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Abstract

Background
We aimed to evaluate the outcomes of post-traumatic acute respiratory distress syndrome (ARDS) in
young patients with and without Extracorporeal membrane oxygenation (ECMO) support.

Methods
A retrospective analysis was conducted for trauma patients who developed ARDS at a level I trauma
facility between 2014 and 2020. Data were analyzed and compared between ECMO and non-ECMO
group.

Results
We identi�ed 85 patients with ARDS (22 patients had ECMO support and 63 matched patients managed
by the conventional mechanical ventilation; 1:3 matching ratio). The two groups were comparable for
age, sex, injury severity score, abbreviated injury score, shock index, SOFA score, and head injury. Kaplan
Meier survival analysis showed that the survival in the ECMO group was initially close to that of the non-
ECMO, however, during follow-up, the survival rate was better in the ECMO group, but did not reach
statistical signi�cance (Log-rank, p=0.43 and Tarone-Ware, p=0.37). Multivariable logistic regression
analysis showed that acute kidney injury (AKI) (Odds ratio 13.03; 95% CI 3.17-53.54) and brain edema
(Odds ratio 4.80; 95% CI 1.10-21.03) were independent predictors of mortality. Sub-analysis showed that
in patients with severe Murray Lung Injury (MLI) scores, non-ECMO group had higher mortality than the
ECMO group (100% vs 36.8%, p=0.004).

Conclusion
Although ARDS is uncommon in young trauma patients, it has a high mortality. ECMO therapy was used
in a quarter of ARDS cases. AKI and brain edema were the predictors of mortality among ARDS patients.
ECMO use did not worsen the outcome in trauma patients; however, the survival was better in those who
had severe MLI and ECMO support. Further prospective study is needed to de�ne the appropriate
selection criteria for the use of ECMO to optimize the outcomes in trauma patients.

Introduction
Trauma is the frequent cause of mortality in severely injured young patients secondary to hemorrhagic
shock and cardiopulmonary dysfunction. Therefore, controlling active bleeding and maintaining arterial
oxygenation are essential to improve the patients’ outcome [1, 2]. Around 10–20% of polytrauma patients
may develop severe respiratory complications which necessitate ventilatory support [3, 4]. Among such
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patients, acute respiratory distress syndrome (ARDS) remains a challenging complication which may
occur in 6.5% of patients requiring mechanical ventilation for greater than 48 hours [5]. Notably, ARDS is
multifactorial that could be related to direct thoracic trauma and/or indirect injury caused by
extrapulmonary trauma and its management such as massive transfusion, �uid overload, and ventilator-
induced acute lung injury [6].

Despite advances in pulmonary critical care management with adoption of lung protective ventilation, the
mortality rate remains high among trauma patients with ARDS (17%-46%) [7–9]. For instance, it is
challenging to apply adjunctive measures such as prone positioning with the conventional ventilator
management strategies for ARDS in patients with brain, spine, or pelvic injuries. Moreover, permissive
hypercapnia may be di�cult to effectively manage ARDS in patients with traumatic brain injury [9, 10]

Extracorporeal membrane oxygenation (ECMO) has been used as a salvage therapy in patients with
unsuccessful or unsatisfactory conventional ventilatory support. It is effective in treating hypoxic
respiratory failure caused by traumatic lung injury. This may be related to the bene�t of warming,
correction of acidosis, better oxygenation, and circulatory support [11]. Some studies have reported
survival rates between 50-79% after utilization of ECMO in trauma [12–15]. Although, the use of ECMO in
non-trauma setting continues to expand, its utility in trauma patients remains controversial or
inaccessible in many centers. Limited resources, bleeding, thrombosis, limb ischemia, traumatic brain
injury, complicated pelvic fractures, major vascular injuries, and lack of technical expertise are the major
factors affecting the widespread use of ECMO in trauma patients [16]. The use of ECMO in trauma
patients is recently adopted in selected cases our center at Hamad Medical Corporation (HMC). To date,
data on the use of ECMO in trauma patients are underreported in our region in the Arab Middle East. The
present study aims to evaluate the outcomes of post-traumatic ARDS in young patients with and without
the use of ECMO in a level-1 trauma center and to look for the role of acute kidney injury (AKI) in those
patients as well. We hypothesized that the use of ECMO in trauma patients with ARDS is associated with
better outcomes.

Methods
A retrospective analysis of trauma patients who developed and treated for severe ARDS at the level I
trauma facility at Hamad Medical Corporation between January 2014 and January 2020 was conducted.
Medical records of adult patients of all genders with severe ARDS were reviewed. All ARDS patients were
diagnosed based on the Berlin de�nition of hypoxemia PaO2/FIO2 < 200, FiO2 0.8-1.0, positive end-
expiratory pressure ≥ 5 cm H2O and bilateral pulmonary in�ltrates that are not entirely caused by cardiac
failure [17]. Inquired data from the trauma registry included patient demographics, mechanism of injury,
diagnoses, hemodynamic parameters, Glasgow coma scale (GCS), injury severity score (ISS), abbreviated
injury scale (AIS) and associated injuries. Type of cannulation [veno-venous (VV) or veno-arterial (VA)],
time from admission to ECMO, exploratory laparotomy, tracheostomy, thoracotomy, ORIF, external
�xation, ICP monitoring, craniectomy, angioembolization, ventilatory days, ICU and hospital length of stay,
complications and outcomes were recorded. Complications included sepsis, limb ischemia, disseminated
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intravascular coagulation (DIC), deep vein thrombosis (DVT), pulmonary embolism, AKI, cerebrovascular
accident (CVA), multiorgan failure, ventilator associated pneumonia, thrombocytopenia, and bleeding.
Traumatic injuries were de�ned according to ICD-9 codes.

The primary outcome measure of the study was 30-day post-admission and > 30-day follow-up mortality.
Secondary outcome measures included hospital length of stay (LOS), ICU-LOS, ventilator days, AKI, and
multiorgan failure (MOF).  AKI was de�ned according to the Kidney Disease Improving Global Outcomes
(KDIGO) criteria [18]. 

Scoring systems: shock index (SI), abbreviated injury score (AIS), Injury severity core (ISS), and Sequential
Organ Failure Assessment (SOFA) score. SI was de�ned as admission heart rate divided by systolic blood
pressure (normal value 0.5-0.7) [19,20]. The respiratory ECMO survival prediction (RESP) scores were
calculated for each patient, which ranges between -22 and 15. The survival rate varies according to RESP
score from 92% in RESP class I, 76% class II, 57% class III, 33% class IV and 18% class V [21]. Also,
Murray Lung Injury (MLI) scores were determined at the time of severe ARDS diagnosis; a MLI score of
3.0 or greater suggests that the patient is hypoxic and may bene�t from ECMO support [22].   

Pulmonary and ECMO Management: ARDSNet protocol goals were used as a general guideline for
oxygenation, ventilation, pH, and airway pressure management. Initial modes of ventilation included both
volume control and pressure control modes to maintain lung-protective ventilation (tidal volume ≤ 6
mL/kg per ideal body weight). Additional adjuncts were initiated as deemed appropriate by the trauma
and ECMO intensivist before the initiation of ECMO. The adjuncts included muscle relaxant, nitric oxide,
and/or reverse I/E ventilation and prone positioning. Patients who were selected for ECMO therapy were
those with severe ARDS and persistent hypoxia despite maximal mechanical ventilator support with or
without adjuncts. All patients treated with ECMO for refractory hypoxia were transferred from the trauma
intensive care unit to the medical intensive care unit. In case of traumatic brain injury, no heparin was
given for 48–72 h post-trauma. 

Ethics approval and consent to participate: This observational study has received expedited review and
was approved by the Institutional Review Board, Medical Research Center (MRC-01-20-503) at Hamad
medical corporation (HMC), Doha, Qatar. All methods were performed in accordance with the relevant
guidelines and regulations. Informed consent was not required as data were retrospectively and
anonymously collected and kept con�dential without direct contact with the patients.

Statistical analysis: Data were expressed as numbers, percentages, mean ± standard deviation or
medians with range, whenever appropriate. Chi-square test was performed for the analysis of differences
in categorical variables between ECMO vs. non-ECMO groups, and Fisher exact test was used when the
observed cell values were < 5. The continuous variables between different groups were compared using
student’s t test and the two-tailed p values < 0.05 were considered as signi�cant. The non-ECMO group
was matched with the ECMO group (3:1 matching ratio) in terms of age, sex, ISS and AIS. Multivariable
logistic regression analysis was performed for predictors of mortality among trauma patients with ARDS
using the following variables: age, ISS, GCS, SI, Murray score, ECMO use, sepsis, brain edema, extra-axial
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hematoma, and AKI.  Data were expressed as odds ratio and 95% con�dence interval (CI). Kaplan-Meier
survival curve was used to analyze ‘time-to-event’ data. The outcome (event) was all-cause mortality.
Data analysis was carried out using the Statistical Package for Social Sciences version 26 (SPSS Inc.
Chicago, Illinois, USA).  

Results
Overall study population: During the study period, a total of 85 patients with severe ARDS (22 patients
were treated with ECMO and 63 matched patients were managed without ECMO) were included in the
study (1:3 matching ratio). Motor vehicle crash (44.7%) was the predominant mechanism of injury
followed by pedestrian hit (23.5%) and falls from height (18.8%). Seventy-eight (91.8%) patients were
males and the mean age of the cohort was 34.3±14.9 years. The mean SI and ISS were 1.05±0.47 and
30.4±13.6, respectively (Table 1). Thoracic injury accounted for the highest proportion of trauma
diagnoses (76.5%) followed by TBI (55.3%) and abdominal injury (51.8%). Overall, the most frequent
complications were AKI (38.8%) and VAP (38.8%), followed by sepsis (35.5%) and MOF (16.5%) (Table 2).
Thromboembolic complications were recorded in 14 patients (5 pulmonary embolism, 5 DVT and 4 CVA).
The overall mortality was 41.2% (57% within 30-day post-admission and 43% during follow-up period).

ECMO group: VV ECMO was the main technique in the ECMO group except one, who received VA ECMO
(Table 3). Median time between admission and commencing ECMO was 2 (1.0-14) days. The average
time spent on ECMO was 9.5 (1-29) days. Nine patients (40.9%) had EMCO started after 48 h of
admission (early) and 13 patients (59.1%) had ECMO started after 48h of admission (delayed) (Table 3
and Figure 1). Almost two thirds of early ECMO patients had survived compared to one third of patients
with delayed ECMO, but this difference did not reach statistical signi�cance (p=0.27). Peripheral ischemia
was noted in 2 cases (1 hand ischemia secondary to arterial line and 1 with foot gangrene secondary to
inotrope and delayed distal perfusion). The distribution of patients according to the criteria of RESP
scoring is shown in Table 3.  Almost 82% of cases (n=18) were classi�ed as RESP risk class IV-V, of them
6 (33%) died (3 TBI, 2 MOF and 1 sepsis). 

ECMO vs non-ECMO: There was no statistically signi�cant difference between the two groups regarding
age, MOI, SI, ISS, SOFA score, TBI, and AIS for head, chest, abdomen and pelvis (Table 1&4). With regards
to clinical parameters, there was no difference between the initial vitals (SBP, DBP and Oxygen
Saturation) and GCS between the two groups, whereas the initial pulse rate was signi�cantly higher in the
ECMO group, (p=0.004). TBI lesions were comparable in the 2 groups apart from brain edema and extra-
axial hematoma that were higher in the ECMO group (p=0.004) (Table 4). Two patients had bronchus tear
in ECMO group and 2 had aortic injury in the non-ECMO group.

MLI score showed signi�cant difference between the two groups (ECMO 3.35±0.62 and non-ECMO
2.06±0.47; p=0.001). According to MLI score, ECMO group showed higher rate of severe lung injury
(86.4% vs 11.1%, p=0.001) in comparison to non-ECMO group (Table 1). Surgical interventions were
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comparable between the 2 groups, however, in ECMO group, there were higher proportion of
tracheostomies (63.6% vs 34.9%; p= 0.01) and ICP insertion (54.5% vs 11.1%; p= 0.001) (Table 4).

The rate of MOF was higher in ECMO group (31.8% vs11.1%, p=0.02) (Table 2). Whereas, the rate of VAP
and sepsis were similar between the two groups (p=0.81 and 0.09; respectively). Hemorrhagic
complications were infrequent and comparable such as DIC in 4 patients (2 in each group),
thrombocytopenia in 5 patients and GI bleeding in 3 patients. PE and CVA were also comparable in the 2
groups while the number of DVT was higher in the ECMO group (p=0.02). 

Although, it was statistically non-signi�cant, the ECMO group had longer median ventilator days (17 vs.
13.5 days), higher ICU length of stay (27.5 vs.17.5 days) and longer hospital LOS (39.5 vs. 25 days).
Almost half of ECMO cases were transferred to long-term rehabilitation whereas, one third of non-ECMO
cases did.

AKI: The rate of AKI was higher in ECMO group (59.1% vs 31.7%, p=0.02) (Table 2). AKI requiring
hemo�ltration dialysis (D-AKI) was signi�cantly higher in the ECMO group (31.8% vs 4.8%; p = 0.002).
Figure 2 shows the distribution and outcome of AKI among ARDS patients. In ECMO group, the mortality
was higher among AKI patients in comparison to non-AKI patients (54% vs 11%). HD was required in
almost half of ECMO AKI cases, and mortality was almost similar in HD and no HD cases. Renal function
was normalized after HD in the survivors. The mortality was higher in AKI non-ECMO (80%) than AKI
ECMO group (54%). 

Mortality: The 30-day mortality tends to be higher in the non-ECMO than the ECMO group (63% vs 37.5%)
whereas, the pattern of mortality during follow-up period was reversed with a higher rate noticed among
ECMO group (62.5% vs 37%). The differences in mortality were not statistically signi�cant (Table 5). The
cause of death in the non-ECMO group was mainly TBI (63%) followed by MOF (22.2%) and sepsis
(14.8%), whereas in the ECMO group it was 37.5% TBI, 37.5% MOF, 12.5% sepsis and 12.5% cardiac
arrest. Kaplan- Meier survival curve analysis (Figure 3) showed that the survival in the ECMO group was
initially close to that of the non-ECMO, however, during the follow-up, the survival rate was better in the
ECMO group , but did not reach statistical signi�cance (Log-rank, p=0.43 and Tarone-Ware, p=0.37). 

Table 6 shows multivariable logistic regression analysis for predictors of mortality among trauma
patients with ARDS. AKI (OR 13.03; 95% CI 3.17-53.54, p=0.001) and brain edema (OR 4.80; 95% CI 1.10-
21.03, p=0.03) were the independent predictors of mortality.

Subgroup analysis: according to Murray Lung Injury score (severe vs. mild-moderate lung injury), the rate
of mortality was compared in Figure 4. In patients with severe lung injury, non-ECMO use (n=7) was
associated with higher mortality (100% vs 36.8%, p=0.004) in comparison to the ECMO group (n=19).
However, in mild-moderate lung injury, there was no statistically signi�cant difference in mortality (35.7%
vs 33.3%, p=0.93) between ECMO (n=3) and non-ECMO group (n=56). 

Discussion
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This is a unique study from a rapidly developing country to evaluate the clinical characteristics,
complications, and mortality in young patients with post-trauma ARDS managed with ECMO support
versus conventional mechanical ventilation. During the study period, the rate of ARDS in trauma patients
was 0.9%, of which one quarter of cases underwent ECMO therapy. Almost, one third of the ECMO group
died with severe head injury whereas two thirds of non-ECMO died with head injury. The overall mean
SOFA score (9.3±3.4) and on-admission shock index (1.05±0.47) were high which indicates the potential
unfavorable outcome. MLI scoring was signi�cantly higher in the ECMO group. The MLI scoring showed
that ECMO use was associated with signi�cantly higher survival in patients with severe lung injury than
non-ECMO severe MLI group. 

The selection of candidates for ECMO is challenging for intensivists due to heterogeneous patient
population and the availability of expert team. Moreover, early identification of risk factors of mortality
and analysis of long-term outcomes of survivors are necessary to predict the prognosis [21,23]. In our
cohort, the overall rate of mortality was 41% and the presence of brain edema and AKI were found to be
the independent predictors of mortality. The 30-day survival rate was relatively better in the ECMO group
and the long-term survival was better in the non-ECMO group, however these differences in survival were
statistically not signi�cant. Our �ndings indicate that early ECMO (≤2 days) was associated with better
survival in comparison to delayed ECMO. The literature suggested an overall survival rate after VV ECMO
in trauma patients ranges from 50% to 79% [15] which agrees with our �ndings (64%). Also, Guirand et al
[24] showed that ECMO was independently associated with improved survival as compared to the
conventional ventilation matched group (age and ISS), however, acute intracranial hemorrhage patients
were excluded from this study. An earlier study by Bosarge et al [25] reported signi�cant reduction in
mortality among the ECMO group (13.3%) compared to the conventional (64.3%) which were matched for
age, ISS, TBI, SOFA and MLI scores. Similarly, an observational study reported signi�cantly higher ICU and
hospital survival rates in the traumatic extracorporeal life-support (ECLS) cohort as opposed to the non-
traumatic ECLS group [26]. In contrast with our �ndings the EOLIA trial [27], showed that patients with
severe ARDS had no signi�cant reduction in 60-day mortality from early ECMO, as compared to
conventional mechanical ventilation.

In our cohort, the duration of mechanical ventilation, ICU and hospital length of stay tends to be
prolonged in the ECMO group. Contrarily, Bosarge et al [25] showed shorter mean ventilatory days were
(7.5 ± 8.4 days) and patients were transitioned to ECMO in a relatively shorter period. Over 59% of our
patients had ECMO started within 48 hours of admission. On the contrary, in a study of 7 trauma patients
by Strumwasser et al [28], the survivors had ECMO initiated later than non-survivors (15 vs 7.8 days).The
ELSO registry study [12], demonstrated the mean duration of extracorporeal life support was 8.8±9.5 days
which is slightly higher [median 9.5 (1-29) days] in our cohort. 

Trauma, AKI and ECMO: The incidence of AKI in trauma varies from 1% to 50% whereas its incidence in
patients treated with ECMO ranges between 26% and 85% based on several factors related to patients
pro�les (age and comorbidity), AKI de�nition, the clinical scenario , and type of ECMO cannulation (AKI
was higher with VA than VV) [18,29,30]. The mortality of AKI patients while on ECMO is around 62-68%
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[29,30]. A recent study by Chen et al [31] showed a higher rate of all-cause mortality in patients with D-AKI
(52.3%) as compared to those without D-AKI (33.3%). Also, the long-term mortality in patients survived
>90 days after hospital discharge was signi�cantly lower in patients without D-AKI (22.0%) than those
required long-term dialysis (50.0%).  

In our cohort, AKI was reported in 38.8% of cases (n=33), of them 13 cases had ECMO. AKI was
associated with higher mortality in patients with (54%) and without ECMO therapy (80%). The ECMO
group with AKI had higher mortality in comparison to those without AKI (11%). 

Several studies have shown that the RESP score is a useful tool for prediction and discrimination of
survival probabilities in ARDS patients treated with ECMO [21,32,32]. In the present study, over 81% of
patients in the ECMO group had risk Class IV-V.

Comparison of the long-term outcomes of ARDS patients treated with ECMO and conventional ventilation
strategies showed no signi�cant difference in the 1-year survival, but the non-ECMO group had greater
impairment of health-related quality of life [33]. It has been suggested that the long-term functional
limitation in ARDS survivors is not related to the degree of pulmonary dysfunction at admission, but
rather to the consequences of invasive treatment at ICU and severity of illness [23,34]. In our study, 18%
of ECMO and 25% of non-ECMO group were discharged home, while higher proportion of patients from
ECMO group (50%) were transferred to long-term facility with variable degree of disability as opposed to
non-ECMO group (25.4%). Swol et al [12] reported ECLS survivors, 23% were discharged home, 19% were
transferred back to the referring hospital, and 58% were discharged to another facility.

In our cohort, VAP, sepsis, GI bleeding and thromboembolic events such as PE and DVT were the frequent
in-hospital complications. Our �ndings are consistent with the previous studies reported bleeding,
nosocomial infection and thromboembolic events as ECMO-related complications. Bleeding occurs in
about 20-40% of patients on ECMO with various degrees of severity [12,25,35,36].  Also, nosocomial
infections are common in ECMO patients which ranges from 11.7-64% [37,38]. Occurrence of limb
ischemia is an uncommon event in trauma patients [12] which is also evident from our �ndings
(1.2%). Luyt et al [39] reported cerebral bleeding (7.5%) and ischemic stroke (2%) as the neurological
events in brain injury patients on VV-ECMO. However, in the present study, overall stroke was reported in 4
patients (4.7%), with only one patient in the ECMO group (4.5%).

In our study, the presence of brain edema and AKI were found to be the independent predictors of
mortality. While others suggested ISS > 35 and a refractory post-traumatic shock/cardiac arrest were the
independent predictors of hospital mortality [1]. Similarly, Parker et al [5] found that only the presence of
hemorrhagic shock at admission was signi�cantly associated with mortality in patients requiring ECMO,
and not the age or TBI. However, ISS and admission shock index were not found to be independently
associated with mortality in our study. The number of pre-ECMO organ dysfunctions has been used as an
important prognostic factor. In previous studies, SOFA score was used as a surrogate for organ failure
and pre-ECMO central nervous system dysfunction was associated with poor outcome in the RESP score
[21,40,41]. Cheng et al [42], demonstrated that in adult VV-ECMO patients, pre-ECMO SOFA score >9,
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ventilatory day > 4 and immunocompromised status were independent predictors of mortality. However,
the mean SOFA score was comparable in patients with and without ECMO in our study.

The use of ECMO in patients with TBI remains controversial. Wu et al [1], studied TBI patients before
ECMO. TBI was signi�cant in 19 patients, and a heparin-free ECMO was provided to most patients. No TBI
re-bleeding occurs, and only one in-hospital death was reported. In our study, 68% of ECMO group and
51% of non-ECMO group had TBI; no cerebral bleeding was observed but three patients with TBI died in
ECMO group. According to the above-mentioned �ndings, ECMO with a heparin-free strategy seems to be
safe in patients with minor or drained TBI [1].

Limitations: This study has certain limitations that need to be addressed. It is a single center study with a
retrospective nature and relatively small sample size. However, it is representative of the country as our
trauma center is the only tertiary level 1 trauma center in the country that manages moderate to severe
trauma cases including ECMO support (free of cost). Of note, the study cohort was younger in age
compared with other studies. The study groups were matched for age, ISS, and AIS but not for MLI
scoring, however, multivariable analysis and sub-analysis were performed to mitigate selection bias and
to assess the impact of MLI on the outcome. ECMO was used in 3 cases with mild-moderate MLI because
of di�culty of prone positioning in 1 abdominal injury case and di�culty in optimizing ventilatory setting
in 2 cases with signi�cant head injury. In addition, due to lack of standard treatment algorithm, some
patients in both groups have received various treatments at the discretion of the attending physician. In
the non-ECMO group, only 5 cases had o�cial referral/consultation to the ECMO team which declined the
ECMO support because of poor prognosis. Therefore, the reason of not using ECMO in the rest of the
control group was not clearly stated in the data. Also, health-related quality of life post-discharge was not
addressed.

Conclusions
Although ARDS is uncommon in trauma patients, it has high mortality. ECMO therapy was used in a
quarter of ARDS cases. AKI and brain edema rather than ECMO use were independent predictors of
mortality in trauma patients with ARDS. Of note, even with associated TBI, trauma patients generally
tolerate ECMO therapy. Moreover, ECMO use was associated with better survival in patients with severe
lung injury according to MLI scoring. Further prospective study is needed to de�ne the appropriate
selection criteria for ECMO use, treatment algorithms and strategies in order to optimize outcomes in
trauma patients who developed ARDS.

Abbreviations
ECMO: Extracorporeal membrane oxygenation

ARDS: acute respiratory distress syndrome 

AKI: acute kidney injury
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TBI: traumatic brain injury

MLI: Murray lung injury

ISS: injury severity score

RESP score: Respiratory ECMO survival prediction score

Declarations
Availability of data and material: all data were shown in the study analysis and illustrations. Access to
data needs approval from the Qatar national trauma registry and medical research center of HMC.

Competing interests: none

Funding: none

Authors’ contributions: All authors have a substantial contribution in the study design, data entry, and
interpretation as well as the manuscript writing, review and approval.

Acknowledgment: The authors thank all the staff of the trauma registry database at the trauma surgery
section and the ECMO team at HMC.

References
1. Wu MY, Chou PL, Wu TI, Lin PJ. Predictors of hospital mortality in adult trauma patients receiving

extracorporeal membrane oxygenation for advanced life support: a retrospective cohort study. Scand
J Trauma Resusc Emerg Med. 2018 Feb 8;26(1):14. doi: 10.1186/s13049-018-0481-6.

2. Lockey DJ, Lyon RM, Davies GE. Development of a simple algorithm to guide the effective
management of traumatic cardiac arrest. Resuscitation. 2013 Jun;84(6):738-42. doi:
10.1016/j.resuscitation.2012.12.003.

3. Cardona A JM, Valderrama CO, Gaviria UJ, Arboleda VC, Ramirez NG. Clinical and epidemiological
characterization of acute respiratory distress syndrome in adult patients with femoral shaft
fractures. Rev Colomb Anestesiol. 2014; 42:176–183.

4. Lang NW, Schwihla I, Weihs V, Kasparek M, Joestl J, Hajdu S, Sarahrudi K. Survival rate and outcome
of extracorporeal life support (ECLS) for treatment of acute cardiorespiratory failure in trauma
patients. Scienti�c Reports (2019) 9:12902. https://doi.org/10.1038/s41598-019-49346-z

5. Hu PJ, Griswold L, Raff L, Rodriguez R, McGwin Jr G Jr, Kerby JD, Bosarge P. National estimates of
the use and outcomes of extracorporeal membrane oxygenation after acute trauma. Trauma Surg
Acute Care Open. 2019;4(1):e000209. doi: 10.1136/tsaco-2018-000209.

�. Wu MY, Lin PJ, Tseng YH, Kao KC, Hsiao HL, Huang CC. Venovenous extracorporeal life support for
posttraumatic respiratory distress syndrome in adults: the risk of major hemorrhages. Scand J



Page 11/23

Trauma Resusc Emerg Med. 2014 Oct 2;22:56. doi: 10.1186/s13049-014-0056-0.

7. Bellani G, Laffey JG, Pham T, Fan E, Brochard L, Esteban A, Gattinoni L, van Haren F, Larsson A,
McAuley DF, Ranieri M, Rubenfeld G, Thompson BT, Wrigge H, Slutsky AS, Pesenti A; LUNG SAFE
Investigators; ESICM Trials Group. Epidemiology, Patterns of Care, and Mortality for Patients With
Acute Respiratory Distress Syndrome in Intensive Care Units in 50 Countries. JAMA. 2016 Feb
23;315(8):788-800. doi: 10.1001/jama.2016.0291.

�. Massimo Z, Jean-Louis V. Mortality rates for patients with acute lung injury/ARDS have decreased
over time. Chest J 2008;133:1120–1127. https://doi.org/10.1378/chest.07-2134

9. Hughes R, Cipolla J, Thomas PG, Stawicki SP. Extracorporeal Membrane Oxygenation in Traumatic
Injury: An Overview of Utility and Indications. Medicine, 2016;212-238; Chapter 11.
http://dx.doi.org/10.5772/63434

10. Acute Respiratory Distress Syndrome Network, Brower RG, Matthay MA, Morris A, Schoenfeld D,
Thompson BT, Wheeler A. Ventilation with lower tidal volumes as compared with traditional tidal
volumes for acute lung injury and the acute respiratory distress syndrome. N Engl J Med.
2000;342(18):1301-8. doi: 10.1056/NEJM200005043421801.

11. Chen CY, Hsu TY, Chen WK, Muo CH, Chen HC, Shih HM. The use of extracorporeal membrane
oxygenation in trauma patients: A national case-control study. Medicine (Baltimore). 2018
Sep;97(36):e12223. doi: 10.1097/MD.0000000000012223.

12. Swol J, Brodie D, Napolitano L, Park PK, Thiagarajan R, Barbaro RP, Lorusso R, McMullan D,
Cavarocchi N, Hssain AA, Rycus P, Zonies D; Extracorporeal Life Support Organization (ELSO).
Indications and outcomes of extracorporeal life support in trauma patients. J Trauma Acute Care
Surg. 2018 Jun;84(6):831-837. doi: 10.1097/TA.0000000000001895.

13. Burke CR, Crown A, Chan T, McMullan DM. Extracorporeal life support is safe in trauma patients.
Injury. 2017 Jan;48(1):121-126. doi: 10.1016/j.injury.2016.11.008.

14. Lew DF, Wray CJ, Lally KP, Kao LS, Vogel AM. Outcomes of extracorporeal life support in trauma. J
Surg. 2014;2(2):5.

15. Bedeir K, Seethala R, Kelly E. Extracorporeal life support in trauma: worth the risks? J Trauma Acute
Care Surg. 2017;82:400–6.

1�. Wydo S, George R. Extracorporeal membrane oxygenation: a trauma surgeon’s perspective.
Mechanical Circulatory Support 2013;4:21599. doi/full/10.3402/mcs.v4i0.21599

17. Force ADT, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E, Fan E, Camporota L,
Slutsky AS. Acute respiratory distress syndrome: the Berlin De�nition. JAMA. 2012;307:2526–2533.

1�. Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. Nephron Clin Pract.
2012;120(4):c179-84

19. El-Menyar A, Jabbour G, Asim M, Abdelrahman H, Mahmood I, Al-Thani H. Shock index in patients
with traumatic solid organ injury as a predictor of massive blood transfusion protocol activation. Inj
Epidemiol. 2019 Oct 7;6:41. doi: 10.1186/s40621-019-0218-7.



Page 12/23

20. El-Menyar A, Abdelrahman H, Alhammoud A, Ghouri SI, Babikir E, Asim M, Mekkodathil A, Al-Thani H.
Prognostic Role of Shock Index in Traumatic Pelvic Fracture: A Retrospective Analysis. J Surg Res.
2019;243:410-418

21. Schmidt M, Bailey M, Sheldrake J, Hodgson C, Aubron C, Rycus PT, Scheinkestel C, Cooper DJ, Brodie
D, Pellegrino V, Combes A, Pilcher D. Predicting survival after extracorporeal membrane oxygenation
for severe acute respiratory failure. The Respiratory Extracorporeal Membrane Oxygenation Survival
Prediction (RESP) score. Am J Respir Crit Care Med. 2014 Jun 1;189(11):1374-82. doi:
10.1164/rccm.201311-2023OC.

22. Murray JF, Matthay MA, Luce JM, Flick MR. An expanded de�nition of the adult respiratory distress
syndrome. Am Rev Respir Dis. 1988 Sep;138(3):720-3. doi: 10.1164/ajrccm/138.3.720.

23. Hye-Rin Kang, Dong Jung Kim, Jinwoo Lee etal. A Comparative Analysis of Survival Prediction Using
PRESERVE and RESP Scores. Ann Thorac Surg. 2017;104:797–803.

24. Guirand DM, Okoye OT, Schmidt BS, Mans�eld NJ, Aden JK, Martin RS, Cestero RF, Hines MH,
Pranikoff T, Inaba K, Cannon JW. Venovenous extracorporeal life support improves survival in adult
trauma patients with acute hypoxemic respiratory failure: a multicenter retrospective cohort study. J
Trauma Acute Care Surg. 2014 May;76(5):1275-81. doi: 10.1097/TA.0000000000000213.

25. Bosarge PL, Raff LA, McGwin G, Carroll SL, Bellot SC, Diaz-Guzman E, Kerby JD. Early initiation of
extracorporeal membrane oxygenation improves survival in adult trauma patients with severe adult
respiratory distress syndrome. J Trauma Acute Care Surg 2016;81:236–43.

2�. Ull C, Schildhauer TA, Strauch JT, Swol J. Outcome measures of extracorporeal life support (ECLS) in
trauma patients versus patients without trauma: a 7-year single-center retrospective cohort study. J
Artif Organs. 2017 Jun;20(2):117-124. doi: 10.1007/s10047-016-0938-1.

27. Combes A, Hajage D, Capellier G, Demoule A, Lavoué S, Guervilly C, Da Silva D, Zafrani L, Tirot P,
Veber B, Maury E, Levy B, Cohen Y, Richard C, Kalfon P, Bouadma L, Mehdaoui H, Beduneau G,
Lebreton G, Brochard L, Ferguson ND, Fan E, Slutsky AS, Brodie D, Mercat A; EOLIA Trial Group, REVA,
and ECMONet. Extracorporeal Membrane Oxygenation for Severe Acute Respiratory Distress
Syndrome. N Engl J Med. 2018 May 24;378(21):1965-1975. doi: 10.1056/NEJMoa1800385

2�. Strumwasser A, Tobin JM, Henry R, Guidry C, Park C, Inaba K, Demetriades D. Extracorporeal
membrane oxygenation in trauma: A single institution experience and review of the literature. Int J
Artif Organs. 2018;41:845-853. doi: 10.1177/0391398818794111.

29. Ostermann, M., Lumlertgul, N. Acute kidney injury in ECMO patients. Crit Care 2021; 25, 313 .
https://doi.org/10.1186/s13054-021-03676-5

30. Thongprayoon C, Cheungpasitporn W, Lertjitbanjong P, Aeddula NR, Bathini T, Watthanasuntorn K, et
al. Incidence and impact of acute kidney injury in patients receiving extracorporeal membrane
oxygenation: a meta-analysis. J Clin Med. 2019;8:981

31. Chen SW, Lu YA, Lee CC, Chou AH, Wu VC, Chang SW, Fan PC, Tian YC, Tsai FC, Chang CH. Long-term
outcomes after extracorporeal membrane oxygenation in patients with dialysis-requiring acute
kidney injury: A cohort study. PLoS One. 2019;14(3):e0212352. doi: 10.1371/journal.pone.0212352.



Page 13/23

32. Klinzing S, Wenger U, Steiger P, Starck CT, Wilhelm M, Schuepbach RA, Maggiorini M. External
validation of scores proposed for estimation of survival probability of patients with severe adult
respiratory distress syndrome undergoing extracorporeal membrane oxygenation therapy: a
retrospective study. Crit Care. 2015;19(1):142. doi: 10.1186/s13054-015-0875-z.

33. Grasselli G, Scaravilli V, Tubiolo D, Russo R, Crimella F, Bichi F, Morlacchi LC, Scotti E, Patrini L,
Gattinoni L, Pesenti A, Chiumello D. Quality of Life and Lung Function in Survivors of Extracorporeal
Membrane Oxygenation for Acute Respiratory Distress Syndrome. Anesthesiology. 2019
Apr;130(4):572-580. doi: 10.1097/ALN.0000000000002624.

34. Sylvestre A, Adda M, Maltese F, Lannelongue A, Daviet F, Parzy G, Coiffard B, Roch A, Loundou A,
Baumstarck K, Papazian L. Long-term neurocognitive outcome is not worsened by of the use of
venovenous ECMO in severe ARDS patients. Ann Intensive Care. 2019 Jul 16;9(1):82. doi:
10.1186/s13613-019-0556-1.

35. 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.

3�. Ried M, Bein T, Philipp A, Müller T, Graf B, Schmid C, Zonies D, Diez C, Hofmann HS. Extracorporeal
lung support in trauma patients with severe chest injury and acute lung failure: a 10-year institutional
experience. Crit Care. 2013 Jun 20;17(3):R110. doi: 10.1186/cc12782.

37. Schmidt M, Bréchot N, Hariri S, Guiguet M, Luyt C-E, Makri R, Leprince P, Trouillet J-L, Pavie A, Chastre
J, Combes A. Nosocomial infections in adult cardiogenic shock patients supported by venoarterial
extracorporeal membrane oxygenation. Clin Infect Dis. 2012;55:1633–41.

3�. Sun HY, Ko WJ, Tsai PR, Sun CC, Chang YY, Lee CW, Chen YC. Infections occurring during
extracorporeal membrane oxygenation use in adult patients. J Thorac Cardiovasc Surg. 2010
Nov;140(5):1125-32.e2. doi: 10.1016/j.jtcvs.2010.07.017.

39. Luyt CE, Bréchot N, Demondion P, Jovanovic T, Hékimian G, Lebreton G, Nieszkowska A, Schmidt M,
Trouillet JL, Leprince P, Chastre J, Combes A. Brain injury during venovenous extracorporeal
membrane oxygenation. Intensive Care Med. 2016 May;42(5):897-907. doi: 10.1007/s00134-016-
4318-3.

40. Roch A, Hraiech S, Masson E, Grisoli D, Forel J-M, Boucekine M, Morera P,Guervilly C, Adda M, Dizier
S, Toesca R, Collart F, Papazian L. Outcome of acute respiratory distress syndrome patients treated
with extracorporeal membrane oxygenation and brought to a referral center. Intensive Care Med.
2014;40:74–83.

41. Enger T, Philipp A, Videm V, Lubnow M, Wahba A, Fischer M, Schmid C, Bein T, Müller T. Prediction of
mortality in adult patients with severe acute lung failure receiving veno-venous extracorporeal
membrane oxygenation: a prospective observational study. Crit Care. 2014 Apr 9;18(2):R67. doi:
10.1186/cc13824.

42. Cheng YT, Wu MY, Chang YS, Huang CC, Lin PJ. Developing a simple preinterventional score to
predict hospital mortality in adult venovenous extracorporeal membrane oxygenation: A pilot study.
Medicine (Baltimore). 2016 Jul;95(30):e4380. doi: 10.1097/MD.0000000000004380.



Page 14/23

Tables
Table 1: Demographics, clinical characteristics of trauma patients with ARDS
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Variables Overall (n=85) No-ECMO (n=63) ECMO (n=22) P 

Age (mean±SD) 34.3±14.9 35.9±15.1 29.6±13.8 0.09

Males 78 (91.8%) 59 (93.7%) 19 (86.4%) 0.28

Mechanism of injury        

MVC 38 (44.7%) 27 (42.9%) 11 (50.0%) 0.49 for all

Pedestrian 20 (23.5%) 13 (20.6%) 7 (31.8%)

Fall from height 16 (18.8%) 13 (20.6%) 3 (13.6%)

Struck by a heavy Object 3 (3.5%) 2 (3.2%) 1 (4.5%)

Assault 4 (4.7%) 4 (6.3%) 0 (0.0%)

Others 4 (4.7%) 4 (6.3%) 0 (0.0%)

Initial vitals in ED        

Systolic BP      109.6±38.3 109.3±40.6 110.3±31.4 0.91

Diastolic BP                 66.5±26.3 65.5±26.6 69.5±25.9 0.54

Pulse rate 108.9±24.4 104.3±22.7 121.6±24.9 0.004

respiratory rate 22.3±4.9 21.8±4.7 23.4±5.5 0.20

oxygen saturation         92.4±14.2 93.6±14.7 88.9±12.6 0.18

Glasgow coma scale 12 (3-15) 13 (3-15) 9.5 (3-15) 0.18

Shock Index 1.05±0.47 1.00±0.46 1.19±0.47 0.11

SOFA score 9.3±3.4 9.3±2.8  9.4±4.8 0.91

Murray lung injury score 2.40±0.76 2.06±0.47 3.35±0.62 0.001

Severity of lung injury⃰        

Severe lung injury 26 (30.6%) 7 (11.1%) 19 (86.4%) 0.001 for all

Mild-to-moderate lung injury 59 (69.4%) 56 (88.9%) 3 (13.6%)

Injured region        

Head injury 47 (55.3%) 32 (50.8%) 15 (68.2%) 0.15

Chest injury 65 (76.5%) 47 (74.6%) 18 (81.8%) 0.49

Abdomen injury 44 (51.8%) 31 (49.2%) 13 (59.1%) 0.42

Pelvis 26 (30.6%) 17 (27.0%) 9 (40.9%) 0.22

⃰ Murray lung injury score
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Table 2: major complications in ECMO vs non-ECMO group

Variables Overall
(n=85)

No-ECMO
(n=63)

ECMO
(n=22)

P 

Acute Kidney Injury  33 (38.8%) 20 (31.7%) 13 (59.1%) 0.02

Ventilator-associated pneumonia        33 (38.8%) 24 (38.1%) 9 (40.9%) 0.81

Sepsis   30 (35.3%) 19 (30.2%) 11 (50.0%) 0.09

Multiorgan failure 14 (16.5%) 7 (11.1%) 7 (31.8%) 0.02

Bowel Ischemia           4 (4.7%) 2 (3.2%) 2 (9.1%) 0.25

AKI required dialysis   10 (11.8%) 3 (4.8%) 7 (31.8%) 0.002

Disseminated Intravascular
Coagulation

4 (4.7%) 2 (3.2%) 2 (9.1%) 0.25

Pulmonary Embolism   5 (5.9%) 3 (4.8%) 2 (9.1%) 0.45

Deep vein thrombosis 5 (5.9%) 1 (1.6%) 4 (18.2%) 0.02

Cerebrovascular accidents 4 (4.7%) 3 (4.8%) 1 (4.5%) 0.96

Thrombocytopenia       5 (5.9%) 2 (3.2%) 3 (13.6%) 0.07

GI Bleed 3 (3.5%) 1 (1.6%) 2 (9.1%) 0.10

 

Table 3: type of ECMO and survival (n=22)
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Variables Values Comment 

RESP score (mean±SD) 4.5±2.5  

                     (median, range) 4.5 (0-11)  

Risk class according to RESP
score

   

Risk Class II 1 (4.5%)  Died with cardiac arrest 4-month post-discharge

Risk Class III 3 (13.6%) 1 died with MOF at 30-day

Risk Class IV 13
(59.1%)

1 died with sepsis at 30-day and 2 died with MOF
after 2 months

Risk Class V 5 (22.7%) 3 died with TBI (1 at 26 days, 1 at 35 days and 1
at 54 days)

ECMO type    

Veno-venous 21
(95.5%)

 

Veno-arterial  1 (4.5%)  

Days on ECMO 9.5 (1-29)  

Admission to ECMO (median,
range) days

2 (1.0-14)  

≤2 days 13
(59.1%)

 

>2 days 9 (40.9%)  

LV ejection fraction %  48.0±12.0  

 

Table 4: injury characteristics and types of interventions in ECMO and non-ECMO
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Variables Overall (n=85) No-ECMO (n=63) ECMO (n=22) P 

Head injury lesions        

Brain Contusion 33 (38.8%) 21 (33.3%) 12 (54.5%) 0.07

Brain Edema    18 (21.2%) 10 (15.9%) 8 (36.4%) 0.04

SDH     13 (15.3%) 10 (15.9%) 3 (13.6%) 0.80

EDH     10 (11.8%) 9 (14.3%) 1 (4.5%) 0.22

Extra-axial hematoma  9 (10.6%) 4 (6.3%) 5 (22.7%) 0.03

SAH 20 (23.5%) 16 (25.4%) 4 (18.2%) 0.49

Head AIS 3.9±0.9 4.0±0.9 3.9±0.9 0.81

Chest AIS 3.1±0.7 3.1±0.8 3.0±0.6 0.75

Abdomen AIS 3.0±1.1 2.9±1.2 3.1±0.9 0.76

Pelvis AIS 2.8±1.1 2.7±1.1 3.0±1.1 0.43

Injury Severity Score 30.4±13.6 30.3±14.1 30.6±12.3 0.93

Exploratory laparotomy 34 (40.0%) 23 (36.5%) 11 (50.0%) 0.26

Tracheostomy 36 (42.4%) 22 (34.9%) 14 (63.6%) 0.01

Thoracotomy  6 (7.1%) 4 (6.3%) 2 (9.1%) 0.66

ORIF   23 (27.1%) 16 (25.4%) 7 (31.8%) 0.55

External �xation  12 (14.1%) 7 (11.1%) 5 (22.7%) 0.17

ICP monitoring          19 (22.4%) 7 (11.1%) 12 (54.5%) 0.001

Craniectomy   4 (6.1%) 2 (4.5%) 2 (9.1%) 0.46

Angioembolization 10 (11.8%) 6 (9.5%) 4 (18.2%) 0.27

 

Table 5: Discharge disposition and in-hospital outcomes in ECMO and non-ECMO
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Variables Overall (n=85) No-ECMO (n=63) ECMO (n=22) P 

Ventilatory days         14 (1-115) 13.5 (1-115) 17 (2-51) 0.33

ICU length of stay      23.5 (2-123) 17.5 (2-123) 27.5 (2-62) 0.06

Hospital length of stay 184 (2-1900) 25 (2-137) 39.5 (2-81) 0.16

Follow-up (Days) 184 (2-1900) 152 (2-1900) 228 (9-1810) 0.28

Outcomes        

Long-term rehabilitation 31 (36.5%) 19 (30.2%) 12 (54.5%) 0.07 for all

Discharge home 19 (22.4%) 17 (27.0%) 2 (9.1%)

Mortality 35 (41.2%) 27 (42.9%) 8 (36.4%)

• 30-days mortality  20 (57.2%) 17 (63.0%)
1. (37.5%)

0.39 for all

• >30-days mortality 15 (42.8%) 10 (37%) 5(62.5%)

Cause of death         

  Head injury 20 (57.1%) 17 (63.0%) 3 (37.5%) 0.19 for all

  Multiorgan failure 9 (25.7%) 6 (22.2%) 3 (37.5%)

  Septic shock 5 (14.3%) 4 (14.8%) 1 (12.5%)

  Cardiac arrest 1 (2.9%) 0 (0.0%) 1 (12.5%)

 

Table 6: multivariable logistic regression analysis for predictors of mortality among trauma patients with
ARDS
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Predictor  P value Odds ratio  95% con�dence interval

Age in years 0.573 1.014 0.967 1.063

Injury severity score 0.849 0.996 0.952 1.042

Admission shock index 0.803 1.209 0.272 5.378

Admission GCS 0.516 0.964 0.861 1.078

Sepsis 0.165 2.448 0.692 8.653

Acute kidney injury  0.001 13.034 3.173 53.542

Brain edema 0.037 4.809 1.100 21.028

Extra-axial hematoma 0.717 0.695 0.098 4.956

Murray lung injury score 0.692 1.312 0.342 5.032

ECMO use 0.124 0.158 0.015 1.663

Figures

Figure 1

Outcome by time from admission to ECMO
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Figure 2

The distribution and outcome of acute kidney injury (AKI) among ADRS patients
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Figure 3

Kaplan-Meier survival curve analysis for ARDS patients with and without ECMO
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Figure 4

Mortality based on Murray lung injury severity in patients with and without ECMO support


