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Abstract

Background Hemorrhage control is a time-critical task, and recent studies have demonstrated that a shorter time
to definitive care is positively associated with patient survival and functional outcomes. The concept of direct trans-
port to the operating room was proposed in the 1960s to reduce treatment time. Some trauma centers have devel-
oped protocols for direct-to-operating room resuscitation (DOR) programs. Moreover, few studies have reported

the clinical outcomes of DOR in patients with trauma; however, their clinical effect in improving the efficiency

and quality of care remains unclear. In this systematic review, we aimed to consolidate all published studies reporting
the effect of DOR on severe trauma and evaluate its utility.

Methods The PubMed, EMBASE, and Cochrane databases were searched from inception to April 2023, to identify
all articles published in English that reported the effect of direct-to-operating room trauma resuscitation for severe
trauma. The articles were reviewed as references of interest.

Results We reviewed six studies reporting the clinical effect of operating room trauma resuscitation. A total of 3232
patients were identified. Five studies compared the actual mortality with the predicted mortality using the trauma
score and injury severity score, while one study compared mortality using propensity matching. Four studies reported
that the actual survival rate for overall injuries was better than the predicted survival rate, whereas two studies
reported no difference. Some studies performed subgroup analyses. Two studies showed that the survival rate

for penetrating injuries was better than the predicted survival rate, and one showed that the survival rate for blunt
injuries was better than the predicted survival rate. Five studies reported the time to surgical intervention, which

was within 30 min. Two studies time-compared surgical intervention, which was shorter in patients who underwent
DOR.

Conclusion Implementing DOR is likely to have a beneficial effect on mortality and can facilitate rapid interven-
tion in patients with severe shock. Future studies, possibly clinical trials, are needed to ensure a proper comparison
of the efficiency.
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injured patients [2]. A recent study has demonstrated
that a shorter time to definitive care is positively associ-
ated with patient survival and functional outcomes [3].

The concept of direct transport to the OR was pro-
posed in the 1960s to minimize the treatment time for
patients with trauma [4]. While some trauma centers
have established protocols for direct-to-operating room
resuscitation (DOR) programs, few studies have reported
the clinical outcomes of DOR in patients with trauma,
particularly those with penetrating injuries [5-11].

A recent systematic review of hybrid operating theaters
(OTs) highlighted their ability to facilitate simultaneous
interventional radiology and operative procedures for the
treatment of severely injured patients; however, the cost—
benefit ratio was unclear [12]. Moreover, the practice of
DOR has not been systematically reviewed in the litera-
ture for decades. Therefore, this systematic review aimed
to consolidate all published studies reporting the impact
of DOR on severe trauma and evaluate its utility.

Methods

This systematic review was conducted in accordance
with the protocol registered in PROSPERO [http://
www.crd.york.ac.uk/PROSPERO/] (reference number:
CRD42023414650).

Definition of DOR

DOR refers to the policy of transporting critically injured
patients directly to the OR for resuscitation, bypassing
the resuscitation suite [emergency department (ED) or
trauma bay]. The decision to perform DOR is based on
the discretion of the trauma team members based on the
prehospital injury pattern and physiology of the patient.

Search strategy

The PubMed, EMBASE, and Cochrane Library databases
were systematically searched from inception to April
2023. The key search terms included “trauma,” “direct-to-
operation room,” “mortality, and “treatment outcome.”
The complete search strategy is outlined in Additional
file 1. The inclusion criteria were (1) English language
studies, (2) full-text articles, and (3) studies that utilized
the DOR protocol and evaluated the impact of direct-
to-operating room trauma resuscitation in patients with
trauma. The exclusion criteria were as follows: (1) gray
literature and (2) abstracts, letters, editorials, expert
opinions, technical notes, case reports, and reviews.

Screening process and data extraction

All articles identified using the search strategy were inde-
pendently screened by two investigators. The full texts
were reviewed and assessed for eligibility based on the
inclusion and exclusion criteria. Disagreements were
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resolved independently by a third reviewer at all stages.
Data were extracted through discussions with a third
reviewer. Data obtained from full-text articles included
the year of publication, number of patients, study design,
and inclusion and exclusion criteria. The outcomes of this
systematic review included mortality and time to surgical
intervention.

Quality assessment and analysis

The quality of the observational studies was assessed
using the Newcastle—Ottawa Scale. A detailed assess-
ment of the risk of bias is presented in Table 1. The data
analysis was qualitative, allowing overall interpretation of
the data based on a qualitative summary. The results were
reported in accordance with the PRISMA guidelines.

Results

Included studies

The literature search yielded 4087 articles, including 1294
records from PubMed, 2733 from EMBASE, and 60 from
the Cochrane database. After omitting duplicate articles,
3106 articles underwent title and abstract screening for
eligibility. Of these, 17 underwent full-text assessment
for eligibility. Another 11 articles were excluded, and 6
were eligible for inclusion. Two independent investiga-
tors (D.S. and I.H.) agreed to the selection of articles after
full-text review. All disagreements were resolved by dis-
cussion with a third reviewer (H.J.). Figure 1 depicts the
PRISMA flowchart for this study.

Study characteristics

The characteristics of the included studies are presented
in Table 2. Our search yielded four retrospective obser-
vational studies and two prospective observational stud-
ies. Four studies were conducted on all patient groups,
one study was conducted in adult patients, and one
study was conducted in pediatric patients. Although the
details of each DOR indication were slightly different,
the broad inclusion criteria such as persistent hypoten-
sion, penetrating injury, evisceration, and amputation
were similar among studies. Five studies compared actual
mortality with predicted mortality using the trauma
score and injury severity score (TRISS), and one study
compared mortality using propensity matching. The time
to incision was also compared in two studies.

Efficiency of DOR

The clinical outcomes of the included studies are pre-
sented in Table 3. We assessed the results of the five stud-
ies that compared the actual mortality related to DOR
with the predicted mortality using the TRISS. Wieck
et al. conducted a prospective study of pediatric patients
and reported no significant difference between the
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Identification of studies via databases and registers
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Fig. 1 PRISMA flow diagram regarding the literature search. PRISMA preferred reporting items for systematic reviews and meta-analyses
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Table 2 Characteristics of the six included studies that evaluated the efficacy of direct-to-operating room (DOR) trauma resuscitation

Author

Study setting

Date of recruitment Intervention Study population DOR indication

group

Outcome

Wieck et al. [5] (USA)

Steele et al. [6] (USA)

Rhodes et al. [7]
(USA)

Prospective study

Retrospective study From 1984 to 1995

Prospective study

From 2009 to 2016

Over 3 years

82

742

240

Pediatric patients

All patients

All patients

Chest injury

Rigid, distended
abdomen
Evisceration
Penetrating injury

of the neck, chest,
abdomen, and pelvis
Traumatic amputa-
tion

Age-specific hypo-
tension as defined
by the ATLS criteria
Significant blood loss
atthe scene oren
route
Cardiopulmonary
arrest due to trauma
Physician discretion

Cardiac arrest
Persistent
hypotension

(SBP <100 mmHq)
despite administra-
tion of intravenous
fluid in the field
Amputation

or uncontrolled
external hemorrhage
Patients received

in transfer from other
facilities who had
known diagnoses
requiring urgent
operation

SBP <80 mmHg
Penetrating torso
trauma

Multiple long bone
fractures

Major limb amputa-
tion

Extensive soft tissue
wounds

Severe maxilla facial
hemorrhage
Witnessed arrest

Comparison of actual
mortality with pre-
dicted mortality based
on the TRISS

Hospital charge

Comparison of actual
mortality with pre-
dicted mortality based
on the TRISS

Mean time to incision

Comparison of actual
mortality with pre-
dicted mortality based
on the TRISS

Mean time from leav-
ing the scene to arriv-
ing at the OR
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Author

Study setting

Date of recruitment Intervention Study population DOR indication
group

Outcome

Martin et al. [8] (USA)

Johnson et al. [9]
(USA)

Habarth-Morales
etal. [10] (USA)

Retrospective study From 2000 to 2009

Retrospective study From 2012 to 2017

Retrospective study From 2007 to 2019

1407

628

133

Age > 16 years

All patients

Age =15 years
(Not referrals
from other hos-
pitals)

Chest injury

Rigid, distended
abdomen

Crush injury

to the torso
Evisceration
Penetrating injury
of the neck, chest,
abdomen, and pelvis
Amputation
Profound

shock (adult

SBP <80 mmHg,
pediatric

SBP <60 mmHg)
Massive blood loss
at the scene or en
route

CPR resulting
from trauma

Chest injury

Rigid, distended
abdomen

Crush injury

to the torso
Evisceration
Penetrating injury
of the neck, chest,
abdomen, and pelvis
Amputation
Profound

shock (adult

SBP <80 mmHg,
pediatric

SBP <60 mmHg)
Massive blood loss
at the scene or en
route

CPR resulting

from trauma
Hypothermia (tem-
perature <31 °C)
EMS or flight pro-
vider request
Ruptured or dis-
sected aortic
aneurysm

Penetrating injuries
of the neck, chest,
abdomen, or pelvis
Cardiopulmonary
arrest

Profound shock
Amputation (proxi-
mal to the elbow
or knee)

Open chest

or abdominal wound
(evisceration)
NTDB record

from 2013 to 2016
Patients with lapa-
rotomy performed
within 2 h of ED
arrival

Comparison of actual
mortality with pre-
dicted mortality based
on the TRISS

Median time to inter-
vention

Comparison of actual
mortality with pre-
dicted mortality based
on the TRISS

Propensity score
matching

Time to laparotomy
incision

Blood transfusion
requirement

ICU length of stay
Ventilator day
In-hospital mortality
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Table 3 Efficiency outcomes regarding direct-to-operating room (DOR) trauma resuscitation as reported in the six included studies

Author Mortality

Procedure duration

Wieck et al. [5]
model

Compared with the predicted survival as calculated by the TRISS

Not assessed

Overall (n=82): 84% observed versus 79% predicted (p=0.4)
Penetrating (n=48): 84% observed versus 74% predicted (p=0.002)

Steele et al. [6]
model

Overall (n=742): 75.3% observed versus 64% predicted (p <0.001)
Blunt (n=255): 63.1% observed versus 52% predicted (p <0.025)
Penetrating (n=487): 81.7% observed versus 71% predicted

(p<0.001)

Rhodes et al. [7]
model

Compared with the predicted survival as calculated by the TRISS

Compared with the predicted survival as calculated by the TRISS

Mean time; time to incision (p < 0.05)

OR resuscitation group requiring major operation
within 4 h (n=528):38.4+1.9 min

Non-OR resuscitation group requiring major opera-
tion within 4 h (n=1664): 99.4+ 1.1 min

Mean time; scene to OR
11.1 min

Overall (n=240): 70% observed versus 62% predicted (p=0.001)
Blunt (n=183): 68% observed versus 57% predicted (p=0.001)
AIS-5 head (n=40): 38% observed versus 19% predicted (p=0.02)

Martin et al. [8]
model

Compared with the predicted survival as calculated by the TRISS

Median time; start surgical intervention after arrival
13 min

Overall (n=1297): 95% observed versus 90% predicted (p=0.01)

Johnson et al. [9]
model

Overall (n=628): 83% observed versus 75% predicted (p <0.01)
EDOR (n=120): 22.5% versus no EDOR (n=120) 15.0% (p=0.14)

Habarth-Morales et al. [10]

Compared with the predicted survival as calculated by the TRISS

Median time; start surgical intervention after arrival
Laparotomy: 23 min
Damage control: 13 min

Median time; time to incision (p < 0.001)
EDOR: 25.5 min; IQR, 19-38.5
No EDOR: 40 min; IQR, 28-63

overall and predicted survival rates. However, the actual
survival rate of penetrating injuries was higher than the
predicted survival rate [5]. Steel et al. [6] conducted a
retrospective study that included all age groups and
reported that the actual survival rates for overall, blunt,
and penetrating injuries were better than the predicted
survival rates. Moreover, they also compared the time to
incision, revealing a significantly shorter time in the DOR
group [6].

Rhodes et al. [7] prospectively evaluated all patients
and reported that the survival rates for overall, blunt,
and Abbreviated Injury Scale-5 head injuries were higher
than the predicted survival rates and that the mean time
from the scene to the OR was 11 min.

Martin et al. conducted a retrospective study with adult
patients and reported that the survival rate for overall
injuries was better than the predicted survival rate. They
also reported a median time to intervention of 13 min [8].

Johnson et al. retrospectively evaluated patients of all
ages and reported that the survival rate for overall inju-
ries was higher than the predicted survival rate. They also
reported that the median time to surgical intervention
was 23 min for laparotomy and 13 min for damage con-
trol surgery [9].

Habarth-Morales et al. conducted a retrospective study
of adult patients and compared mortality rates using pro-
pensity matching. They reported no significant difference
in the overall all-cause hospital mortality rates. However,

the time to incision in the DOR group was significantly
shorter [10].

Discussion

The importance of adequate prehospital trauma triage
for injured patients has been emphasized by previous
research [13]. Achieving a shorter time to hemorrhage
control following traumatic injury remains a significant
challenge in preventing mortality. For rapid hemostasis,
the concept of DOR has been proposed long ago, and
some institutions have implemented DOR for resuscitat-
ing patients with the most severe injuries. In our review,
the definition of DOR in most studies was that patients
were immediately transported to the trauma OR, bypass-
ing any evaluation in the ER department. The goal of
DOR is to minimize any delays to the OR and initiate
both resuscitation and surgical interventions [8]. In most
studies, the DOR status was determined by the trauma
team [5-7, 10]. Martin et al. reported that the best pre-
dictors of DOR were mechanism, physiology, and pat-
tern of injury, while EMS suspicion was associated with
the least need for DOR [11]. Moreover, most patients
assigned to DOR required major surgical interventions,
including laparotomy, thoracotomy, craniotomy, and
neck exploration, and vascular repair and resuscitation
procedures, including intubation, surgical airway, needle
decompression, chest tube, central venous access, and
massive transfusion [5-7, 9]. The American College of
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Surgeons certification does not specify requirements for
OR locations. Therefore, each trauma center maintains
either a rotation OR, a dedicated OR, or an OR located
within the ER department [10]. Studies on DOR using
EDOR have also been conducted, which were included
in our review. There is not much difference between the
system or indications of the DOR and EDOR as EDOR
refers to ORs located within ER department. Habarth-
Morales et al. mentioned that EDOR has several inher-
ent advantages because it provides an ideal location to
facilitate diagnosis and intervention, enabling simultane-
ous resuscitation and hemorrhage control, but the DOR
system has same advantages, as mentioned above. In the
case of EDOR, patients are triaged directly to the EDOR
by either trauma physicians, ED physicians, or trauma
nursing staff, according to institutional policies [10]. As
DOR or EDOR are terms coined depending on the loca-
tion, and the underlying central concept is the same,
there is no need to interpret the results of studies on
DOR and EDOR differently.

Recently, the concept of hybrid OTs has emerged,
which has been implemented by many countries. Hybrid
OTs allow for simultaneous interventional radiology and
operative procedures, thereby shortening the time to
definitive treatment. Recent research, including system-
atic reviews, has investigated hybrid OTs [12, 14-20]. In
some studies, the procedural time was reduced by intro-
ducing hybrid OTs.

In our review, we identified five studies that compared
the actual mortality with the predicted mortality using
the TRISS [21]. In four of these studies, the overall sur-
vival rate was better than the predicted survival rate.
Some studies performed subgroup analyses. Two stud-
ies showed that the survival rate for penetrating injuries
was better, and one study showed that the survival rate
for blunt injuries was better than the predicted survival
rate. One study compared mortality rates using propen-
sity matching and found no significant difference in the
overall mortality. In addition, some studies assessed the
time to the start of surgical intervention. In two studies,
the time to the start of surgical intervention was shorter
in the DOR group. Although no comparison was made
in the three remaining studies, the time to surgical inter-
vention was less than 30 min, suggesting that DOR can
reduce the time before institution of hemorrhage control.

Identifying patients who may benefit from DOR
remains controversial. Moreover, although there were
minute differences in the indications for DOR in each
study, they were similar in a broader context. The indi-
cations for DOR included (1) profound shock; (2) pene-
tration injuries of the neck, chest, abdomen, and pelvis;
(3) cardiopulmonary arrest; (4) amputation; and (5)
evisceration. Establishing concrete indications for DOR
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can help its implementation. To the best of our knowl-
edge, this is the first systematic review to compare the
results of DOR in patients with trauma. Our study
represents the first attempt to systematically summa-
rize the existing literature using a systematic review
to identify comparative studies assessment mortality
and the incision time. The results encompass practical
aspects that can assist individual hospitals in imple-
menting DOR, given the resource and skill set avail-
ability. This review also suggests emerging concepts of
hybrid OTs that are associated with the timeliness of
the intervention.

Although the results of our systematic review were
derived from the best available evidence, there were
some limitations. First, the studies reviewed were
observational cohort studies; therefore, selection bias
may have existed. The use of the Newcastle-Ottawa
Scale score did not permit qualitative assessment of
the methodological quality of the studies. However, it
remains one of the best tools for evaluating non-ran-
domized studies. Second, the included studies did not
allow for the quantitative summation of results because
most studies compared actual mortality with predicted
mortality. In addition, only two studies compared the
time to surgical intervention. We suggest that future
studies should present their results in broad categories,
including the comparison of subgroups that derived
clear, practical benefits from DOR and efficiency targets
such as 24-h mortality, time to surgical intervention,
and amount of blood product involved. Realistically,
this can only be achieved in a high-volume center, pref-
erably in a clinical trial setting. Finally, most studies
reviewed in our study did not mention the manner in
which prehospital interventions, such as airway man-
agement, decompression of tension pneumothorax, and
blood transfusion or fibrinogen and tranexamic acid
use, affected the patients’ outcomes. However, until
now, high-level evidence on the relationship between
prehospital interventions and patient’s outcomes was
lacking; moreover, each country or institute has dif-
ferent emergency medical environments (e.g., the role
of EMS, whether medical staff is dispatched to the
scene), often limiting interventions that can be per-
formed in the prehospital stage. Moreover, as the scene
to OR time for definite bleeding control was as short
as 25 min in most studies reviewed in our study, it is
difficult to confirm whether interventions at the pre-
hospital stage had a profound effect on the patients’
outcomes. We endeavor to demonstrate this through
well-designed follow-up studies in the future. We also
suggest that future studies should consider incorporat-
ing a multicenter design to compare DOR and tradi-
tional practice.
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Conclusions

Based on the results of our systematic review, we con-
clude that DOR implementation is likely to reduce mor-
tality in patients with trauma and may facilitate rapid
intervention in patients with severe shock. Future studies
are required for the proper comparison of the efficiency
targets, with the possibility of a clinical trial.
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