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BACKGROUND:

METHODS:

RESULTS:

CONCLUSION:

Although several trauma centers have developed direct to operating room (DOR) trauma resuscitation programs, there is little pub-
lished data on optimal patient selection, practices, and outcomes. We sought to analyze triage criteria and interventions associated
with optimal DOR outcomes and resource utilization.

Retrospective review of all adult DOR resuscitations for a 6-year period was performed. Triage criteria were analyzed individually
and grouped into categories: mechanism, physiology, anatomy/injury, or other. The best univariate and multivariate predictors of
requiring lifesaving interventions (LSIs) or emergent surgery (ES) were analyzed. Actual and predicted mortality were compared
for all patients and for predefined time-sensitive subgroups.

There were 628 DOR patients (5% of all admissions) identified; the majority were male (79%), penetrating mechanism (70%),
severely injured (40% ISS >15), and 17% died. Half of patients required LSI and 23% required ES, with significantly greater need
for ES and lower need for LSI after penetrating versus blunt injury (p < 0.01). Although injury mechanism criteria triggered most
DOR cases and best predicted need for ES, the physiology and anatomy/injury criteria were associated with greater need for LSI
and mortality. Observed mortality was significantly lower than predicted mortality with DOR for several key subgroups. Triage
schemes for both ES and LSI could be simplified to four to six independent predictors by regression analysis.

The DOR program identified severely injured trauma patients at increased risk for requiring LSI and/or ES. Different triage var-
iable categories drive the need for ES versus LSI and could be simplified or optimized based on local needs or preferences. Direct
to operating room was associated with better than expected survival among specific time-sensitive subgroups. (J Trauma Acute
Care Surg. 2020;89: 160—166. Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Therapeutic/Care Management, Level IV.
KEY WORDS:

Direct to operating room; resuscitation; trauma; emergency surgery; lifesaving interventions.

D irect to operating room (DOR) trauma resuscitation is a
unique approach to the trauma patient with the primary
goal of providing immediate procedural and surgical manage-
ment. In addition, being in the operating room (OR) allows mul-
tiple surgical teams to be working simultaneously, a benefit that
is uniquely needed in the polytrauma setting.! In a DOR sce-
nario, the patient bypasses the emergency department (ED) com-
pletely and presents directly to a specified OR that acts as the
initial evaluation and resuscitation area. This includes perfor-
mance of the primary and secondary surveys and ongoing resus-
citation with the ability to convert to immediate surgical or other
invasive procedural interventions if warranted. Direct to OR was
developed from the understanding that shorter times to surgical
management are associated with better outcomes in select
trauma cohorts.”>

Death from traumatic injuries continues to evolve, and it
has been proposed that the temporal distribution has started to
shift. Overall, with the advances in medical technology, the
widespread acceptance of damage-control surgery and the
growth of trauma systems we have seen increased survival.®
The result of more efficient trauma systems has led to quicker ar-
rival to definitive care centers, including the arrival of patients
who previously may have died in the field because of
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hemorrhage or other rapidly fatal injuries. The need for rapid
transport to an area capable of immediate surgical interventions
has been increasingly recognized in both civilian and military
settings, but in many cases, the standard ED-based resuscitation
approach continues to result in preventable delays. Despite this,
there remain only a few select trauma centers that have imple-
mented DOR protocols, and there is a paucity of reported expe-
rience and analysis in the trauma literature. There is still little
current research that refines patient selection, procedures per-
formed, and compares outcomes. As a result, there are major
knowledge gaps in areas such as optimal triage and patient selec-
tion criteria, execution of DOR resuscitation, and any associated
benefits or harms of these programs. In particular, patient selec-
tion criteria need to continue to evolve to better predict and se-
lect which patients will benefit from bypassing the standard
approach and proceed with DOR resuscitation.

Prior limited analyses of DOR have demonstrated poten-
tial areas of benefit of DOR on survival and overall faster times

TABLE 1. Demographics and Key Triage Criteria in the
DOR Cohort

Penetrating injury, n (%) 440 (70)
Male, n (%) 495 (79)
Age, mean + SD 38+16
ISS, mean + SD 14+ 14
ISS >15, n (%) 246 (39)
Field SBP, mean + SD 124 £33
Arrival SBP, mean + SD 125 £ 36
SBP <90 field, n (%) 61 (10)
SBP <90 arrival, n (%) 75 (12)
GCS score <9 field, n (%) 133 (24)
GCS score <9 arrival, n (%) 182 (29)
Massive transfusion, n (%) 55(9)
Base deficit, mean + SD 7.02+6.9
Base deficit 25 187 (30)
161
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TABLE 2. Legacy Emanuel Medical Center DOR Triage Criteria

Criteria n (%)
Cardiopulmonary arrest 43 (7)
Unstable or surgical airway 14 (2)
Rigid, distended abdomen 112)
Major crush injury to torso 3(0.5)
Evisceration of abdominal contents 7(1)
Penetrating/impalement injury trunk or proximal extremity 400 (64)
Amputation proximal to elbow or knee 11(2)
Crushed, mangled, degloved or pulseless extremity 13(2)
Profound shock (adults, SBP <80; pediatric, SBP <60) 74 (12)
Reported massive blood loss PTA 5(1)
Hypothermia (<31°C) 0(0)
EMS or flight provider request 10 (2)
ED on divert for capacity/resource limitation 2(0.3)
Other 35(6)

PTA, prior to arrival.

to intervention."” ' However, there has been little current re-
search dedicated to further examining the criteria used to acti-
vate a DOR protocol and the associated outcomes among
specific subgroups. There has also been a paucity of data de-
scribing what early surgical procedures were performed or what
type of lifesaving interventions (LSIs) were required.’”® The
primary objectives of this study included detailed analysis of
DOR triage criteria, the correlation of these criteria with the need
for emergent surgery (ES) or LSIs, and delineation of which spe-
cific ES and LSI were required in a large cohort of DOR trauma
activations.

PATIENTS AND METHODS

This study was performed at Legacy Emanuel Medical
Center, a tertiary care referral center and one of two level 1
trauma centers serving the state of Oregon. Institutional review
board approval was obtained before the start of the study. All
DOR trauma activations were identified in a retrospective re-
view for a 6-year period (2012-2017). Initial data were obtained
from review of the trauma registry, which includes prospective
identification of which patients received a DOR initial trauma
and the primary triage criteria that triggered the DOR activation
(see Supplemental Digital Content 1, http://links.Iww.com/TA/

TABLE 3. Life Saving Interventions Among DOR Cohort
Median Start Time

Procedure n (%) From Arrival, min
Any LSI performed 311 (50) 19
Needle decompression 7(1) 11
Intubation 203 (32) 14
Surgical airway 3(0.5) 14
Tourniquet placement 1(0.2) 28
Chest tube placement 132 (21) 23
Massive transfusion 55(9) 7
ACLS drugs 47 (8) 8

ACLS, advanced cardiac life support.
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TABLE 4. Emergent Surgical Interventions Among the DOR
Cohort and Median Start Times

Median Start Time

Procedure n (%) From Arrival, min
Any ES performed within first hour 143 (23) n/a
Laparotomy 155 (25) 23
Damage control 76 (12) 13
Thoracotomy 18 (3) 51
Sternotomy 27 (4) 18
Neck exploration 21 (3) 38
Pericardial window 9(1) 49
Vascular control/extremity repair 25 (4) 56
Craniotomy/craniectomy 24 (4) 34

n/a, Not applicable.

B638, for the complete institutional DOR protocol and triage
criteria). Further detailed data were then obtained from individ-
ual chart review, including focused review of the initial trauma
resuscitation logs and anesthesia operative logs documenting ex-
act times for all procedural and surgical interventions. Addi-
tional data collected included patient demographics, triage
criteria used to enter DOR, Injury Severity Score (ISS), Abbre-
viated Injury Scale by body region, prehospital vital signs and
DOR activation triggers, initial hospital vital signs, disposition
following the initial DOR resuscitation, hospital and ICU
lengths of stay, and complications. The complications were
identified and coded using the standardized Trauma Quality Im-
provement Project definitions and included venous thromboem-
bolic events, myocardial infarction, stroke, pneumonia, surgical
site infection, sepsis, anastomotic leak/fistula, unplanned return
to the OR, and missed injuries.

Potential LSIs were defined as any of the following proce-
dures if performed during the initial evaluation and resuscitation
while in the OR: needle decompression, endotracheal intuba-
tion, surgical airway, tourniquet placement, tube thoracostomy
placement, massive transfusion, and administration of advanced

Actual vs Predicted Mortality for Direct to OR Sub-Groups
* all P<0.01

60%

m Actual
= Predicted

30%

0%

Penetrating 1S8>15 Field SBP<90 Any LSI

Figure 1. Bar graph showing a comparison of aM (black) versus
pM (gray) based on revised-TRISS methodology for select
high-risk DOR patient subgroups (* indicates statistically
significant differences, p < 0.05).

Emerg ExLap
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TABLE 5. Characterization of Need for Emergent Interventions
and Mortality by Triage Category Grouping

Triage Variable Categories: DOR Cases* LSI* ES*  Mortality*
1. Mechanism 64% 2%  24% 7%
2. Physiology/examination 21% 68%  24% 45%
3. Anatomy/injury 7% 67%  27% 16%
4. Other 8% 45% 4% 28%

*All p < 0.01 by x°.

cardiac life support (ACLS) medications. Field interventions
were defined as any of these same LSI performed by emergency
medical system personnel before hospital arrival. Emergent surgery
was defined as undergoing a laparotomy, thoracotomy, sternotomy,
neck exploration, vascular repair, or pericardial window within
60 minutes of presentation. Procedures were only included as ES
if they were performed immediately during the initial trauma eval-
uation and resuscitation progress, and any procedures performed
after admission to the trauma ward or ICU were excluded.

The primary outcome evaluated was actual mortality (aM)
and predicted mortality (pM), which was compared for all pa-
tients and for predefined time-sensitive subgroups of penetrating
injury, severe injury (ISS >15), hypotensive patients (field sys-
tolic blood pressure [SBP] <90), severely altered mental status
(field Glasgow Coma Scale [GCS] score, <9), any LSI per-
formed, and any ES performed. Actual mortality was compared
with pM, which was calculated using the revised Trauma Injury
Severity Score (TRISS). Although comparison with a similarly
injured cohort that did not receive a DOR activation would be
optimal, on preliminary analysis, there were very few patients
at our center who required emergent interventions/surgery who
were not identified by the DOR triage criteria, thus making di-
rect comparison invalid. The triage criteria were analyzed indi-
vidually and also grouped into the following four categories:
injury mechanism, patient physiology, anatomy/injury pattern,
or other. Individual triage variables and the triage variable cate-
gories were examined for their association with the need for
any LSI, any ES, or a composite outcome including any LSI
or ES. Data were analyzed using standard univariate compara-
tive statistics including Student's 7 test, Wilcoxon rank-sum test,
and % or Fisher's exact tests. Independent predictors of requiring
an LSI and/or ES were identified by entering all selected triage
criteria in forward conditional binary logistic regression models
after screening for significant covariance. All statistical analyses
were performed using SPSS version 26 (IBM Corp, Chicago,
IL), with statistical significance set at a p value of <0.05.

RESULTS

There were 16,113 trauma admissions over the study
period. Among these, 628 DOR patients were identified, re-
presenting 4% of all admissions. Of the DOR patients, 79%
were male and 70% had a penetrating mechanism, 39% were se-
verely injured with an ISS of greater than 15, and 17% died. The
majority (67%) of DOR patients were younger than 45 years,
and 5% of the patients were older than 65 years. The number
of patients with hypotension was 61 (10%) based on the field

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

SBP and 75 (12%) upon arrival to the OR. The incidence of
severely altered mental status (GCS score, <9) in the field was
122 (24%) and 182 (29%) upon arrival to the OR (Table 1).
The most common individual triage criteria prompting a
DOR activation was penetrating injury of the torso or head at
64%, followed by hypotension at 12%. The least used triage trig-
ger was for resource or capacity needs at two patients (<1%)
(Table 2). Table 3 lists the individual LSIs that were performed
and the median time from arrival to start of each intervention.
At least one LSI was required in 311 (50%) of patients, and
31% of patients required multiple LSIs. The most commonly re-
quired LSIs were endotracheal intubation/airway management,
chest tube placement, and massive transfusion. Emergent sur-
gery was required in 163 patients representing 26% of DOR
cases. Table 4 lists the types of ES procedures that were per-
formed and the median start time from arrival. The median time
for exploratory laparotomy was 23 minutes, and for damage
control, it was 13 minutes from arrival. Overall, 54% of DOR
patients required the composite endpoint intervention (at least
one LSI and/or ES). The majority of ES performed was explor-
atory laparotomies, and 12% of these were damage control. Of
note, the rate of negative thoracic or abdominal explorations was
less than 2%, and there was a 1% incidence of missed injuries, none
of which were found to result in additional morbidity. All emergent
resuscitative operations performed for loss of vital signs or
impending arrest during this study period were performed in
the OR setting, with no patients undergoing ED thoracotomy
among patients who were triaged to the ED rather than DOR.
After initial evaluation in the OR, 163 (26%) proceeded
immediately to surgical management, and 143 patients (23%)
had a start time within the first hour. There were 20 patients
who had ES of more than1 hour, and the majority of this discrep-
ancy was attributed to delayed time stamps of the electronic
medical record because of the lag between documentation and
real-time patient care. Sixty-one percent went to computed to-
mography (CT) for imaging, 6% went back to the ED, and 2%
were admitted directly from the OR. Of the 61% of the patients
who initially went to CT, the majority had a penetrating injury.
The mean GCS score in the field and on arrival was 12, and
the mean systolic blood pressure in the field and arrival was
126. Ultimately, 124 (20%) of these patients returned to the
OR after CT imaging was obtained. There were 5% that were
pronounced deceased after the initial DOR resuscitation, with
the majority of these arriving without vital signs. When looking
at complications, there were 39 cases (6%) that had unplanned
subsequent return trips to the OR, and there was a missed injury
in 5 (1%) of patients. Overall, from all DOR trauma activations,
68% of patients were discharged home, 5% went to a skilled
nursing facility, 4% to inpatient rehab, and 6% to other type of
facility. Of the patients surviving to discharge, 68% had a good
recovery based on the Glasgow Outcome Scale (>3), and 18% of
patients had significantly depressed mental status (GCS score,
<9) at discharge. There was an overall 17% mortality rate within
the DOR patient cohort, which was significantly lower than the
25% revised-TRISS pM (p <0.01). Analysis of the actual versus
pM rates for select high-risk patient categories is shown in
Figure 1 and demonstrates similar lower aM for these subgroups.
There was no significant difference in mortality rates for the cor-
responding lower-acuity counterparts to each subgroup.

163
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Table 5 shows the rates of emergent interventions and
mortality for each category of DOR triage variables. The highest
rates of LSI and ES were among those triaged based on physiol-
ogy or injury/anatomy variables, followed by mechanism. Al-
though penetrating trauma mechanism was among the most
common reason for DOR activation, an ES was only required
in 24% of these patients. Outcomes varied widely between cate-
gories, ranging from the highest mortality (45%) for the physiol-
ogy category to the lowest (7%) for mechanism (p < 0.01).
Independent predictors (all p < 0.05) for interventions were iden-
tified via the multivariate logistic regression models described
previously. For LSI, the strongest independent predictors were
field hypotension (OR, 2.2; 95% CI, 1.2-4.0), field GCS score
ofless than 9 (OR, 1.7; 95% CI, 1.1-2.7), and the triage catego-
ries of physiology (OR, 2.1; 95% CI, 1.2-3.4) or anatomy (OR,
2.6; 95% CI, 1.3-5.1) variables. For ES, they were penetrating
truncal mechanism (OR, 4.2; 95% CI, 1.9-9.0), and the triage
categories of physiology (OR, 3.0; 95% CI, 1.4-6.3) or anatomy
(OR, 2.9; 95% CI, 1.2-6.7) variables. For the composite end-
point of ES or LSI, they were field hypotension (OR, 2.6; 95%
Cl, 1.4-4.7), the need for multiple field interventions (OR,
2.5; 95% CIL, 1.2-5.1), and the triage categories of physiology
(OR, 1.9; 95% CI, 1.1-3.2) or anatomy (OR, 2.5; 95% CI,
1.3-4.7) variables.

DISCUSSION

This study performed a detailed analysis of a large modern
cohort of trauma patients managed within a well-developed di-
rect to OR resuscitation program at our level 1 trauma center.
The analysis has served to provide important epidemiologic data
regarding the exact types and timing of urgent/emergent bedside
LSIs and emergent surgical procedures, and their associated out-
come profiles. In addition, we have characterized the utility and
resultant rates of LSI and ES for both individual triage criteria
and a simplified grouping of related variables into four general
triage categories. Past studies have consistently reported that
predictors for urgent surgery are penetrating mechanism, hypo-
tension, and GCS score of less than 9.'**%1% This study further
analyzed the 14 DOR criteria our facility uses and found the
best independent predictors for ES or LSI. The best criteria
to identify those who would benefit most from DOR were
field hypotension with SBP of less than 90, mechanism, and
physiology/examination. The majority of DOR patients were ac-
tivated based on penetrating mechanism (64%). However, LSI
was actually only performed 50% of the time and ES within
1 hour occurred 23% of the time, supporting the need to further
optimize the DOR patient selection criteria. Looking closer,
the need for ES was significantly greater in penetrating than
blunt injuries (p < 0.01). This is consistent with the findings that
the best independent predictors for ES were mechanism and
anatomy/injury pattern. For LSI, the independent predictors
were field SBP of less than 90, mechanism, physiology/
examination, and anatomy/injury pattern. This supports the gen-
eral concept that those in extremis would trigger at least one of
these predictors and would benefit most from timely LSI.'"-!?
Currently, we use 14 triage criteria to activate a trauma as a
DOR (Table 2). Based on the independent predictors for LSI
and ES, the criteria can be simplified to four to six criteria that

164

would predict which patients would benefit most from DOR ac-
tivation. These four to six criteria are slightly different when
predicting who will need LSI versus ES. The criteria for ES
are more mechanism and injury pattern based. These include
penetrating mechanism, crush injury, amputation, or eviscera-
tion. The need for LSI was predicted by penetrating mechanism,
crush injury, unstable airway, and significant examination findings
such as cardiopulmonary resuscitation (CPR) or profound shock.

There was improved mortality in certain subgroups in-
cluding those who were identified as independent predictors
for ES and LSI. There was significantly improved mortality (ver-
sus predicted rates) seen for penetrating truncal mechanism,
ISS of greater than 15, and field SBP of less than 90. There
was also improved aM in those who had any LSI performed
and those who have an emergent damage-control exploratory
laparotomy. There remains a very tangible need for the direct
to OR setting because of the well-described peak in early deaths
associated with life-threatening hemorrhage as the biggest con-
tributing factor.>'>'* The approach to the trauma patient is
based on the need for fast decisive decisions that start even be-
fore the patient has entered the hospital.'® Therefore, it is impor-
tant to look at how to best identify patients who would benefit
from DOR and bypassing initial evaluation in the ED.'°
Streamlining this process starts at the scene.'>'” Timely arrival
from the scene is important, as those who require critical inter-
ventions or procedures have an increased mortality if they arrive
to the hospital greater than 60 minutes.'®'® There was an ob-
served significant increase in mortality after delay to the OR of
greater than 10 minutes in a subset of gunshot wounds to the
torso with hypotension.'® In one study, it was found the median
length of time spent in the ED before arriving to the OR was
110 minutes and the likelihood of death increased for every
3 minutes spent in the ED.?° Even after the patient has arrived
to the hospital, there still is a significant time difference of oper-
ative start time depending where resuscitation occurs.?! Direct to
OR minimizes the time to incision for patients requiring ES.
Some literature reports that mean time to incision in DOR
patients was 38 minutes compared with mean time for
99 minutes with non-DOR.® Our institution previously noted
that a median time to incision was 13 minutes. This study again
demonstrated that a median time to incision was 13 minutes for a
damage-control laparotomy, indicating that a DOR protocol
does contribute to a faster time to incision.” There continues to
be a significant benefit in correctly identifying what criteria
should activate DOR. It is imperative that these criteria are also
criteria EMS can ascertain within minutes of arrival at the scene.
However, it is still a fluid process of clearly identifying who
these patients are in the field.'"'® Additional considerations that
must be taken into account by a center initiating or adjusting a
DOR policy is how any change will affect the rates of overtriage,
undertriage, and the total volume of DOR activations. For high-
volume centers that expect frequent DOR activations, the goal
may be to streamline the triage criteria to maximize reduction
of overtriage or unnecessary activations. For a lower-volume
center, the opposite may be desired, namely, to increase the
overtriage rate to both minimize the possibility of
undertriaging a patient needing LSI or ES and maintain an ad-
equate volume of DOR activations to maintain the center and
trauma team proficiency.

© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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Direct to OR literature has reported using hypotension and
penetrating trauma as common triage criteria.'’ >**?* The
Boston Med Flight DOR protocol included penetrating trauma
with hemodynamic instability, blunt trauma with concerning ab-
dominal examination and hemodynamic instability, pediatric
cold-water drowning, interfacility transfers with a known surgi-
cal diagnosis, and unstable hemodynamics as triage criteria for
DOR.? The University of California, San Diego (UCSD) group
included cardiac arrest, persistent hypotension with systolic of
less than 100 that is not fluid responsive, uncontrolled external
hemorrhage, or amputation as criteria for DOR activation.®
The criteria used at Legacy Emanuel Medical Center include
parts of the previous criteria and additionally include EMS, at-
tending surgeon or charge nurse discretion, physical examina-
tion findings of crush injury, evisceration, or unstable airway/
surgical airway placed (Table 2). In a prior report, our group
identified three factors that predicted the need for urgent surgical
intervention: penetrating truncal injury, hypotension, and GCS
score of less than 9.7 Steele et al.* found that patients with gun-
shot wounds, hypotension, or interfacility transfers requiring
blood transfusion would need an emergent surgical procedure
62% of the time. This is significantly higher than the 26% of
cases requiring urgent surgical procedures at our facility. There
are several factors explaining this discrepancy. The study done
at UCSD was performed between 1985 and 1995 when CT im-
aging was not a feasible option for a rapid trauma evaluation,
and nonoperative management was a much less developed and
accepted practice for major solid organ injuries, as well as their
patient population demographics were shifted more toward the
extremis side with a higher mean ISS and lower systolic blood
pressures, overall suggesting that those patients would require
surgical management.

Alarhayem et al.?* found that mortality increased by 5% to
21.5% in patients with hypotension, with the highest mortality in
those with SBP of less than 60, suggesting that these patients are
the ones who would benefit the most from immediate surgical
management. Patients with penetrating injuries, high ISS, and
low GCS score derive the greatest benefit from DOR, experienc-
ing an overall 50% decrease in mortality compared with patients
not resuscitated in the OR.""*2

Despite the improved observed mortality in subgroups our
DOR patients, DOR is not widely used in the United States.
There is an improved observed mortality in certain subgroups
of our DOR patients, which is attributed to the unique capabili-
ties of our DOR program.?> However, DOR resuscitations are
not widely used in the United States. Barriers to the use of
DOR include resource utilization and the potential for
prolonging time to obtaining necessary imaging. Maintaining
an open OR available at all times can be a considerable strain
on facilities if that OR is required to be used for other urgent
or elective procedures.26 The relative locations of the OR, ED,
and CT scanner to one another impact the efficiency of patient
evaluation.”” Bypassing the ED with a patient in extremis to
go to the OR if the OR is not located in a readily accessible area
in close proximity to the ED and ambulance dock may not be
feasible or advantageous.

To provide additional details about the Legacy Emanuel
Direct to OR Program, our center maintains an available and
open trauma OR room at all times. The OR is located next door
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to the CT scanner and the ED trauma bays as previously re-
ported.” The trauma OR is used for both DOR traumas and for
trauma surgical procedures that have been identified in the ED.
The trauma activation charges for level 1 DOR and level 1 acti-
vations are the same. No OR time or equipment charges are in-
curred until an operation is started or an instrument tray is
opened. There are no additional costs for resuscitation in the
OR compared with resuscitation in the ED if no operation is per-
formed." The initial assessment is performed in the same fashion
in the OR as in the ED. Screening radiographs are obtained using
portable machines. If no immediate intervention is needed, the
patient can be quickly transported from the OR to the adjacent
CT scanner while still on the OR table, minimizing any delay
to necessary imaging.

This study has several important limitations. It is a retro-
spective analysis of data compiled over the course of 6 years.
This study is looking at the triage criteria used to designate a
DOR. However, the criteria used at our institution have not
changed since our last study in 2012, making comparisons diffi-
cult. Looking at our patient population at our facility, there has
been an overall trend toward less DOR patients requiring ES.
This is suggestive of increasing overtriage for DOR patients.
There are multiple contributing factors to the overtriage, and this
continues to emphasize the need for optimizing DOR criteria to
select those who would benefit the most. Patients who met mul-
tiple triage criteria and those with overlap of triage criteria were
not considered separately from those meeting only one criterion,
although we did control for patients receiving a single versus
multiple prehospital interventions. The indications for some of
the interventions performed were not explicitly stated but had
to be inferred from the chart review. Patients received from the
field and interfacility transfers were both included in this study.
This was an additional limitation because this included patients
who had obtained imaging before transfer, arrived, and then
proceeded directly to surgery. This is an important distinction
to make when trying to evaluate the criteria that best predict
the need for ES before obtaining CT imaging. However, these
patients made up a small minority of the sample and did not af-
fect any of the main outcomes when analyses were run with
them excluded. Operation start times may appear later than real-
ity in some cases because of the nature of data entry into the
electronic trauma flow sheet. Finally, it is important to recognize
that there was no direct comparator group of patients who were
triaged to standard ED evaluation and who required LSI or ES.
Although this would be ideal for examining outcomes and had
been initially planned, our initial review found very few patients
who truly needed emergent interventions and were not triaged as
a DOR activation at our center. Preliminary comparison with
this cohort produced highly skewed data that we felt was actually
too biased toward the DOR cohort, as the times to intervention
or surgery were markedly longer, reflecting the less urgent na-
ture of their injuries as much or even more than the true time
benefits of DOR resuscitation.

CONCLUSIONS

This study provides further guidance in optimizing the
DOR triage criteria that are most associated with the need for
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emergent LSIs, major ES, and with associated mortality rates.
Based on our results, we conclude that a simplified DOR triage
system could be narrowed down to four to six independent pre-
dictors that would capture the majority of the desired patient
population and potentially reduce overtriage rates, but that this
needs to be tailored to each individual center. The best predictors
for ES and those who would benefit the most from faster surgical
interventions via DOR were penetrating truncal mechanism, sig-
nificant anatomy or examination findings such as proximal am-
putations and major physiologic derangements including
prehospital CPR or profound shock with SBP of less than 90.
The aM of DOR patients was significantly lower than pM, and
this may be related to having the ability to provide timely inter-
ventions to those at a high risk of preventable death, although
this would need to be confirmed by direct comparison to a
matched cohort not managed by DOR resuscitation. Further re-
search is needed to continue to improve both outcomes and re-
source utilization in the use of DOR activations and to fine-
tune triage criteria to optimize the selection of patients who
may benefit from this approach. We are currently completing a
prospective study of DOR resuscitations that includes real-time
attending surgeon review and assessment that should provide
novel and more granular insights into the benefit and optimal se-
lection criteria for a DOR program.
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