Diagnosis of
ARDS was associated with higher mortality rates in these pa-
tients, and inhalation injuries were associated with increased
risk for developing ARDS.

Incidence of ARDS has been reported to be elevated in
burn patients, and the Berlin definition seems to be more ac-
curate in determining outcome when compared with the AECC
definition.16 The Berlin definition was proposed to help early
diagnosis and risk stratification, and these have been confirmed
by the results of the present study and others.16,17

Inhalation lesions were an independent risk factor associ-
ated with ARDS in the present study. There are conflicting data
in the literature about this association. Some studies report no
correlation between inhalation lesions and incidence of
ARDS,11,12 while others describe it as a strong risk factor.17,23
Masanès et al.24 were able to demonstrate this association when
using bronchoscopy and biopsy to diagnose inhalation injury.
It is difficult to identify such a correlation because of the com-
plex diagnosis of inhalation injuries in burn patients. Literature
does not have a clear, standardized definition for this diagnosis,
and not all specialized centres use bronchoscopy to diagnose
and classify lesions. 

Inhaled smoke releases materials that occlude the airway
lumen. Such material is composed of fibrin, neutrophils, mucus

and epithelial cell debris.25 Occluded alveoli are hypoventi-
lated, causing an increase in pulmonary shunt fraction that
leads to changes in the ventilation:perfusion ratio. Open alveoli
are over-distended during mechanical ventilation; the disten-
tion of the alveolar wall releases inflammatory cytokines and
leads to damage induced by mechanical ventilation. These
changes reduce gas exchange and cause hypoxemia.9

Evidence shows that inhalation lesions caused by smoke
reduce gas exchange in animal models due to the increase in
capillary permeability and fluid transport by the alveolar ep-
ithelial-endothelial barrier.10,26 Alpard et al. show a correlation
between the incidence of ARDS and growing amounts of
smoke inhaled by sheep.27 Inhalation injuries may be consid-
ered a predisposing factor for ARDS as they lead to an increase
in local inflammatory responses and are associated with a
greater need for mechanical ventilation. In these circumstances
it would be appropriate to recommend the use of protective
ventilation for burn patients with inhalation injuries to prevent
ARDS.

Our results confirm that ARDS is associated with in-
creased mortality in burn patients. Previous clinical study failed
to find this association,11 while one study reported odds of
death increased more than fivefold in moderate ARDS, and
ninefold in severe ARDS compared to burn patients without
this complication.17

Mortality rate of our study patients with ARDS may be
considered high compared to the results of recent studies.16,17
However, it has been described that burned military patients
on mechanical ventilation may present lower mortality despite
larger burns and more severe injury when compared to civilian
burn patients, probably due to their young age.28

High rates of mortality found in the present study might
be explained by a number of factors, such as delayed admission
after the accident, comorbidities, and association of ARDS with
other complications, such as infections and kidney failure re-
quiring dialysis.29 The observed mean delay of 2 days for ad-
mission can be justified by the small number of specialized
burn care hospital beds available in the geographical area con-
cerned.

Length of ICU stay was longer for burn patients who de-
veloped ARDS, but not hospital length of stay. Prolonged me-
chanical ventilation and possible complications after ARDS
may have prolonged ICU stay, but since these patients have a
long hospital stay due to multiple surgical interventions and
rehabilitation, it is possible that this small sample could not
capture the difference in hospital stay.

Univariate Multivariate*
Variables OR CI 95% P OR CI 95% P
Female 1.58 0.34 – 7.34 0.55
Age 1.00 0.96 – 1.05 0.72
TBSA burned 1.00 0.97 – 1.04 0.67
Inhalation injury 12.89 2.52 – 65.75 0.002 9.75 2.79 – 33.95 <0.001
3rd degree burns 2.54 0.23 – 27.67 0.44
Alcoholism 7.57 0.79 – 71.90 0.07
Smoking 0.13 0.01 – 1.96 0.14
Sepsis 0.65 0.09 – 4.46 0.66
OR = odds ratio; CI = confidence interval; TBSA= total body surface area
*multiple logistic regression analysis

Table III - Univariate and multivariate analysis of risk factors for the diagnosis of Acute Respiratory Distress Syndrome in burn patients admitted to
an Intensive Care Unit 



Annals of Burns and Fire Disasters - vol. XXIX - n. 3 - September 2016

182

The main limitation of the present study is that it was a
single centre study with a small number of patients. The small
sample size might have underestimated the effect of risk factors
relevant for the studied outcomes. Besides, data on the venti-
latory and fluid resuscitation strategies used were not analysed:
these variables may be associated with the high incidence of
ARDS observed and might have influenced its prognosis. Ad-
ditional studies are required to assess the role of protective me-
chanical ventilation and restricted fluid therapy to prevent
ARDS and reduce mortality rates in these patients.

Conclusions

In conclusion, ARDS was common among burn patients
admitted to the specialized intensive care unit, particularly
among those requiring mechanical ventilation. The pathologi-
cal mechanisms involved in the occurrence of ARDS in these
patients are not fully understood, but are likely to be multifac-
torial. Inhalation lesions were associated with an increased risk
of developing ARDS. ARDS was associated with increased
mortality rates in burn patients.
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