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Acute Respiratory Distress 
Syndrome in the Burn Patient

Robert Cartotto

1  Introduction and Historical 
Background

It may seem unusual to include a chapter on the 
acute respiratory distress syndrome (ARDS) in a 
textbook on wounds. However, patients with burn 
wounds are clearly at risk of developing this life- 
threatening complication. While ARDS is most 
typically seen in patients following major burn 
injuries, we know that it sometimes occurs even 
in patients that have relatively small burn wounds. 
The development of ARDS after a thermal injury 
is not overly surprising since many of the known 
risk factors for ARDS, in addition to the burn 
wound itself, such as smoke inhalation, pneumo-
nia, sepsis, and blood transfusion all commonly 
occur with burns. As is the case among critically 
ill patients without burns, ARDS contributes sig-
nificantly to heightened morbidity and mortality 
following burn injury.

The first published report of what we now 
refer to as ARDS appeared in 1967 [1]. In that 
report Ashbaugh et al. described a syndrome 
which featured severe respiratory distress, hypox-
emia, stiff non-compliant lungs, and the presence 
of extensive bilateral infiltrates on the chest 

radiograph. The twelve adult patients in that 
report suffered from various insults such as mul-
tiple trauma, pancreatitis, and pulmonary infec-
tions. While none had sustained burns or smoke 
inhalation, the same syndrome was almost cer-
tainly being recognized around the same time in 
patients that had suffered burn injuries. Dr. Pruitt, 
in 1970 [2], along with Nash et al., in 1974 [3], 
reported the autopsy findings of burned adults 
that had died from pulmonary complications. 
Extensive diffuse interstitial lung edema and 
alveolar hyaline membranes—now widely recog-
nized as pathognomonic features of ARDS [4]—
were clearly described.

Among critically ill but unburned patients, 
there was an evolution during the late 1980s and 
early 1990s of stricter diagnostic criteria and def-
initions for ARDS, such as a lung injury severity 
score [5] and the American-European Consensus 
criteria [6]. This was followed over the ensuing 
two decades by a massive output of research on 
ARDS in the critically ill. Most recently, newer 
diagnostic criteria for ARDS—referred to as the 
Berlin definition—have been adopted. In parallel 
but at a slower and delayed pace, the ARDS was 
also being increasingly recognized and more 
accurately diagnosed among the burn injured 
[7–11]. However, relative to the extensive body 
of research that includes several landmark ran-
domized controlled trials in non-burn patients 
with ARDS, there has been very little published 
on ARDS in burn patients. Thus, it must be stated 
at the outset that almost all our understanding of 
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ARDS in burn patients comes from translation of 
research conducted in the non-burn population.

While most of this translation is entirely 
appropriate, burn patients are a unique subpopu-
lation of the critically ill, and important differ-
ences do arise. This chapter will review the 
epidemiology, pathogenesis, clinical features, 
and management of ARDS in the burn patient. 
Important distinctions and areas of controversy 
that arise because of the unique nature of the burn 
injury will be emphasized.

2  Pathogenesis

ARDS can be triggered by a wide variety of pri-
mary disease processes, which may be classified 
as pulmonary (i.e., originating in the lung) and 
extrapulmonary (i.e., originating outside the 
lung). Pulmonary causes most commonly include 
pneumonia and gastric aspiration and less com-
monly lung contusion, near-drowning, and smoke 
inhalation. The most frequent extrapulmonary 
causes are sepsis and severe trauma with shock 
and less frequently multiple blood product trans-
fusions, drug overdose, and pancreatitis [4, 12]. 
While burns are usually not identified as a spe-
cific predisposing condition for ARDS, many of 
the risk factors such as pneumonia, smoke inha-
lation, sepsis, shock, and blood product transfu-
sion may occur, often in combination, following 
thermal trauma. We also make the assumption 
that the burn wound itself is a rich source of 
inflammatory mediators which can likely injure 
the lung secondarily, leading to ARDS. It is not 
entirely clear how these diverse predisposing 
conditions ultimately lead to the final pathologi-
cal and clinical picture of ARDS. What is impor-
tant is that the insult induces a set of common 
pathological changes in the lung, regardless of 
the cause.

The primary change is a breakdown of the pul-
monary microvascular endothelial lining and the 
alveolar epithelial surface—together referred to 
as the alveolar-capillary barrier. Injury to the 
alveolar-capillary barrier appears to be mediated 
by activated neutrophils and a complex bombard-
ment of cytokines and inflammatory mediators 

including interleukin (IL)-8, tumor necrosis fac-
tor 𝛼, and various oxygen-free radicals and prote-
ases. These pro-inflammatory mediators probably 
play a role not only in the initiation of the injury 
but also in amplification of the local inflamma-
tory process. The net result of the alveolar- 
capillary disruption is that the interstitial and 
alveolar spaces are flooded with protein-rich 
fluid, neutrophils, fibrin, and fibroblasts. Protein- 
laden hyaline membranes are deposited on the 
denuded alveolar basement membranes. Normal 
transport of fluid out of the alveolar space is com-
promised by injury to the type I epithelial cells 
that normally predominantly line each alveolus, 
while injury to the smaller population of type II 
epithelial cells results in loss of surfactant pro-
duction, and importantly, disruption of the ability 
of these cells to differentiate into type I cells 
which is an important part of the repair process 
after injury [4]. Following this acute inflamma-
tory phase which can last up to 5–7 days, the 
lungs of some patients begin to show resolution 
of the process with resorption and mobilization 
of the fluid, reduction of inflammation, and repair 
of the alveolar epithelial lining by the type II 
cells. Such patients show rapid clinical recovery. 
Other patients’ lungs progress to a fibroprolifera-
tive phase in which mesenchymal cells, neovas-
cularization, and procollagen are deposited in the 
alveolar space. This development of fibrosing 
alveolitis is a poor prognostic sign and is associ-
ated with an increased risk of death [13]. 
Resolution of this phase is prolonged but again 
involves mobilization of fluid and protein and 
restoration of the normal alveolar lining of type I 
cells through proliferation and differentiation of 
the type II cells [4].

3  Defining ARDS

Following Ashbaugh et al.’s [1] description of 
ARDS, the American-European Consensus 
Conference (AECC) developed clinical diagnos-
tic criteria for the definition of ARDS in 1994 [6]. 
This AECC definition of ARDS included acute 
hypoxemia with an arterial partial pressure of 
oxygen to fraction of inspired oxygen ratio 
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(PaO2:FiO2 ratio) ≤200 mmHg, bilateral infil-
trates on chest radiograph, and no clinical evi-
dence of left atrial hypertension or a pulmonary 
artery wedge pressure (PAWP) measured by the 
Swan-Ganz catheter of ≤18 mmHg. The AECC 
definition also identified a condition called acute 
lung injury (ALI) which had the same features of 
ARDS but which had milder hypoxemia with a 
PaO2:FiO2 ratio ≤ 300 mmHg. The AECC defini-
tion was highly important because it provided a 
common set of definitions that allowed research-
ers to study the epidemiology and clinical care of 
patients over nearly two decades. Several land-
mark randomized clinical trials including the 
famous ARDS Network low tidal volume venti-
lation (ARMA) trial [14] occurred, in part, 
because uniform definitions could be used to 
identify and recruit subjects.

However, in 2011, a panel of experts convened 
in Berlin to address deficiencies of the AECC 
definition and to develop an updated set of diag-
nostic criteria [15]. The main concerns with the 
AECC definitions included an unspecified timing 
of ARDS onset, misinterpretation of PaO2:FiO2 
ratio and classification of ALI vs. ARDS, low 
reliability of the chest radiograph interpretation, 
inconsistent consideration of positive end- 
expiratory pressure (PEEP) levels, and the use of 
the PAWP in the definition.

A revised definition (the Berlin definition) was 
developed and validated and is shown in Table 1. 
The key features are (1) elimination of the term 
ALI and stratification of all ARDS as mild, mod-
erate, and severe based on PaO2:FiO2 ratios of 200 
to ≤300, 100 to ≤200, and ≤100, respectively, on 
at least 5 cm H2O of PEEP, (2) clarified definitions 
of bilateral infiltrates on chest radiograph and ori-
gin of edema, and (3) specification of acute onset 
within 1 week of a known clinical insult. One of 
the most important components of the Berlin defi-
nition of ARDS is the emphasis on training to 
improve chest radiograph interpretation and diag-
nosis of hydrostatic pulmonary edema using a 
series of clinical vignettes and sample radiographs 
included in the supplement to the publication 
(Fig. 1, Table 1) [15].

The Berlin ARDS definition has now been 
applied to intubated and mechanically ventilated 

civilian and military burn patients [10, 11, 16–18]. 
One problem that arises in application of the 
Berlin ARDS definition to burn patients is the 
requirement to eliminate “fluid overload” as a 
possible origin of the pulmonary edema. Most 
patients with major burns have received substan-
tial amounts of resuscitation fluid by 48–72 h 
post-injury and have considerable generalized 

Table 1 The Berlin definition of ARDS, adapted from 
Ranieri et al. [15]

Timing

Within 1 week of known clinical 
insult or worsening respiratory 
symptoms

Chest radiograph Bilateral opacities that are not fully 
explained by effusions, lobar/lung 
collapse, or nodules

Origin of edema Respiratory failure is not fully 
explained by cardiac failure or fluid 
overload. An objective assessment 
(e.g., by echocardiography) is 
required to exclude hydrostatic 
edema if no risk factor is present

Oxygenation Mild ARDS, 200 mmHg < PaO2/
FiO2 ≤ 300 mmHg with PEEP 
≥5 cm H2O; moderate ARDS, 
100 mmHg < PaO2/
FiO2 ≤ 200 mmHg with PEEP 
≥5 cm H2O; severe ARDS, PaO2/
FiO2 ≤ 100 mmHg with PEEP 
≥5 cm H2O

Fig. 1 Typical radiograph from an ARDS patient show-
ing diffuse bilateral infiltrates
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edema. Technically, these patients could be con-
sidered “volume overloaded.” One study in burn 
patients [10] attempted to address this problem by 
using the clinical vignettes provided with the 
ARDS definition [15] and by making specific 
evaluations of clinical descriptions, use of diuret-
ics, and echocardiography reports to rule out “vol-
ume overload” and hydrostatic pulmonary edema. 
That study found no difference in 24- and 48-h 
fluid resuscitation volumes between patients with 
no ARDS and those with ARDS [10]. Another 
study involving both combat casualty burns as 
well as civilian burns also was not able to identify 
any independent relationship between very high 
resuscitation volume (≥250 mL/kg/24 h) and the 
development of moderate or severe ARDS [11]. 
Thus, while it appears that resuscitation fluid vol-
umes are not a cause of ARDS in burn patients, 
the clinician must be exceedingly careful to 
ensure that respiratory distress from suspected 
ARDS is not simply due to hydrostatic pulmonary 
edema from liberal fluid resuscitation.

4  Epidemiology

ARDS remains an epidemiologic challenge 
despite the various advances in developing a defi-
nition of ARDS [12]. There is no diagnostic test 
for ARDS such as a blood test or a biopsy. The 
PaO2:FiO2 ratio—essential to the diagnosis and 
determination of ARDS severity—can fluctuate 
substantially in the same patient on the same day 
just with changes in FiO2 or positive end- expiratory 
pressure (PEEP) settings. The interpretation of the 
chest radiograph is fraught with difficulty and 
unreliability [12, 19]. Notwithstanding these 
important limitations, the reported incidence of 
ARDS in all patients over the past half century has 
ranged between 3.65 and 81.0 new cases per 
100,000 person-years [12, 20, 21]. The recent 
Large Observational Study to Understand the 
Global Impact of Severe Acute Respiratory Failure 
(LUNG-SAFE) used the Berlin definition and 
found that the prevalence of ARDS was 10.4% of 
all ICU admissions and 23.4% of those that were 
mechanically ventilated [22]. This study showed 
that across all critically ill patients, ARDS is a 

global problem which is probably under-recog-
nized. The most important risk factors appear to 
be pneumonia, non-pulmonary sepsis, aspiration, 
and trauma [12]. The mortality rate may be as 
high as 40% as reported in LUNG-SAFE22.

In the scenario of patients with burns that 
have been mechanically ventilated for at least 
24–48 h, two studies found that the prevalence of 
ARDS using the Berlin definition ranges between 
34% [11] and 43% [10]. The prevalence of mod-
erate to severe ARDS was 29% in both studies 
[10, 11]. Older studies that used the AECC defi-
nitions found that the prevalence of ARDS in 
mechanically ventilated burn patients ranged 
between 40% 9 and 54% [8]. It is important to 
note that patients with ALI (PaO2/FiO2 200–300 
Hg) were not included in those studies meaning 
that those prevalences represent what would be 
considered moderate to severe ARDS by the 
Berlin definition. This suggests that the preva-
lence of moderate to severe ARDS in burn 
patients has dropped over the past 15–20 years. 
One possible explanation, to be discussed under 
mechanical ventilation, may be the widespread 
adoption of strict lung-protective ventilation 
strategies, which were not in use during the ear-
lier studies. The factors that have been identified 
as significant independent predictors for the 
development of moderate to severe ARDS in 
mechanically ventilated burn patients include 
the extent of full-thickness burn [10], as well as 
age, injury severity score, the presence of acute 
kidney injury, and pneumonia 11. Surprisingly, 
inhalation injury did not turn out to be a signifi-
cant independent predictor of development of 
moderate or severe ARDS [10, 11]. The onset of 
ARDS usually takes place within the first week 
after the burn injury and occurred at a median of 
4 days in the most recent studies on ARDS in 
burn patients [10, 11]. One study specifically 
examined the precipitating risk factor prior to 
onset of ARDS and found that the burn injury 
either alone or with inhalation injury preceded 
the onset of ARDS in 66% of cases, while venti-
lator-associated pneumonia (24%), sepsis (9%), 
and gastric aspiration (1%) were identified as the 
likely preceding primary event [10]. The mortal-
ity rates for burn patients that develop moderate 
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or severe ARDS have been reported at 21–44% 
and 50–60%, respectively [10, 11]. Increasing 
severity of ARDS is associated with prolonged 
duration of mechanical ventilation as well as 
increased mortality [10, 11, 16].

5  Management Strategies 
for ARDS in the Burn Patient

The management of ARDS in any patient, includ-
ing those with burns, is entirely supportive. At 
the present time there are no treatments that will 
halt or reverse the onset and progress of 
ARDS. Nevertheless, a variety of strategies to 
optimize the supportive care of patients with 
ARDS have been developed over the past two 
decades. Many of these approaches are guided by 
evidence from large high-quality randomized 
controlled trials (RCTs).

5.1  Conventional Mechanical 
Ventilation

The great paradox in mechanical ventilation of 
the patient with ARDS is that while mechanical 
ventilation is almost always needed, and is at 
times lifesaving, the process of mechanical venti-
lation inflicts further damage to the lungs affected 
by ARDS. This process is referred to as ventilator- 
induced lung injury (VILI). Thus, all current 
approaches to mechanical ventilation of patients 
with ARDS revolve around the goal of reducing 
VILI and in turn diminishing morbidity and mor-
tality related to VILI while still providing life- 
sustaining oxygenation and gas exchange. One 
aspect of VILI occurs because large regions of the 
dependent portions of the lungs are unexpanded 
and not aerated, leaving only a small portion of 
remaining aerated lung (the “baby lung”) [23] to 
receive the entire tidal volume of each mechanical 
breath. If large tidal volumes are used, alveoli in 
this region of the lung are subjected to repetitive 
and injurious cyclical stretch and over-distention, 
referred to as “volutrauma” [24]. Ventilation with 
high lung volumes can also produce gross baro-
trauma including pneumothoraces and pneumo-

mediastinum. Another aspect of VILI occurs in 
other regions of the lung, especially at the inter-
face between aerated and atelectatic lung, where 
alveoli are unstable and not held open through the 
tidal breath cycle. Here, low tidal volume ventila-
tion exposes alveoli in these regions to repetitive 
cyclic opening and closing with each breath. This 
produces mechanical stress and strain forces that 
damage the alveoli, a process referred to as “atel-
ectrauma” [24]. The injury produced by these 
various mechanical forces generates the release of 
pro-inflammatory mediators that inflict not only 
an additional traumatic insult to the alveolar-cap-
illary units (referred to as “biotrauma”) but also 
systemic translocation of these mediators as well 
as bacteria from the lung, leading to multiple 
organ damage [24].

Lung-protective ventilation strategies (LPVS) 
are used to limit VILI and have three key elements: 
small tidal volumes to limit volutrauma, the use of 
higher PEEP levels to reverse low lung volume 
atelectrauma, and the use of recruitment maneu-
vers (sustained application of high airway pres-
sure) to open or “recruit” collapsed regions of the 
lung to make the lung more homogeneous. 
However, application of these principles is ham-
pered by the heterogeneous nature of ARDS. The 
lung pathology not only may vary from patient to 
patient but also varies tremendously within the 
lungs of an individual patient. Some regions of the 
lung (typically the upper non-dependent portions) 
remain open, some areas may intermittently open 
and close, while other regions (typically the infe-
rior-posterior dependent portions) remain closed 
and never receive any ventilation. Heterogeneity 
of the pathology leads to regional heterogeneity in 
the ventilation. For example, a lower tidal volume 
and lower PEEP strategy may reduce volutrauma 
to the open aerated regions of the lung but could 
contribute to atelectrauma in the unstable areas. 
Conversely, the use of a higher PEEP setting might 
reduce atelectrauma in one region while producing 
over- distention and tidal hyperinflation in another.

5.1.1  Low Tidal Volumes
This approach is designed to minimize over- 
distention of the open aerated parts of the lung 
affected by ARDS. The landmark ARMA trial by 
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the ARDS Network Investigators found that the 
use of a 6 mL/kg predicted body weight (PBW) 
tidal volume (Vt) led to a significant 9% absolute 
reduction in mortality (40–31%) compared to the 
use of a 12 mL/kg PBW Vt in adults with ARDS 
[14]. Plasma levels of inflammatory biomarkers 
were reduced in the low Vt group, which sug-
gested that less pulmonary biotrauma had 
occurred. Consequently it is recommended to 
maintain Vt as close to 6 mL/kg PBW as possi-
ble, during mechanical ventilation. Plateau pres-
sures also should be kept <30 cm H2O since this 
was a consistent intervention in the low Vt arm.

5.1.2  Higher PEEP
This approach is designed to keep unstable alve-
oli open and to avoid cyclic atelectrauma. Three 
large RCTs have been conducted to compare 
higher vs. lower PEEP settings while using a low 
tidal volume ventilation strategy [25–27]. These 
studies each used somewhat different approaches 
to determine higher vs. lower PEEP, and none 
individually showed any significant reduction in 
mortality with higher PEEP. However, a recent 
patient data level meta-analysis of these three tri-
als found that in the subset of patients with mod-
erate and severe ARDS (PaO2/FiO2 ≤ 200 mmHg), 
higher PEEP settings (approximately 15 cm H2O 
on day 1) were associated reduced time on the 
ventilator and improved survival [28]. The lowest 
acceptable limit of PEEP is probably 5 cm 
H2O. Levels below this result in underinflation of 
the lung and are probably harmful. Several 
approaches have been described to determine the 
PEEP level. These include the use of a table that 
arbitrarily dictates PEEP based on the FiO2, the 
use of the highest PEEP setting that optimizes 
oxygenation while still allowing an acceptable Vt 
and keeping the PPLAT within acceptable limits 
(generally ≤30 cm H2O), and bedside manual 
titration of the PEEP based on assessment of 
compliance and “recruitability” of the lung.

5.1.3  Recruitment Maneuvers
During a recruitment maneuver, a higher than 
normal inflation pressure (usually ≥35 cm H2O) 
is briefly applied to the lungs, typically for 
20–40 s. This is done to “open the lung” and 

recruit atelectatic regions and lessen the overall 
heterogeneity of the ventilation. We do not know 
if the use of recruitment maneuvers leads to a bet-
ter outcome from ARDS, and the intervention 
carries risks of causing hemodynamic compro-
mise and barotrauma [24] .

5.1.4  Special Considerations 
in the Burn Patient

Burn patients were not included in the major tri-
als on ventilation during ARDS. Several unique 
characteristics of the major burns patient may 
affect the application of currently accepted lung- 
protective ventilation approaches. One is the 
reduced chest wall compliance that results from 
soft tissue edema from fluid resuscitation, 
restrictive eschar, or even tight skin grafts on the 
chest and abdomen. Another is inhalation injury 
which features narrowing or obstruction of the 
conducting airways and loss of surfactant in the 
alveoli. Yet another is the hypermetabolic 
response that is accompanied by a profound 
increase in minute ventilation. Notably, a small 
RCT involving burn patients with ARDS found 
that inadequate oxygenation and ventilation 
occurred in a large proportion of patients, espe-
cially those with an inhalation injury, when cur-
rently accepted low tidal volume ventilation 
strategies were employed [29] .

The use of low tidal volumes in a burn patient 
with ARDS that has poor chest compliance and/
or an inhalation injury with airway narrowing 
could contribute to the development of atelectasis 
from underinflation. One retrospective study 
spanning a 30 year period in pediatric burn 
patients with inhalation injury found that low 
tidal volume ventilation (mean 9 mL/kg) was 
associated with more atelectasis, longer periods 
of mechanical ventilation, and a higher incidence 
of ARDS than a higher tidal volume approach 
(mean 15 mL/kg) [30]. In our experience, in 
hypermetabolic burn patients with ARDS that 
already have abnormally high minute ventilation 
requirements, strict application of a 6 mL/kg 
PBW tidal volume sometimes leads to what 
appears to be “air hunger,” dyssynchrony with 
the ventilator, and hypercapnia. While hypercap-
nia may be tolerated to an extent (“permissive 
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hypercapnia”), adjustments to the ventilator 
mode and increases in inspiratory flow rate are 
often needed.

The altered chest wall mechanics in a burn 
patient with an edematous or eschar-restricted tho-
rax or abdomen may affect the interpretation of pla-
teau pressure and the setting of a PEEP level. The 
work of Talmor et al. [31] using trans- esophageal 
pressures to measure transpulmonary pressure is 
particularly important in this regard. The transpul-
monary pressure (PTP) is the opening or distending 
pressure required to inflate the lung and is calcu-
lated as the difference between the alveolar pressure 
(PALV) and the surrounding pleural pressure (PPL), 
hence PTP = PALV—PPL.

PALV is easy enough to estimate during 
mechanical ventilation as the pressure in the 
proximal airway during an end-inspiratory pause 
in flow (i.e., the plateau pressure). Measurement 
of PPL on the other hand is problematic but can 
be approximated by measuring the pressure in 
the mid-esophagus using a specialized nasogas-
tric tube with a pressure transducer.

It is conceivable that a burn patient on mechan-
ical ventilation with a stiff chest wall from edema 
and eschar or intra-abdominal edema from large 
volume fluid resuscitation might have a PPL of 
approximately 25 cm H2O. In this case, a plateau 
pressure of 30 cm H2O, which otherwise would 
be considered at the upper limit of being accept-
able, may not be that concerning because the PTP 
is only 30–25 = 5 cm H2O. Recognition of this 
might allow more leeway with plateau pressure 
limits. Similarly, as was shown by Talmor et al. 
[31], the transpulmonary end-expiratory pressure 
in this case might be considerably lower than that 
set and recorded at the airway opening, meaning 
that a much higher PEEP setting is required.

5.2  Unconventional Mechanical 
Ventilation

Various unconventional modes of mechanical 
ventilation have been evaluated for patients with 
ARDS. The most widely known is high- frequency 
oscillatory ventilation (HFOV), in which very 
small, sub-dead space tidal volumes are delivered 

at high frequency (between 6 and 15 Hz) while 
maintaining a constant sustained mean airway 
pressure. HFOV can dramatically improve oxy-
genation and was found to significantly reduce 
mortality in a meta-analysis of eight RCTs, (total 
of 419 patients) [32], but two recent large RCTs 
both found that HFOV did not improve survival 
and may have contributed to worse outcomes 
among adult patients with ARDS [33, 34]. 
Consequently, HFOV is not recommended as part 
of the primary ventilation strategy in ARDS, but 
it is sometimes considered as a “rescue approach” 
for patients with refractory oxygenation failure. 
In the burn patient with ARDS, there are two 
unique considerations surrounding the use of 
HFOV. The first is that HFOV is generally unsuc-
cessful in improving oxygenation when the 
patient has had a preceding inhalation injury 
[35]. This is probably because effective lung 
recruitment, which is the physiologic basis of 
HFOV, is impaired by narrowing or obstruction 
of the conducting airways. The second is that the 
recent large RCTs on HFOV did not include burn 
patients and enrolled large numbers of subjects 
with ARDS related to pneumonia [33, 34]. In 
many instances ARDS follows the burn injury 
itself rather than developing from pneumonia. 
Hypothetically, the lungs affected by burn-related 
ARDS may differ in terms of “recruitability” 
from the lungs where ARDS arises from pneu-
monia, based upon our understanding of ARDS 
heterogeneity and possible differences between 
“pulmonary” and “extrapulmonary” ARDS [36]. 
Thus we do not have a complete answer on 
whether HFOV may be suitable in some cases of 
burn-related ARDS.

High-frequency percussive ventilation (HFPV) 
using the volume diffusive respirator (VDR) 
delivers very small high-frequency tidal breaths 
with cyclic variations in mean airway pressure 
and regular passive exhalation to a predetermined 
baseline continuous positive airway pressure. 
This mode is a mainstay in the ventilatory care of 
patients with inhalation injury, but it has also been 
applied to burn patients with ARDS. A random-
ized controlled trial comparing HFPV to protec-
tive low tidal volume (LTV) conventional 
ventilation in burn patients with ARDS, found 
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that a significantly higher proportion of patients 
in the LTV arm had inadequate oxygenation and 
ventilation and required “rescue” by crossover to 
HFPV [29]. This difference was even more pro-
nounced in patients that had also sustained an 
inhalation injury.

Airway pressure release ventilation (APRV) is 
a mode in which patients breathe spontaneously 
at regularly fluctuating high and low levels of 
continuous positive airway pressure. The major 
benefit of this approach is that patients are less 
heavily sedated and breathe spontaneously, 
which appears to confer benefit to lung opening, 
maintenance of diaphragmatic activity, and 
hemodynamics. However, the use of spontaneous 
breathing modes such as APRV and pressure sup-
port ventilation during ARDS has not been exten-
sively studied, and concerns surround the 
potential of generating very high transpulmonary 
pressures and tidal volumes with strong sponta-
neous breathing on these modes.

5.3  Prone Position

When a patient with ARDS is repositioned from 
supine to prone, the posterior and inferior lungs 
are freed from the weight of the heart and medi-
astinum, the lungs more naturally fill the thoracic 
cavity, the overall end-expiratory lung volume is 
increased, and there is an overall improvement in 
homogeneity of ventilation. This usually pro-
duces an increase in oxygenation by improving 
matching of ventilation and perfusion to the dor-
sal lung regions [24]. The most recent RCT found 
that >16 h/day of prone positioning in adults with 
severe ARDS (PaO2:FiO2 ratio <150 on a FiO2 
>0.6) led to significant reductions in 28- and 
90-day mortality [37]. A 2015 Cochrane system-
atic review of RCTs on prone positioning in 
ARDS concluded that three groups of patients 
were most likely to derive a survival benefit from 
prone positioning (PP): those with severe hypox-
emia, those where PP was instituted early, and 
those where PP was used >16 h/day [38]. PP is 
not without risk, and important potential compli-
cations include displacement, obstruction or loss 
of the airway, anterior pressure sores especially 

on the face, dislodgement of vascular access lines 
and chest tubes, and external pressure on the eyes 
with the risk of orbital compartment syndrome.

Special consideration must be given to prone 
positioning in a burn patient with ARDS. Loss of 
the airway in a patient with significant facial and/
or neck edema with a difficult airway could be 
catastrophic. The same concern applies to loss of 
an indwelling vascular catheter in an edematous 
major burn patient with difficult vascular access. 
Anterior burns and recent skin grafts may be 
harmed during PP. The act of turning a massively 
burned and edematous patient prone is itself a 
difficult challenge. Undoubtedly PP in the burn 
patient with ARDS should only be considered in 
more extreme cases of oxygenation failure and 
only after due consideration of the above risks. 
Several experienced personnel under careful 
direction are needed to perform this intervention 
safely. One retrospective study has evaluated 
prone positioning in a cohort of burn patients and 
found that oxygenation was improved compared 
to baseline prior to being positioned prone. No 
airway dislodgements were reported though it 
should be noted that nearly 60% of the patients 
already had tracheostomies [39].

5.4  Neuromuscular Blocking 
Agents (“Paralytics”)

Neuromuscular blocking agents (NMBAs) are 
sometimes used to paralyze the patient during 
severe ARDS to allow more precise delivery of low 
tidal volume ventilation and achieve better control 
over airway pressures and synchrony with the ven-
tilator. There is no specific evidence to guide the 
use of NMBAs in burn patients with ARDS. In 
other critically ill patient populations with moder-
ate to severe ARDS (i.e., a PaO2:FiO2 ratio <150), 
a meta-analysis of data from three RCTs found that 
initiation of a 48-h continuous infusion of cisatra-
curium within 36–48 h of ARDS diagnosis led to a 
significant reduction in 28-day mortality [40]. 
There does not appear to be any long-term risk of 
weakness from neuromyopathy from this interven-
tion [41]. Thus, it is probably reasonable to con-
sider a short course of pharmacological paralysis in 
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burn patients early during severe ARDS, to facili-
tate strict adherence to protective low tidal volume 
and pressure- limited ventilation.

5.5  Inhaled Vasodilators

When a vasodilator is administered by inhalation, 
it selectively increases blood flow to the lung 
regions that are being ventilated, thus improving 
matching of ventilation and perfusion. The imme-
diate effect is an improvement in oxygenation as 
measured by the PaO2:FiO2 ratio. The most widely 
studied agent is inhaled nitric oxide (iNO). A 
meta-analysis of 12 RCTs in adults with ARDS 
found that administration of iNO increased oxy-
genation but did not have any important effect on 
duration of ventilation or mortality [42]. Burn 
patients with ARDS similarly respond to iNO 
with an improvement in oxygenation [43], but 
there are no large-scale studies from which to 
determine any other effects on outcomes. 
Currently iNO is used as a “rescue agent” in 
patients with severe life-threatening oxygenation 
failure. It is usually started at 5 ppm and can be 
titrated up to 20 ppm. If no effect is seen after a 
short course, the agent is usually stopped. A 
newer but less well-studied agent that has similar 
effects on oxygenation is inhaled prostacyclin.

5.6  Other Pharmacologic 
Interventions

Numerous studies have attempted to alter the 
course and outcome of ARDS using a variety of 
anti-inflammatory drugs. A detailed review of this 
topic is beyond the scope of this chapter. However, 
a recent systematic review and meta- analysis of 
23 RCTs conducted since 2003 in adults with 
ARDS found that the use of late low- dose methyl-
prednisolone, neutrophil elastase inhibitors, 
N-acetylcysteine, granulocyte- macrophage col-
ony-stimulating factor (GM-CSF), surfactant, or 
intravenous salbutamol had no effect on survival 
[40]. Consequently, none of these agents are rec-
ommended in the management of any patient with 
ARDS at this time.

5.7  Avoidance of Fluid Overload

While increased capillary permeability in the 
lung is a central component of ARDS, increased 
hydrostatic pressure can worsen extravascular 
lung water. Thus, there has been long-standing 
concern during the management of ARDS 
patients about avoiding fluid overload, in order 
to minimize deleterious hydrostatic forces. 
This concept was examined by the ARDS 
Network Investigators in a trial involving 1000 
ARDS patients that were randomized to either 
a conservative fluid strategy (achieving approx-
imately zero net daily fluid balance over 
7 days) to a liberal fluid strategy (which 
achieved approximately 1 L/day positive fluid 
balance over 7 days) [44]. The conservative 
strategy led to better oxygenation and less time 
on the ventilator, although no significant sur-
vival benefit was identified. A subsequent 
meta-analysis of trials that compared fluid-
conservative or “de-resuscitative” approaches 
to fluid liberal or “usual care” in ARDS found 
that fluid-conservative strategies led to signifi-
cant increases in the number of ventilator- free 
days in hospital [45].

Translation of these findings to the burn 
patient is particularly difficult. We recognize that 
extremely large volumes of resuscitation fluid 
may need to be administered to a major burn 
patient by 48–72 h. Available studies show that 
ARDS onset occurs at a median of 4 days after 
burn injury [10, 11]. Hence, in many cases ARDS 
may overlap the resuscitation phase. Conservative 
fluid management and especially administration 
of diuretics have the potential to compromise 
burn resuscitation. Furthermore, most major burn 
patients have substantial insensible fluid losses 
from their wounds. Thus, determination of a 
daily fluid balance is inaccurate and often errs on 
the side of a falsely positive balance. Thus, appli-
cation of a fluid-conservative strategy in a major 
burn patient with ARDS should be considered 
very carefully. This is not to say that there is a 
role for liberal fluid provision, but rather, strict 
attention should be given to providing the least 
amount of fluid that achieves adequate organ per-
fusion and function.
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6  Managing the Burn Wound

It is axiomatic that deep partial-thickness and 
full-thickness burns should be excised and closed 
within 3–5 days of injury. The burn wound itself 
may be the inflammatory source that is stimulat-
ing the development of ARDS. In our experience, 
the median day of ARDS onset was postburn day 
4, and in the majority of cases, the only identifi-
able risk factor for ARDS development was the 
burn wound [10]. Therefore, in a major burn 
patient, surgical debridement of the wounds 
should not be deferred because of respiratory 
deterioration related to ARDS. This approach 
requires an anesthesiologist that is experienced 
and familiar with the intraoperative and periop-
erative care of a critically ill patient with 
ARDS. We will sometimes use the patient’s ICU 
ventilator in the OR during burn surgery, and we 
have gained considerable experience using 
HFOV as a temporary intraoperative ventilator 
approach in patients with moderate to severe 
ARDS [46]. Prone positioning in the OR to 
debride the large posterior surfaces is often nec-
essary and does not need to be avoided. This 
often actually improves the oxygenation, which 
should not be surprising given our current under-
standing of the physiological changes induced by 
prone positioning in the ARDS patient.

 Conclusions

Burn patients are at risk of developing 
ARDS. Approximately 30–40% of mechani-
cally ventilated burn patients develop 
ARDS. Most of the approach to ARDS in the 
burn patient has been translated from an exten-
sive body of research on ARDS in non-burn 
patients conducted over the last two decades. 
An important feature of ARDS in the burn 
population is that it appears to arise most often 
from the burn injury itself, in contrast to criti-
cally ill non-burn patients where ARDS pre-
dominantly arises from pneumonia and sepsis. 
Management of ARDS in the burn patient is 
largely supportive and includes the use of low 
tidal volume and pressure-limited mechanical 
ventilation, avoidance of fluid overload, and 
treatment of the primary source(s) that may be 

“driving” the lung process, including early 
excision of the burn wound and control of 
infective sources. Severe ARDS may require 
further intervention with ventilation in the 
prone position, short-term use of pharmaco-
logic paralysis, and inhaled vasodilators. Burn 
patients that develop moderate to severe ARDS 
are at risk of more prolonged mechanical ven-
tilation and higher mortality.
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