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Abstract

Background Adult trauma patients with refractory acute cardiopulmonary failure suffer from high morbidity and
mortality. In the past decade, a growing body of researches has shown survival benefits of extracorporeal membrane
oxygenation (ECMO) in trauma patients who fail to respond to optimal damage control resuscitation (DCR), and there
is an opportunity to formulate clinical practice guidelines to guide clinicians in implementing trauma ECMO at the
bedside.

Methods The Chinese Society of Extracorporeal Life Support (CSECLS) convened a domestic panel of
interdisciplinary experts to develop this guideline, adhering to the principles of the World Health Organization

(WHO) Manual for Guideline Development and the policy of conflict of interest. Clinical key questions pertaining to
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trauma ECMO use were informed from expert interviews and literature reviews, and formulated as PICO (Population/
Intervention/Comparison/Outcome) format for literature retrieval of original studies supporting the question. Then,
panelists were assigned to address specific clinical questions, synthesize evidence, formulate recommendations

and determine their strength, following the Recommendations Assessment, Development and Evaluation (GRADE)
framework. The guideline steering committee and stakeholders approved the final document.

Results Eleven recommendations regarding trauma ECMO use in adult patients were formulated, focusing on the
following topics: (1) indications; (2) patient screening; (3) timing of initiation; (4) multidisciplinary approach; (5) trauma
ECMO management; and (6) complication prevention. Supporting evidences are elaborated in detail, and expert
opinions on clinical application and future research provided.

Conclusion Although the quality of the body of evidence is low to very-low, most researches have shown that ECMO
improves the survival of adult trauma patients with varied injury mechanisms. However, decision-making should
consider the individual characteristics, benefits and potential harms, patients’values and preferences, and long-term

outcomes.
Key messages

Pooled analyses demonstrate comparable survival benefits of ECMO in adult trauma patients with refractory
acute cardiopulmonary failure caused by varied injury mechanisms, including polytrauma, traumatic brain injury,

moderate to severe burn, and post-traumatic cardiac arrest.

Success in trauma ECMO treatment includes the implementation of measures in the guidelines, involving
appropriate patient selection, early ECMO initiation, multidisciplinary approach, trauma ECMO management, and

complication prevention.

Keywords Wounds and injuries, Adult, Extracorporeal membrane oxygenation, Evidence-based medicine

Background

Severe trauma, defined as an injury severity score (ISS)
of >15, remains the leading cause of death and disabil-
ity-adjusted life-years among young people in China and
worldwide [1, 2]. Of the residents in China, road traffic
injuries and high falls rank the 6th and 18th among all
causes of death, causing 19 and 10 deaths per 100,000
population each year, respectively, higher than the aver-
age of 15.8 and 9.2 deaths per 100,000 population across
195 countries and territories [3, 4]. Hence, improving
trauma care has become a priority for the government
when formulating public health policies [5].

Traumatic acute respiratory distress syndrome (ARDS)
is the primary life-threatening complication leading to
late death (>5 days from injury) among trauma patients,
with an overall morbidity and mortality rates of 8.4% and
21.8% in patients with polytrauma [6, 7], 10-25% and
20-80% in those with varied severities of thoracic injury
[8], 40.5% and 21.2% in those with traumatic brain injury
(TBI) [9], and 43% and 23.4% in those with moderate to
severe burn and inhalation injury [10], respectively. Con-
trarily, traumatic cardiac arrest (TCA) ranks as the lead-
ing cause of early death (<5 days), although it occurs in
<1% of patients with blunt or penetrating chest injury,
its pre- and in-hospital mortality are as high as 76—94%
and 73% [11-13]. For trauma patients with ARDS or
TCA who are refractory to conventional resuscitation,
ECMO could provide supplemental cardiopulmonary
capacity, maintain gas exchange and hemodynamic
stability, thus gaining time for decisive therapies [14].

The mechanism of ECMO is to drain the venous blood
from the body to the extracorporeal membrane lung for
blood-gas exchange, then return the oxygenated blood
via a venous (VV-ECMO) or arterial (VA-ECMO) route,
thereby bridging the patient to recovery [15, 16]. Since its
first use in 1972 by Dr. Hill for a young male patient with
refractory hypoxemia due to road traffic injuries [17],
trauma ECMO has expanded on a yearly basis, render-
ing a substantial survival benefit to the severely injured
patients at high-risk of death [18-20].

Currently, the benefits and harms of ECMO to trauma
patients remain elusive, and there is a scarcity of pub-
lished guidelines to guide clinicians at the bedside to
implement trauma ECMO [21, 22]. Hence, the Chi-
nese Society of Extracorporeal Life Support (CSECLS)
convened a domestic panel of interdisciplinary clinical
experts to develop this guideline based on the currently
available evidence, focusing on the following topics: (1)
indications; (2) patient screening; (3) timing of initiation;
(4) multidisciplinary approach; (5) trauma ECMO man-
agement; and (6) complication prevention. The guideline
is aimed to provide the best practice guidance to clini-
cians to implement trauma ECMO at the bedside, and
the scope is limited to adult trauma patients requiring
ECMO. The application settings include medical facilities
with ECMO capability, involving emergency department,
trauma care center, intensive care unit (ICU), and cardio-
thoracic surgical unit, etc. The end-users include health
professionals in trauma care and ECMO therapy, patients
and their proxies, and institutional policymakers.
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Methods

The guideline development working group was estab-
lished in August 2023 and consisted of a steering group, a
domestic expert panel with expertise in critical care med-
icine, trauma care, and ECMO treatment, an evidence
evaluation group, a methodologist, an institutional poli-
cymaker and a patient representative. Five experts consti-
tuted the external reviewer group. All members disclosed
conflicts of interest in accordance with the WHO poli-
cies. The guideline was registered with the International
Practice Guidelines Registry Platform (Registration No.
PREPARE-2023CNN750). Details of the development
process and conflict-of-interest forms are accessible
online at http://www.guidelines-registry.org.

Based on expert interviews and literature reviews, 34
clinical background questions pertaining trauma ECMO
use were identified. Through two rounds of Delphi online
expert surveys, eight clinical key questions with out-
comes of interest involving six topics were prioritized
and formulated as the Population, Intervention, Control,
and Outcome (PICO) format. Then, literature retrievals
for original studies were conducted as per each question,
utilizing databases including PubMed, Embase, Cochrane
Library, Medlive.cn, China National Knowledge Internet,
Chinese Sci-Tech Journal Database, Sinomed, and Wan-
fang. The search period was from the inception to Feb-
ruary 2024. The literature search strategy and full-text
article inclusion criteria are presented in Supplementary
material: Tables S1-S2 and Figure S1.

Sixty-seven retrospective studies were included, involv-
ing 18 cohort studies [9, 12, 23-38], 16 case-control
studies [39-54], and 33 case series [55—87]. The penal
was divided into six subgroups to deal with specific
clinical problems of relevant domains, performing bias
risk assessment, data extraction and evidence synthesis,
and consulting with the methodologist. The Newcastle—
Ottawa Scale was used for assessing cohort studies [88],
the critical appraisal skill program scale for retrospec-
tive observational studies [89], and the Joanna Briggs
Institute Critical Appraisal Checklist for case series [90].
The characteristics of the included studies and bias risk
assessment are shown in Supplementary material: Tables
S§3-S6. Data reported as median with quartiles were
converted into mean and standard deviation using the
methods described elsewhere [91, 92]. Single- or two-
arm meta-analyses were performed to combine the effect
sizes and 95% confidence interval (CI). The maximum
likelihood method was used to calculate the variance of
study-level heterogeneity, using the Q-test and ’value to
assess inter-study heterogeneity. Meta-analyses were per-
formed using R software (version 4.3.3, http://www.r-pr
oject.org) and the meta package. Statistical analysis plan
is accessible online at http://www.guidelines-registry.org.
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The Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) framework was fol-
lowed to evaluate the certainty of the body of evidence,
formulate recommendations, and determine its strength
with the assistance of the online GRADEpro App (https:
/Iwww.gradepro.org), see Supplementary material: Table
S7. In the absence of sufficient data for analyses, evidence
supporting the PICO question was expressed narratively
and expert opinions were provided. The draft document
was discussed through three offline and online meetings
and approved if>75% agreements were obtained through
voting by the experts, external reviewers, and patient
representatives. The reporting of the guideline follows
the Appraisal of Guidelines for Research and Evaluation
II and the Reporting Items for Practice Guidelines in
Healthcare [93, 94], and will be updated at a 3-year inter-
val as new evidence emerges.

Results
Summary of the clinical key questions and recommen-
dations are shown in Table 1. The schematic diagram of
clinical implementation of ECMO in trauma is presented
in Fig. 1.

Domain 1. Indications

Recommendation 1. We recommend that VV-ECMO
be used for adult patients with polytrauma complicated
with ARDS, if conventional lung protective ventilation
is ineffective (strong recommendation, very low-quality
evidence).

Recommendation 2. We recommend that VV-ECMO
be used for adult TBI patients with ARDS, if conventional
lung protective ventilation is ineffective (strong recom-
mendation, very low-quality evidence).

Recommendation 3. We suggest that VV-ECMO be
considered for adult trauma patients with ARDS caused
by moderate to severe burn and inhalation injury, if opti-
mal fluid resuscitation and lung protective ventilation
are ineffective (weak recommendation, very low-quality
evidence).

Recommendation 4. We suggest that VA-ECMO be
considered for selected adult trauma patients with car-
diac arrest or cardiogenic shock, if conventional resus-
citation is ineffective (weak recommendation, very
low-quality evidence).

Rationale

Evidence summary. Fifty-two retrospective studies
involving ECMO-supported adult trauma patients with
varied mechanisms of injuries were enrolled in this
domain for evidence synthesis, see Supplementary mate-
rial: Figures S2-S30. Among the studies, 24 were from
the United States (1826 patients), 10 from China (110
patients), seven from Europe (251 patients), and five from
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Table 1 Summary of the clinical key questions and recommendations

Domains

Clinical questions

Recommendations

Indications

Patient screening

Timing of initiation

Multidisciplinary
approach

Trauma ECMO
management

Complications

For adult trauma patients with acute cardio-
pulmonary failure refractory to conventional
therapy, should ECMO be used to improve
survival?

For adult trauma patients with acute cardio-
pulmonary failure refractory to conventional
therapy, should the injury severity score be
used as a screening tool for determining the
ECMO candidates and treatment success?
For adult trauma patients with acute cardio-
pulmonary failure refractory to conventional
therapy, should ECMO be initiated earlier to
improve survival?

In managing adult trauma patients requiring
ECMO, should a multidisciplinary approach
be used to improve the prognosis?

In managing adult trauma patients treated
with ECMO, should the systemic antico-
agulation goal be individualized to reduce
anticoagulation-related complications?

In managing severely injured adult trauma
patients on ECMO, should coagulopathy, hy-
pothermia, and acidosis be closely managed
to improve the prognosis?

In managing adult trauma patients requiring
ECMO, should bedside ultrasound be used to
optimize fluid management?

In adult trauma patients with acute cardio-
pulmonary failure requiring ECMO, should
measures be taken to prevent ECMO-related
complications?

Recommendation 1. We recommend that VV-ECMO be used for adult patients
with polytrauma complicated with ARDS, if conventional lung protective
ventilation is ineffective (strong recommendation, very low-quality evidence).
Recommendation 2. We recommend that VW-ECMO be used for adult TBI
patients with ARDS, if conventional lung protective ventilation is ineffective
(strong recommendation, very low-quality evidence).

Recommendation 3. We suggest that VV-ECMO be considered for adult trauma
patients with ARDS caused by moderate to severe burn and inhalation injury,
if optimal fluid resuscitation and lung protective ventilation are ineffective
(weak recommendation, very low-quality evidence).

Recommendation 4. We suggest that VA-ECMO be considered for selected
adult trauma patients with cardiac arrest or cardiogenic shock, if conventional
resuscitation is ineffective (weak recommendation, very low-quality evidence).
Recommendation 5. We suggest using the injury severity score as an adjunc-
tive screening tool for determining the ECMO candidate and treatment suc-
cess in adult trauma patients with acute cardiopulmonary failure refractory to
conventional therapy (weak recommendation, very low-quality evidence for
both candidate and success).

Recommendation 6. For adult trauma patients with acute cardiopulmonary
failure refractory to conventional therapy, we recommend that ECMO be initi-
ated as early as possible provided that the initiation criteria are met (strong
recommendation, very low-quality evidence).

Recommendation 7. We recommend that a multidisciplinary team and

quality improvement program be established in the management of adult
trauma patients requiring ECMO (strong recommendation, very low-quality
evidence).

Recommendation 8. For adult trauma patients treated with ECMO, we suggest
minimal anticoagulation strategy be used to achieve individualized systemic
anticoagulation goal (weak recommendation, very low-quality evidence).

Recommendation 9. For adult trauma patients with massive bleeding or hem-
orrhagic shock, we suggest that coagulopathy, hypothermia, and acidosis be
closely managed during ECMO treatment (best practice statement).

Recommendation 10. We suggest that bedside ultrasound be used to optimize
fluid management in adult trauma patients requiring ECMO (weak recom-
mendation, very low-quality evidence).

Recommendation 11. We suggest that effective measures be taken to reduce
ECMO-related complications in adult trauma patients requiring ECMO (weak
recommendation, very low-quality evidence).

Note: VV-ECMO: venovenous extracorporeal membrane oxygenation; TBI: traumatic brain injury; ARDS: acute respiratory distress syndrome

49% (95% CI: 35-62%; 1460 patients, six studies). Like-

Korea (61 patients). The mean age of the patients was
36.33 years (95% CI 34.33-38.31) and males accounted
for 80.52% (95% CI 77.0-83.62%), with a pooled ISS of
34.17 (95% CI: 31.03-37.3; 1421 patients, 35 studies).
The pooled overall survival was 66% (95% CI: 59-72%,
P=0.44), which was comparable to that of trauma
patients unexposed to ECMO (77,228 patients, 11 stud-
ies), with an OR of 1.01 (95% CI: 0.43-2.41). No signifi-
cant differences were found in the survival rates across
the geographical regions.

Traumatic ARDS was the most documented indication
for VV-ECMO in adult trauma patients, with a pooled
overall survival of 68% (95% CI: 64—72%; 549 patients, 28
studies), whereas that of those unexposed to ECMO was

wise, TCA and cardiogenic shock were the most frequent
conditions for VA-ECMO. In 18 retrospective studies
involving 62 TCA patients on VA-ECMO and 97 patients
who shifted from VV to VAV-ECMO due to new-onset
cardiac arrest or cardiogenic shock, the pooled overall
survival rates were 42% (95% CI: 30—-54%) and 55% (95%
CI: 26-81%), respectively.

Polytrauma was noted in 38.8% of ECMO-supported
adult trauma patients (25 studies, 888 patients), with
most of the patients having VV-ECMO due to refrac-
tory ARDS and with a pooled survival of 64% (95% CI:
56-71%). When compared with those unexposed to
ECMO, the OR for survival was 2.38 (95% CI: 0.56-10.1,



Wang et al. Critical Care (2025) 29:334

Page 5 of 14

Polytrauma
TBI
Burn injury
CA or cardiac shock

\ 4

[ Maximal DCR a
No l
L Irresponsive? No

Yes
= v
= ECMO criteria met? —
@
£ Yes
>
=
= No ISS <30?
E" Yes
%
= Weighin
= ghing .
== benefit/harm < 5 days from injury?
z Yes

No <5 days on ventilator?
Yes
CA or cardiac shock? Traumatic ARDS?
VA ECMO VV ECMO
| | |
Minimum Lethal triad US-guided
anticoagulation management fluid balance

Fig. 1 Schematic diagram of the implementation of ECMO in trauma patient. Note: TBI: traumatic brain injury; CA: cardiac arrest; DCR: damage control
resuscitation; ECMO: venovenous extracorporeal membrane oxygenation; ISS: injury severity score; ARDS: acute respiratory distress syndrome; VA: veno-

venous; VA: venoarterial; US: ultrasound
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P=0.24; six studies, 1633 patients). TBI was observed in
14.8% of the ECMO-supported adult trauma patients,
with all of them developing ARDS requiring VV-ECMO
(14 studies, 340 patients) and with a pooled overall sur-
vival rate of 67% (95% CL: 62-72%). When compared
with those unexposed to VV-ECMO, the OR for survival
was 1.41 (95% CI: 0.77-2.58, P=0.26; 12 studies, 216
patients). Burn and inhalation injuries accounted for 4.5%
of the patients (nine studies, 103 patients), with pooled
total body surface area and survival rate of 42% (95% CI:
26—58%) and 49% (95% CI: 29-70%), respectively.

The pooled duration on ECMO in adult trauma patient
was 7.93 (95% CIL: 6.76-9.11) days. While the pooled
length of stay (LOS) of the patients in the ICU was 21.61
(95% CI: 16.84-26.38) days, and that in hospital was
33.84 (95% CI: 29.62—38.06) days, both were significantly
longer than the medians of 9-11.3 days and 5-21.3 days
for trauma patients unexposed to ECMO [9, 75].

Justification and implementation considerations.
The ELSO guideline recommends that VV-ECMO be
used for patients with refractory acute respiratory fail-
ure due to thoracic trauma (e.g., traumatic lung injury
and severe pulmonary contusion), severe inhalational
injury, large bronchopleural fistula, and peri-lung trans-
plant [15]. Our meta-analyses showed that VV-ECMO
might confer substantial survival benefits to adult trauma
patients with refractory ARDS due to varied injury
mechanisms, including polytrauma, TBI, and moderate
to severe burn with inhalation injury, which are compa-
rable to that of trauma patients unexposed to ECMO.
VV-ECMO facilitates damage control resuscitation in
polytraumatized patients, allows neurological protection
and lung protective ventilation among TBI patients, and
solves the dilemma of aggressive fluid resuscitation while
maintaining a “dry lung” in burn patients, thereby gain-
ing time to decisive therapies [14]. Similarly, VA-ECMO
increased the survival in patients following traumatic
CPR or those with new-onset cardiogenic shock during
DCR by nearly 40%. Whereas in settings where ECMO
was unavailable, a large retrospective analysis of Trauma
Registry involving 814 TCA patients reported that the
overall hospital mortality was 73%, and only 7% survived
until hospital discharge [13]. Although the quality of
evidence is very low due to the non-randomized design,
serious inconsistency, imprecision, and heterogeneities
across the studies, considering the large survival effects
of ECMO in most studies involving trauma patients who
did not respond to conventional therapy and are in a life-
threatening condition, the panel still recommend ECMO
be used in adult trauma patients with refractory acute
cardiopulmonary failure caused by varied mechanisms of
injury, with confidence that further research is unlikely to
change the estimate of the effect. Nonetheless, in decid-
ing to implement trauma ECMO, clinicians should fully
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consider the reversibility of injury, efficacy of decisive
therapy, patient’s preference, and long-term outcomes,
not just based on the underlying injury mechanisms. For
the TCA patients, the risk of death remains higher even
with the return of spontaneous circulation; thus, it is
imperative to closely monitor the patients’ hemodynam-
ics, once unstable, timely initiation of VA-ECMO might
improve the likelihood of survival. The contraindications
to trauma ECMO include poor neurological prognosis,
irreversible injury, and uncontrollable bleeding with pro-
found coagulopathy.

Domain 2. Patient screening

Recommendation 5. We suggest using the ISS as an
adjunctive screening tool for determining the ECMO
candidates and treatment success in adult trauma
patients with acute cardiopulmonary failure refractory to
conventional therapy (weak recommendation, very low-
quality evidence for both candidate and success).

Rationale

Evidence summary. Thirty-five retrospective stud-
ies were enrolled in this domain. The subgroup meta-
analyses are shown in Supplementary material: Figures
S31-S42. ECMO-supported adult trauma patients had a
higher ISS at admission than those unexposed to ECMO,
with a pooled ISS of 34.17 (95% CI: 31.03—37.3; 35 stud-
ies, 1421 patients) and 26.77 (95% CI: 24.14-29.41; 10
studies, 77,183 patients), respectively. The ECMO sur-
vivors had a relatively lower ISS than the non-survivors,
with a pooled ISS of 30.36 (95% CI: 26.62—-34.11) and
37.65 (95% CI: 31.87-43.43), respectively, and the SMD
was 0.52 (95% CI: 0.19-0.84, P=0.002; 14 studies, 989
patients). A retrospective analysis of the Premier Health-
care Database (2016—2020) comprising 118 adult trauma
patients on ECMO and 59,612 patients unexposed to
ECMO revealed that ISS was significantly related to
ECMO utilization (OR 1.03, 95% CI: 1.01-1.04, P<0.01)
[9]. In another retrospective analysis of ECMO-sup-
ported trauma patients (453 survivors and 245 non-sur-
vivors) from the Trauma Quality Improvement Program
database (2010-2019), ISS was independently associated
with in-hospital mortality (OR 1.02, 95% CI: 1.01-1.03,
P<0.01) [23]. Nonetheless, an ISS of >63 points pre-
dicted ECMO unsuitability and failure (OR 4.27, 95% CI,
1.37-13.31; P<0.04) [44].

Justification and implementation considerations.
Although a variety of baseline variables were used to pre-
dict ECMO utilization and treatment success in severely
injured patients, including age, sex, abbreviated injury
scale score, and blood lactate and oxygenation index, our
meta-analyses demonstrated that ISS might be indepen-
dently associated with trauma ECMO use and treatment
success. A higher ISS of >30 points indicates that the
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patients have more serious and extensive injury and are
more likely to develop refractory cardiopulmonary fail-
ure, whereas a very high ISS score denotes a poor chance
of survival despite ECMO use. Although the ISS predic-
tion validity has not been fully verified, given the simplic-
ity, objectivity, and accessibility of the ISS scoring system
[1], the panel issued a weak recommendation on ISS use
as an adjunctive screening tool for ECMO candidate and
treatment success, thereby facilitating early emergency
warning, medical staff assembling, and logistical arrange-
ment. In the case where the ISS exceeds an arbitrary
threshold of 30 points, the risks of failure, cost-effec-
tiveness, and the patients’ value and preference should
be prudently considered when deciding to cannulate the
patient or not.

Domain 3. Timing of initiation

Recommendation 6. For adult trauma patients with acute
cardiopulmonary failure refractory to conventional ther-
apy, we recommend that ECMO be initiated as early as
possible provided that the initiation criteria are met
(strong recommendation, very low-quality evidence).

Rationale

Evidence summary. Twenty-four retrospective stud-
ies were enrolled in this domain for meta-analyses, as
showed in Supplementary material: Figures S43-S50.
For adult trauma patients, early death (<5 days) is largely
due to TCA and hemorrhagic shock, whereas ARDS and
irreversible brain injury are often the causes of late death
[18, 39]. In eight studies (122 patients), the time from
injury to cannulation was within 5 days, and the pooled
survival rate was 66% (95% CI: 58-74%), whereas that
of patients with a time interval of >5 days (17 patients,
3 studies) was 38% (95% CI: 13—71%). Nine studies (197
patients) reported a time interval of <5 days from admis-
sion to ECMO, with a pooled overall survival of 58% (95%
CI: 39-75%), whereas that of patients with a time inter-
val of >5 days (12 patients, one study) was 42% (95% CI:
15-72%). In a single-center retrospective cohort study
involving 36 TBI patients on VV-ECMO, despite a low
admission Glasgow Coma Scale score, those with can-
nulation within 3 h of developing hypoxia had a higher
survival rate and showed good neurological outcomes
(OR 2.08, 95% CI: 1.34-2.35, P<0.001) [40]. Additionally,
three studies (88 trauma patients) reported the durations
on ventilator prior to ECMO, with 3.71 (95% CI: 3.28—
4.15) for survivors and 5.04 (95% CI: 0.05-10.04) days for
non-survivors, and the SMD was - 1.70 (95% CI: -5.39 to
1.98, P=0.37).

Justification and implementation considerations.
VV-ECMO is recommended by the ELSO guideline
for non-trauma patients if the conventional therapy is
ineffective and meets the following criteria: (1) PaO,/
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FiO,<80 mmHg or (2) severe hypercapnia (pH<7.25
with a PaCO,>60 mmHg) [15]. For VA-ECMO, the fol-
lowing parameters were considered: (1) systolic blood
pressure <90 mmHg; (2) urine output<30 ml/h; (3) lac-
tate>2 mmol/L; (4) SyO, < 60%; and (5) altered con-
sciousness>6 h unresponsive to optimal resuscitation
[16]. In our meta-analyses, for adult trauma patients with
worsening heart and lung injuries, initiation of ECMO
within 5 days following trauma might confer survival
benefits, whereas the delays in its initiation as a salvage
treatment while attempting conventional management
worsen the outcomes. Although the panel failed to deter-
mine the exact indicators for ECMO initiation following
trauma, e.g., hypoxia duration despite of optimal thera-
pies, most studies followed the ELSO criteria of ECMO
initiation. Considering the large effect between the
early and delayed ECMO on patient survival, the panel
strongly recommends ECMO use as a rescue therapy as
early as possible in case of the ELSO criteria are met,
especially in those with extensive and worsening injuries.
Bedsides, in patients with prolonged ventilator use dura-
tion of >5 days, the pros and cons should be carefully
considered before ECMO initiation.

Domain 4. Multidisciplinary approach
Recommendation 7. We recommend that a multidis-
ciplinary team and quality improvement program be
established in the management of adult trauma patients
requiring ECMO (strong recommendation, very low-
quality evidence).

Rationale

Evidence summary. The multidisciplinary approach to
ECMO management should include an interdisciplinary
team and quality improvement programs. Eighteen ret-
rospective studies involving 357 ECMO-supported adult
trauma patients reported the use of a multidisciplinary
method in trauma ECMO management, with a pooled
overall survival rate of 66% (95% CI: 60-70%), whereas
that of patients without the intervention was 62% (95%
CI: 54—69%; three studies, 153 patients), see Supplemen-
tary material: Figure S51-S52. In a retrospective review
of the National Trauma Data Bank (2007-2015) involv-
ing 5,781,123 adult trauma patients, those admitted to
trauma centers with ECMO capability were more likely
to undergo multidisciplinary decisive surgeries and have
a significantly decreased OR for mortality compared with
admission to a non-ECMO facility (adjusted OR: 0.96,
95% CI: 0.95-0.97; adjusted P<0.001) [80].

Justification and implementation considerations.
Although our meta-analyses failed to identify a differ-
ence in the survival rates between ECMO-supported
adult trauma patients with and without an interdisciplin-
ary intervention, most of the studies were conducted in
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large-volume ECMO facilities or level I trauma centers,
and multidisciplinary approaches might have been in
place [76]. Interdisciplinary coordination among the
emergency physicians, intensivists, trauma surgeons, and
well-trained staff is essential for ECMO success, includ-
ing a quick response to emergency consultation [73],
suitable patient selection [37, 40], rapid cannula inser-
tion, definitive surgery, and safe patient transport [11,
95]. The quality improvement program should include an
efficient institutional structure responsible for the opera-
tion of the trauma ECMO center, standard procedures
for trauma ECMO management, and quality control
standards [96]. Meanwhile, a regional trauma network
around an ECMO-capable level I trauma center should
be encouraged to maximize the access of patients to an
ECMO expert center. The ECMO transfer criteria include
a PaO,/FiO, ratio of <100 mmHg, without absolute con-
traindications to ECMO [15].

Domain 5. Trauma ECMO management
Recommendation 8. For adult trauma patients treated
with ECMO, we suggest minimal anticoagulation strat-
egy be used to achieve individualized systemic antico-
agulation goal (weak recommendation, very low-quality
evidence).

Rationale
Evidence summary. Forty-nine retrospective studies
involving 990 ECMO-supported adult trauma patients
reported anticoagulant strategies, see Supplementary
material: Table S8. Narratively, unfractionated hepa-
rin was the most used anticoagulant, and Nafamstat
was administered as a substitute in patients with hepa-
rin intolerance [47, 52]. If bleeding is a serious concern,
systemic heparinization could be withheld for 48 h up to
5 days, or a pre-cannula loading dose of 50 IU/kg hepa-
rin could be administered without continuous infusion.
Additionally, using a heparin-coated circuit with an
ECMO blood flow of 3—-5 L/min reduced the frequency
of anticoagulant use and clotting time, while maintain-
ing the platelet count above 80 x 10°/L as well as normal
serum levels of clotting factors avoided the occurrence
of bleeding [45, 71, 72, 74]. During trauma ECMO, the
activated partial thromboplastin time and activated clot-
ting time (ACT) were typically maintained at 45-60 and
150-200 s, respectively, and the antithrombin III activ-
ity, when available, was maintained at 80—-100% to ensure
the efficacy of heparin and prevent bleeding [72, 86]. The
thromboelastogram (TEG) reflects the whole profile of
blood coagulation, and its early use as a monitoring tool
has led to more targeted anticoagulation management
[30].

Justification and  implementation  consider-
ations. The ELSO guideline recommends that systemic
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heparinization with an ACT of 180-220 s be applied to
non-trauma patients requiring ECMO [97]. However,
for trauma patients on ECMO, the anticoagulant dos-
age, target, and treatment course remain unclear. In the
past decades, the advances in anticoagulant methods and
devices, including the centrifugal pump, methylpentene
membrane oxygenator, and heparin-coated circuit, have
resulted in more choices of anticoagulant strategies and
less anticoagulation-related complications in trauma
patients undergoing ECMO [14, 73]. Based on clinical
experience and expert opinions, the panel conditionally
suggested that minimum systemic anticoagulation with
individualized target be applied to trauma patients on
ECMO. Nonetheless, in deciding to implement trauma
ECMO anticoagulation, the severity of injuries and risks
of bleeding and thrombosis should be fully considered.
In settings where point-of-care coagulation tests or TEG
are not readily available, close monitoring of the patients’
vital signs, bleeding at the injured regions, limb ischemia,
and circuit clotting is required. However, rapid damage
control and surgical hemostasis are prerequisites before
performing systemic heparinization.

Recommendation 9. For adult trauma patients with
massive bleeding or hemorrhagic shock, we suggest that
coagulopathy, hypothermia, and acidosis be closely man-
aged during ECMO treatment (best practice statement).

Rationale

Evidence summary. Trauma-induced coagulopathy
increased the mortality risk of patients by almost five
times [98], and by four or seven times in those with
a body core temperature of <35 °C (OR 3.95, 95% CI:
2.90-5.4) or pH<7.16 (OR 7.3, 95% CI: 1.39-38.11) [41,
99]. Over the past decades, the DCR strategy, focusing
on rapid bleeding control, maintaining core tempera-
tures between 36 °C and 37 °C, and correcting acidosis,
has become a landmark in trauma care and significantly
decreased the incidence of traumatic lethal triad and sub-
sequent death [100]. For trauma patients with deterio-
rated heart and lung dysfunction despite maximal DCR,
ECMO support provides additional advantages, includ-
ing extended damage control for severe injuries, circula-
tory support, and rewarming in those with hypothermia,
thereby interrupting the vicious cycle of the traumatic
lethal triad and conferring potential survival benefits
without significant complications [59, 62].

Several trauma guidelines have suggested the use of the
threshold of prothrombin time (PT)/international stan-
dardized ratio (INR) of >1.5 or clot strength maximum
amplitude of TEG of >66.7 mm to early detect trauma-
induced coagulopathy [101, 102]. A large retrospective
study has demonstrated that the early use of thrombo-
elastometry (ROTEM) led to less than the expected mor-
tality rate [103]. However, ECMO anticoagulation may
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affect the reliability of laboratory tests; in this case, the
ISS showed potential as an alternative indicator for pre-
dicting the occurrence of trauma-induced coagulopathy.
An ISS of > 15 denoted that 24.4% of trauma patients had
significant coagulopathy, and up to 61.7% if ISS exceeded
45, even 100% when ISS over 60 points [98]. Besides,
blood lactate could be used to estimate the extent of
bleeding and tissue hypoperfusion during trauma ECMO,
with its rapid reduction and normalization indicating a
response to damage control resuscitation and survival of
the patient [37].

Justification and implementation considerations.
Massive bleeding or hemorrhagic shock is among the pri-
mary causes of early death in trauma patients, which may
create the traumatic lethal triad in terms of coagulopa-
thy, hypothermia, and acidosis, significantly increasing
the mortality risk of patients with massive but potentially
survivable injuries. With the advances in anticoagulant
strategies and devices, trauma-induced coagulopathy is
no longer an absolute contraindication of ECMO, which
in turn may provide survival benefits for trauma patients
who failed to respond to maximal DCR. Although insuf-
ficient data and inherent defects, such as the retrospec-
tive nature, high risk of bias, and heterogeneity across the
studies, hindered further analyses, considering the high
mortality risk of patients with the traumatic lethal triad
and the serious concern about the risk of bleeding by
physicians and surgeons who are responsible for ECMO
management and decisive surgery, the panel issued a best
practice statement on the close monitoring and manage-
ment of patients with a higher ISS or suspected trauma-
induced coagulopathy during ECMO therapy. However,
in the context of ECMO therapy, the diagnostic indices
for coagulopathy should be treated with caution, and the
clinical observation, severity of injury, and physician’s
judgment are still of paramount importance in the early
detection of the traumatic lethal triad.

Recommendation 10. We suggest that bedside ultra-
sound be used to optimize fluid management in adult
trauma patients requiring ECMO (weak recommenda-
tion, very low-quality evidence).

Rationale

Evidence summary. Positive fluid balance independently
predicted in-hospital and 90-day mortality in ECMO-
supported patients, with hazard ratios of 2.21 (95% CI:
1.10-4.41, P<0.05) and 2.61 (95% CI: 1.30-5.23, P<0.05)
[104], respectively. However, massive fluid resuscita-
tion following ECMO initiation are needed in trauma
patients with hemorrhagic shock for hemodynamic sta-
bility and adequate oxygen delivery. In this situation, the
principle of early fluid resuscitation guided by hemo-
dynamics and late fluid removal should be followed to
improve the patient’s prognosis [102]. However, during
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ECMO therapy, traditional hemodynamic monitoring,
e.g., the transpulmonary thermodilution method, may
be ineffective, whereas bedside ultrasound is a preferred
visual imaging method for evaluating volume status and
fluid responsiveness [105, 106]. A ratio of left and right
ventricle end-diastolic area of >0.6, inferior vena cava
(IVC) diameter of >2.5 cm, and B-lines predominance
on lung ultrasound prompt an overloaded volume state
that is unlikely to respond to further fluid administra-
tion. Although a typical sign of “kissing ventricles,” veloc-
ity time integral variability of the left ventricular outflow
tract of 12—-14%, and IVC variability of > 12% predict fluid
responsiveness [107, 108]. Moreover, Extended-Focused
Assessment with Sonography for Trauma (E-FAST) is
conductive to detect the unidentified bleeding source
and etiology of hypovolemia [109]. A large Cochrane
review found that the pooled sensitivity and specificity
of the bedside ultrasound in detecting hemopneumotho-
rax, hemopericardium, or free abdominal fluid were 0.78
(95% CI: 0.69-0.84) and 0.97 (95% CIL: 0.96-0.99) in an
adult or mixed population [110].

Justification and implementation considerations.
Over the last decade, bedside ultrasound has gained
wide acceptance within the critical care society due to its
non-invasiveness, repeatability, and feasibility. However,
few studies have been conducted to evaluate ultrasound-
guided fluid management for trauma patients with or
without ECMO. Considering the indispensable roles of
bedside ultrasound in ECMO management, namely, pre-,
during, and post-cannula, especially in management of
ECMO blood flow and etiology identification of hypo-
volemia, as well as the patients’ value and preference,
the panel suggest bedside ultrasound be used for fluid
management in adult trauma patients requiring ECMO.
However, due to the known limitations of ultrasound
examination, e.g., considerable operator-dependency, cli-
nicians should not use the bedside ultrasound alone for
decision-making instead of clinical evaluation.

Domain 6. Complications

Recommendation 11. We suggest that effective measures
be taken to reduce the ECMO-related complications in
adult trauma patients requiring ECMO (weak recom-
mendation, very low-quality evidence).

Rationale

Evidence summary. Thirty-four retrospective studies
involving 675 ECMO-supported adult trauma patients
reported anticoagulation-related complications. Hemor-
rhage and thrombosis occurred in 19.7% and 18.5% of the
patients, of which 4% had hemorrhagic/ischemic stroke,
see Supplementary material: Table S9. In eight retrospec-
tive studies involving 78 ECMO-supported adult patients
with or without TBI, thrombosis occurred in 25.0% and
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10.9%, hemorrhage in 15.6% and 23.9%, and stroke in
9.4% and 6.5% of the two cohorts, respectively. Three ret-
rospective cohort studies (1453 patients) have compared
the incidence of complications between adult trauma
patients with and without ECMO. Acute renal injury was
the most frequent complication, occurring in 42.1% and
19.6% of the two cohorts, followed by sepsis in 26.3% and
15.6%, thrombosis in 22.3% and 14.2%, and bleeding in
3.6% and 0.29%, respectively, see Supplementary mate-
rial: Table S10-S11. Additionally, a retrospective analysis
of the ELSO registry (1999-2015) involving 58 ECMO-
supported adult patients with burn injury revealed
infections (36.2%) and renal failure (34.5%) as the most
common complications, with no significant differences
observed between the survivors and non-survivors [41].
In two large retrospective analyses of traumatic ARDS
patients on VV-ECMO, although the ECMO-related
complications were more frequent in these patients as
compared to those unexposed to ECMO, systemic hep-
arinization was not associated with the risk of bleeding
and death [38, 47].

Justification and implementation considerations.
ECMO and anticoagulation-related complications are of
great concern to clinicians in managing trauma patients
receiving ECMO. Although the prevalence seems to be
higher in ECMO-supported patients, the rates of clini-
cally important adverse events, e.g., massive intracranial
hemorrhage and neurological disability, are comparable
to those of trauma patients without ECMO. Given that
the survival benefits of ECMO might come at the
expense of a potential increase in complications [85], the
panel conditionally suggested that effective measures be
taken to prevent ECMO-related complications, including
immediate damage control, close monitoring of antico-
agulation, and implementing ECMO in large-volume and
experienced trauma centers, which is expected to further
reduce the occurrence of complications [54, 84].

Discussion

To the best of our knowledge, this is the first clinical
practice guideline on the application of ECMO in adult
trauma patients with refractory cardiopulmonary failure,
primarily applied to medical settings with ECMO capa-
bility. The panel strived to collect the available evidence
across domestic and abroad to improve the applicability
and generality of the guideline, with the aim of improving
the prognosis of severely injured adult patients at high
risk of death.

Although the panel recommend ECMO use as a res-
cue therapy rather than as a salvage therapy for adult
trauma patients with refractory cardiopulmonary fail-
ure, it should be noted that the guideline only addresses
questions that the experts are most concerned about.
For the other issues regarding trauma ECMO use, e.g.,
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cannulation, lung protective ventilation, nutrition,
patient transportation, and staff training, the ELSO serial
guidelines for non-trauma ECMO can be used as refer-
ence, which are theoretically applicable to the trauma
patient population. Moreover, the guideline recommen-
dations are not substitutes for the healthcare provider’s
professional judgments, and clinicians should use their
expertise to determine the use of trauma ECMO that is
consistent with the patient’s value and preference, equity,
and human rights.

This guideline is associated with several limitations.
First, due to the nature of trauma ECMO therapy, there
is a paucity of prospective research in this field, as most
studies are retrospective, small sample-sized, and even
case series, with moderate to high risk of bias and hetero-
geneity, resulting in low to very low-quality of evidence.
Second, the role of VA-ECMO in TCA and cardiogenic
shock needs to be further determined. Most studies
involved a small number of cases, even sporadic, with-
out describing the characteristics of the patients and the
criteria for VA-ECMO initiation, which precluded the
synthesis of evidence supporting its application to those
most likely to benefit. Third, owing to insufficient data
and wide variation in clinical practice across the trauma
ECMO centers, the panel was unable to propose stan-
dard schemes for the minimum anticoagulation strategy,
traumatic lethal triad prediction, ultrasound-guided fluid
management, and preventive measures of ECMO-related
complications. The recommendations largely depended
on expert experience and opinions, and its reliability and
validity need to be further confirmed. Fourth, the long-
term outcomes and quality of life of trauma ECMO sur-
vivors should be further determined, especially whether
the improvement of survival comes at the expense of
developing organic and cognitive disabilities among
patients, as this has an impact on the generalization of
trauma ECMO and patient preference. Therefore, well-
designed clinical trials or large-sample prospective stud-
ies are needed to provide vigorous evidence supporting
ECMO use in adult trauma patients with refractory acute
cardiopulmonary failure, in accordance with the indi-
vidual characteristics of these patients with varied injury
mechanisms.
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