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Background:  Hybrid trauma management, namely the combination of open and endovascular techniques and/or 
the application of endovascular methods in the operating/emergency room, is a quickly growing concept world-
wide. However, its implications are not well established. We aimed to review the current data regarding hybrid 
trauma management in medical literature.
Methods:  A review of the medical literature published between 2000 and 2020 using PubMed, Cochrane, Embase 
and Medline databases was performed in search of clinical studies regarding hybrid trauma treatments. Case- 
reports were excluded from this review. The manuscripts were analyzed regarding the mechanism, location, and 
type of injury, endovascular and surgical techniques utilized, and the outcome. 
Results:  In total, 14 studies reporting hybrid trauma management in a total of 1,049 patients met the inclusion cri-
teria and were analyzed. Blunt trauma was the leading trauma mechanism (87.1%) and the most common procedure 
was transcatheter arterial embolization, performed in 29.7% of patients. The overall mortality was 15.2%. Regarding 
case-control studies, 85.7% have shown hybrid trauma management to be associated with a shorter time from arrival 
to intervention, 42.9% reported lower rates of unfavorable outcome, and 28.6% reported reduced requirement for 
red blood cell transfusion as compared with conventional management.
Conclusions:  Accumulating data suggests that hybrid management may be associated with a shorter time from 
arrival to intervention, lower rates of unfavorable outcomes and a reduced requirement for red blood cell trans-
fusion as compared with conventional management of trauma patients.
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[7,8], cardiac surgery [9,10], and orthopedic surgery 
[11]. Utilizing hybrid rooms for the management of 
trauma patients is a new, rapidly progressing concept. 
Management of hemorrhage, in the setting of acute 
trauma, by endovascular and combined open-endo tech-
niques has been reported frequently over the past few 
years [12]. This new approach, used for both hemody-
namically stable and unstable patients, is named endo-
vascular resuscitation and trauma management (EVTM) 
[12]. The foundation of the EVTM society in 2017 
enables the sharing of information on advanced bleeding 
control methods and thus plays an important role in the 
evolution and growth of the field of hybrid trauma man-
agement. The management of trauma patients in differ-
ent types of hybrid emergency and operating rooms has 
been described, including management of subclavian 
artery injury [13], innominate artery injury [14], aortic 
rupture [15], and tracheobronchial injury [16]. Due to 
the promising results of hybrid trauma management, 
installation of newly developed hybrid rooms for trauma 
management has been reported in recent years [17–19]. 

These hybrid rooms may eliminate the need to choose 
between interventional radiology techniques and surgical 

INTRODUCTION

The concept of endovascular resuscitation for trauma 
management represents an attractive alternative treat-
ment paradigm for trauma cases previously treated with 
open surgery [1,2]. Percutaneous trauma procedures 
may be used to achieve rapid hemorrhage control and 
urgent repair of damaged vessels [3]. Recent publica-
tions have demonstrated lower complication and mor-
tality rates among patients treated by endovascular 
techniques [4–6]. 

Hybrid emergency and operating rooms have been 
reported in patient management in different medical 
fields, including management of cerebrovascular disease 
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management and enable the management of trauma 
patients with combined definitive trauma interventions 
in a single suite. In addition, hybrid rooms may shorten 
the time interval from arrival to intervention in acute 
trauma patients by elimination of transfer time from the 
resuscitation room to an intervention suite [20]. Fehr 
et al. [20] assessed the potential benefit of hybrid trauma 
management and found that up to 7% of persistently 
hypotensive trauma patients may benefit from the utili-
zation of a hybrid room for trauma management. 

However, the hospital preparedness for hybrid trauma 
management requires sophisticated and expensive 
equipment, high-level professional skills, and commit-
ment [21]. In addition, management of trauma patients 
in a hybrid room, combining open and endovascular 
techniques, is a concept that is still not well established 
and evidence supporting this type of management is rel-
atively limited. 

The aim of this review was to assess the evidence of 
advantages, risks and results of hybrid management of 
acute trauma patients, and to summarize the cumulative 
experience from this concept through a review of the 
currently available English medical literature. 

MATERIALS AND METHODS

A systematic review of the English medical literature was 
conducted using the Pubmed service of the National 
Library of Medicine/National Institutes of Health, 
Cochrane, Embase, and OVID Medline databases to iden-
tify all clinical studies regarding hybrid trauma manage-
ment reported during 2000–2020. Separate search queries 
were performed using the following terms: “trauma” AND 
“hybrid” AND “endovascular”; “hybrid emergency 
room”; “endovascular and hybrid trauma management”; 
“hybrid operating environment” AND “trauma”; “hybrid 
operating suite” AND “trauma”; “EVTM”; “RAPTOR” 
(Resuscitation with Angiography, Percutaneous Techniques 
and Operative Repair). 

Only publications regarding acute trauma patients 
were included. The following criteria were used to select 
studies to be included in the analysis: adequate informa-
tion regarding the mechanism, location, and type of the 
injury; location and type of hybrid management; surgical 
intervention; and follow up. Case-reports were excluded 
from this study as well as clinical studies describing iat-
rogenic or delayed traumatic event complications.

Figure 1  Flow chart of search results. n = number of studies.
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with a significantly shorter time from patient arrival to 
intervention in 85.7% of case-control studies. The mean 
time to intervention in patients treated in a hybrid room 
ranged between 45 and 63 min, whereas the mean time 
to intervention in patients treated conventionally was 
64–148 min. 

In addition, 42.9% of the case-control studies demon-
strated significantly lower rates of unfavorable outcome 
for patients treated in a hybrid room as compared with 
controls. However, the remaining 57.1% of case-control 
studies did not report a significant difference in rates of 
unfavorable outcome. Rates of unfavorable outcome in 
hybrid trauma management ranged between 15% and 
41% compared with 22–47% for patients treated in a 
conventional room. Unfavorable outcome was defined 
as in-hospital mortality or 28-day mortality in four and 
two studies, respectively. One study, reporting results 
for patients with traumatic brain injury, defined unfa-
vorable outcome as unfavorable functional outcomes at 
6 months after injury, as assessed by the Glasgow Out-
come Scale-Extended. 

Moreover, two studies, which constitute 28.6% of 
case-control studies, showed hybrid trauma manage-
ment was associated with a reduced red blood cell 
(RBC) transfusion requirement as compared with con-
ventional trauma management. One of these studies 
[22] reported a mean RBC transfusion volume of 2 units 
of packed cells for patients treated in a hybrid room, 
compared with 4 units for patients treated convention-
ally (p=0.011). The other study [23] reported that the 
rate of RBC transfusion requirement for patients treated 
in a hybrid room and patients treated conventionally 
was 16% and 25% respectively (p=0.04). 

DISCUSSION

Following review of the current literature, results sug-
gest possible significant advantages of hybrid trauma 
management. The survival rate for trauma patients 
treated in a hybrid room ranged between 40% and 
100%. In addition, the endovascular procedure-related 
complication rate found in this review, including one 
patient with a retroperitoneal hematoma and one 
patient who suffered from recurrent bleeding [24 ,25], is 
significantly lower than the complication rate reported 
in current endovascular literature. For example, Desai et 
al. reported an overall complication rate of 21% for 
patients undergoing endovascular repair of arterial 
trauma [26]. Similarly, Asaid et al. reported that endo-
vascular repair of traumatic aortic injury was associated 
with a 20% complication rate, including common fem-
oral artery thrombosis, access-related vessel thrombosis, 
and endoleaks [27]. 

Another promising aspect of hybrid trauma manage-
ment, found in this review, is a decreased rate of unfa-
vorable outcome, found by 42.9% of the analyzed 
case-control studies [22,28,29]. However, when looking 

Methods of descriptive statistics were used to analyze 
the investigated studies regarding patients’ characteris-
tics; mechanism, location, and type of injury; endovas-
cular and surgical techniques utilized; and outcomes. All 
continuous variables are presented as means + standard 
deviation or median with interquartile range. All cate-
gorical variables are expressed as percentages.

RESULTS

The use of hybrid management in acute trauma patients 
was described in 32 articles, published during 2000–
2020. After exclusion of all case-report descriptive stud-
ies (18 studies), 14 studies were included in this review. 
There were seven case-control studies defined as level III 
studies and seven case-series defined as level IV studies 
(Figure 1). 

The total number of patients treated in a hybrid emer-
gency room or operating room was 1049, aged 11–79, 
with an injury severity score ranging between 16 and 75. 
Blunt trauma was the leading indication for hybrid trauma 
management comprising 87.1% (914/1049) of cases. Pen-
etrating trauma comprised 9.4% (103/1049) of cases. For 
32 cases, the mechanism of trauma was not reported. 

Trauma patients were managed in different types of 
hybrid rooms: 76.6% (804) of the patients were treated 
in a hybrid emergency room, 6.2% (65) of the patients 
were treated in a hybrid operating theater, 16.1% (169) 
of the patients were treated in a RAPTOR suite, and 
1.1% (11) of the patients were treated in a combined 
computed tomography (CT) and angiography suite with 
a single pivoting table. Results for case-series studies are 
presented in Table 1. The hybrid techniques utilized in 
the reviewed studies included different combinations of 
laparotomy – 19.3% (202 patients), thoracotomy – 3.8% 
(40 patients), craniotomy – 17.9% (188 patients), 
preperitoneal pelvic packing – 1.6% (17 patients), neck 
exploration – 1.4% (15 patients), extremity vascular 
procedure – 2.6% (27 patients), transcatheter arterial 
embolization – 29.7% (312 patients), resuscitative 
endovascular balloon occlusion of the aorta – 0.9% (9 
patients), temporary balloon occlusion – 1.1% (11 
patients), and stenting – 5.3% (56 patients). The pre-
ferred site for endovascular procedure was the femoral 
artery, although this information was not detailed in 
many of the studies included in this review. 

For trauma patients treated in a hybrid room, an over-
all mortality of 15.2% (159 patients) was found, ranging 
between 0% and 60% in different studies. For patients 
treated conventionally, an overall mortality of 27.8% 
(239 patients) was found, ranging between 15% and 
47% in different studies. The reported endovascular pro-
cedure-related complications included a retroperitoneal 
hematoma in one patient and recurrent bleeding in one 
patient. 

Results for case-control studies are presented in 
Table 2. Hybrid trauma management was associated 
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at the ranges of rates of unfavorable outcome in hybrid 
vs. conventional management (15–41% and 22–47%, 
respectively), the ranges do not appear to be very differ-
ent. A possible explanation for this finding is that this 
review includes studies with a wide range of injury type 
and severity level. Thus, rates of unfavorable outcome 
are highly variable across different studies included in 
this review, making comparison of the studies very lim-
ited. In addition, this review has found a reduced RBC 
transfusion volume requirement in patients treated in a 
hybrid room, reported in two of the studies analyzed 
[22,23]. These findings may be partially attributed to 
the significantly shorter time from patient arrival to 
intervention for patients treated in a hybrid room as 
compared with conventional management, as reported 
in some of the studies reviewed [23,28–31]. 

An interesting aspect of our review is that it revealed 
a wide range of different types of hybrid rooms used for 
trauma management. In several studies, the type of 
hybrid emergency room used for trauma management 
was a hybrid emergency room system (HERS) which 
consists of a trauma resuscitation room equipped with a 
CT scanner, fluoroscopy equipment, and an operating 
room setup [28,30–32]. The HERS was installed in 
Osaka, Japan in 2011 and was first reported by the 
founding members of the Japanese Association for 
Hybrid Emergency Room System [17]. The HERS is 
equipped with a sliding CT scanner system with inter-
ventional radiology features and was created in order to 
facilitate both diagnostic and therapeutic interventions 
in a single room [17]. One study included in this review 
reported the use of an intensive care unit designed for 
surgical intervention and equipped with a mobile digital 
subtraction angiography device [33]. In two other stud-
ies, the hybrid emergency room used for trauma man-
agement was a RAPTOR suite [22,23]. The new concept 
and establishment of a RAPTOR suite was first described 
by Kirkpatrick et al. [34]. This suite, which entered clin-
ical service in March 2013, was designed to provide the 
ultimate setting to prevent exsanguination and elimi-
nate delays in hemorrhage control in trauma patients. 
This pioneer suite was equipped with a ceiling mounted 
single-planar angiography, coupled with a hybrid surgi-
cal operating table, and integrated with an operating 
room integration system [34]. Other hybrid operating 
rooms used for trauma management were operating 
rooms equipped with a digital subtraction angiography 
device [24,35–38]. One study included in this review, 
reported results of trauma patients’ management in an 
angiography suite equipped with a spiral CT [25]. 

These new hybrid rooms present exciting new possi-
bilities for the management of trauma patients. On the 
other hand, the benefits of hybrid trauma management 
must be weighed against the high cost and human 
resource demand of these rooms and workflows [20]. 
Furthermore, the limited availability of hybrid rooms 
should be taken into consideration since hybrid rooms 

are used not only for trauma management, but for a 
wide range of procedures as well, such as treatment of 
neurovascular disease [8], which is mainly performed in 
elective surgery settings. Similarly, new approaches for 
aortic valve replacement utilize hybrid operating rooms 
in some medical centers and are also performed elec-
tively [10]. Therefore, these hybrid rooms and the oper-
ating team needed to operate them may not be available 
for trauma patients on a 24 h basis. 

While the results of the reviewed studies are promis-
ing, a number of limitations of this review must be high-
lighted. One important limitation is the fact that all 
case-control studies have compared management of 
trauma patients in a single center before and after instal-
lation of a hybrid room. It is important to recognize that 
throughout the years, other than the installation of a 
hybrid room, many other changes must have been 
implemented in these medical centers alongside world-
wide advancements in trauma care. Therefore, the 
promising results of these studies may reflect not only 
the advantages of installation and utilization of hybrid 
rooms, but also the different improvements which have 
evolved in the care of trauma patients. 

Another limitation is the retrospective nature of the 
reviewed studies, which are therefore subject to selec-
tion bias and information bias. When discussing our 
results, it is important to note that no randomized con-
trolled or prospective studies were found. Thus, this 
review included studies with a level of evidence of III 
and IV, and no level I or II studies were analyzed. 

Lastly, limited comparability of the analyzed studies 
must be taken into account. The reviewed studies differ 
greatly with regard to patients’ injury type and severity. 
Furthermore, this review included studies performed in 
different centers worldwide. Hence, the differences in 
therapeutic approach, capabilities, and level of expertise 
between different trauma centers must be taken into 
consideration. 

CONCLUSIONS

The existing studies show promising results regarding 
the outcomes of hybrid trauma management, including 
decreased rates of unfavorable outcome, shorter time 
from arrival to treatment, and reduced requirement for 
blood transfusion in different studies. However, the 
published studies to date are observational and retro-
spective studies with a low level of evidence. Interest-
ingly, some centers have already adopted hybrid trauma 
management as a standard of care. Future data col-
lected from these centers may further support the use 
of this approach in the future as a standard of care 
worldwide. 

We believe findings of this review justify the urgent 
need for further prospective studies to better understand 
the possible advantages of and indications for hybrid 
trauma management. These future studies should also 
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address the high cost and resource demand of this prom-
ising new approach. 
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