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Abstract
Purpose The use of extracorporeal life support in the intensive care unit has exponentially increased in the last decade. Initially,
its use in the burn population lagged behind the dramatic growth in other patient populations; however, in the last 2–3 years, there
has been an increase in the number of publications related to its use in this population. In this article, we review the use of
contemporary ECMO in the burn patient population and discuss future trends.
Recent Findings Level 1 evidence for the use of ECMO in any patient population is scarce, and there is no level 1 evidence for the
use of ECMO in burn patients. Recently, there has been an increase in case series and case reports describing the use of
contemporary ECMO in burn patients. In addition, there are two large retrospective reviews of large registries utilizing
ECMO in burn patients.
Summary The results from these studies all indicate that outcomes using ECMO in this critically ill patient population has
survival rates at least comparable to the survival found in other patient populations. There are still many unanswered questions,
and future focus needs to address patient selection, timing of initiation, management, and the duration of ECMO therapy.
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Introduction

The use of ECMO has increased several hundred-fold since
the early 2000s [1]. This rapid rise occurred concurrently with
the results of the CESAR trial and H1N1 influenza pandemic.
This growth was also facilitated by rapid advances in circuitry,
pumps, biocoatings, and percutaneous techniques [2].

The History of ECMO in the Burn Patient

In 1972, the first patient ever treated with ECMO was
reported. He was a young trauma patient with severe
chest trauma, and aortic injury who subsequently devel-
oped Bshock lung^ or what we now call acute respira-
tory distress syndrome (ARDS) [3•]. Several years later,
the first randomized trial evaluating ECMO versus con-
ventional ventilation was published and demonstrated no
mortality benefit, and perhaps even detriment with the
use of ECMO in ARDS. However, close evaluation re-
veals several things which likely led to poor outcomes
such as the use of veno-arterial (VA) ECMO for all
patients, the use of roller pumps, the use of high dose
anticoagulation strategies, and a lack of standardization
of devices (four different oxygenators were used).
Interestingly, the study had abysmal survival, not only
for the ECMO-treated group, but also for the control
group which did not receive ECMO. Thus, while we
now know this study appears to be an outlier, not only
for ARDS patients treated with ECMO but for ARDS
patients managed with conventional ventilation strate-
gies, it did dampen the enthusiasm for ECMO in the
intensive care unit (ICU).
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In the meantime, the industry continued to improve tech-
nologically. Percutaneous access techniques were developed,
biocoatings were developed to line circuits decreasing the in-
flammatory response, and centrifugal pumps replaced historic
roller pumps leading to less hemolysis and coagulopathy. In
2009, the CESAR trial was published demonstrating the first
randomized controlled trial comparing ECMO versus conven-
tional strategies [4]. While criticized for some methodologic
design flaws, this was the first Level 1 data demonstrating a
survival benefit for ECMO. In the same year, the H1N1 influ-
enza pandemic struck the world, and large retrospective stud-
ies revealed excellent outcomes with the use of ECMO in this
patient population. This led to an explosion in the use of
ECMO, and growth continues to the current date. No longer
used only when patients are on the brink of death as a rescue
therapy, we are finding that the sooner the pathologic effects
of positive pressure ventilation are mitigated on damaged
lungs, the better the outcomes. Due to the improved safety
profile with new pumps and safer circuits, this treatment mo-
dality is finding ever broader indications for use and patient
populations previously thought to have been too high risk for
ECMO (i.e., trauma) are now able to benefit from this modal-
ity [5, 6]. However, a brief perusal of the literature will dem-
onstrate that this modality has beenmuch slower to Bcatch on^
in the Burn ICU literature.

The first reported successful use of ECMO in a burn patient
in the United States was in 1998 [7]. Since that time, there are
only a handful of case series or case studies that have reached
the literature. One of the first series evaluating ECMO in burn
patients consisted of a series of three patients in 2001 [8]. In this
study, all patients were initially cannulated VV, with one patient
requiring conversion to V-VA for hemodynamic instability.
Prior to 2009, one of the largest studies evaluating the use of
ECMO in 81 adults patients from 1999 to 2008, showed the
survival rate for Btrauma or burn^ patients treated with ECMO
was significantly lower (33%) than patients treated with ECMO
for other etiologies such as viral pneumonia (78%) or bacterial
pneumonia (53%) [9]. In 2013, Asmussen et al., published a
systematic review evaluating all literature through March 1,
2012, for burn patients treated with ECMO [10]. At that time,
they found eight animal studies, 14 case reports/series, and only
six clinical trials meeting criteria for inclusion. Of the six
clinical studies (published between 1999 and 2010), only three
included adult patients [8, 9, 11] with overall survival rates
ranging from 53 to 67%. Two of these studies overlap. The
early work at Massachusetts General published by Masiakos
et al. 1999 included 31 patients, and the work published by
Nehra, et al., a decade later in 2009 included 81 patients. It is
important to note that out of these three studies, only 13 of the
84 patients evaluated had Btrauma or burn.^ Therefore, the
review article by Asmussen et al. concluded there was insuffi-
cient evidence to draw any type of conclusions about the use of
ECMO in patients with burn injury.

The Contemporary Use of ECMO in the Burn
Patient

This paucity of literature in the burn population during the
advent of ECMO in the USA is striking for two reasons:
(1) the use of ECMO for ARDS increased 433% from
2006 to 2011 in non-burn patients [1] and (2) burn is a
pathology characterized by high rates of ARDS with sig-
nificantly increased mortality in those patients developing
ARDS [12].

Since the systemic review by Asmussen, et al. in 2013,
there has been an increase in the number of studies evaluating
the use of ECMO in burn patients utilizing contemporary
techniques and devices [10]. Table 1 outlines the studies that
include adult patients in which treatment was provided after
2009.

In 2016, one of the first reviews looking at the modern
use of ECMO in burn patients reported a shockingly high
mortality rate. A retrospective study evaluating 11 pa-
tients treated for respiratory failure after burn injury re-
ported a 28-day, 90-day, and in-hospital mortality of 56%,
72%, and 91% [13]. Only one patient lived in this series.
The report is written as a letter to the editor and lacks
many important details such as burn severity. There is
also no indication of disease severity prior to cannulation
such as an Apache-II or SOFA score. These results are
also not reported with the same metric currently used to
track survival outcomes within the ELSO registry, which
are (1) successful weaning from ECMO (ECLS survival)
and (2) survival to discharge or transfer. Reading through
the letter carefully, you can discern the ECLS survival rate
was 45% (five patients successfully decannulated) while
only two patients made it out of the ICU (survival to
transfer 18%) but only one patient made it home (survival
to discharge 9%). It is unclear why the mortality was so
high after decannulation, though the ECLS runs were
comparatively short with an average run of 3.5 days
(ranging from 0.5–8.8 days). Other factors perhaps con-
tributing to the high mortality in this series include a high
rate of inhalational injury (55%), an older patient popula-
tion (average age 51 years, ranging from 40 to 72), and
the need for VA ECMO in almost a third of the patients.
Also, important to note, the author’s make no mention of
their ECMO ventilation strategy which can have a pro-
found impact on survival [20].

The next case series published was from a stun grenade
explosion in Taiwan [14]. Six patients were brought in
with large thermal burns (total body surface area
(TBSA) average 89% ranging from 50–99%) as well as
evidence of explosion comorbidities (i.e., pneumothorax
and open fractures). The average Baux score was quite
high at 132, ranging from 99 to 155. Five of the six
patients had evidence of inhalational injury and they
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ranged in age from 29 to 59 years (average 43). Three of
the six patients required cardiopulmonary resuscitation
and four of the patients were placed immediately on VA
ECMO. Only one patient survived to discharge (17%).
However, in this series, it is obvious that the expected
mortality rate would be very high.

The three additional studies left in our review all reported
much better survival to discharge or transfer, ranging from 71
to 100% [15, 16••, 17]. It is important to note in the Eldredge,
et al., study that only two of the eight patients included were
over the age of 15. The other four are pediatric patients and
this may have influenced the survival rate (100%), as pediatric
survival with ECMO is quite good.

In 2017, two reviews looking at large registries were
also done. Nosanov, et al. evaluated the National Burn
Repository and found 30 patients treated with ECMO
with a survival to discharge rate of 47% [18••]. The
Extracorporeal Life Support Organization Registry was
reviewed by Burke, et al. in the same year and found 58
patients with burn injury and a discharge to survival rate
of 43% [19••]. While there are limitations with these large
registry reviews, they provide valuable insight in the ad-
vances being made in the burn patient treated with extra-
corporeal support.

Discussion

To summarize, ECMO use in the burn patient, despite an
initial lag, is slowly growing, now mirroring the growth in
other patient populations. Review of contemporary studies is
important, and seems to indicate that the survival in patients
with burns can match the survival of patients treated for non-
burn reasons. The VV ECMO survival to discharge rate for all
comers (over 11,000 patients) in the ELSO registry for
January 2019 is 59% [21].

Future Trends

There is still much work to be done in understanding the
role of ECMO in the severe ly burned pat ient .
Understanding the underlying disease pathology is cru-
cial, and it is an oversimplification to lump all patients
treated with ECMO into the same group. Management is
dependent on the underlying pathology. Burn injury rep-
resents an immediate, profound inflammatory response
especially with inhalational injury, rather than an evolving
inflammatory response as in patients with ARDS due to
infectious reasons. Therefore, burn patients present with

Fig. 1 MAS-CARE Network’s VV ECMO Weaning Protocol (used with permission, Grant AA, Hart VJ, Lineen EB, et al. A weaning protocol for
venovenous extracorporeal membrane oxygenation with a review of the literature. Artif Organs 2018 Jun;42(6):605–610)
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completely different pathology, and deserve special recog-
nition for research and management reasons. These pa-
tients often present or develop hypovolemic shock, due
to massive volume losses from large wounds. This neces-
sitates aggressive resuscitation, often at the risk of wors-
ening pulmonary edema in injured lungs. ECMO can re-
lieve the burden of gas exchange, allowing for aggressive
resuscitation. However, ECMO also requires adequate
volume status to function, and thus the shock that occurs
from hypovolemia is not relieved by VV or VA ECMO,
which may explain some of the increased mortality asso-
ciated with VA ECMO in burn and perhaps even trauma
patients.

We also found many of the studies demonstrate relatively
short run times, which may be reflective of the high mortality
rate. One early study demonstrated that survival was improved
in patients with run times less than 300 h [11]. This may have
led to patients being decannulated too early and perhaps led to
higher mortality in studies such as the series reported by
Soussi, et al. [13]. The average run time for ECMO for
ARDS in the large controlled trials is longer, with a median
of 9 days (interquartile range of 6 to 16) in the CESAR trial
and a mean of 15 days (standard deviation ± 13 days) in
EOLIA [4, 22]. The optimummanagement and weaning strat-
egy for this disease process (burn injury) has yet to be deter-
mined. We have been using the EMPROVE protocol (ECMO
for PROtective VEntilation) for management and weaning in
our trauma and burn population with good results (Fig. 1) [5,
23••].

Current studies are a heterogenous mix of patients with
inhalational injury and refractory hypovolemic shock playing
important roles. Burn patients requiring VA ECMO portend a
poor outcome. There is a similar pattern in the trauma litera-
ture [5, 24]. Therefore, just as with other patient populations,
patient selection is crucial. Recognition of futility is also an
area that warrants further investigation as ECMO is a resource
intensive and costly intervention. ECMOwill continue to be a
rescue therapy, and while mortality is high for tragedies like
the Stun Grenade explosion [15], the use of ECMO is appro-
priate and this study illustrates a heroic and valiant effort to
save life.

Conclusion

The ever-expanding role and increasing safety profile of me-
chanical support for the cardiopulmonary system in the inten-
sive care unit makes evaluating this technology in the burn
patient a field ripe for study. There is a need for high-quality
randomized controlled trials to determine the appropriate pa-
tient selection and management techniques for these patients.
We have enough data to support the use of ECMO in the burn
patient. The time has come.
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