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Burn injury introduces unique clinical challenges that make it difficult to extrapolate
mechanical ventilator (MV) practices designed for the management of general critical care
patients to the burn population. We hypothesize that no consensus exists among North
American burn centers with regard to optimal ventilator practices. The purpose of this study
is to examine various MV practice patterns in the burn population and to identify potential
opportunities for future research. A researcher designed, 24-item survey was sent electronically
to 129 burn centers. The %2, Fisher’s exact, and Cochran—-Mantel-Haenszel tests were

used to determine if there were significant differences in practice patterns. We analyzed 46
questionnaires for a 36% response rate. More than 95% of the burn centers reported greater
than 100 annual admissions. Pressure support and volume assist control were the most
common initial MV modes used with or without inhalation injury. In the setting of Berlin
defined mild acute respiratory distress syndrome (ARDS), ARDSNet protocol and optimal
positive end-expiratory pressure were the top ventilator choices, along with fluid restriction/
diuresis as a nonventilator adjunct. For severe ARDS, airway pressure release ventilation and
neuromuscular blockade were the most popular. The most frequently reported time frame
for mechanical ventilation before tracheostomy was 2 weeks (25 of 45, 55%); however, all
respondents reported in the affirmative that there are certain clinical situations where early
tracheostomy is warranted. Wide variations in clinical practice exist among North American
burn centers. No single ventilator mode or adjunct prevails in the management of burn patients
regardless of pulmonary insult. Movement toward American Burn Association-supported,
multicenter studies to determine best practices and guidelines for ventilator management in
burn patients is prudent in light of these findings. (J Burn Care Res 2016;37:¢131-¢139)
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An estimated 33% of burn patients require mechani-
cal ventilation, a rate that increases considerably
in the setting of inhalation injury.! Recent data
demonstrate that concomitant inhalation injury
increases the likelihood of death 16-fold after sus-
taining a burn injury.? In the general intensive care
setting, low tidal volumes (LTV) and limitation of
plateau pressure are the cornerstones of currently
accepted lung protective ventilation strategy dur-
ing the mechanical ventilation of critically injured
patients both with and without acute respiratory
distress syndrome (ARDS).3#* Similarly, in this pop-
ulation, recruitment maneuvers and high positive
end-expiratory pressure (PEEP) are recommended
modalities in the management of severe ARDS.®
However, burn patients and patients with inhalation
injury were not included in the studies that led to
the widespread adoption of these well-entrenched
mechanical ventilation strategies. In addition, clinical
characteristics and processes unique to the thermally
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injured patient, such as the loss of chest wall compli-
ance from abdominal and thoracic eschar, chest wall
edema, the unique pathophysiology of inhalation
injury, and the hypermetabolic response to burn
injuries, could potentially affect the applicability of
these mechanical ventilation approaches to the burn
population. It is not known if these mechanical ven-
tilation strategies have been uniformly translated to
the burn population, and ultimately, whether or not
they are suitable in this population.®8

We hypothesize that variability in mechanical
ventilation practices exists among North Ameri-
can burn centers. The objective of this exploratory
survey is to examine mechanical ventilator (MV)
practices in burn centers in North America. The
secondary aims of this study are to contribute to
existing knowledge of MV practices in the burn
population and to identify potential commonali-
ties and disparities in practice that can be used to
inform future research studies.

METHODS

An institutional review board approved, online
survey (Survey Monkey; Palo Alto, CA) was dis-
seminated to the directors and nurse managers of
129 burn centers in the United States and Canada
via the American Burn Association. It was available
from February 5 to September 19, 2014 (287 days)
and consisted of 24 questions relating to ventilator
modes and associated practices falling under three
main headings: initial ventilator practices, ARDS
management, and artificial airway. Eleven questions
allowed respondents to select more than one choice,
so totals may add up to more than 100%. Initial
emails were sent with a link to the survey; four
reminder emails were sent intermittently through-
out the timeline. From the total responses, we
excluded ones that were less than 75% completed or
were found to be duplicates from the same facility.
The latter was verified by cross-referencing Inter-
net Protocol addresses with identified burn centers.
Descriptive and summary statistics were calculated
for all variables. The categorical data were exported
to STATA (College Station, TX) then analyzed via
y? tests to determine if there were any significant
differences among the survey answers. Fisher’s
exact tests were used in categories with low cell
counts (n < 5). Cochran—Mantel-Haenszel tests
were performed to identify any difference in refer-
ence to inhalation injury (yes/no) or ARDS (mild
vs severe) overall. All determinations of statistical
significance were based on two-tailed tests using a
Pvalue less than .05.
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RESULTS

From the 129 centers queried, a total of 74 centers
participated. From the 74 surveys that were col-
lected, we excluded 28 surveys because of missing
data or found to have identical Internet Protocol
addresses, yielding a total of 46 (36%) responses
used in the data analysis (Figure 1).

Description of the Sample

The final sample of respondents were predominantly
burn center directors and/or burn surgeons 72%
(n = 33 of 46). The remaining identified themselves
as four nurse managers, one associate medical direc-
tor, one trauma critical care director, one burn clini-
cian, one critical care physician, one administrative
director, two respiratory therapists, one pulmonary
critical care specialist, and one clinical nurse specialist.

Among the burn centers sampled, more than 95%
(n = 44 of 46) reported having greater than 100
annual admissions, with 48% (n = 22 of 46) report-
ing more than 300 annual admissions. Of centers
surveyed, 72% (n = 33 of 46) treat adult and pediat-
ric patients, whereas 9% (n = 4 of 46) treat only pedi-
atric patients and 19% (n = 9 of 46) treat only adults.

Initial Ventilator Practices

Pressure support ventilation (PSV) and volume assist
control (VAC) were the most commonly reported
initial ventilator modes used in patients with or with-
out inhalation injury (Figure 2). Overall, initial MV
mode selection was statistically significant when com-
paring patients with and without inhalation injury
(P < .0001). No statistically significant differences
within PSV or VAC modes were noted when compar-
ing presentations with and without inhalation injury.

Open-lung techniques of mechanical ventilation
(high-frequency percussive ventilation [HFPV],
high-frequency oscillatory ventilation [HFOV], and
airway pressure release ventilation [APRV]) were the
three most common initial ventilator modes used in
the absence of inhalation injury in 24% of responses
(n = 11 of 46); increasing to 53% with a diagnosis
of inhalation injury (n = 24 of 46). When queried
for modes of initial ventilator management not listed
in the survey, pressure-regulated volume control was
reported most frequently (n = 3).

The majority of respondents (74%; n = 34 of 406)
also reported routine use of a ventilator management
protocol. A total of 71% (n = 32 of 45) of respon-
dents reported that both ventilator management
protocols and MV management were directed by
respiratory therapists.
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Figure 1. Study profile of survey distributed among
North American burn centers.

Practice of routine sedation holidays for all MV
patients was reported by 72% (n = 33 of 46) of burn
centers.

Management of ARDS

Statistically significant differences in practice around
initial ventilator modes employed for Berlin defined
mild and severe ARDS were noted (P = .0048).°
The most commonly reported initial ventilator man-
agement strategies for mild ARDS were ARDSNet
protocol based ventilator intervention and optimal
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PEEP (Figure 3). In the presence of severe ARDS,
respondents most commonly employed APRV (28%;
n =12 of 44) or ARDSNet protocol based ventilator
management (26%; n = 11 of 44; Table 1).
Nonventilator interventions showed statisti-
cally significant differences between the two sever-
ity classes of ARDS (P < .0001). For mild ARDS,
the most common nonventilator adjuncts used (in
descending order) were fluid restriction/diuresis,
various adjuncts not explicitly listed in the survey,
enteral nutrition formulae designed for ARDS, and
neuromuscular blockade (NMB), where severe
ARDS was present; NMB was the most common
nonventilator management technique followed by
fluid restriction/diuresis (Figure 4). Comparing
nonventilator adjunct use in mild vs severe ARDS,
considerable variability was seen with the use of
NMB (20% vs 58%; P < .0001), prone positioning
(9% vs 33%; P = .009), and extracorporeal mem-
brane oxygenation (2% vs 18%; P =.03; Table 1).

Artificial Airway Management

The most common endotracheal tube (ETT) care
hygiene practiced was regular oral hygiene with
chlorhexidine wash (78%; n = 36 of 46; Figure 5).

Greater than half of respondents cited securing the
ETT with a linen nonadhesive tape (59%; n = 27 of
40), followed by a manufactured device (48% n = 22
of 46) and orthodontic technique attached to the
teeth (24%, n = 11 of 46).

When queried about criteria used for extu-
bation, ETT cuff leak test (84%; n = 39 of 406)
and rapid shallow breathing index (80%; n = 37
of 46) were the two most common criteria cited
(Figure 6).

= With INH

Without INH

HFPV SIMV HFOV  Other PAV

Figure 2. Initial mechanical ventilator modes used in respect to inhalation injury. PSV, pressure support ventilation; VAC,
volume assist control; PAC, pressure assist control; APRV, airway pressure release ventilation; HFPV, high-frequency percus-
sive ventilation; SIMV, synchronized intermittent mandatory ventilation; HFOV, high-frequency oscillatory ventilation; PAV,

proportional assist ventilation; INH, inhalation injury.
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Figure 3. Mechanical ventilator methods used in ARDS. ARDS, acute respiratory distress syndrome; APRV, airway pressure
release ventilation; PEED, positive end expiratory pressure; CV, conventional ventilation; HFPV, high-frequency percussive

ventilation; HFOV, high-frequency oscillatory ventilation.

The most common time frame considered for a
tracheostomy was after 2 weeks of mechanical ven-
tilation (67%; n = 30 of 45; Figure 7). Other factors
listed as possible indicators for tracheostomy exclu-
sive of time of MV included %TBSA, involvement
of face and neck, number of previous extubation
attempts, and fluid resuscitation status. However,
there was a consensus of early tracheostomies in spe-
cific clinical situations, such as severe traumatic brain
injury and predicted prolonged MV requirements
(n = 46 of 46). Approximately 90% (n = 41 of 46)

Table 1. Interventions for Berlin Defined ARDS

of sites stated that burn surgeons were consulted for
tracheostomy placement, with 78% (n = 36 of 40)
performing the procedure in the operating room
rather than at the bedside.

DISCUSSION

This exploratory cross-sectional survey evaluating
the various MV interventions in North American
burn centers shows a wide variation in clinical prac-
tice but illuminates common themes with respect to

For Berlin Defined Mild ARDS For Berlin Defined Severe ARDS

Question n (%) n (%) P

Initial MV management N =44 N=44
Change to APRV 5(11) 12 (28) 0.10
Begin protocol based on ARDSNet 21 (48) 11 (26) 0.027
Use optimal PEEP 15 (34) 7 (16) 0.049
Change to another mode of CV 2 (5) 4 (10) 0.68
Change to HFPV 1(2) 4(9) 0.36
Change to HFOV 0(0) 3(7) 0.24
Change to another mode not listed 0(0) 2 (5) 0.50

Nonventilator adjuncts N =45 N =45
Neuromuscular blockade 9 (20) 26 (58) <0.0001
Fluid restriction/diuresis 21 (47) 21 (47) 1.0
Prone positioning 4(9) 15 (33) 0.0090
Enteral nutrition formula 11 (24) 13 (29) 0.63
Inhaled NO 3(7) 10 (22) 0.069
ECMO 1(2) 8 (18) 0.030
None listed 17 (38) 7 (16) 0.017
Inhaled prostacyclin 1(2) 5(11) 0.20
IV corticosteroids 4(9) 5(11) 1.0

ARDS, acute respiratory distress syndrome; MV, mechanical ventilation; PEEP, positive end-expiratory pressure; APRV, airway pressure release ventilation;

HEFPYV, high-frequency percussive ventilation; HFOV, high-frequency oscillatory ventilation; NO, nitric oxide; ECMO, extracorporeal membrane oxygenation;

IV, Intravenous.
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Figure 4. Nonventilatory adjunctions for ARDS. ARDS, acute respiratory distress syndrome; NMB, neuromuscular block-
ade; Nut, nutrition; iNO, inhaled nitric oxide; ECMO, extracorporeal membrane oxygenation; IV, intravenous; CST, corti-

costeroid; INH, inhaled; PGI2, prostacyclin.

management techniques in the presence of inhala-
tion injury and ARDS. A similar survey conducted in
pediatric burn centers mirrored comparable results
with variability in MV practices.!? We found balanced
responses over the standard modes of mechanical
ventilation (ie, VAC, pressure assist control, syn-
chronized intermittent mandatory ventilation, and
PSV) with no particular mode being favored. A sig-
nificant change overall was detected when inhalation
injury was factored with relatively more considering
APRYV and HFPV, but again no one modality domi-
nated the list. Although recommendations have been

made around the respiratory management of burn
patients, there is a lack of standardization in practice
that is further compounded by a lack of supporting
scientific evidence.!!

Staunch fidelity to LTV protocols has been
found to be ineffective in the burn population with
one trial finding a third of the subjects failing to
meet adequate oxygenation and ventilation goals,
with two thirds failing when inhalation injury was
present.® It is no surprise that less than half of the
respondents stated they follow the ARDSNet pro-
tocol when dealing with severe ARDS. Although
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Figure 5. ETT care methods employed. ETT, endotracheal tube; REINF, reinforced; CHX, chlorhexidine; ADH, adhesive;
Sxn, suctioning; MFD, manufactured; Orthod, orthodontic.
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Figure 6. Evaluation criteria considered for extubation. ETT, endotracheal tube; RSBI, rapid shallow breathing index; NIF,
negative inspiratory force; WOB, work of breathing; GCS, Glasgow coma scale; RASS, Richmond agitation sedation scale;
FVC, forced vital capacity; CAM-ICU, confusion assessment method for the intensive care unit.

abundant preclinical and clinical data support broad
usage of a LTV strategy, it is unclear if this approach
can successfully be applied universally to the burn
population.!>* A recent study in pediatric burn
patients by Sousse et al” highlights the inferiority of
LTV strategies, showing that in inhalation injuries,
higher tidal volumes lead to significantly less venti-
lator days and reduced incidence of ARDS and atel-
ectasis compared with LTV strategies. Chest wall
edema and eschar formation increases pulmonary
resistance while fibrin clots, common in inhalation
injury, lead to airway obstruction leading to unique
clinical considerations that can result in practice
differences across general intensive care units. This
inference is substantiated by the consistent omis-
sion of significant thermal insults from previous
benchmark trials.?15:16

The effect of altered chest wall and abdomi-
nal mechanics is a particularly important concept,
because major trials, such as the ARDSNet? study
of LTV, and the open-lung trials,!>!” did not take
into account chest wall and lung mechanics. Rather,
PEEP and FiO, were adjusted according to arterial
oxygenation. Talmor et al'® have demonstrated that
lung and chest wall mechanics may have a signifi-
cant effect on transpulmonary pressure—the open-
ing or distending pressure of the lung, and in turn,
the appropriate adjustment of PEEP. It is entirely
possible that burn patients, with edematous and
eschar-thickened chest walls and abdomens, would
not generate sufficient transpulmonary pressures
and lung openings based on currently recommended
tidal volumes, plateau pressure, and PEED limits for
example.
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Figure 7. Probable time frame requirement used to consider tracheostomy intervention.
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Enthusiasm for HFOV use has been tempered
by conflicting evidence in the literature and is
evidenced by its limited use across centers.!®22
Although HFOV appears to be effective in improv-
ing oxygenation in burn patients with ARDS if there
has been an inhalation injury,' the role for HFOV
in a burn patient with moderate or severe ARDS, in
the absence of inhalation injury, is much less clear.
Recent trials in nonburn critically injured popula-
tions, such as OSCILLATE?? and OSCAR,?*? found
no benefits, and even potential harm with the use
of HFOV. Given the lack of burn-specific data, we
caution against the extrapolation of such findings to
critically injured burn patients. In OSCILLATE, for
example, pneumonia was the single largest cause of
ARDS (56%), potentially affecting the “recruitabil-
ity” of the lung in those cases. The cause of ARDS in
critically injured burn patients widely varies with the
likelihood of some ARDS lungs being more recruit-
able than others due to a number of different pulmo-
nary and extra-pulmonary factors.?3** Thus, ARDS
in the burn patient might respond very differently
to HFOV. These nuances require further study, and
it is anticipated that the results of this survey will
be used to inform the design of subsequent clini-
cal trials to investigate these questions and potential
discrepancies.

Although HFPV has not been proven to affect
overall mortality in randomized controlled trials,
it has been shown to have added benefits in other
clinical endpoints and thus a justifiable option when
pulmonary dysfunction progresses. The largest ran-
domized trial to date demonstrated that HFPV was
at least as “lung protective” as LTV with significantly
less patients requiring rescue because of inadequate
gas exchange.’ Other studies have consistently shown
favorable outcomes when compared with conven-
tional modalities across various injury etiologies and
most importantly in burns.®?>2¢ Specifically, these
studies describe lower peak inspiratory pressures dur-
ing ventilation leading to fewer incidences of baro-
trauma, superior oxygenation and ventilation, and
significant decrease in pneumonia compared with
conventional modalities.®?¢2° Unlike HFOV, heavy
sedation and paralytics are not a requisite for HEPV,
as it allows for passive exhalation and better patient
comfort with less detrimental hemodynamic effects.?

The findings of limited use among specific adjuncts
may be attributed to additional costs and training
required to support such products and limited evi-
dence supporting these technologies.!?-30-34

According to epidemiological findings listed in
the National Burn Repository published in 2014,
pneumonia remains the most frequent complication

Chung et al €137

in burn injury patients—especially in patients receiv-
ing four or more days of mechanical ventilation.? The
following evidence-based interventions for pneu-
monia prevention were queried in this survey: con-
tinuous subglottic suctioning of secretions, use of
oral care with chlorhexidine, sedation interruption
for daily assessment for appropriateness of extuba-
tion, and protocol driven ventilator practices.?® Of
these, continuous subglottic suctioning of secretions
was the only practice not employed by a majority of
respondents. Tracheostomies have been described
as a complementary tool to prevent infection and
improve pulmonary hygiene, but confounding fac-
tors convolute the benefits.?® Variability in the defini-
tions of “early” and “late” tracheostomy exists in the
literature, making it difficult to interpret results.36-42
The decision to perform a tracheostomy is multifac-
torial and takes into consideration clinical stability,
preexisting and concurrent comorbidities, and indi-
vidual patient characteristics, ultimately filtering into
the possibility of prolonged mechanical ventilation—
the subjective hinge on if intervention is warranted.
However, despite the inherent situation-specific
nature of procedural tracheostomy, results of this
study reveal that majority of burn centers agree on
tracheostomies being indicated when expected MV
days exceeds 2 weeks.

Limitations of this study followed intrinsic charac-
teristics of the cross-sectional design of our survey.
Although responses were received from every region
partitioned by the American Burn Association, a 36%
response rate from 129 sites creates a possibility of
our data representing a nonresponder bias. Despite
seeing variability in practice around commonly used
specific MV modes in the setting of inhalation injury,
statistical significance could not be verified. The
absence of statistical validity could be attributed to
type 2 error. Validity and reliability of this researcher-
designed questionnaire were not determined via a
pilot study pretest.

CONCLUSION

Clinical burn practice related to mechanical ven-
tilation tends to deviate from traditional protocols
commonly observed in the general critical care com-
munity. A focused approach toward the standard-
ization of MV practices needs to be established to
inform and optimize best practice guidelines and
interventions associated with pulmonary dysfunction
in the setting of a primary burn etiology. The results
of'this survey illustrate that no single mechanical ven-
tilation mode or adjunct prevails in the clinical man-
agement of burn patients regardless of the presence
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of pulmonary insult. Variation in clinical practice and
management across individual sites suggest the need
for future ABA supported multisite burn center stud-
ies to further inform the development of evidence-
based clinical guidelines for mechanical ventilation
management in acutely injured burn patients.

ACKNOWLEDGMENTS

We thank Ms. Endora Lugo for her invaluable assistance
organizing the survey and helping gather data. We would
also like to thank the American Burn Association central
office for their assistance in disseminating the survey to all
the burn centers on their directory.

REFERENCES

1.

10.

11.

12.

13.

14.

Copyright © American Burn Association. Unauthorized reproduction of this article is prohibited.

Belenkiy SM, Buel AR, Cannon JW, et al. Acute respi-
ratory distress syndrome in wartime military burns: ap-
plication of the Berlin criteria. ] Trauma Acute Care Surg
2014;76:821-7.

American Burn Association. National burn repository: re-
port of data from 2004-2013 dataset version 10.0. Chicago,
IL: American Burn Association; 2014.

Brower RG, Matthay MA, Morris A, et al. Ventilation with
lower tidal volumes as compared with traditional tidal vol-
umes for acute lung injury and the acute respiratory distress
syndrome. N Engl ] Med 2000;342:1301-8.

Diaz JV, Brower R, Calfee CS, et al. Therapeutic strategies for
severe acute lung injury. Crit Care Med 2010;38:1644-50.
Mercat A, Richard JM, Vielle B, et al. Positive end-expirato-
ry pressure setting in adults with acute lung injury and acute
respiratory distress syndrome: a randomized controlled trial.
JAMA 2008;299:646-655.

Chung KK, Wolf SE, Renz EM, et al. High-frequency
percussive ventilation and low tidal volume ventilation
in burns: a randomized controlled trial. Crit Care Med
2010;38:1970-7.

Sousse LE, Herndon DN, Andersen CR, et al. High tidal
volume decreases adult respiratory distress syndrome, atelec-
tasis, and ventilator days compared with low tidal volume in
pediatric burned patients with inhalation injury. ] Am Coll
Surg 2015;220:570-8.

Dries DJ. Key questions in ventilator management of the
burn-injured patient (first of two parts). ] Burn Care Res
2009;30:211-20.

The ADTEF. Acute respiratory distress syndrome: the Berlin
definition. JAMA 2012;307:2526-2533.

Silver GM, Freiburg C, Halerz M, Tojong ], Supple K|
Gamelli RL. A survey of airway and ventilator management
strategies in North American pediatric burn units. J Burn
Care Rehab 2004;25:435-40.

Mlcak RP, Suman OE, Herndon DN. Respiratory manage-
ment of inhalation injury. Burns 2007;33:2-13.

Sinclair SE, Kregenow DA, Lamm WJE, Starr IR, Chi EY,
Hlastala MP. Hypercapnic acidosis is protective in an in vivo
model of ventilator-induced lung injury. Am J Respir Crit
Care Med 2002;166:403-8.

Ni Chonghaile M, Higgins BD, Costello JF, Laffey JG.
Hypercapnic acidosis attenuates severe acute bacterial pneu-
monia-induced lung injury by a neutrophil-independent
mechanism. Crit Care Med 2008;36:3135-44.

Wang Z, Su F, Bruhn A, Yang X, Vincent JL. Acute hyper-
capnia improves indices of tissue oxygenation more than
dobutamine in septic shock. Am ] Respir Crit Care Med
2008;177:178-83.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Journal of Burn Care & Research
March/April 2016

Brower RG, Lanken PN, MacIntyre NR, et al. Higher ver-
sus lower positive end-expiratory pressures in patients with
the acute respiratory distress syndrome. N Engl ] Med
2004;351:327-36.

Wongsurakiat P, Pierson DJ, Rubenfeld GD. Changing pat-
tern of ventilator settings in patients without acute lung
injury: changes over 11 years in a single institution. Chest
2004;126:1281-91.

Meade MO, Cook DJ, Guyatt GH, et al. Ventilation strat-
egy using low tidal volumes, recruitment maneuvers, and
high positive end-expiratory pressure for acute lung injury
and acute respiratory distress syndrome: a randomized con-
trolled trial. JAMA 2008;299:637-45.

Talmor D, Sarge T, Malhotra A, et al. Mechanical ventilation
guided by esophageal pressure in acute lung injury. N Engl J
Med 2008;359:2095-104.

Cartotto R, Ellis S, Gomez M, Cooper A, Smith T. High
frequency oscillatory ventilation in burn patients with the
acute respiratory distress syndrome. Burns 2004;30:453-63.
Ferguson ND, Cook DJ, Guyatt GH, et al. High-frequency
oscillation in early acute respiratory distress syndrome. N
Engl ] Med 2013;368:795-805.

Gu XL, Wu GN, Yao YW, Shi DH, Song Y. Is high-fre-
quency oscillatory ventilation more effective and safer than
conventional protective ventilation in adult acute respiratory
distress syndrome patients? A meta-analysis of randomized
controlled trials. Crit Care 2014;18:R111.

Young D, Lamb SE, Shah S, et al. High-frequency oscilla-
tion for acute respiratory distress syndrome. N Engl ] Med
2013;368:806-813.

Gattinoni L, Caironi P, Cressoni M, et al. Lung recruitment
in patients with the acute respiratory distress syndrome. N
Engl ] Med 2006;354:1775-86.

Gattinoni L, Pelosi P, Suter PM, Pedoto A, Vercesi P, Lissoni
A. Acute respiratory distress syndrome caused by pulmonary
and extrapulmonary disease. Different syndromes? Am J
Respir Crit Care Med 1998;158:3-11.

Salim A, Martin M. High-frequency percussive ventilation.
Crit Care Med 2005;33(3 Suppl):S241-5.

Hall JJ, Hunt JL, Arnoldo BD, Purdue GF. Use of high-
frequency percussive ventilation in inhalation injuries. J Burn
Care Res 2007;28:396—400.

Allan PF, Osborn EC, Chung KK, Wanck SM. High-
frequency percussive ventilation revisited. ] Burn Care Res
2010;31:510-20.

Reper P, Wibaux O, Van Lacke P, Vandeenen D, Duinslacger
L, Vanderkelen A. High frequency percussive ventilation
and conventional ventilation after smoke inhalation: a ran-
domised study. Burns 2002;28:503-8.

Cioffi WG Jr, Rue LW 3rd, Graves TA, McManus WF,
Mason AD Jr, Pruitt BA Jr. Prophylactic use of high-fre-
quency percussive ventilation in patients with inhalation in-
jury. Ann Surg 1991;213:575-82.

Askegard-Giesmann JR, Besner GE, Fabia R, et al
Extracorporeal membrane oxygenation as a lifesaving mo-
dality in the treatment of pediatric patients with burns and
respiratory failure. J Pediatr Surg 2010;45:1330-5.

Cortes GA, Marini JJ. Update: adjuncts to mechanical venti-
lation. Curr Opin Anaesthesiol 2012;25:156-63.

Peek GJ, Mugford M, Tiruvoipati R, et al; CESAR trial
collaboration. Efficacy and economic assessment of con-
ventional ventilatory support versus extracorporeal mem-
brane oxygenation for severe adult respiratory failure
(CESAR): a multicentre randomised controlled trial. Lancet
2009;374:1351-63.

van Heerden PV, Barden A, Michalopoulos N, Bulsara
MK, Roberts BL. Dose-response to inhaled acrosol-
ized prostacyclin for hypoxemia due to ARDS. Chest
2000;117:819-27.

Ruan SY, Lin HH, Huang CT, Kuo PH, Wu HD, Yu CJ.
Exploring the heterogeneity of effects of corticosteroids on



Journal of Burn Care & Research
Volume 37, Number 2

35.

36.

37.

38.

Copyright © American Burn Association. Unauthorized reproduction of this article is prohibited.

acute respiratory distress syndrome: a systematic review and
meta-analysis. Crit Care 2014;18:R63.

Aggarwal S, Smailes S, Dziewulski P. Tracheostomy in burns
patients revisited. Burns 2009;35:962-6.

Caruso DM, al-Kasspooles MF, Matthews MR, Weiland DE,
Schiller WR. Rationale for ‘carly’ percutanecous dilatational
tracheostomy in patients with burn injuries. J Burn Care
Rehab1997;18:424-8.

Gomes Silva BN, Andriolo RB, Saconato H, Atallah
AN, Valente O. Early versus late tracheostomy for
critically ill patients. Cochrane Database Syst Rev
2012;3:CD007271.

Griffiths J, Barber VS, Morgan L, Young JD. Systematic
review and meta-analysis of studies of the timing of

39.

40.

41.

42.

Chung et al €139

tracheostomy in adult patients undergoing artificial ventila-
tion. BMJ 2005;330:1243.

Saffle JR, Morris SE, Edelman L. Early tracheostomy does
not improve outcome in burn patients. J] Burn Care Rehabil
2002;23:431-8.

Villwock JA, Jones K. Outcomes of early versus late trache-
ostomy: 2008-2010. Laryngoscope 2014;124:1801-6.
Young DDM, Harrison DAP, Cuthbertson BHMD, Rowan
K. Effect of early vs late tracheostomy placement on survival
in patients receiving mechanical ventilation: the TracMan
randomized trial. JAMA 2013;309:2121-9.

Cheung NH, Napolitano LM. Tracheostomy: epidemiology,
indications, timing, technique, and outcomes. Respir Care
2014;59:895-915; discussion 916-9.



