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The Use of Extracorporeal Membrane Oxygenation in
Severely Burned Patients: A Survey of North American

Burn Centers

Sebastien Hebert, BSc,* Mete Erdogan, PhD, MHL,t Robert S. Green, MD, DABEM, FRCPC,

FRCP(Edin), bl and Jack Rasmussen, MD, FRCSCH$:

Respiratory failure and acute respiratory distress syndrome can occur in burn patients with or without inhalational
injury and can significantly increase mortality. For patients with severe respiratory failure who fail conventional
therapy with mechanical ventilation, the use of venovenous extracorporeal membrane oxygenation (ECMO) may
be a life-saving salvage therapy. There have been a series of case reports detailing the use of ECMO in burn patients
over the last 20 years, but very little is currently known about the status of ECMO use at burn centers in North
America. Using a web-based survey of burn center directors in Canada and the United States, we examined the rate
of usage of ECMO in burn care, barriers to its use, and the perioperative management of burn patients receiving
ECMO therapy. Our findings indicate that approximately half of the burn centers have used ECMO in the care of
burn patients, but patient volume is very low on average (less than 1 per year). Of centers that do use ECMO in burn
care, only 40% have a specified protocol for doing so. Approximately half have operated on patients being actively
treated with ECMO therapy, but perioperative management of anticoagulation varies widely. A lack of experience
and institutional support and a perceived lack of evidence to support ECMO use in burn patients were the most
commonly identified barriers to more widespread uptake. Better collaboration between burn centers will allow for
the creation of consensus statements and protocols to improve outcomes for burn patients who require ECMO.

Pulmonary injuries in burn patients present with highly var-
iable pathophysiology but can represent a serious insult in
addition to skin injury. More than 30 years ago, Shirani et al!
suggested pulmonary injuries have an additive effect on mor-
tality in patients with burns and demonstrated a 40% increase
in mortality with concomitant pneumonia. Furthermore,
Williams et al® reported that between 1989 and 2009, res-
piratory failure was responsible for 29% of deaths in patients
at a major pediatric burn center. It has been estimated that
approximately 40% of burn patients who require mechanical
ventilation will develop Acute Respiratory Distress Syndrome
(ARDS). The mortality rate associated with this compli-
cation is 40% when no comorbidities are present and can
reach as high as 50% in patients with severe burns.®> ARDS
can be caused by the burn trauma itself (eg, smoke inhala-
tion or inflammation secondary to the burn) or can result
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from excessive fluid resuscitation, ventilator-associated pneu-
monia, ventilator-associated lung injury, and other causes.
Classically, refractory hypoxemia due to ARDS has been
managed with supportive care including protective low tidal
volume ventilation, deep sedation, neuromuscular blockage,
advanced ventilator modes, and prone positioning.*

Extracorporeal membrane oxygenation (ECMO) is a
form of extracorporeal life support that can provide respira-
tory support (venovenous configuration) or cardiac support
(venoarterial configuration) for patients with respiratory or
cardiopulmonary failure.®> The first report of its successful
use was in a young male with posttraumatic lung injury in
1972.6 Initially, a high mortality rate in adults led to skepti-
cism of its role in the treatment of respiratory failure, but it
quickly became the standard of care for respiratory distress
syndrome in neonates and the pediatric population. Advances
in both ECMO technologies and its delivery have made it
significantly safer, as highlighted during the HINI epidemic
of 2008 when ECMO use resulted in the survival of patients
who had failed conventional therapies.” In 2009, the CESAR
trial demonstrated that ECMO use in adults with ARDS
improved 6-month survival to 63%, as compared to 47% in
those treated with standard therapies.® As a result, ECMO has
become more widely used as a treatment in the management
of influenza-related ARDS and, less commonly, respiratory
failure in trauma and shock patients.

The role of ECMO in the care of burn patients has not
been well elucidated. The first reported successful use of
ECMO in a burn patient with ARDS occurred in 1998, in
a 26-year old with respiratory failure secondary to inhala-
tion burns.? Since that time, there have been a number of
case reports and case series documenting varying levels of
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success in the treatment of burn patients with severe res-
piratory failure.®!3 One of the major concerns with using
ECMO in burn patients that may have limited its adop-
tion thus far has been the risk of bleeding, especially in
those requiring operative intervention. The Extracorporeal
Life Support Organization (ELSO) recommends the use
of an antithrombotic agent during ECMO treatment, as
clotting within the ECMO circuit is possible due to the
large surface area required, turbulent flow, and contact
with nonendothelial material like the filter membrane.!*
Anticoagulation therapy in conjunction with numerous
skin grafts in a severely burned patient leads to a common
clinical scenario described by Ainsworth et al,'® when
anticoagulation efforts can create a challenging state in
which there is both not enough anticoagulation to prevent
clot formation in the ECMO membrane oxygenator, but
also enough anticoagulation to cause bleeding from the
burn wound or oozing from vascular or tracheostomy tube
insertion sites.

While the use of ECMO in patients with severe ARDS
has increased over the last two decades, very little data exist
to describe how often and in what context it is being used
in the burn population. Therefore, the main objective of
this study was to quantify the actual use of ECMO in adult
patients with severe burns in North American burn units.
The existing literature shows that ECMO is a viable treat-
ment option for ARDS in burn patients. We hypothesized
that burn care practitioners may be reluctant to use it due
to a perceived lack of evidence that supports its use, unfa-
miliarity with its application, and worries about safety. As
such, our secondary objective was to identify factors that
influence the decision of burn care providers on whether
or not to use ECMO in the care of their patients. We also
hypothesized that the use of anticoagulation therapy in se-
vere, perioperative burn patients would be the main con-
cern identified regarding the use of ECMO in this patient
population.

METHODS
Study Design

A survey of burn unit directors at registered burn centers
in the United States and Canada was designed and distrib-
uted using the secure Research Electronic Data Capture
(REDCap) web platform.!'® American burn centers were
identified from a database of hospitals registered with the
American Burn Association (ABA). Canadian burn centers
included all institutions with at least one dedicated burn sur-
geon belonging to the Canadian Burn Association (CBA).
These professional associations were selected since they repre-
sent the majority of burn care centers in North America. Any
centers that did not treat adult burn patients were excluded
from the survey. Ethical approval for this study was obtained
from the research ethics boards of Dalhousie University and
Nova Scotia Health.

Survey questions were created by the study team based
on their experience using ECMO in burn patients.!?
The initial survey instrument was tested by a number of
intensivists and researchers at the author’s institution and
was revised based on their feedback. A copy of the final
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survey instrument is available as Supplementary Material 1.
Contact information for burn unit directors was obtained
from the ABA member’s portal!” and via the CBA. An email
invitation to participate in the survey was sent to burn unit
directors in fall 2020, followed by two reminders in the
following weeks. This email reviewed the background and
purpose of the study and contained a link to the web-based
survey. The survey opened with an electronic consent form
that had to be completed before proceeding to data col-
lection and included built-in logic to identify any centers
that only treated pediatric burn patients. A combination of
multiple-choice and open-ended questions was employed,
and responses were tracked using the built-in cloud data
collection feature of REDCap. Data collection lasted ap-
proximately 6 weeks, and all data were de-identified before
analysis.

Study Outcomes

The primary outcome measure was the current use of ECMO
at burn centers for the treatment of severely burned adult
patients with ARDS or respiratory failure. Secondary outcomes
were burn center directors who responded “yes” to ECMO
use in this patient population were then directed to further
questions regarding ECMO use at their institution. Follow-up
questions involved the frequency of ECMO use, indications
for use (open-ended), use of dedicated teams/protocols, and
use of anticoagulants. If a center answered “yes” to the use
of anticoagulants, they were directed to additional questions
regarding the specific agent used (open-ended), titration
methods used (open-ended), and whether surgery would be
considered for a patient on anticoagulation. Directors who
responded “no” to ECMO use in adult severe burn patients
with ARDS or respiratory failure were asked if they would
consider using ECMO to treat these patients if it were avail-
able at their institution. Participants who answered “yes” were
then asked to identify any perceived barriers to the use of
ECMO at their institution, while participants who responded
“no” were asked to provide reasons for not using ECMO.

Statistical Analysis

Descriptive statistics including frequencies and proportions
were used to analyze the data. We grouped burn centers as ac-
ademic or community centers. The answers to the open-ended
questions were analyzed thematically with a grouping of similar
answers. The remaining data were aggregated and presented
using descriptive methods. All analyses were performed using
Microsoft Excel.

RESULTS

According to the ABA and CBA registries, there were 139
burn centers in the United States and 7 in Canada at the time
of survey administration (Figure 1). Of these, 13 centers ex-
clusively treated pediatric patients and were excluded from
the study. The survey was sent to burn center directors at
the remaining 133 centers. Responses were received from 43
burn center directors (response rate of 32%). Four of these
respondents indicated their center did not treat adult burn
patients and were excluded, leaving a total of 39 burn centers
for analysis (30 academic centers and 9 community centers).
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Table 1 displays the characteristics of burn centers included in
the study. The majority of centers treated both adult and pedi-
atric burn patients (66.7%; 26,/39); the remaining 13 centers

Burn centers in the United
States and Canada (n=146)

treated adult burn patients exclusively. Institutions with burn
Known pediatric burn centers centers (79.5%) reported using ECMO in some capacity (eg,
(n=13) intensive care unit, trauma), with a similar proportion for ac-

ademic centers (80.0%) and community centers (77.8%). Of
Adult/pediatric burn centers the 31 centers using ECMO, 64.5% used ECMO to manage
(n=133) severe burn patients with ARDS or respiratory failure. This in-
cluded 17 academic centers and 3 community centers. Among
the eight centers not using ECMO in any capacity, 87.5% of
directors indicated they would consider using ECMO for
ARDS or respiratory failure if it were available, while 12.5%
responded they were uncertain.
Characteristics of centers that used ECMO in severe burn
patients are given in Table 2. Directors reported infrequent
use of EMCO in burn patients, with 50% using it less than
Centers only treating once per year and 30% using ECMO in approximately one
pediatric burn patients (n=4) burn patient per year. There were three respondents who used
ECMO in two to three burn cases per year and one center
used it in four to five burn cases per year. No participants
used ECMO in more than five burn patients per year. Of note,
the center with the highest number of burn cases involving
ECMO was a community center. A majority of respondents
using ECMO in burn patients (13,/20) had a dedicated team
for ECMO, with a similar distribution between academic

Did not respond to survey
(n=90)

Survey respondents (n=43)

Centers treating adult burn
patients (n=39)

(64.7%) and community centers (66.7%). Specific protocols
Academic centers (n=30) Pediatric centers (n=9) for the use of ECMO in severe burns were reported at 40%
of centers. Only 30% of centers had both a dedicated ECMO
Figure 1. North American burn center inclusion in the survey process. team and specific protocols in place.

Table 1. Characteristics of burn centers included in survey

Overall
Characteristic Academic Centers (n = 30) Community Centers (n = 9) (n = 39)
Patient population
Adults /pediatrics 19 (63.4%) 7(77.7%) 26 (66.7%)
Adult 11 (36.6%) 2 (22.3%) 13 (33.3%)
ECMO use in any capacity 24 (80.0%) 7 (77.8%) 31 (79.5%)
ECMO use in burn patients with ARDS or respiratory failure 17 (56.7%) 3(33.3%) 20 (51.3%)

ECMO, extracorporeal membrane oxygenation; ARDS, acute respiratory distress syndrome.
Data are reported as n (%).

Table 2. Characteristics of centers using ECMO in burn patients with respiratory failure

Characteristic Academic Centers (n = 17) Community Centers (n = 3) Overall (n = 20)

Number of cases per year

<1 9 (52.9) 1(33.3) 10 (50.0)
1 5(29.5) 1(33.3) 6 (30.0)
2-3 3(17.6) 0 (0.00) 3(15.0)
4-5 0 (0.00) 1(33.3) 1(5.0)
Dedicated ECMO team 11 (64.7) 2 (66.7) 13 (65.0)
Protocols for use of ECMO in burn patients 7 (41.1) 1(33.3) 8 (40.0)
Use of therapeutic anticoagulants during ECMO 13 (76.5) 2 (66.7) 15 (75.0)

ECMO, extracorporeal membrane oxygenation; ARDS, acute respiratory distress syndrome.
Data are reported as n (%).

120z 1snbny 91 uo Jasn Aysieaiun aisnoyieq Aq #20%629/£019el1/10ql/£601 0L /10p/8lole-aoueApe/ogl/woo dnoolwspese//:sdiy woly papeojumoq



4 Hebert et al

Journal of Burn Care & Research
XXXX/XXXX 2021

Table 3. Perceived barriers to using ECMO in burn patients at centers where ECMO was available or unavailable

Barrier

ECMO Available,
Not Used in Burn
Patients (n = 11)

ECMO Unavailable,
Would Use in Burn
Patients (n = 7)

Lack of burn care team expertise caring for ECMO patients (nursing staff, respiratory

therapists, etc.)
Lack of physician/surgeon expertise caring for ECMO patients
Lack of institutional support
Insufficient evidence to support its efficacy/safety in burn care
Financial concerns

Lack of access to required equipment

Safety concerns regarding perioperative bleeding (major bleeding during/after wound

debridement or grafting)

Safety concerns regarding non-perioperative bleeding (IV cannula site bleeding, need for

therapeutic anticoagulation, bleeding during dressing changes, etc.)
Other

5 (45.5) 7 (100.0)
2(18.2) 7 (100.0)
4(36.4) 5(71.4)
4(36.4) 4(57.1)
2(18.2) 5(71.4)
2(18.2) 5(71.4)
1(9.1) 5(71.4)
0 (0.0) 3(42.9)
6 (54.5) 0 (0.0)

ECMO, extracorporeal membrane oxygenation.
Data are reported as n (%).

The use of therapeutic anticoagulants was reported by 15 of 20
centers using ECMO in burn patients. Among these 15 centers,
12 reported using some form of heparin for anticoagulation,
1 reported using a mix of heparin and argatroban, and 2 re-
ported that they follow the recommendations of their local
ECMO team. For titration of anticoagulants, most centers
followed the patients’ partial thromboplastin time (PTT)
(40.0%), while four centers (26.7%) used the activated clot-
ting time. The remaining centers used a combination of
tests. Of the 15 centers using anticoagulation in severe burn
patients on ECMO, 7 had operated on patients actively being
treated with ECMO, 6 (40%) reported that they defer surgery
while on ECMO, and 2 were unsure. At those centers that do
operate on patients receiving anticoagulation while on ECMO
therapy, there was a wide range of protocols regarding how
long to hold anticoagulation preoperatively, ranging from not
stopping the anticoagulant at all perioperatively to holding it
for 4 hours.

Table 3 reports perceived barriers to ECMO use in burn
patients at institutions where ECMO was available, as well as
perceived barriers to using ECMO in burn patients at centers
where ECMO was not available. Among the 11 centers where
ECMO was available but not used for burn care, the two
leading barriers identified were lack of burn care team expertise
caring for ECMO patients (45.5%) and lack of patient volume
(45.5%), followed closely by a lack of institutional support
(36.4%). Interestingly, safety concerns around perioperative
bleeding were only selected by one director. Of note, none
of the directors selected concerns around non-perioperative
bleeding (cannula site bleeding, intracerebral hemorrhage,
etc.). About 64% of directors indicated they would con-
sider ECMO if there was a more robust body of literature
supporting its use in burn patients. Among the seven centers
that did not have institutional access to ECMO but whose
directors indicated they would use it for burn care if available,
all responded that a lack of expertise among the burn care team
and the physicians/surgeons was a barrier to using ECMO in
burn patients. Lack of financial or institutional support, lack of
access to equipment, and lack of evidence were also commonly
cited barriers to ECMO use in severely injured burn patients.

DISCUSSION

Among the respondents to our survey, the use of ECMO in
institutions with a burn center was high (79%). Since burn
centers provide highly specialized care, it is not a surprise
to find them co-located at centers that also provide com-
plex therapy like ECMO. Institutional access to ECMO
did not ensure that it was used in burn care, as only 65% of
centers used it in the management of severe burn patients.
Importantly, some burn center directors commented that
both academic and community centers in smaller hospitals
tend to use less ECMO in the care of severe burn patients,
as they are able to transfer these challenging patients to more
experienced centers.

While there is strong physiologic rationale for the use of
ECMO in ARDS, the ECMO literature has not reached a con-
sensus to date.!®” The CESAR trial in the United Kingdom
demonstrated a significant reduction in mortality when
patients were transferred to an ECMO center.'® However, as
explained in the study itself and later by Chen et al,'¥ it is not
clear whether this decrease in mortality was due to the use
of ECMO or the transfer of patients to a more specialized
or higher-volume center.® It has therefore been hypothesized
that the main reduction in mortality would be attributable to
the center, rather than the ECMO intervention per se.!®1?
The EOLIA trial attempted to investigate this hypothesis and
concluded that ECMO did not lead to a significant reduction
in mortality compared to patients receiving conventional ven-
tilation therapy.? Similarly, differentiating between the benefit
of the center and ECMO itself will prove to be a challenge in
burn care. So far, limited case review studies have found that
there was no increase in mortality between burn patients on
ECMO and the general ECMO population.3?! More studies
are needed to better understand the specific effects of ECMO
on mortality in burn patients.

Although more centers than we expected used ECMO in
their burn units, most participants (80%) treated less than
one burn patient with ECMO per year, with no center re-
porting more than five patients per year. This low volume
of ECMO use likely explains the lack of existing protocols
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in the majority of centers (60%). Directors at centers with
no specific protocols mentioned in the comment section of
the survey that the anticoagulation agent and perioperative
management were dependent on the case or team preference.
Given the high stakes involved in managing a burn patient
perioperatively while on ECMO, moving beyond physician
preference on a case-by-case basis to developed protocols
created by consensus can only help to improve our practice
and patient outcomes.

In existing critical care literature, the implementation of
comprehensive anticoagulation and transfusion protocols for
ECMO patients has been shown to have positive outcomes,
such as a reduced need for blood transfusions.?? In their
meta-analysis of the literature on anticoagulation therapy,
Sklar et al?® found that protocols targeting lower activated
PTT (aPTT) seemed more efficient in limiting hemorrhagic
episodes and have a slight improvement in mortality. The
drawback of those lower aPTT targets was an increase in
thrombosis episodes, mainly in the circuit.?1?® With the ev-
olution of ECMO technology, shorter and heparin-bound
circuits have been associated with a decrease in the need for
anticoagulation therapy.?* As these technologies continue
to evolve and there is a decreased need for anticoagulation
therapy to maintain the circuit’s integrity, we can speculate
that the use of ECMO may increase in the care of trauma
patients, including burn patients.?> The lack of consensus
found in our survey is in line with the lack of consistent evi-
dence in the literature for a specific anticoagulation protocol
and highlights the need for better evidence investigating
anticoagulation therapy in ECMO patients.

In the centers where ECMO was available but not used in
burns, the main concerns seem to stem from the lack of pa-
tient volume, coupled with the lack of burn care team exper-
tise. Directors at several centers commented that they would
use ECMO, but had not yet had a suitable patient. Among
the centers where ECMO was not available, all burn unit
directors expressed interest in using ECMO. Interestingly,
all of these centers reported a lack of physician/surgeon ex-
pertise in caring for ECMO patients, a lack of burn care
team expertise caring for ECMO patients, and a lack of ac-
cess to required equipment as barriers. This is somewhat
expected since these institutions do not use ECMO in
any capacity so the centers would not be able to draw on
other departments’ knowledge or resources. There seems
to be a larger concern with anticoagulation therapy since
71.4% reported this as a major barrier, compared to 9.1% of
directors at burn centers with access to ECMO. This may
be explained by cross-education within departments and a
better understanding of ECMO in institutions already using
it for nonburn patients.

One concern not explored by our survey is the poten-
tially increased rate of infection for burn patients on ECMO
compared to the general ECMO population, as noted by Marcus
et al.2® As this study mostly focused on the perioperative de-
cision to use ECMO, we did not specifically include increased
infection rates as one of the preidentified concerns and no re-
spondent specifically raised it as a concern. With the evolving
recommendations for the use of prophylactic antibiotics and
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antimicrobials in the general ECMO population, it would be
interesting to analyze the current practices of infection control
for burn patients on ECMO in future studies.?”-?8
Limitations of this study are related to the nature of an
anonymized online survey. The email was written in English
with no translation available and sent to centers where English
predominates as a first language, with the exception of two
centers in the primarily French-speaking province of Quebec.
Additionally, individual centers were not targeted as part of
the survey; hence, response rates were lower than might have
been achieved with targeted recruitment. There could also be
a self-selecting bias where centers interested in ECMO were
more likely to answer the survey. Multiple centers reported
transferring the sickest patients to more specialized facilities.
Due to the anonymization of data and our relatively low re-
sponse rate, we do not know if the centers most specialized in
the use of ECMO in severe burns participated in this survey.
Finally, differences in definitions for terms such as “severe
burn” may have led to an underreporting phenomenon.
Despite these limitations, our study has demonstrated clear
themes. First, all burn center directors were receptive to the
use of ECMO in severe burn patients if the technology was
available to them. Second, lack of patient volume and lack of
evidence seem to be the two most significant barriers to the
use of ECMO in severe burn patients. These are important
factors to highlight, because this general lack of experience
has hindered the development of ECMO protocols for burn
patients, which in turn may prevent centers from using ECMO
and acquiring the necessary experience. To achieve eventual
standardization and more widespread uptake, it will be neces-
sary for burn care providers with ECMO experience, in con-
junction with intensivists, perfusionists, critical care, and burn
nurses to work together to generate consensus guidelines and
recommendations on best practices. The level of practice var-
iation we have documented would support the addition of a
burn module to the ELSO registry data forms, which will in-
clude data regarding burn severity, perioperative management,
and morbidity/mortality. This information would enable us
to gather a more substantial dataset and better understand
the effect of ECMO on burn patients. This could allow for
targeted future studies to help standardize practice and im-
prove ECMO outcomes and enable the development of an
ECMO guideline for severe burn patients. Given that ECMO
may offer life-saving therapy for severe burn patients with res-
piratory failure who have failed more conventional therapies,
the development of such guidelines is of critical importance.

CONCLUSIONS

Approximately half of the burn centers in North America use
ECMO to treat severely burned adult patients with ARDS or
respiratory failure. Limited evidence for ECMO use in burn
patients, low volumes of suitable patients, and lack of experi-
ence were the most commonly reported barriers to more wide-
spread uptake of ECMO in the care of severe burn patients.
Enhanced collaboration and communication are required to
standardize practices, drive further research, and improve pa-
tient outcomes.
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SUPPLEMENTARY DATA

Supplementary data are available at Journal of Burn Care &
Research online.

REFERENCES

1.

2.

9.

10.

11.

12.

Shirani KZ, Pruitt BA Jr, Mason AD Jr. The influence of inhalation injury
and pneumonia on burn mortality. Ann Surg 1987;205:82-7.

Williams FN, Herndon DN, Hawkins HK et al. The leading causes
of death after burn injury in a single pediatric burn center. Crit Care
2009;13:R183.

Eldredge RS, Zhai Y, Cochran A. Effectiveness of ECMO for burn-
related acute respiratory distress syndrome. Burns 2019;45:317-21.
Taylor TB, Chambers RC, Liu K. Acute respiratory distress syndrome.
NEJM 2017;377:562-72.

Szentgyorgyi L, Shepherd C, Dunn KW et al. Extracorporeal membrane
oxygenation in severe respiratory failure resulting from burns and smoke
inhalation injury. Burns 2018;44:1091-99.

Hill JD, O’Brien TG, Murray JJ et al. Prolonged extracorporeal oxy-
genation for acute post-traumatic respiratory failure (shock-lung
syndrome). Use of the Bramson membrane lung. N Engl J Med
1972;286:629-34.

Zangrillo A, Biondi-Zoccai G, Landoni G et al. Extracorporeal membrane
oxygenation (ECMO) in patients with HINI influenza infection: a sys-
tematic review and meta-analysis including 8 studies and 266 patients
receiving ECMO. Crit Care 2013;17:R30.

Peck GJ, Mugford M, Tiruvoipati R et al.; CESAR Trial Collaboration.
Efficacy and economic assessment of conventional ventilatory support
versus extracorporeal membrane oxygenation for severe adult respira-
tory failure (CESAR): a multicentre randomised controlled trial. Lancet
2009;374:1351-63.

Patton ML, Simone MR, Kraut JD, Anderson HL 3", Haith LR Jr.
Successtul utilization of ECMO to treat an adult burn patient with ARDS.
Burns 1998;24:566-8.

Starr BW, Bennett S, Chang PH, Dale EL. ECMO therapy in a patient
with extensive burns, inhalation injury, and blunt chest trauma. Am Surg
2020;86:¢40-2.

Hilt T, Graves DF, Chernin JM, Angel CA, Herndon DN,
Zwischenberger JB. Successful use of extracorporeal membrane oxygen-
ation to treat severe respiratory failure in a pediatric patient with a scald
injury. Crit Care Nurse 1998;18:63-72.

Cedidi C, Hierner R, Pichlmaier M, Forssmann WG, Meyer M. Survival
of severe ARDS with five-organ system failure following burns and inha-
lation injury in a 15-year-old patient. Burns 2003;29:389-94.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Journal of Burn Care & Research
XXXX/XXXX 2021

Rasmussen J, Erdogan M, Loubani O, Green RS. Successful use of extra-
corporeal membrane oxygenation therapy in patients with 80% full thick-
ness burns. J Burn Care Res 2021;42:345-7.

Extracorporeal Life Support Organization. 2014. ELSO Anticongulntion
Guide.  Available  from  https://www.elso.org/portals /0 /files /
clsoanticoagulationguideline8-2014-table-contents.pdf.

Ainsworth CR, Dellavolpe J, Chung KK, Cancio LC, Mason P. Revisiting
extracorporeal membrane oxygenation for ARDS in burns: a case series
and review of the literature. Burns 2018;44:1433-8.

REDCap. About. (n.d.). Available from https://projectredcap.org/
about/.

American Burn Association. Member Center. (n.d.). Available from
https: //ameriburn.site-ym.com/.

Chen M, Evans A, Gutsche J. Success with VV ECMO for respiratory
failure: is it the device, the center or both? J Cardiothorac Vasc Anesth
2018;16:232-8.

Munshi L, Telesnicki T, Walkey A, Fan E. Extracorporeal life support for
acute respiratory failure. A systematic review and metaanalysis. Ann Am
Thorac Soc 2014;11:802-10.

Combes A, Hajage D, Capellier G et al.; EOLIA Trial Group, REVA, and
ECMONet. Extracorporeal membrane oxygenation for severe acute res-
piratory distress syndrome. N Engl ] Med 2018;378:1965-75.

Zangrillo A, Landoni G, Biondi-Zoccai G et al. A meta-analysis of
complications and mortality of extracorporeal membrane oxygenation.
Crit Care Resusc 2013;15:172-8.

Martucci G, Panarello G, Occhipinti G et al. Anticoagulation and
transfusions management in veno-venous extracorporeal membrane ox-
ygenation for acute respiratory distress syndrome: Assessment of factors
associated with transfusion requirements and mortality. J Intensive Care
Med 2019;34:630-39.

Sklar MC, Sy E, Lequier L, Fan E, Kanji HD. Anticoagulation practices
during venovenous extracorporeal membrane oxygenation for respiratory
failure. a systematic review. Ann Am Thorac Soc 2016;13:2242-50.
Mahmood S, Bilal H, Zaman M, Tang A. Is a fully heparin-bonded cardi-
opulmonary bypass circuit superior to a standard cardiopulmonary bypass
circuit? Interact Cardiovasc Thorac Surg 2012;14:406-14.

Della Torre V, Robba C, Pelosi P, Bilotta F. Extra corporeal membrane
oxygenation in the critical trauma patient. Curr Opin Anaesthesiol
2019;32:234-41.

Marcus JE, Piper LC, Ainsworth CR et al. Infections in patients with
burn injuries receiving extracorporeal membrane oxygenation. Burns
2019;45:1880-7.

O’Horo JC, Cawcutt KA, De Moraes AG, Sampathkumar P, Schears GJ.
The evidence base for prophylactic antibiotics in patients receiving extra-
corporeal membrane oxygenation. ASAIO J 2016;62:6-10.

Kao LS, Fleming GM, Escamilla RJ, Lew DEF, Lally KP. Antimicrobial
prophylaxis and infection surveillance in extracorporeal membrane oxy-
genation patients: a multi-institutional survey of practice patterns. ASATO
J2011;57:231-8.

120z 1snbny 91 uo Jasn Aysieaiun aisnoyieq Aq #20%629/£019el1/10ql/£601 0L /10p/8lole-aoueApe/ogl/woo dnoolwspese//:sdiy woly papeojumoq


https://www.elso.org/portals/0/files/elsoanticoagulationguideline8-2014-table-contents.pdf﻿
https://www.elso.org/portals/0/files/elsoanticoagulationguideline8-2014-table-contents.pdf﻿
https://projectredcap.org/about/﻿
https://projectredcap.org/about/﻿
https://ameriburn.site-ym.com/﻿

