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a b s t r a c t 

Introduction: Patients with traumatic brain injury (TBI) regularly require intensive care with prolonged in- 

vasive ventilation. Consequently, these patients are at increased risk of pulmonary failure, potentially re- 

quiring extracorporeal membrane oxygenation (ECMO). The aim of this work was to provide an overview 

of ECMO treatment in TBI patients based upon data captured into the TraumaRegister DGU® (TR-DGU). 

Methods: A retrospective multi-center cohort analysis of patients registered in the TR-DGU was con- 

ducted. Adult patients with relevant TBI (AIS Head ≥3) who had been treated in German, Austrian, or Swiss 

level I or II trauma centers using ECMO therapy between 2015 and 2019 were included. A multivariable 

logistic regression analysis was used to identify risk factors for the need for ECMO treatment. 

Results: 12,247 patients fulfilled the inclusion criteria. The overall rate of ECMO treatment was 1.1% (134 

patients). Patients on ECMO had an overall hospital mortality rate of 38% (51/134 patients) while 13% 

(1523/12,113 patients) of TBI patients without ECMO therapy died. Male gender ( p = 0.014), AIS Chest 3 + 

( p < 0.001), higher Injury Severity Score ( p < 0.001) and packed red blood cell (pRBC) transfusion ( p < 0.001) 

were associated with ECMO treatment. 

Conclusion: ECMO therapy is a potentially lifesaving modality for the treatment of moderate-to-severe TBI 

when combined with severe chest trauma and pulmonary failure. The in-hospital mortality is increased 

in this high-risk population, but the majority of patients is surviving. 

© 2023 Elsevier Ltd. All rights reserved. 
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The global incidence of traumatic brain injury (TBI) is the high- 

st in North America and Europe [1] . Moderate and severe TBI only 

ake up a small proportion of all TBI but are usually associated 

ith treatment in an intensive care unit (ICU) and in many cases 

ith invasive ventilation therapy [ 1 , 2 ]. Due to the severity of the

njury, TBI is one of the leading causes of death in young adults 

orldwide. In addition to the primary injuries, complications dur- 

ng the course of ICU treatment, such as hypoxemia due to acute 

espiratory distress syndrome (ARDS), also determines mortality 

3] . As a rescue option for therapy-refractory ARDS, extracorporeal 

embranous oxygenation (ECMO) has been introduced back in the 

arly 1970ies [4] . Although this method has developed into an es- 

ablished ICU therapy over the last two decades, data on ECMO 
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reatment in patients with TBI are sparse. Most studies published 

re single-center case series, which, however, due to their method- 

logical nature, can neither provide epidemiological data on the 

ate of the need for ECMO nor can they identify risk factors asso- 

iated with the need for ECMO in TBI patients [5] . Such questions 

an only be solved by systematically recorded data, e.g. from reg- 

stries, and are highly relevant for optimum governmental health 

are planning with only a limited number of ECMO treatment 

laces available, especially in the context of the current COVID-19 

andemic [6] . 

The aim of this work was to determine the incidence, potential 

isk factors and mortality in patients with severe to moderate TBI 

n need of ECMO treatment by using systematically recorded data 

nto the TraumaRegister DGU® (TR-DGU) from German, Austrian 

nd Swiss hospitals. 
 of Health and Social Security de ClinicalKey.es por Elsevier en mayo 18, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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List of abbreviations 

AIS Abbreviated Injury Scale 

ASA American Society of Anesthesiologists 

AUC Akademie der Unfallchirugie GmbH (Academy for 

Trauma Surgery) 

CI Confidence Interval 

CPR Cardiopulmonary Resuscitation 

ECMO Extracorporeal Membrane Oxygenation 

ER Emergency Room 

ICU Intensive Care Unit 

ISS Injury Severity Scale 

OR Odds Ratio 

pRBC packed red blood cell 

RISC Reversed Injury Severity Score 

SD Standard Deviation 

SMR Standardized Mortality Ratio 

TBI Traumatic Brain Injury 

TR-DGU TraumaRegister DGU®

atients and methods 

rauma register DGU®

The TR-DGU was founded in 1993. The aim of this multi-center 

atabase is a pseudonymized and standardized documentation of 

everely injured patients. Data are collected prospectively in four 

onsecutive time phases from the site of the trauma until discharge 

rom hospital: (A) prehospital phase, (B) emergency room (ER) and 

nitial surgery, (C) intensive care unit (ICU) and (D) discharge. The 

ocumentation includes detailed information on demographics, in- 

ury pattern, comorbidities, pre- and in-hospital management, ICU 

ourse, relevant laboratory findings including data on transfusion 

nd outcome of each individual. The inclusion criterion is admis- 

ion to hospital via emergency room with vital signs and subse- 

uent transfer to ICU or intermediate care unit or death before ad- 

ission to ICU. 

The infrastructure for documentation, data management, and 

ata analysis is provided by the AUC - Academy for Trauma 

urgery , a company affiliated to the German Trauma Society . The 

cientific leadership is provided by the Committee on Emergency 

edicine, Intensive Care and Trauma Management ( Sektion NIS ) of 

he German Trauma Society. The participating hospitals submit 

heir pseudonymized data into a central database via a web-based 

pplication. Scientific data analysis is approved according to a peer 

eview procedure established by Sektion NIS . 

The participating hospitals are primarily located in Germany 

90%), but a rising number of hospitals of other countries con- 

ribute data as well. Currently, approximately 30,0 0 0 cases from 

ver 650 hospitals are entered into the database per year. Partic- 

pation in the TR-DGU is voluntary. For hospitals associated with 

raumaNetzwerk DGU® however, the entry of at least a basic data 

et is obligatory for reasons of quality assurance. The basic data set 

s mostly provided by smaller hospitals and contains only a limited 

ange of variables, e.g. no surgical procedures and no information 

n ECMO treatment. The standard data set with more detailed in- 

ormation is mostly submitted by high-level trauma centers. 

The present study is in line with the publication guidelines of 

he TraumaRegister DGU® and registered as TR-DGU project ID 

019-041. Furthermore, it was approved by the local ethic commit- 

ee (WF-059-18). 
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Although the TR-DGU database comprises a wide range of in- 

ormation for each case captured, only patients ≥ 16 years of age 

reated in participating German, Austrian, and Swiss level I and II 

ospitals between 2015 and 2019 with a predominately moderate- 

o-severe TBI (Abbreviated Injury Scale (AIS) head ≥ 3) requiring in- 

ensive care on a corresponding unit were potentially eligible for 

nalysis. Patients documented by using the basic TR-DGU docu- 

entation were excluded a-priori as this format does not include 

nformation on ECMO treatment. Early transfers from other hospi- 

als ( < 48 h) were not considered because no outcome information 

or these patients can be retrieved from the TR-DGU database. Pa- 

ients who died within 48 h after admission were excluded in or- 

er to control for the effect of initial withdrawal of care. Missing 

ata of ECMO was an exclusion criterion on patient level. Finally, 

ospitals that did not perform any ECMO therapy during the ob- 

ervation period (in any patient, also non-TBI) were excluded since 

t was assumed that this treatment is not available there. 

The primary outcome parameter in this analysis was in-hospital 

ortality. Secondary outcome parameter was the Glasgow Out- 

ome Scale at discharge. Variables extracted from the TR-DGU 

ncluded basic demographic data, trauma mechanism, pre-injury 

merican Society of Anesthesiologists (ASA) Physical Status Clas- 

ification, and packed red blood cell (pRBC) transfusion until 48 h 

fter admission to the ICU. Parameters of trauma severity were In- 

ury Severity Score (ISS), AIS of different body regions, Eppendorf–

ologne-Scale, and the Revised Injury Severity Classification, ver- 

ion II (RISC-II) predicting the risk of death [7–9] . 

tatistical methods 

Statistical analyses were performed using SPSS statistical soft- 

are (SPSS Version 24.0, IBM Inc., Armonk, New York, USA). Data 

re presented as mean with standard deviation (SD) for contin- 

ous variables, and as numbers and/or percentages for categori- 

al variables. In case of skewed data, median with inter-quartile 

ange (IQR) was used instead of mean/SD. Differences in frequen- 

ies were evaluated with Fisher’s exact test (2 × 2 tables) and 

hi-squared test with Yates correction (larger tables), and dif- 

erences in ordinal or continuous measurements were evaluated 

ith Mann–Whitney U-test. The significance level has been set at 

.05, but due to multiple testing significant results have to be in- 

erpreted with caution. Finally, a multivariable logistic regression 

nalysis was used to identify risk factors for the need of ECMO 

reatment. The model included the following predictors: age, sex, 

verall injury severity (ISS), severity of chest trauma, polytrauma 

ccording to the Berlin definition [10] , pRBC transfusion, uncon- 

ciousness (GCS ≤ 8), ventilation required on ICU, interhospital 

ransfer, and hospital level of care. From all predictors suggested 

y experts only those with p < 0.20 were left in the final model. 

esults are presented as odds ratios with 95% confidence interval 

CI). 

esults 

The inclusion criteria were met by 12,247 patients from 73 hos- 

itals including 134 patients (1.1%) treated with ECMO ( Fig. 1 ). 

CMO treatment was performed in 49 participating hospitals; out 

f these, 47 provided care for 1–6 patients and two for 10 or more 

atients within the observation period ( Fig. 2 ). The remaining 24 

ospitals had the capability to perform ECMO but did not apply 

his technology in TBI patients. 

Patients who were treated with ECMO were younger (49.8 vs 

6.6 years of age; p < 0.001), more frequently male (81% vs 

1%; p = 0.014) and had a higher median ISS (34vs 24 points; 
 of Health and Social Security de ClinicalKey.es por Elsevier en mayo 18, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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Fig. 1. Flow Chart of excluded and included patients of the study cohort. 

ECMO Extracorporeal Membrane Oxygenation; ICU Intensive Care Unit. 

Fig. 2. Number of TBI patients with ECMO therapy per trauma center, during the 

whole study period 

ECMO Extracorporeal Membrane Oxygenation. 

p

v

(  

p

n

i

(

a

0

≤
t

Fig. 3. Prevalence of ECMO treatment in different age groups. 

ECMO Extracorporeal Membrane Oxygenation. 
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 < 0.001). They had suffered less often from an isolated TBI (13% 

s 35%, p < 0.001) but had sustained more often a polytrauma 

58% vs 27%, p < 0.001) and injuries to the chest (64% vs. 30%;

 < 0.001). The most common mechanism of injury in patients in 

eed for ECMO was a road traffic crash (58%) while patients not 

n need for ECMO had equally been involved in road traffic crashes 

40%) and low falls (39%). 

Patients requiring ECMO who had been directly admitted to 

 trauma center presented more often in shock (20% vs 8%, p < 

.001), were more often unconscious with a Glasgow Coma Scale 

8 (53% vs. 38%, p = 0.001), had a higher rate of pre-hospital in- 

ubation (69% vs 45%, p < 0.001), required more cardio-pulmonary 
1273 
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esuscitation (11% vs 3%, p < 0.001), and had an increased need 

or vasopressors (29% vs. 12%, p < 0.001). They also required more 

acked red blood cell transfusions (39% vs 9%, p < 0.001) and had 

n increased risk of death based on the RISC II score (29% vs 16%, 

 < 0.001). 

ECMO patients spent longer on ventilators (median 9 days [IOR 

–24 days] vs 1 day [IQR 0–10 days] p < 0.001), were treated 

onger on the ICU (median 15 days [IQR 7–29 days] vs 7 days 

IQR 2–17] p < 0.001) and had a longer overall hospital stay (me- 

ian 20 days [IQR 10–40] vs 15 days [IQR 8–25 days] p < 0.001). 

epsis was more often documented for patients on ECMO (33% vs 

%, p < 0.001) and the overall in-hospital mortality was signifi- 

antly higher (38% vs 13%, p < 0.001; see Table 1 ). The reasons for

he death of the patients were primarily organ failure/ARDS in the 

CMO group and TBI in the non-ECMO group ( Table 3 ). A favor-

ble outcome at discharge defined as a Glasgow Outcome Scale of 

 and 5 was documented for 39 patients (48% of survivors) in the 

CMO group and 7725 patients (74% of survivors) in the non-ECMO 

roup. 

The rate of ECMO treatment differed between different age 

roups and was highest in the age group of 16–59 years with 1.4% 

nd decreased to 0.5% in the age group over 80 years (see Fig. 3 ). 

The annual incidence of ECMO treatment per 10 0 0 TBI cases, 

onsidering also treatment in trauma centers without ECMO avail- 

bility, between 2016 and 2019 is presented in Fig. 4 . 

The following risk factors for an ECMO therapy were identi- 

ed in multivariable analysis ( Table 2 ): younger age, male sex, 

igher Injury Severity Score, severity of thoracic trauma, poly- 

rauma, pRBC transfusion, requirement for ventilation on ICU, and 

nconsciousness. The predicted probability for ECMO ranged from 

.01% to 23%. 

Finally, we analyzed factors that might be associated with a 

igher risk for a case fatality in patients undergoing an ECMO ther- 

py and summarized our findings in Table 3 . Detailed information 

bout the time of death can be found in the Kaplan–Meier plot in 

ig. 5 . 

iscussion 

The present study systematically describes frequencies, risk fac- 

ors and outcomes of patients with moderate-to-severe TBI in need 

or ECMO treatment based upon prospectively collected data into 

 standardized multinational and multicenter registry. The results 

ay add to the planning and allocation of resources in times of a 

andemic in which different entities may compete for this treat- 

ent option. An optimum allocation of resources is also important 

n this context as patients with trauma-related ARDS may display 
 of Health and Social Security de ClinicalKey.es por Elsevier en mayo 18, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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Table 1 

Demographic, clinical and outcome data of the study cohort. 

Missing Data ECMO n = 134 No ECMO n = 12,113 p-value 

Age (years) ∗ 0% 49.8 (20.1) 56.6 (21.2) < 0.001 

Male patients 0% 108 (80%) 8554 (70%) 0.014 

Injury Severity Score ∗ 0% 35.9 (14.6) 24.6 (11.2) < 0.001 

Penetrating trauma 4% 1 (0.8%) 189 (1.6%) 0.73 

Severe head injury (AIS 4 + ) 0% 87 (65%) 7453 (62%) 0.47 

Isolated head injury 0% 17 (13%) 4294 (35%) < 0.001 

Chest trauma (AIS 3 + ) 0% 86 (64%) 3674 (30%) < 0.001 

Abdominal trauma (AIS 3 + ) 0% 25 (19%) 594 (5%) < 0.001 

Extremity/pelvic trauma (AIS 3 + ) 0% 45 (34%) 1673 (14%) < 0.001 

Polytrauma (Berlin definition) 0% 78 (58%) 3285 (27%) < 0.001 

Injury mechanism: road traffic 2% 74 (55%) 4814 (40%) < 0.001 

Injury mechanism: low fall 2% 28 (21%) 4583 (39%) < 0.001 

Injury mechanism: high fall 2% 22 (17%) 1666 (14%) 0.38 

Pre-injury ASA 3/4 10% 30 (25%) 2463 (22%) 0.52 

Surgical intervention for head injury 0% 59 (44%) 4925 (40%) 0.43 

Number of surgical procedures # 0% 2 [1 - 5] 1 [0 - 3] < 0.001 

Primary admitted patients only 

No. of patients not applicable 105 9863 

Unconscious (GCS ≤ 8) 7% 51 (53%) 3482 (38%) 0.004 

Pre-hospital intubation 3% 69 (69%) 4284 (45%) < 0.001 

Thorax drainage 3% 6 (6.0%) 309 (3.2%) 0.143 

Catecholamines 3% 29 (29%) 1156 (12%) < 0.001 

Cardio-pulmonary resuscitation 3% 11 (11%) 287 (3%) < 0.001 

Pre-hospital volume (ml) # 3% 1000 [500–1000] 500 [500–1000] 0.001 

Eppendorf Cologne Scale # 10% 2 [1 - 4] 1 [0 - 3] < 0.001 

Normal light reaction 8% 60 (61%) 6809 (75%) 0.008 

Normal pupil size 5% 70 (70%) 7513 (79%) 0.081 

Shock prehospital (BP ≤90 mmHg) 14% 17 (20%) 681 (8%) < 0.001 

pRBC transfusion 0% 41 (39%) 913 (9%) < 0.001 

Outcome (all patients) 

Ventilation days # 0% 9 [4 - 24] 1 [0 - 10] < 0.001 

ICU days # 0% 15 [7 - 29] 7 [2 - 17] < 0.001 

Days in hospital # 0% 20 [10 - 40] 15 [8 - 25] < 0.001 

Sepsis 2% 43 (33%) 1106 (9%) < 0.001 

Multiple organ failure 1% 88 (68%) 3585 (30%) < 0.001 

Hospital mortality 0% 51 (38%) 1523 (13%) < 0.001 

Risk of death (based on RISC II) 0% 29% 16% < 0.001 

Glasgow Outcome Scale (survivor only) 1% < 0.001 

2 persistent vegetative state 7 (9%) 595 (6%) 

3 severe disability 35 (43%) 2161 (21%) 

4 moderate disability 27 (33%) 3052 (29%) 

5 minor/no disability 12 (15%) 4673 (45%) 

ASA American Society of Anesthesiologists; BP Blood Pressure; ECMO Extracorporeal Membrane Oxygenation; GCS Glas- 

gow Coma Scale; ICU Intensive Care Unit; pRBC Packed Red Blood Cell; RISC Reversed Injury Severity Score. 
∗ Mean with standard deviation. 
# Median with interquartile range. 

Table 2 

Multivariable logistic regression analysis for risk of an ECMO treatment. 

Coefficient Odds ratio [95% CI] p-value 

Age (reference 16–59 years of age) 

60–69 years of age −0.12 0.89 [0.53 - 1.48] 0.65 

70–79 years of age −0.18 0.84 [0.50 - 1.42] 0.51 

80 years of age and older −0.56 0.59 [0.30 - 1.15] 0.12 

Gender (reference: female) 

male 0.53 1.70 [1.09 - 2.64] 0.018 

Chest injury severity (reference: AIS 0–2) 

AIS Chest 3 0.49 1.63 [1.01 - 2.62] 0.045 

AIS Chest 4 0.91 2.48 [1.36 – 4.54] 0.003 

AIS Chest 5 1.28 3.59 [1.75 - 7.38] 0.001 

Abdominal injury severity (reference: AIS 0–2) 

AIS Abdominal 0.20 1.23 [0.73 - 2.07] 0.45 

Extremities injury severity (reference: AIS 0–2) 

AIS Extremities/Pelcic 0.12 1.13 [0.72 - 1.77] 0.61 

Injury Severity Score (per point) 0.02 1.02 [1.00 - 1.04] 0.02 

Number of operative interventions (reference: no interventions) 

1–2 operative interventions 0.14 1.16 [0.71 - 1.87] 0.56 

≥ 3 operative interventions −0.28 0.76 [0.44 - 1.30] 0.32 

pRBC transfusions until ICU admission (reference: no transfusion) 

1–9 pRBC transfusions 1.07 2.91 [1.83 - 4.64] < 0.001 

≥ 10 pRBC transfusion 1.38 3.99 [1.79 - 8.87] < 0.001 

Constant −6.34 < 0.001 

AIS Abbreviates Injury Scale; CI Confidence Interval; ECMO Extracorporeal Membrane Oxy- 

genation; ISS Injury Severity Scale; pRBC Packed Red Blood Cell. 
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Fig. 4. Prevalence of ECMO treatment per 10 0 0 TBI patients between 2016 and 

2019. 

The bar chart is based on all TBI patients irrespective of the availability of ECMO 

therapy in the treating trauma center. The year 2015 is not shown because of in- 

complete patient inclusion from this year. 

ECMO Extracorporeal Membrane Oxygenation; TBI Traumatic Brain Injury. 

Table 3 

Cause of death for TBI patients with and without ECMO treatment. 

ECMO n = 51 No ECMO n = 1523 

TBI related 14 (28%) 1005 (66%) 

Hemorrhage 0 (0%) 19 (1%) 

Organ failure / ARDS 32 (63%) 319 (21%) 

Other reasons 3 (6%) 142 (9%) 

Unknown / missing 2 (4%) 38 (3%) 

ARDS Acute Respiratory Distress Syndrome; ECMO Extracorporeal 

Membrane Oxygenation; TBI Traumatic Brain Injury. 
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Fig. 5. Kaplan–Meier plot. 

Kaplan–Meier plot of survival times in patients with and without ECMO therapy. 

Patients transferred alive to another hospital were considered as censored. Patients 

discharged home, or transferred to a rehabilitation center, or those who died, were 

considered to have their outcome observed (no censoring). At day 50, 84 patients 

were still at risk in the ECMO group. Regard that only patients who survived the 

first 48 h were included here. 

We only censored those cases who were transferred alive to another hospital. Those 

patients had a similar risk of death as those still under observation. Patients dis- 

charged home, or transferred to a rehabilitation center, or those who died, were 

considered to have their outcome observed (no censoring). 
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 better prognosis while on ECMO as compared to patients with 

ny another underlying disease [ 5 , 6 , 11 , 12 ]. 

A total of 1.1% of all patients included in this analysis received 

CMO treatment. As previously shown, the majority of patients in 

eed of ECMO were male but far older compared to other studies 

ith an average age of 49.8 years [ 5 , 13–16 ]. Interestingly, the most

ommon cause of injury in this cohort was traffic related as re- 

orted before despite the fact that the overall most common cause 

or moderate-to-severe TBI in the TR-DGU are low falls [ 16 , 17 ]. The

ate of moderate-to-severe chest trauma with 64.2% and the mean 

SS with 35.9 points were also comparable to the systematic re- 

iew published by Wang and co-workers but lower than in other 

ublished series [ 5 , 13 , 16 ]. Of the 134 patients in need for ECMO,

1 (38.1%) died in-hospital during their later courses. This mor- 

ality rate may indicate that despite TBI with potential intracra- 

ial hemorrhage and anticoagulation to successfully perform ECMO 

reatment, this treatment does not necessarily lead to poor out- 

ome. Our mortality rate is slightly higher than the 30.3% in a re- 

ently published systematic review investigating ECMO in trauma 

atients but within the range of 21% to 61.5% of other publications 

 14 , 16 , 18–20 ]. In particular, treatment with extracorporeal devices 

uch as ECMO or pumpless extracorporeal lung assistance in TBI 

atients is not necessarily associated with a poor prognosis, but 

ather is survived in a relevant number of cases and allows a lung- 

rotective ventilation which leads to better control of the intracra- 

ial pressure (ICP) [21] . 

In the current study cohort, most hospitals (82%) were large 

evel 1 trauma centers but with a rather limited number of pa- 

ients treated with ECMO; most centers contributed only 1–2 pa- 

ients during the observation period. However, this does not neces- 

arily reflect the overall number of ECMO cases and experience of 
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hese centers. It might be worth to be discussed, whether ECMO 

herapy in high-risk populations like TBI-patients could benefit 

rom treatment in dedicated centers with higher caseloads. More- 

ver, it should be pointed out that the majority of patients of 

he study cohort were treated in Germany and country-specific 

andling of ECMO indications has been previously discussed. It 

as shown that in the context of the COVID-19 pandemic, ECMO 

atients in Germany were older on average and demonstrated a 

igher mortality rate than in other western European countries, 

ossibly reflecting more liberal ECMO indications leading to a 

roader availability of ECMO therapy [22] . Interestingly, although 

he age of ECMO patients in the current TBI cohort was signifi- 

antly higher than in comparative studies from other countries, the 

ortality rate was not increased. 

ECMO patients had an increased need for ventilation on inten- 

ive care and early pRBC transfusions as well as more severe tho- 

acic injuries. These factors have also been identified as risk factors 

or ARDS over the recent years [ 13–15 , 23–25 ]. The association be-

ween pRBC transfusion and an increased risk for ARDS in trauma 

atients is well established [26–28] . Moreover, it has been re- 

orted that almost all patients on ECMO also required pRBC trans- 

usions [29] . As expected, patients in the present cohort treated 

ith ECMO spent significantly longer on ventilation as well as on 

he intensive care unit (ICU), which corresponds to the current lit- 

rature of ARDS after TBI [30] . 

The analysis showed that ECMO patients had a worse outcome 

han patients without ECMO. This association should not be inter- 

reted as a causal relation. Often ECMO is applied when the sit- 

ation of the patient deteriorates, as shown with a higher rate of 

epsis and multiple organ failure. Thus, ECMO might rather be an 

ndicator for a worsening of the patient’s clinical course. It is a lim- 

tation of our study that TR-DGU neither includes a daily monitor- 

ng on ICU, nor is the day of onset of ECMO documented. This lim- 

ts the use of classical analyses like matched pairs or propensity 

core matching. 

The present study has some further limitations. Although data 

s prospectively captured into the TR-DGU database, the data anal- 
 of Health and Social Security de ClinicalKey.es por Elsevier en mayo 18, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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sis is retrospective. Well-known limitations of the TR-DGU are 

hat the participation is voluntary despite the fact that the TR- 

GU captures data from almost all German trauma centers, lack 

f details regarding outcome, especially long-term outcome, and 

he dominance of German hospitals within the TR-DGU. Due to 

he structure of the TR-DGU, causation on time and implementa- 

ion of ECMO treatment remains somewhat speculative. In con- 

rast to single center reports, detailed information on interval and 

ype of ECMO applied, e.g. VV or VA ECMO, therapeutic effects and 

omplications, e.g. oxygenator thrombosis, ventilation modes and 

ettings, anticoagulation, bleeding complications including hemor- 

hagic progression, and causes of mortality remain elusive. In par- 

icular, information on anticoagulation would be relevant given re- 

orts that longer heparin-free time may be possible with ECMO 

herapy in TBI patients [31] . 

onclusions 

Patients with moderate-to-severe TBI were treated with ECMO 

n about 1% of all cases, representing a potentially lifesaving 

odality for the treatment of moderate-to-severe TBI when com- 

ined with severe chest trauma, packed red blood cell transfusion 

nd pulmonary failure. The in-hospital mortality is increased in 

his high-risk population, but the majority of patients is surviving. 

BI-patients with ECMO treatment presented with a higher rate of 

ultiple organ failure and sepsis compared to TBI patients without 

CMO treatment. Nevertheless, the indication for an ECMO treat- 

ent in TBI patients remains a case-by-case decision. 

eclarations 

unding / conflict of interest 

Rolf Lefering declares that his institution (IFOM) has an ongoing 

ervice agreement with AUC GmbH, the owner of the TraumaReg- 

ster DGU database, which includes statistical support for scientific 

nalyses using registry data. All other authors declare that they 

ave no conflicts of interest. 

thics approval / consent 

The present analysis is in line with the publication guidelines 

f the TraumaRegister DGU® and registered as TR-DGU project ID 

019-041. Furthermore, the analysis plan was approved by the local 

thic committee (WF-059-18). 

ata availability 

The publication guideline of the TraumaRegister DGU®, at 

resent, denies external access to raw data captured in the reg- 

stry. 

ode availability 

Statistical operations are reported in the manuscript. 

eclaration of Competing Interest 

The authors declare that they have no known competing finan- 

ial interests or personal relationships that could have appeared to 

nfluence the work reported in this paper. 

RediT authorship contribution statement 

Marius Marc-Daniel Mader: Conceptualization, Investigation, 

ormal analysis, Data curation, Visualization, Writing – original 
1276 

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library
2023. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
raft, Writing – review & editing. Rolf Lefering: Formal analy- 

is, Data curation, Supervision, Methodology, Writing – review & 

diting. Manfred Westphal: Supervision, Writing – review & edit- 

ng. Marc Maegele: Conceptualization, Investigation, Formal analy- 

is, Data curation, Supervision, Writing – review & editing. Patrick 

zorlich: Conceptualization, Investigation, Formal analysis, Data 

uration, Writing – original draft, Writing – review & editing. 

eferences 

[1] Dewan MC, Rattani A, Gupta S, Baticulon RE, Hung YC, Punchak M, et al. Esti-

mating the global incidence of traumatic brain injury. J Neurosurg 2018:1–18 

April 1Epub ahead of print. doi: 10.3171/2017.10.JNS17352 . 
[2] Emami P, Czorlich P, Fritzsche FS, Westphal M, Rueger JM, Lefering R, et al. Im-

pact of Glasgow Coma Scale score and pupil parameters on mortality rate and 
outcome in pediatric and adult severe traumatic brain injury: a retrospective, 

multicenter cohort study. J Neurosurg 2017;126(3):760–7 MarchEpub 2016 Apr 
1. doi: 10.3171/2016.1.JNS152385 . 

[3] Daurat A, Millet I, Roustan JP, Maury C, Taourel P, Jaber S, et al. Thoracic

Trauma Severity score on admission allows to determine the risk of delayed 
ARDS in trauma patients with pulmonary contusion. Injury 2016;47(1):147–53 

JanuaryEpub 2015 Aug 29. doi: 10.1016/j.injury.2015.08.031 . 
[4] Hill JD, O’Brien TG, Murray JJ, Dontigny L, Bramson ML, Osborn JJ, et al. Pro-

longed extracorporeal oxygenation for acute post-traumatic respiratory failure 
(shock-lung syndrome). Use of the Bramson membrane lung. N Engl J Med 

1972;286(12):629–34 March 23. doi: 10.1056/NEJM197203232861204 . 

[5] Parker BM, Menaker J, Berry CD, Tesoreiero RB, O’Connor JV, Stein DM, et al. 
Single center experience with veno-venous extracorporeal membrane oxygena- 

tion in patients with traumatic brain injury. Am Surg 2020:3134820956360 
Dec 9Epub ahead of print. doi: 10.1177/0 0 03134820956360 . 

[6] Karagiannidis C, Mostert C, Hentschker C, Voshaar T, Malzahn J, Schillinger G, 
et al. Case characteristics, resource use, and outcomes of 10,021 patients with 

COVID-19 admitted to 920 German hospitals: an observational study. Lancet 
Respir Med 2020;8(9):853–62 SepEpub 2020 Jul 28. PMID: 32735842; PMCID: 

PMC7386882. doi: 10.1016/S2213-2600(20)30316-7 . 

[7] Baker SP, O’Neill B, Haddon W Jr, Long WB. The injury severity score: a 
method for describing patients with multiple injuries and evaluating emer- 

gency care. J Trauma 1974;14(3):187–96 . 
[8] Hoffmann M, Lehmann W, Rueger JM, Lefering R. Trauma registry of the Ger- 

man Society for trauma surgery. Introduction of a novel trauma score. J Trauma 
Acute Care Surg 2012;73(6):1607–13 Dec. doi: 10.1097/TA.0b013e318270d572 . 

[9] Lefering R, Huber-Wagner S, Nienaber U, Maegele M, Bouillon B. Update of 

the trauma risk adjustment model of the TraumaRegister DGU: the revised 
injury severity classification, version II. Crit Care 2014;18(5):476. doi: 10.1186/ 

s13054- 014- 0476-2 . 
[10] Pape HC, Lefering R, Butcher N, Peitzman A, Leenen L, Marzi I, et al. The defini-

tion of polytrauma revisited: an international consensus process and proposal 
of the new ’Berlin definition’. J Trauma Acute Care Surg 2014;77(5):780–6 Nov. 

doi: 10.1097/TA.0 0 0 0 0 0 0 0 0 0 0 0 0453 . 

[11] Cohn SM, Dubose JJ. Pulmonary contusion: an update on recent advances 
in clinical management. World J Surg 2010;34(8):1959–70 Aug. doi: 10.1007/ 

s00268- 010- 0599- 9 . 
12] Hamsen U, Waydhas C, Bayer J, Wutzler S, Horst K, Hildebrand F. Trauma 

section of the german interdisciplinary association of critical care, emergency 
medicine (DIVI). Trauma patients with SARS-CoV-2 in German ICUs during the 

2nd wave of the COVID-19 pandemic. Eur J Trauma Emerg Surg 2021:1–5 Nov 

15Epub ahead of print. PMID: 34779869; PMCID: PMC8592079. doi: 10.1007/ 
s0 0 068- 021- 01829- 3 . 

[13] Biderman P, Einav S, Fainblut M, Stein M, Singer P, Medalion B. Extracorporeal 
life support in patients with multiple injuries and severe respiratory failure: 

a single-center experience? J Trauma Acute Care Surg 2013;75(5):907–12 Nov. 
doi: 10.1097/TA.0b013e3182a8334f . 

[14] Chen CY, Hsu TY, Chen WK, Muo CH, Chen HC, Shih HM. The use of extra-

corporeal membrane oxygenation in trauma patients: a national case-control 
study. Medicine (Baltimore) 2018;97(36):e12223 SepPMID: 30200143; PMCID: 

PMC6133399. doi: 10.1097/MD.0 0 0 0 0 0 0 0 0 0 012223 . 
[15] 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;26(1):14 Feb 8PMID: 29422067; PMCID: PMC5806237. doi: 10.1186/ 

s13049- 018- 0481- 6 . 
[16] Wang C, Zhang L, Qin T, Xi Z, Sun L, Wu H, et al. Extracorporeal mem-

brane oxygenation in trauma patients: a systematic review. World J Emerg 
Surg 2020;15(1):51 Sep 11PMID: 32912280; PMCID: PMC7488245. doi: 10.1186/ 

s13017- 020- 00331- 2 . 
[17] Maegele M, Lefering R, Sakowitz O, Kopp MA, Schwab JM, Steudel WI, et al. 

The incidence and management of moderate to severe head injury. Dtsch 
Arztebl Int 2019;116(10):167–73 Mar 8PMID: 30995953; PMCID: PMC6482369. 

doi: 10.3238/arztebl.2019.0167 . 

[18] Bedeir K, Seethala R, Kelly E. Extracorporeal life support in trauma: worth 
the risks? A systematic review of published series. J Trauma Acute Care Surg 

2017;82(2):400–6 Feb. doi: 10.1097/TA.0000000000001292 . 
[19] Ull C, Schildhauer TA, Strauch JT, Swol J. Outcome measures of extracorporeal 

life support (ECLS) in trauma patients versus patients without trauma: a 7- 
 of Health and Social Security de ClinicalKey.es por Elsevier en mayo 18, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.3171/2017.10.JNS17352
https://doi.org/10.3171/2016.1.JNS152385
https://doi.org/10.1016/j.injury.2015.08.031
https://doi.org/10.1056/NEJM197203232861204
https://doi.org/10.1177/0003134820956360
https://doi.org/10.1016/S2213-2600(20)30316-7
http://refhub.elsevier.com/S0020-1383(23)00003-7/sbref0007
https://doi.org/10.1097/TA.0b013e318270d572
https://doi.org/10.1186/s13054-014-0476-2
https://doi.org/10.1097/TA.0000000000000453
https://doi.org/10.1007/s00268-010-0599-9
https://doi.org/10.1007/s00068-021-01829-3
https://doi.org/10.1097/TA.0b013e3182a8334f
https://doi.org/10.1097/MD.0000000000012223
https://doi.org/10.1186/s13049-018-0481-6
https://doi.org/10.1186/s13017-020-00331-2
https://doi.org/10.3238/arztebl.2019.0167
https://doi.org/10.1097/TA.0000000000001292


M.M.-D. Mader, R. Lefering, M. Westphal et al. Injury 54 (2023) 1271–1277 

[  

[

[

[

[  

[  

[

[  

[

[

[

[

year single-center retrospective cohort study. J Artif Organs 2017;20(2):117–24 
JunEpub 2016 Nov 30. doi: 10.1007/s10047- 016- 0938- 1 . 

20] Strumwasser A, Tobin JM, Henry R, Guidry C, Park C, Inaba K, et al. Extracor-
poreal membrane oxygenation in trauma: a single institution experience and 

review of the literature. Int J Artif Organs 2018;41(12):845–53 DecEpub 2018 
Aug 17. doi: 10.1177/0391398818794111 . 

21] Munoz-Bendix C, Beseoglu K, Kram R. Extracorporeal decarboxylation in pa- 
tients with severe traumatic brain injury and ARDS enables effective control 

of intracranial pressure. Crit Care 2015;19:381 Oct 30PMID: 26518584; PMCID: 

PMC4627375. doi: 10.1186/s13054-015-1088-1 . 
22] Karagiannidis C, Strassmann S, Merten M, Bein T, Windisch W, Meybohm P, 

Weber-Carstens S. High in-hospital mortality rate in patients with COVID-19 
receiving extracorporeal membrane oxygenation in Germany: a critical anal- 

ysis. Am J Respir Crit Care Med 2021;204(8):991–4 Oct 15PMID: 34283685; 
PMCID: PMC8534613. doi: 10.1164/rccm.202105-1145LE . 

23] Miller PR, Croce MA, Kilgo PD, Scott J, Fabian TC. Acute respiratory distress 

syndrome in blunt trauma: identification of independent risk factors. Am Surg 
2002;68(10):845–50 Octdiscussion 850-1 . 

24] Zilberberg MD, Carter C, Lefebvre P, Raut M, Vekeman F, Duh MS, et al.
Red blood cell transfusions and the risk of acute respiratory distress syn- 

drome among the critically ill: a cohort study. Crit Care 2007;11(3):R63 PMID: 
17553147; PMCID: PMC2206425. doi: 10.1186/cc5934 . 

25] Kasotakis G, Stanfield B, Haines K, Vatsaas C, Alger A, Vaslef SN, et al. Acute

Respiratory Distress Syndrome (ARDS) after trauma: improving incidence, but 
increasing mortality. J Crit Care 2021;64:213–18 May 13Epub ahead of print. 

doi: 10.1016/j.jcrc.2021.05.003 . 
1277

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library 
2023. Para uso personal exclusivamente. No se permiten otros usos sin autoriza
26] Chaiwat O, Lang JD, Vavilala MS, Wang J, MacKenzie EJ, Jurkovich GJ, et al. 
Early packed red blood cell transfusion and acute respiratory distress syn- 

drome after trauma. Anesthesiology 2009;110(2):351–60 Feb. doi: 10.1097/ALN. 
0b013e3181948a97 . 

27] Edens JW, Chung KK, Pamplin JC, Allan PF, Jones JA, King BT, et al. Pre-
dictors of early acute lung injury at a combat support hospital: a prospec- 

tive observational study. J Trauma 2010;69(Suppl 1):S81–6 Jul. doi: 10.1097/TA. 
0b013e3181e44a32 . 

28] Patel SV, Kidane B, Klingel M, Parry N. Risks associated with red 

blood cell transfusion in the trauma population, a meta-analysis. Injury 
2014;45(10):1522–33 OctEpub 2014 May 24. doi: 10.1016/j.injury.2014.05.015 . 

29] Hughes T, Zhang D, Nair P, Buscher H. A systematic literature review of 
packed red cell transfusion usage in adult extracorporeal membrane oxy- 

genation. Membranes (Basel) 2021;11(4):251 Mar 30PMID: 33808419; PMCID: 
PMC8065680. doi: 10.3390/membranes11040251 . 

30] Komisarow JM, Chen F, Vavilala MS, Laskowitz D, James ML, Krishnamoor- 

thy V. Epidemiology and outcomes of acute respiratory distress syn- 
drome following isolated severe traumatic brain injury. J Intensiv Care 

Med 2020:885066620972001 Nov 15Epub ahead of print. doi: 10.1177/ 
0885066620972001 . 

31] Muellenbach RM, Kredel M, Kunze E, Kranke P, Kuestermann J, Brack A, 
et al. Prolonged heparin-free extracorporeal membrane oxygenation in multi- 

ple injured acute respiratory distress syndrome patients with traumatic brain 

injury. J Trauma Acute Care Surg 2012;72(5):14 4 4–7 May. doi: 10.1097/TA. 
0b013e31824d68e3 . 
of Health and Social Security de ClinicalKey.es por Elsevier en mayo 18, 
ción. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1007/s10047-016-0938-1
https://doi.org/10.1177/0391398818794111
https://doi.org/10.1186/s13054-015-1088-1
https://doi.org/10.1164/rccm.202105-1145LE
http://refhub.elsevier.com/S0020-1383(23)00003-7/sbref0023
https://doi.org/10.1186/cc5934
https://doi.org/10.1016/j.jcrc.2021.05.003
https://doi.org/10.1097/ALN.0b013e3181948a97
https://doi.org/10.1097/TA.0b013e3181e44a32
https://doi.org/10.1016/j.injury.2014.05.015
https://doi.org/10.3390/membranes11040251
https://doi.org/10.1177/0885066620972001
https://doi.org/10.1097/TA.0b013e31824d68e3

	Extracorporeal membrane oxygenation in traumatic brain injury - A retrospective, multicenter cohort study
	Introduction
	Patients and methods
	Trauma register DGU®
	Study cohort and variables
	Statistical methods

	Results
	Discussion
	Conclusions
	Declarations
	Funding / conflict of interest
	Ethics approval / consent
	Data availability
	Code availability

	Declaration of Competing Interest
	CRediT authorship contribution statement
	References


