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Abstract
Background  Extracorporeal membrane oxygenation (ECMO) can provide temporary circulatory support and vital 
organ oxygenation and is potentially useful as a bridge therapy in some trauma cases. We aimed to demonstrate the 
characteristics and outcomes of patients with trauma treated with veno-arterial ECMO (V-A ECMO) using data from a 
Japanese nationwide trauma registry.

Methods  This retrospective descriptive study analyzed data from the Japan Trauma Data Bank between January 2019 
and December 2021. Patients with severe trauma (injury severity score [ISS] ≥ 9) and treated using V-A ECMO were 
assessed.

Results  Among the 72,439 patients with severe trauma, 51 received V-A ECMO. Sixteen patients (31.3%) survived 
until hospital discharge. On hospital arrival, six (37.5%) survivors and 15 (42.9%) non-survivors experienced cardiac 
arrest. The median ISS for the survivor and non-survivor group was 25 (range, 25–39) and 25 (range, 17–33), 
respectively. Thoracic trauma was the most common type of trauma in both groups. In the non-survivor group, open-
chest cardiopulmonary resuscitation, aortic cross-clamping, and resuscitative endovascular balloon occlusion of the 
aorta were performed in 10 (28.6%), 5 (14.3%), and 4 (11.4%) patients, respectively. However, these procedures were 
not performed in the survivor group. Peripheral oxygen saturation tended to be lower in the survivor group both 
before and upon arrival at the hospital.

Conclusions  The results of this study suggest the potential benefit of V-A ECMO in some challenging trauma cases. 
Further studies are warranted to assess the indications for V-A ECMO in patients with trauma.
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Background
The leading cause of death due to trauma is hemorrhage 
[1]. However, other causes, including severe hypoxia due 
to lung injury and obstructive shock due to cardiac tam-
ponade, can also cause death from trauma. Although 
immediate and appropriate management by trauma spe-
cialists is ideal for saving patients, trauma specialists are 
not always available in many countries. Temporal respira-
tory and circulatory support as a bridge therapy to sur-
gical stabilization by either of DCS or definitive surgery 
might be effective in such conditions.

Extracorporeal membrane oxygenation (ECMO) is 
commonly used in non-trauma patients, such as those 
with cardiogenic shock, pulmonary embolism, or respira-
tory failure. Although ECMO can potentiate risk of exac-
erbating trauma coagulopathy and has the potential risk 
of exacerbating traumatic coagulopathy through heparin-
coated circuits, considering the nature of temporary cir-
culatory support as well as oxygenation of vital organs, it 
can be an option as a bridging therapy to definitive treat-
ment in some trauma cases [2–5]. However, due to the 
limited number of cases, a consensus for the indication of 
veno-arterial (V-A) ECMO in trauma cases has not been 
reached.

Successful management of cases using veno-venous 
(V-V) ECMO for severe hypoxia related to trauma itself 
or volume overload has been reported recently [1–3]. 
Additionally, there have been a few reports of V-A ECMO 
use for deteriorated circulatory status related to trauma 
or traumatic injury such as cardiac contusion leading to 
cardiogenic shock [6–11]. The Extracorporeal Life Sup-
port Organization (ELSO) international registry report 
analyzed 32 trauma cases treated with V-A ECMO [12] 
and described the setting and management of ECMO; 
however, detailed patient trauma-related characteristics, 
including trauma severity, were not clear [12]. There-
fore, this study aimed to demonstrate the characteristics 
and outcomes of patients with trauma treated with V-A 
ECMO using a Japanese nationwide trauma registry.

Methods
Study design and settings
This was a retrospective descriptive study using data 
from the Japan Trauma Data Bank (JTDB) between Janu-
ary 2019 and December 2021. The JTDB is a nationwide 
trauma registry established in 2003, and all patients 
with trauma with an abbreviated injury scale (AIS) [13] 
score of 3 or higher, regardless of the injured anatomi-
cal site, must be registered. Since the registration regu-
lation was revised in 2019, the distinction between V-A 
ECMO and V-V ECMO has been enabled in the JTDB. 
During the study period, the JTDB registered records 
from 303 hospitals. The database contains information 
on the mechanism of injury, prehospital time course, and 

baseline characteristics of patients, including vital signs 
at the scene of injury and upon arrival at the emergency 
department, procedures performed, and survival sta-
tus at hospital discharge. The procedures performed in 
the emergency and operating rooms after admission to 
the ward are also recorded. The characteristics of these 
patients, including the injury site, anatomical trauma 
severity, and physiological status, were assessed.

This study complied with the principles of the 1964 
Declaration [14] of Helsinki and its amendments and was 
approved by the Ethics Committee of Tsuchiura Kyodo 
General Hospital (approval number: 2023FY119). The 
requirement for informed consent was waived because 
of the retrospective nature of the study. The Ethics Com-
mittee of Tsuchiura Kyodo General Hospital waived the 
requirement for informed consent. The opt-out method, 
which provided opportunities to refuse to participate in 
the study through online information disclosure at our 
hospital, was used. All of these details were approved by 
the Ethics Committee of Tsuchiura Kyodo Hospital.

Patient selection
Patients who suffered trauma with an injury severity 
score (ISS) [15] of at least 9 points were transported to a 
hospital between January 2019 and December 2021 and 
were treated with peripheral V-A ECMO were included. 
Patients aged < 15 years were excluded.

Data collection
The following patient information was collected from 
the JTDB: age, sex, year of injury, prehospital vital signs 
(systolic blood pressure, heart rate, and respiratory rate), 
time from emergency medical service (EMS) dispatch to 
arrival at the emergency department, prehospital care, 
vital signs on arrival at the emergency department (sys-
tolic blood pressure, heart rate, and respiratory rate), 
Glasgow coma scale scores, lactate, AIS, ISS, resuscita-
tive procedures, surgery, endovascular treatment, sur-
vival status at hospital discharge, and time to death or 
discharge. Because the JTDB is a general trauma registry 
and not an ECMO-specific database, information on the 
time, indication, procedure, management, and duration 
of V-A ECMO was not available.

Statistical analysis
Statistical analyses were performed using R 4.3.1 (R 
Foundation for Statistical Computing, Vienna, Austria). 
Descriptive statistics were used to display categorical 
variables as counts and percentages and numerical or 
ordinal variables as medians and 25th to 75th percen-
tiles. Survival curves were generated using Kaplan–Meier 
estimation and compared using log-rank tests. As the 
exploratory analysis, a multivariate Cox hazards regres-
sion analysis adjusted by Trauma and Injury Severity 
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Score(TRISS) - Probability of survival (Ps) [16] was per-
formed. The level of significance was defined as two-
sided p < 0.05 for all statistical analyses.

Results
Of the 72,439 patients with trauma with an ISS of 9 or 
higher, V-A ECMO was used in 51 patients, of whom 16 
(31.3%) were discharged alive (Fig. 1). Regarding patient 
backgrounds, the median ages of the survivor and non-
survivor groups were 50 (range, 20–73) and 52 (range, 
40–70) years, respectively. Regarding sex, 11 (68.8%) and 
29 (82.9%) patients were male in the survivor and non-
survivor groups, respectively. Blunt trauma accounted 
for 11 (68.8%) and 26 (74.3%) patients in the survivor and 
non-survivor groups, respectively; the times from EMS 
dispatch to hospital arrival were 41 (range, 33–60) and 37 
(range, 26–48) minutes, respectively (Table 1).

The JTDB data from 2019 to 2021 enrolled 88,817 
patients. Of these, minor trauma patients with an ISS of 8 
points or less were excluded, resulting in 72,439 patients. 
Among them, 51 patients used V-A ECMO. V-A ECMO 
and V-V ECMO were clearly distinguished in this data-
base, and 51 patients were included in the current study. 

Of these, 16 patients were discharged alive, and 31 were 
discharged deceased. ECMO, Extracorporeal Membrane 
Oxygenation; ISS, Injury Severity Score; JTDB, Japan 
Trauma Data Bank; V-A ECMO, Veno-Arterial Extracor-
poreal Membrane Oxygenation.

Prehospital interventions and vital signs are shown in 
Table 2. The median prehospital systolic blood pressure 
was 103 (range, 82–109) mmHg in the survivor group 
and 94 (range, 78–120) mmHg in the non-survivor 
group. Vital signs upon hospital arrival are summarized 
in Table 3. Six (37.5%) survivors and 15 (42.9%) non-sur-
vivors experienced cardiac arrest. Systolic blood pressure 
was 69 (range, 0–102) mmHg in the survivor group and 
40 (range, 0–90) mmHg in the non-survivor group, both 
of which were lower than the prehospital systolic blood 
pressure.

Regarding anatomical severity, thoracic trauma was the 
most common in the survivor and non-survivor groups. 
The median ISS for the survivor and non-survivor groups 
was 25 (range, 25–39) and 25 (range, 17–33), respec-
tively, while the revised trauma score (RTS) showed a 
difference of 3.79 (range, 0.00–6.90) and 1.90 (range, 
0.00–3.90) for the survivor and non-survivor groups, 

Fig. 1  Case selection procedures
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respectively. Therefore, the probability of survival cal-
culated by the trauma and injury severity score was 0.22 
(range, 0.09–0.81) for the survivor group and 0.11 (range, 
0.03–0.37) for the non-survivor group. There were three 
(18.8%) focused assessment with sonography for trauma-
positive cases in the survivor group and 19 (26.5%) in the 
non-survivor group (Table 3).

Resuscitative procedures are summarized in Table  4. 
Concurrent use of V-V ECMO was performed in three 
(18.8%) survivors and three (8.6%) non-survivors. In the 
non-survivor group, open-chest cardiopulmonary resus-
citation was performed in 10 patients (28.6%), aortic 
clamping in five patients (14.3%), and resuscitative endo-
vascular balloon occlusion of the aorta in four patients 
(11.4%). However, these procedures were not performed 
on the survivors. Thoracic drainage was performed in 
seven (43.8%) survivors and 14 (40%) non-survivors. 
Regarding the type of surgery or interventional radiol-
ogy, thoracotomy was performed more frequently in both 

groups: three (18.8%) cases in the survivor group and 11 
(31.4%) in the non-survivor group. Laparotomy was per-
formed in four (11.4%) of the non-survivors but only in 
one (6.2%) of the survivors. Figure  2 shows the survival 
curves of the 51 patients treated with V-A ECMO. The 
28-day survival rate of all patients was 32.7%. A table 
ranking the most frequently injured trauma disease 
names in all patients by AIS code is shown in Online 
Resource 1. The exploratory multivariate analysis of V-A 
ECMO use, adjusted for TRISS Ps, revealed a hazard 
ratio of 0.411 (95% C.I. 0.13–1.29) (Online Resource 2).

This shows the survival curve for all 51  V-A ECMO 
patients, with a 28-day survival rate of 32.7% and a 
median survival time of 2 days.

Discussion
We examined the characteristics of 51 patients with 
trauma treated with V-A ECMO. Of these, 16 (31.3%) 
were discharged alive. Our results suggest the potential 
benefit of V-A ECMO in some challenging trauma cases.

Reports on the use of V-A ECMO for the treatment of 
trauma are limited [6–8, 17]. This study analyzed a Japa-
nese nationwide trauma database that provided more 
detailed trauma-related information than did a previ-
ous study using the ELSO registry [12] by Swol et al. We 
demonstrated the types of traumas, anatomical severity 
according to AIS and ISS, and other resuscitative treat-
ments. Additionally, contrary to the ELSO registry anal-
ysis, which included both V-A ECMO and V-V ECMO, 
this study was completely dedicated to V-A ECMO. To 
the best of our knowledge, this study included the largest 

Table 1  Patient background and trauma details
Survivors 
(n = 16)

Non-
survivors 
(n = 35)

p 
value

Age (median [IQR]) 50 [23–73] 52 [40–70] 0.590
sex (%), male 11 (68.8) 29 (82.9) 0.288
Type of trauma (%)
Blunt 11 (68.8) 26 (74.3) 0.213
Penetrate 0 (0.0) 4 (11.4)
Other 5 (31.2) 5 (14.2)
Mechanism of injury (%)
Traffic accident 8 (50.0) 10 (28.6) 0.141
Railroad accident 1 (6.2) 0 (0.0) 0.314
Falling 2 (12.5) 12 (34.3) 0.390
External forces from objects or people 3 (18.8) 4 (11.4) 0.076
Clamping 0 (0.0) 2 (5.7) 1
Other 1 (6.2) 3 (8.5) 1
Transport method
Ambulance (%) 13 (81.2) 25 (71.4) 0.730
Physician-staffed ambulance (%) 2 (12.5) 5 (14.3) 1
Physician-staffed helicopter (%) 2 (12.5) 7 (20.0) 0.701
Time; From EMS dispatch to hospital 
arrival (min) (median [IQR])

41 [33–60] 37 [26–48] 0.211

Time; From onsite departure to hospi-
tal arrival (min) (median [IQR])

14 [9–17] 12 [9–16] 0.476

Past medical history (%)
Cerebrovascular disease 1 (6.2) 3 (8.6) 1
Dementia 1 (6.2) 0 (0.0) 0.314
Chronic lung disease 0 (0.0) 2 (5.7) 1
Peptic ulcer 1 (6.2) 0 (0.0) 0.314
Mild liver disease 0 (0.0) 2 (5.7) 1
Diabetes mellitus 1 (6.2) 4 (11.4) 1
None 12 (75.0) 27 (77.1) 1
Charlson comorbidity index (median 
[IQR])

0 [0–0] 0 [0–0] 1

IQR, interquartile range

Table 2  Prehospital treatments and vital signs
Survivor 
(n = 16)

Non-survivor 
(n = 35)

p 
value

Prehospital treatment (%)
Oxygen administration 14 (87.5) 25 (71.4) 0.296
Neck collar 9 (56.2) 11 (31.4) 0.126
Spinal motion restriction 10 (62.5) 16 (45.7) 0.368
Artificial respiration 4 (25.0) 9 (25.7) 1
Chest compressions 4 (25.0) 10 (28.6) 1
Intubation 3 (18.8) 5 (14.3) 0.694
Airway management 6 (37.5) 9 (25.7) 0.510
Intravenous drip 5 (31.2) 10 (28.6) 1
Thoracic drainage 3 (18.8) 0 (0.0) 0.027
Blood transfusion 1 (6.2) 0 (0.0) 0.314
Prehospital vital signs (median 
[IQR])
Systolic blood pressure 103 [82–109] 94 [78–120] 0.979
Diastolic blood pressure 62 [42–77] 50 [44–57] 0.721
Heart rate 85 [47–125] 88 [51–107] 0.683
Respiratory rate 24 [14–28] 24 [10–30] 0.744
SpO2 91 [78–98] 95 [90–98] 0.326
IQR, interquartile range
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number of cases in which V-A -ECMO was used to treat 
trauma.

Although assessing the association between V-A 
ECMO use and patient survival was impossible because 
of the limited number of cases and lack of detailed time-
course information, we were able to compare the char-
acteristics of the survivor and non-survivor groups. The 
anatomical severity defined by the ISS was similar in both 
groups. Although the vital signs at the scene of injury 
were similar, those upon hospital arrival were different. 
The non-survivor group had lower blood pressure, worse 
consciousness levels, and elevated lactate levels com-
pared to the survivor group, indicating that their circula-
tory status worsened during transport. The deteriorated 
circulatory status resulted in a lower RTS and probability 
of survival in the non-survivor group. Notably, the SpO2 
value was lower in the survivor group than in the non-
survivor group. While V-V ECMO is the first choice for 
poor oxygenation, the oxygenation circulatory support of 
V-A ECMO may have had a positive influence in case cir-
culatory failure coexisted. Regarding the injured region, 
V-A ECMO was likely introduced for severe chest injury 
in both groups.

As this was a retrospective registry-based analysis, 
the introduction of VA-ECMO did not follow a spe-
cific protocol. Some patients may have survived without 

V-A ECMO. However, it is noteworthy that six patients 
(37.5%) in the survivor group and 15 (42.9%) in the non-
survivor group had cardiac arrest on hospital arrival, 
which indicated that some of the most severe patients 
could survive using V-A-ECMO. 　 Notably, none of the 
survivors underwent open-chest cardiopulmonary resus-
citation, aortic cross-clamp, or resuscitative endovascu-
lar occlusion of the aorta. This suggests that patients with 
massive hemorrhage requiring aortic cross-clamping or 
aortic occlusion below the diaphragm are not good can-
didates for V-A ECMO.

The first touch in the emergency department for 
trauma cases is performed by an emergency physician 
in many Japanese hospitals other than limited resource-
ful hospitals. A trauma surgeon is uncommon in Japan, 
and a surgeon who can provide hemostatic surgery is 
not always available in many emergency hospitals [18, 
19]. In addition, because immediate hemostatic surgery 
is often difficult, the use of bridging measures, such as 
V-A ECMO or REBOA, is more common in Japan than 
in the USA [20–23]. This describes the current character-
istics of trauma care in Japan and how they differ from 
the global standard.

In light of these considerations, several possibilities 
exist for using V-A ECMO in trauma patients. First, 
V-A ECMO may prevent cardiac arrest when the heart 

Table 3  Patient status upon hospital arrival and anatomical severity
Survivor (n = 16) Non-survivor (n = 35) p value

Cardiac arrest on hospital arrival (%) 6 (37.5) 15 (42.9) 0.768
Vital signs at the Emergency department (median [IQR])
Systolic blood pressure 69 [0–102] 40 [0–90] 0.474
Diastolic blood pressure 50 [0–75] 0 [0–59] 0.244
Heart rate 101 [45–124] 50 [0–106] 0.139
Respiratory rate 11 [0–25] 0 [0–19.50] 0.467
SpO2 93 [77–97] 98 [95–100] 0.065
Body temperature 34.9 [31.0–36.4] 35.8 [32.7–36.5] 0.700
Glasgow Come Scale 5 [3–9] 3 [3–5] 0.164
Lactate_(mmol/L) (median [IQR]) 4.7 [2.0–10.1] 10.7 [6.2–16.3] 0.041
FAST-Positive (%) 3 (18.8) 19 (26.5) 0.933
AIS (median [IQR])
Head 0 [0–4] 0 [0–2] 0.408
Face 0 [0–0] 0 [0–0] 0.952
Neck 0 [0–0] 0 [0–0] 0.143
Thorax 4 [0–5] 3 [0–4] 0.642
Abdomen 0 [0–1] 0 [0 − 0] 0.713
Spinal or Spine 0 [0–0] 0 [0–0] 0.759
Upper limbs 0 [0–0] 0 [0–0] 0.251
Lower limbs 0 [0–2] 0 [0–2] 0.904
Surface 0 [0–2] 0 [0–0] 0.449
ISS (median [IQR]) 25 [25–39] 25 [17–33] 0.429
RTS (median [IQR]) 3.79 [0.00–6.90] 1.90 [0.00–3.90] 0.224
TRISS Ps (median [IQR]) 0.22 [0.09–0.81] 0.11 [0.03–0.37] 0.158
FAST, Focused Assessment with Sonography in Trauma; AIS, Abbreviated Injury Scale; ISS, Injury Severity Score; IQR, interquartile range; RTS, Revised Trauma Score; 
TRISS, Trauma and Injury Severity Score; Ps, Probability of survival
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is repositioned to secure the surgical field during repair 
of the left heart system [8, 24]. Additionally, it could 
serve as a bridge until the obstruction is relieved in the 
operating room, particularly in patients nearing cardiac 
arrest due to obstructive shock from conditions such as 
cardiac tamponade or massive hemothorax. The second 
application is intraoperative. In cases of aortic injury [25] 
or cardiac injury, partial extracorporeal circulation with 
oxygenation from the femoral vein to the femoral artery 
can be used during aortic or cardiac repair [26], which 
can minimize ischemia in more peripheral organs than 
in the injured aorta or cardiac. Third, temporal circula-
tory stabilization is achieved after hemostatic surgery in 
patients unable to maintain their circulatory status due to 
extensive trauma and subsequent surgical interventions 
[7, 27]. Moreover, in certain instances, it has also served 
as a bridge to alleviate obstruction in the operating room 
during near-cardiac arrest scenarios induced by cardiac 
tamponade or massive hemothorax obstructive shock 
[28]. If a large number of vasopressors and fluids are 
required after hemostasis, mechanical support by V-A 
ECMO would be useful to reduce adverse events related 
to massive fluid infusion therapies. V-V ECMO is better 

than V-A ECMO as a temporary adjunct to hypoxia, and 
V-A ECMO seems to be a very good indication when it 
is accompanied by shock that is not hemorrhagic, i.e., 
cardiogenic shock. V-A ECMO is sometimes performed 
when cardiac function fails to return after cardiac repair 
post-injury or does not recover following hemostasis due 
to hemorrhagic shock or other reasons. Considering that 
20 patients in this study experienced cardiac arrest upon 
hospital arrival, the most common reason for using V-A 
ECMO for trauma in Japan was considered to maintain 
circulation and oxygenation simultaneously during and 
after hemostatic surgery. It is difficult to clearly present 
the potential usefulness of V-A ECMO in trauma because 
our study is a retrospective observational study using a 
database with a small number of cases using V-A ECMO. 
Regarding vital signs, the patient’s blood pressure was 
low but did not demonstrate cardiac arrest. No cases of 
fatal peripheral circulatory failure were recorded, with 
lactate levels exceeding 10. Similarly, no survivors were 
noted following resuscitative thoracotomy or REBOA in 
the emergency room. While pulmonary contusions gen-
erally indicate the use of V-V ECMO, V-A ECMO may 

Table 4  Treatment at the hospital
Survivor (n = 16) Non-survivor (n = 35) p value

Blood Transfusion (within 24 h) (median [IQR])
Red Blood Cell 5 [1–18] 21 [3–44] 0.052
Fresh Frozen Plasma 11 [0–28] 26 [2–51] 0.116
Platelet Cell 0 [0–12] 20 [0–30] 0.140
Circulatory and respiratory care
Tracheal intubation (%) 13 (81.2) 30 (85.7) 1
Assisted breathing or Artificial respiration (%) 9 (56.2) 28 (80.0) 0.099
V-V ECMO (%) 3 (18.8) 3 (8.6) 0.363
Open-chest cardiopulmonary resuscitation (%) 0 (0.0) 10 (28.6) 0.021
Aortic cross clamp (%) 0 (0.0) 5 (14.3) 0.167
Resuscitative endovascular balloon occlusion of the aorta (%) 0 (0.0) 4 (11.4) 0.295
Thoracic drainage (%) 7 (43.8) 14 (40) 0.547
Pericardiocentesis (%) 0 (0.0) 5 (14.3) 0.167
Operation/interventional radiology
Head, craniotomy 1 (6.2) 0 (0.0) 0.314
Face, operation 1 (6.2) 0 (0.0) 0.314
Neck, operation 1 (6.2) 2 (5.7) 1
Thorax
Thoracotomy 3 (18.8) 11 (31.4) 0.508
Interventional radiology 0 (0.0) 2 (2.9)
Other 1 (6.2) 1 (2.9)
Abdomen
Laparotomy 1 (6.2) 4 (11.4) 0.295
Interventional radiology 0 (0.0) 1 (2.9)
Extremities/Pelvis/Spine
Operation 4 (25.0) 1(2.9) 0.027
Interventional radiology 0 (0.0) 2 (5.7)
Other 1 (6.2) 1 (2.9)
CPA, Cardiopulmonary resuscitation; IQR, interquartile range; V-V ECMO, Veno-Venous Extracorporeal membrane oxygenation
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prove beneficial in cases of circulatory failure [4, 9, 27, 
28] (Online Resource 1).

This study had some limitations. First, the reasons for 
introducing V-A ECMO were not clearly recorded. As 
mentioned, a detailed time course, including the chrono-
logical context of resuscitative thoracotomy or REBOA 
use, in the emergency department or operating room 
was unavailable. As the JTDB is not an ECMO-specific 
database, detailed ECMO-related information, such as 
the duration of circulatory support, device settings and 
use of heparin, was unclear. It is also unclear whether 
the patient was treated radically for V-A ECMO with-
drawal. Second, owing to the lack of a specific protocol 
to introduce V-A ECMO, there may have been a selection 
bias. Because JTDB registers treatment actions that were 

actually performed, cases that were attempted but could 
not be performed (e.g., due to poor blood drawing) may 
not be included, which could be a serious bias. Third, 
due to the nature of registry-based analysis, registration 
errors may have occurred. However, this study has the 
strength of presenting rare cases of V-A ECMO use in 
severe trauma and reporting their detailed characteris-
tics, including survival rates. These data will be useful for 
future studies to establish the indications for V-A ECMO 
in patients with severe trauma.

In conclusion, we described the characteristics, treat-
ment interventions, and prognosis of severe trauma 
patients treated with V-A ECMO using the Japanese 
national trauma registry. Our results suggest the poten-
tial utility of V-A ECMO in some challenging trauma 

Fig. 2  Survival curve of all cases
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cases. Therefore, further research is needed to use a com-
mon patient identification system for the ECMO and 
trauma databases; hence, information from both data-
bases can be linked and analyzed if necessary.
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