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Abstract

Background: Early hemorrhage control is essential to optimal trauma care. Hybrid operating 

rooms offer early, concomitant performance of advanced angiographic and operative hemostasis 

techniques, but their clinical impact is unclear. Herein, we present our initial experience with a 

dedicated, trauma hybrid operating room.

Study Design: This retrospective cohort analysis of 292 adult trauma patients undergoing 

immediate surgery at a Level I trauma center compared patients managed after implementation of 

a dedicated, trauma hybrid operating room (n=186) with historic controls (n=106). The primary 

outcomes were time to hemorrhage control (systolic blood pressure ≥100 mmHg without ongoing 

vasopressor or transfusion requirements), early blood product administration, and complications.

Results: Patient characteristics were similar between cohorts (age 41 years, 25% female, 38% 

penetrating trauma). The hybrid cohort had lower initial hemoglobin (10.2 vs. 11.1 g/dL, p=0.001) 

and a greater proportion of patients undergoing resuscitative endovascular balloon occlusion of the 

aorta (9% vs. 1%, p=0.007). Cohorts had similar case mixes and intraoperative consultations with 

cardiothoracic or vascular surgery (13%). Twenty-one percent of all hybrid cases included 

angiography. The interval between OR arrival and hemorrhage control was shorter in the hybrid 

cohort (49 vs. 60 minutes, p=0.005). From 4–24 hours after arrival, the hybrid cohort had fewer 

red cell (0.0 vs. 1.0, p=0.001) and plasma transfusions (0.0 vs. 1.0, p<0.001). The hybrid cohort 

had fewer infectious complications (15% vs. 27%, p=0.009) and ventilator days (2.0 vs. 3.0, 

p=0.011), and similar in-hospital mortality (13% vs. 10%, p=0.579).

Conclusion: Implementation of a dedicated, trauma hybrid operating room was associated with 

earlier hemorrhage control and fewer early blood transfusions, infectious complications, and 

ventilator days.
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Introduction

Traumatic injury causes more than 5 million deaths annually, accounting for approximately 

9% of all deaths worldwide.1 From 1999–2015 the United States, unintentional injury and 

homicide were responsible for 21.4% of all years of potential life lost prior to age 70 years, 

followed by malignant neoplasms (19.0%) and heart disease (13.9%).2 Hemorrhage 

accounts for approximately 40% of all trauma deaths, more than 80% of all trauma deaths in 

the operating room, and is the most common cause of potentially preventable (treatable) 

death from trauma.3–6 To facilitate early hemorrhage control, numerous regulatory and 

verifying bodies have mandated the immediate availability of an operating room for acutely 

injured patients.7

In-hospital patient triage patterns affect the timing and efficacy of early hemorrhage control 

procedures. Approximately half of all hypotensive trauma patients are transferred directly 

from the emergency department to an operating room for hemorrhage control.8 Transferring 

an unstable, bleeding trauma patient to a computed tomography (CT) scanner or 

Interventional Radiology suite can be time-consuming and dangerous, especially when it 

imposes steric hindrance on resuscitative efforts and delays operative hemorrhage control. 

Yet, certain injuries are optimally managed by angiographic techniques under fluoroscopy 

(e.g., zone 3 retroperitoneal hemorrhage secondary to pelvic fracture, solid organ injury 

hemorrhage from a pseudoaneurysm, and resuscitative endovascular balloon occlusion of the 

aorta (REBOA) for sub-diaphragmatic hemorrhage).9–15 Time-sensitive decisions for patient 

triage and management strategies are, by necessity made with limited information garnered 

from the primary survey; erroneous decisions have dire consequences.

Alternatively, hybrid operating rooms furnished with angiographic equipment offer 

opportunities to identify and control sources of hemorrhage with angiographic techniques 

while performing operative exploration to control surgically accessible hemorrhage.16 At 

Japanese and Canadian centers, implementation of a trauma hybrid operating room has been 

associated earlier initiation of hemorrhage control procedures and decreased mortality 

among patients with exsanguination or hemorrhagic shock.17,18 Despite successful adoption 

in other countries, hybrid operating rooms in the United States are rarely dedicated to 

managing acutely injured patients, and therefore, hybrid suites are usually occupied with an 

elective or urgent nontrauma case when a trauma patient presents with hemorrhagic shock.
9,17,19–21 Additionally, hybrid operating rooms are not usually staffed for immediate access 

at night and during weekends. Among the few dedicated, trauma hybrid operating rooms in 

the North America, it is unclear whether they yield advantages in obtaining early 

hemorrhage control and improving clinical outcomes. The purpose of this study is to 

critically evaluate the use of a dedicated, trauma hybrid operating room at a Level I trauma 

center with the null hypothesis that hybrid operating room use would not be associated with 

differences in time to hemorrhage control, blood product administration, morbidity, or 

mortality compared with historic controls.
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Methods

Study population

This retrospective cohort analysis included 292 consecutive adult trauma patients who 

underwent immediate operation (i.e., within four hours of arrival) at a Level I trauma center. 

The primary analysis compared patients managed after implementation of a dedicated, 

trauma hybrid operating room during a 42-month period ending April 2020 (n=186) with 

historic control patients managed during a 42-month period immediately prior to 

implementation of the hybrid trauma operating room (n=106). Derivation of the study 

population is illustrated in Figure 1. Immediate surgery was defined as occurring within four 

hours of arrival to maintain consistency with published literature.22 Exclusion criteria were 

age less than 18 years, initial operation for hemorrhage control at referring facility (n=18), 

patients who suffered blunt traumatic arrest (n=19) in the emergency department or pre-

hospital setting, and patients who had immediate surgery for purposes other than 

hemorrhage control (e.g., isolated tracheostomy or cricothyroidotomy to secure an airway, 

neurosurgery for isolated traumatic brain injury, diagnostic laparoscopy, wound exploration 

and closure, n=41). These patients were excluded a priori because surgery at an outside 

facility or for purposes other than hemorrhage control would confound associations between 

time to hemorrhage control and outcomes, and survival following surgery for blunt traumatic 

arrest is rare, and would confound the analysis of complications and in-hospital mortality. 

This study was approved by the University of Florida Institutional Review Board 

(#202001256).

Trauma hybrid operating room specifications, REBOA placement, and staff training

The trauma hybrid operating room was located in a repurposed and remodeled angiography 

suite located within an operating room complex located one floor above an emergency 

department containing six trauma resuscitation bays. The hybrid operating room contained a 

ceiling-mounted C-arm and a carbon fiber fluoroscopy-compatible table with Trendelenburg, 

reverse Trendelenburg, and lateral tilt capabilities, and was accompanied by a fluoroscopy 

control room behind lead-lined glass windows for radiation shielding (Philips AlluraClarity, 

Figure 2). The initial cost associated with transitioning an angiographic suite to the trauma 

hybrid room was in excess of $1.5 million. Additionally, the expense of maintaining the 

dedicated trauma hybrid room is significant.

REBOA catheters were placed by trauma surgeons for patients with blunt or non-thoracic 

penetrating trauma, suspected sub-diaphragmatic hemorrhage, systolic blood pressure less 

than 90 mmHg, and a transient response or no response to volume resuscitation. Balloon 

inflation was initially performed in Zone 1 for all patients; subsequent decisions regarding 

balloon deflation and withdrawal to Zone 3 were at the discretion of the attending trauma 

surgeon and determined by hemodynamic response, completion of operative hemorrhage 

control techniques, and injury patterns (e.g., for a patient with a pelvic fracture, hemorrhagic 

shock, and a retroperitoneal hematoma in the pelvis, the balloon would be repositioned to 

Zone 3 as soon as it was confirmed that proximal sources of hemorrhage were controlled).9 

Early in the study period, REBOA was performed with a 12 French introducer and aortic 

occlusion balloon (Cook Medical) with femoral arterial access obtained by direct cut-down 

Loftus et al. Page 3

J Am Coll Surg. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



or percutaneously at the discretion of the attending trauma surgeon. Subsequently, REBOA 

was performed using a 7 French introducer and aortic occlusion balloon (Prytime Medical) 

with femoral access obtained percutaneously. Both catheters had to be deflated to allow 

distal aortic blood flow, in contrast with the newer partial-REBOA philosophy that feature 

efforts to allow a controlled amount of distal aortic blood flow. The senior author trained 

trauma surgeons and senior residents in REBOA concepts and techniques with a series of 

90-minute slide presentations and hands-on simulation sessions. In addition, several 30-

minute REBOA orientation sessions were offered to emergency department, operating room, 

and ancillary staff. Operating Room staff received orientation and training regarding the 

design and intent of the hybrid trauma operating room. All other diagnostic and therapeutic 

angiographic hemorrhage control procedures (e.g., endovascular stent placement, balloon 

angioplasty, coil placement, and embolization) were performed by interventional 

radiologists and vascular surgeons who were called in consultation by the trauma team. 

These procedures were performed in the trauma hybrid operating room without the need to 

relocate the patient.

Data collection

Data regarding patient characteristics, hemorrhage control procedures, resuscitation 

parameters, and clinical outcomes were collected from a prospective, institutional trauma 

registry and supplemented by manual review of operative reports and intraoperative 

Anesthesia data flowsheets contained in electronic health records. Patient characteristics 

were represented by demographic variables, mechanism of injury, Injury Severity and 

Glasgow Coma Scale scores, endotracheal intubation in the field or emergency department, 

vital signs, laboratory values, and extended focused assessment with sonography for trauma 

(EFAST) exam findings.

Hemorrhage control procedural data included performance of REBOA, sternotomy or 

thoracotomy and associated maneuvers (including aortic cross clamping, pericardiotomy, 

cardiac laceration repair, and pulmonary resection or tractotomy), laparotomy and associated 

maneuvers (including solid organ resection or repair, hollow viscous resection, and 

diaphragm repair), preperitoneal pelvic packing, neck exploration, and operative 

management of named vessels (including vascular bypass, interposition graft placement, 

patch repair, endovascular stenting, balloon angioplasty, primary repair, and ligation), 

intraoperative consultation with non-trauma specialties, and the performance of 

angiographic procedures within 12 hours of arrival, including anatomic sites and therapeutic 

interventions (including endovascular stent placement, balloon angioplasty, coil placement, 

and embolization). Anesthesia data flowsheets were analyzed to identify operating room 

start and end times, vasopressor and blood product administration, and intraoperative 

hemodynamics. These variables were used to identify the time of hemorrhage control, 

defined as achieving a systolic blood pressure 100 mmHg or greater without ongoing 

vasopressor or blood product transfusion requirements or subsequent episodes of 

hypotension with systolic blood pressure less than 90 mmHg. These systolic blood pressure 

thresholds were selected to maintain consistency with consensus regarding the principles of 

damage control resuscitation.23 Resuscitation parameters included the administration of 

tranexamic acid within four hours of arrival as well as red blood cell and plasma transfusions 
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within four hours of arrival and 4–24 hours after arrival. The initial four-hour window for 

tranexamic acid administration and earliest blood product administration was chosen to 

maintain consistency with the four-hour cutoff for immediate surgery, which was based on 

previous work regarding hemorrhage control procedures for trauma patients.22 Blood 

product administration more than 24 hours after arrival was not assessed because it is 

unlikely that late transfusions would be substantially affected by hemorrhage control 

procedures performed within four hours of arrival, but would be affected by other factors 

related to secondary procedures.

Clinical outcomes data included postoperative complications, which were classified as 

infectious or non-infectious. Infectious complications were further classified by type (i.e., 

bloodstream infection, pneumonia, surgical site infection, urinary tract infection, and 

others), as recorded in a prospective, institutional trauma registry. In addition, all 

complications were classified according to the Clavien-Dindo system that was adapted for 

trauma patients by Naumann et al.24 This system ranks complications from 1 (least severe) 

to 5 (most severe) with sub classifications as follows: 1) deviation from the initial 

management plan such as a bedside intervention that does not require anesthetic; 2) 

pharmacologic treatment or unexpected transfusion, 3A) unplanned procedural intervention 

without general anesthesia, 3B) unplanned procedural intervention with general anesthesia, 

4A) complication requiring ICU admission or prolonged ICU admission without multi-organ 

failure or cardiopulmonary resuscitation, 4B) complication requiring ICU admission or 

prolonged ICU admission with multi-organ failure or cardiopulmonary resuscitation, 5A) in-

hospital mortality after implementation of palliative care, and 5B) in-hospital mortality 

during active treatment. The scoring system also includes the suffix P to indicate permanent 

disability; the P suffix was omitted from this study because prospective, long-term follow-up 

would be necessary to accurately assess permanent disability. Other outcomes included 

lengths of stay in the hospital and in the ICU, days on mechanical ventilation, and discharge 

disposition.

Statistical analysis

The primary statistical objective was to assess differences in patient characteristics, 

hemorrhage control procedures, resuscitation parameters, and clinical outcomes between 

patients managed before and after implementation of a dedicated, trauma hybrid operating 

room. Therefore, variables representing each of those domains were directly compared 

between cohorts. Continuous variables were compared by the non-parametric Kruskal-

Wallis test and reported as median values with interquartile ranges. Binary variables were 

compared by Fisher’s Exact test and reported as raw numbers with percentages. Time to 

hemorrhage control after arrival in the operating room for trauma patients has not been 

previously reported, which precludes the performance of a power analysis. Therefore, this 

study was performed as an exploratory analysis. Statistical analysis was performed using the 

open source Python (version 3.7.6) programming language with the Spyder (version 4.0.1) 

environment and SPSS (version 23, IBM, Armonk, NY). Significance was set at α=0.05.
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Results

Approximately 15% of all triage level 1 patients underwent immediate surgery

There were 4,895 trauma team activations during the pre-hybrid era and 6,024 during the 

hybrid era. Pre-hybrid era activations had median injury severity score 9 [interquartile range 

4–17] and 8.1% in-hospital mortality. The hybrid-era activations had median injury severity 

score 6 [1–14] and 6.4% in-hospital mortality. There were 969 triage level 1 (highest acuity) 

trauma team activations during the pre-hybrid era and 1,494 during the hybrid era. The pre-

hybrid era level 1 activations had median injury severity score 13 [5–22] and 15.8% in-

hospital mortality. The hybrid-era activations had median injury severity score 14 [4–26] and 

22.1% in-hospital mortality.

After excluding patients who underwent initial surgery at an outside facility or for purposes 

other than hemorrhage control (e.g., isolated tracheostomy or cricothyroidotomy to secure 

an airway, neurosurgery for isolated traumatic brain injury, diagnostic laparoscopy, wound 

exploration and closure), or suffered blunt traumatic arrest, there were 106 patients who 

underwent immediate operation (i.e., within four hours) during the pre-hybrid era, 

representing 11% of all level 1 trauma team activations; these 106 patients composed the 

historic control cohort in the primary analysis. After implementation of the dedicated, 

trauma hybrid operating room, there were 186 patients who underwent immediate surgery, 

representing 12% of all level 1 trauma team activations; these 186 patients composed the 

hybrid operating room cohort in the primary analysis.

Patient characteristics were similar between hybrid operating room and historic control 
cohorts

Patient characteristics are listed in Table 1. Control and hybrid cohorts had similar 

demographics. Overall median age was 41 years. Twenty five percent of all patients were 

female. Penetrating trauma was the mechanism of injury for 38% of all cases, with similar 

proportions between cohorts. Median injury severity scores suggested severe injury in 

control and hybrid cases (18 and 22, respectively, p=0.187). In both cohorts, 35% of all 

patients were intubated in the field or emergency department; the other 65% were intubated 

in the operating room. Control and hybrid cases had similar initial systolic blood pressure 

(95 mmHg in both groups), pH (7.29 and 7.28, respectively), and lactic acid (3.1 and 3.4 

mmol/L, respectively). Initial hemoglobin levels were significantly lower among hybrid 

cases (10.2 vs. 11.1 g/dL, p=0.001). The hybrid cohort also had a somewhat slower clotting 

reaction time on thromboelastography, though the difference was not statistically significant 

(3.7 vs. 3.2 minutes, p=0.072).

The hybrid operating room cohort had greater use of REBOA and intraoperative 
angiography

Hemorrhage control procedures and resuscitation parameters are listed in Table 2. After 

implementation of a dedicated, trauma hybrid operating room, a significantly greater 

proportion of patients underwent REBOA (8% vs. 1%, p=0.013). Cohorts had similar rates 

of sternotomy or thoracotomy, laparotomy, preperitoneal pelvic packing, neck exploration, 

and operative management of a named vessel. Among hybrid cases, there were slightly 
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higher rates of aortic cross clamping (5% vs. 1%, p=0.062) and primary repair of a named 

vessel (11% vs. 5%, p=0.085), though the differences were not statistically significant. 

Intraoperative consultation with cardiothoracic or vascular surgery was obtained in 13% of 

all cases, with similar rates between cohorts. In the control cohort, 18% of all cases involved 

angiography within 12 hours of arrival, and 85% of these angiographic procedures were 

performed separately in an Interventional Radiology suite (p<0.001). In the hybrid cohort, 

21% of all cases involved angiography, and all of these angiographic procedures were 

performed in the hybrid operating room. The incidence of therapeutic angiography was 

similar between control and hybrid cohorts (12% and 13%, respectively).

The hybrid operating room cohort achieved earlier hemorrhage control and received fewer 
early blood product transfusions

Tranexamic acid and blood product administration within four hours of arrival was similar 

between cohorts (Table 2). Hemorrhage control (i.e., systolic blood pressure 100 mmHg or 

greater without ongoing vasopressor or blood product transfusion requirements or 

subsequent episodes of hypotension with systolic blood pressure less than 90 mmHg) was 

obtained in 96% of all cases, with similar rates between cohorts. The interval between the 

operating room start time and hemorrhage control was significantly shorter in the hybrid 

cohort (49 vs. 60 minutes, p=0.005). Between 4 and 24 hours after arrival, hybrid cases had 

significantly lower median red blood cell transfusions (0.0 [0.0–2.0] vs. 1.0 [0.0–3.0], 

p=0.001) and plasma transfusions (0.0 [0.0–1.0] vs. 1.0 [0.0–3.0], p<0.001).

The hybrid operating room cohort had lower incidence of pneumonia and fewer days on 
mechanical ventilation

Clinical outcomes are listed in Table 3. The overall incidence of complications was high and 

similar between control and hybrid cohorts (55% and 48%, respectively). Infectious 

complications occurred in a greater proportion of control cases (27% vs. 15%, p=0.009). The 

difference in infectious complications between groups was primarily attributable to a lesser 

incidence of pneumonia in the hybrid cohort (4% vs. 12%, p=0.008). Applying a Clavien-

Dindo complication classification scheme that was adapted for trauma patients by Naumann 

et al.,24 the control cases had a greater proportion of type 4B complications, i.e., requirement 

for ICU readmission, re-intubation, or prolonged ICU stay (14% vs. 6%, p=0.036). Although 

hospital length of stay and ICU length of stay were similar between cohorts, the control 

cohort had significantly more days on mechanical ventilation (3.0 vs. 2.0, p=0.011). 

Discharge dispositions were similar between control and hybrid cohorts, including in-

hospital mortality (10% vs. 13%, p=0.579).

Discussion

Among trauma patients undergoing immediate surgery within four hours of arrival at a Level 

I trauma center, implementation of a dedicated, trauma hybrid operating room was 

associated with earlier hemorrhage control, fewer red cell and plasma transfusions 4–24 

hours after arrival, lower incidence of pneumonia and overall infectious complications, and 

fewer days on mechanical ventilation. Blood product administration within four hours of 

arrival was not significantly lower in the hybrid operating room cohort, which may be 
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partially attributable to significantly lower initial hemoglobin levels in the hybrid cohort. In 

addition, blood transfusion requirements within four hours of arrival are substantially 

affected by blood loss at the time of injury and during transportation to the emergency 

department. The observations that the hybrid cohort also had lower incidence of infectious 

complications and pneumonia is consistent with previous work demonstrating that blood 

product administration is associated with transfusion-related immunomodulation and 

increased risk for infection.25,26 It is unclear whether the control cohort had greater 

incidence of pneumonia due to more ventilator days, or vice versa. Previous work suggests 

that the association is bidirectional.27,28 Collectively, results from this study are supported 

by biologically plausible and evidence-based associations among the timing of hemorrhage 

control, blood product transfusion, infectious complications, and ventilator days. These 

observations suggest that implementation of a dedicated, trauma hybrid operating room may 

improve outcomes for trauma patients requiring immediate surgery for hemorrhage control.

Associations between time to hemorrhage control and clinical outcomes require further 

attention and investigation. Hybrid operating room use has been associated with shorter 

intervals between arrival and the start time of interventions for hemorrhage control.17,18 

However, the authors are unaware of any prior reports of time to hemorrhage control and 

hemodynamic stability among trauma patients. There is a discussion of unpublished 

observations from the Pragmatic Randomized Optimal Platelet and Plasma Ratio (PROPPR) 

study, which states that time to hemostasis after arrival in the operating room was 

approximately 67 minutes, variable among sites involved in the study, and was 

independently associated with reduced 30-day mortality.29 Subsequent publications from the 

PROPPR group state that anatomic hemostasis was determined by the surgeon’s assessment 

that bleeding within the surgical field was controlled and no further hemostatic interventions 

were anticipated.30 This definition is different than the one used in the present study; 

therefore, it is difficult to compare with results from the present study, which featured 

somewhat shorter intervals between arrival in the operating room and hemorrhage control 

(60 minutes in the control cohort and 49 minutes in the hybrid operating room cohort). Other 

published work indirectly support the hypothesis that early hemorrhage control is associated 

with better outcomes. In an analysis of National Trauma Data Base patients with severe 

truncal hemorrhage, Alarhayem et al.31 demonstrated that mortality after severe truncal 

hemorrhage increases significantly within 30 minutes of injury and then decreases over time, 

questioning the veracity of the “golden hour” paradigm. In an analysis of five prospective 

studies including more than four thousand trauma patients, Fox et al. reported that the 

median interval between admission and death from hemorrhage is approximately two hours, 

suggesting that early hemorrhage control within this two-hour window has the potential to 

mitigate hemorrhagic death after trauma.32

Placement of the REBOA device was more straight-forward and accurate when performed in 

the trauma hybrid operating room due to the immediate availability of high quality 

fluoroscopic imaging and capable assistants. The potential for REBOA to improve outcomes 

after blunt and non-thoracic, penetrating trauma is probably underestimated by this study 

and others.9,10 During the study period, REBOA was performed using a 7 French ER-

REBOA™ (Prytime Medical, Boerne, TX) catheter that must be deflated to allow distal 

aortic blood flow. This strategy is effective in temporizing non-compressible, sub-
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diaphragmatic arterial hemorrhage, but also induces profound distal ischemia.33–35 To 

mitigate the consequences of distal ischemia, the balloon may be intermittently deflated, but 

this often leads to substantial hemodynamic lability and ongoing hemorrhage when a high-

pressure head is suddenly unleashed, violating the principles of damage control 

resuscitation.23 New partial occlusion catheters allow variable amounts of distal aortic blood 

flow with less hemodynamic lability, and have demonstrated efficacy in pre-clinical settings.
36 Therefore, associations between REBOA and clinical outcomes among blunt and non-

thoracic, penetrating trauma patients will require further investigation of partial aortic 

occlusion catheters in clinical settings. In addition, further research is needed to determine 

whether certain patients with major, hepatic venous injuries benefit from balloon occlusion 

of the vena cava and selective embolization of portal venous hemorrhage.15,37–39

This study is limited by its retrospective, single-institution design, which introduces 

selection bias, restricts the sample size, and limits the generalizability of its findings. 

Selection bias was minimized by including all consecutive cases meeting a priori inclusion 

and exclusion criteria. The restricted sample size increases the probability of false negative 

results, which are difficult to identify in the absence of a power analysis; in this study, a 

power analysis could not be performed because there are no previously published data 

establishing associations between time to hemorrhage control and clinical outcomes among 

trauma patients. Yet, there were several statistically significant associations in primary 

outcomes that are biologically plausible and consistent with known, evidence-based 

associations, suggesting that the study was adequately powered for several of the primary 

outcomes. Deeper understanding of associations between early hemorrhage control and 

clinical outcomes will require analysis of large datasets that contain the granularity 

necessary to pinpoint the time of hemorrhage control and hemodynamic stability. 

Unfortunately, “big” data and granular data rarely co-exist. Electronic health records may 

offer a viable solution.40 However, electronic health record data structures and coding 

practices vary across institutions. Therefore, collaborative efforts to standardize data across 

institutions are necessary. The authors suggest the Fast Healthcare Interoperability 

Resources (FHIR) data standard to achieve data interoperability, and seek collaborations 

with other trauma centers in building FHIR-compliant, multi-institutional electronic health 

record datasets.

Conclusions

Implementation of a dedicated, trauma hybrid operating room was associated with increased 

use of REBOA and other intraoperative angiographic procedures, earlier hemorrhage 

control, and fewer early blood transfusions, infectious complications, and ventilator days. 

Associations between time to hemorrhage control and clinical outcomes require further 

investigation, ideally using granular, standardized electronic health record data from 

multiple institutions.
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Discussion

Thomas R. Scalea, M.D.

Baltimore, Maryland

Initially, trauma care was delivered at the University of Florida, Gainesville in a standard 

manner, patients had surgery in operating rooms, angiography /embolization in the 

Interventional Radiology Suite, and post op care in the ICU. After implementation of a 

dedicated, trauma hybrid operating room, open surgery and endovascular intervention 

was performed in a single location. The patient populations were essentially the same. 

The authors nicely demonstrated that the time between OR arrival and hemostasis was 

shorter when using the hybrid operating room. In addition, patients treated in the hybrid 

operating room had fewer red cell and plasma transfusions postoperatively, as well as 

fewer infectious complications and fewer ventilator days.

We recently demonstrated that implementation of a dedicated Trauma Endovascular 

Trauma Service increased case volumes and shortened time to therapy. We also used a 

hybrid operating room. In your institution, who does the endovascular therapy? Was it 

really the location or the people that made the difference? Where is the Interventional 

Radiology suite at your institution? At Shock Trauma, it is located a city block away as 

opposed to the hybrid OR which is 50 feet away from the Resuscitation Unit. Migrating 

into the hybrid OR was an easy choice for us.

Did the authors perform every trauma hemostatic procedure in the hybrid operating 

room? Certainly, at our institution, the volume of operative hemostasis would never allow 

us to do all our cases in the hybrid suite. Even when we consider simply catheter 

hemostasis, as we have ramped up our endovascular volume, we simply do not always 

have an open hybrid OR available. We have reserved that special resource for either 

complex endovascular cases, like TEVAR, or cases that require combined open surgery 

and catheter therapy. We often embolize pelvic fracture bleeding in a regular OR with a 

radiolucent table and a vascular C-arm. How do they ensure availability of the room 

and/or practitioner? I would appreciate the authors thoughts on this. When they use the 

hybrid room, do they use other available techniques such as cone-beam CT?

It would seem that the authors utilized REBOA more in the hybrid era but that seems 

likely because they only performed REBOA in the OR. Why? We routinely place 

REBOA catheters in the Resuscitation Unit and confirm placement with a plain X-ray. 

We have had almost no problems with proper placement. Do the authors believe that this 

practice has altered their findings?

Our orthopedic surgeons do not like the fixed imaging systems. We often then move the 

patients to a room with a mobile C arm after the hybrid portions are completed. Have the 

authors encountered this? The authors demonstrated decreased time from OR arrival to 

achievement of hemostasis. This difference was statistically significant. However, the 

absolute difference was only 11 minutes. Do the authors really believe the salutary effects 

they observed on transfusions and postoperative complications can be explained by a 

difference of 11 minutes?
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Finally, the authors demonstrated no survival advantage. In the end, this is the most 

important statistic. The numbers here are still relatively small so additional data may 

demonstrate survival advantage. The authors point out that the University of Florida was 

willing to provide over $1.5 million to outfit this resource. Ours was slightly more 

expensive. There are additional costs to maintaining it. Do the authors believe that their 

data can empower practitioners at other high-volume institutions to advocate for this 

special, but expensive resource? How do they envision us studying this? If not mortality, 

what other outcomes matter?

The authors come from a prestigious trauma center and the senior authors are 

exceptionally well known. They have innovated in the past and this is another example of 

them pushing the boundaries. We agree with their findings/sentiments and I applaud them 

on this work. Perhaps a small number of like-minded centers could band together and 

demonstrate this technology’s worth.

I appreciate the privilege of the virtual podium and thank the Southern Surgical 

Association for the honor of discussing this paper.

R. Stephen Smith, M.D.

Gainesville, Florida

We thank Dr. Scalea for his insightful comments. His experience and expertise in this 

area is unquestioned. The experience at the Maryland Shock Trauma unit can certainly 

serve as an example of how to develop hybrid operating room capability. I will attempt to 

answer Dr. Scalea’s questions.

The trauma hybrid operating room at the University of Florida is adjacent to a fully 

functioning angiography suite. So the advantage is not just the location or the personnel, 

but the combination. We believe the key is to have an easily accessible multifunction 

suite and to have the proper specialists in that location in a timely manner. We 

preferentially use the hybrid trauma operating room for hemodynamically unstable 

trauma patients. This capability requires commitment from several specialties. We also 

place REBOA in the trauma bays, but have found this procedure to proceed with greater 

efficiency in the hybrid OR due to the excellent imaging system and the skilled assistants 

present in the hybrid OR. We agree with Dr. Scalea in regards to orthopedic 

interventions. While an external fixator can be readily placed in the hybrid room, more 

extensive and definitive procedures are better performed in an orthopedic operating room. 

We have demonstrated that injured patients treated in the trauma hybrid operating room 

have quicker hemostasis, decreased transfusion requirements and have fewer 

complications, but we did not demonstrate improved survival in this small initial 

experience. We believe that larger studies, with greater statistical power, may demonstrate 

greater rates of survival. We wholeheartedly agree with Dr. Scalea’s suggestion that a 

multicenter trial is the best way to answer this question.
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Figure 1: 
Derivation of the study population. UF: University of Florida.
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Figure 2: 
The dedicated, trauma hybrid operating room contains a ceiling-mounted C-arm and a 

carbon fiber fluoroscopy-compatible table, and is accompanied by a fluoroscopy control 

room behind lead-lined glass windows.
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Table 1:

Characteristics of patients undergoing immediate surgery for hemorrhage control before and after 

implementation of a dedicated, trauma hybrid operating room (OR).

Patient characteristics Control cases (n=106) Hybrid OR cases (n=186) P

Age 40 [26–52] 41 [27–61] 0.176

Female 22 (21%) 52 (28%) 0.208

Injury Severity Score 18 [13–27] 22 [13–29] 0.187

Blunt injury 63 (59%) 119 (64%) 0.454

Penetrating injury 43 (41%) 67 (36%) 0.454

 Traumatic arrest in field or ED
a 1 (1%) 7 (4%) 0.266

Intubated in field or ED 37 (35%) 66 (35%) >0.999

Glasgow Coma Scale 15 [3–15] 15 [7–15] 0.662

 Best eye opening response 4 [1–4] 4 [1–4] 0.230

 Best verbal response 5 [1–5] 5 [1–5] 0.689

 Best motor response 6 [1–6] 6 [4–6] 0.474

Heart rate 107 [90–124] 110 [93–128] 0.464

Respiratory Rate 18 [15–22] 20 [17–24] 0.008

Systolic blood pressure (mmHg) 95 [84–111] 95 [86–109] 0.886

Mean arterial pressure (mmHg) 70 [61–82] 71 [61–83] 0.990

FAST performed 80 (75%) 154 (83%) 0.169

 FAST negative 40 (38%) 73 (39%) 0.804

 FAST equivocal 5 (5%) 10 (5%) >0.999

 FAST positive 35 (33%) 71 (38%) 0.448

Temperature (Celsius) 36.3 [35.3–36.8] 36.3 [35.7–36.7] 0.513

pH 7.29 [7.21–7.35] 7.28 [7.19–7.34] 0.230

Lactic acid (mmol/L) 3.1 [2.0–4.7] 3.4 [1.9–5.4] 0.666

Hemoglobin (g/dL) 11.1 [10.0–13.0] 10.2 [9.0–11.7] 0.001

International Normalized Ratio 1.3 [1.1–1.4] 1.2 [1.1–1.3] 0.087

Had a rapid TEG 52 (49%) 72 (39%) 0.109

Had a regular TEG 56 (53%) 128 (69%) 0.008

 Reaction time (min) 3.2 [2.6–4.4] 3.7 [2.9–4.4] 0.072

 Alpha angle (degrees) 68.8 [60.1–73.2] 68.5 [62.3–72.5] 0.974

 K time (min) 1.5 [1.2–2.5] 1.6 [1.2–2.2] 0.955

 Maximum amplitude (mm) 59.2 [51.4–63.3] 59.3 [52.3–63.0] 0.884

 Clot stability (Kdynes/cm2) 7.29 [5.74–8.33] 7.29 [5.77–8.29] >0.999

a
These cases are traumatic arrests following penetrating trauma, as blunt traumatic arrests were excluded. ED: emergency department, FAST: 

focused assessment with sonography for trauma, TEG: thromboelastograph. Data are presented as n (%) or median [interquartile range].
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Table 2:

Hemorrhage control procedures and resuscitation parameters before and after implementation of a dedicated, 

trauma hybrid operating room (OR).

Hemorrhage control and resuscitation Control cases (n=106) Hybrid OR cases (n=186) p

Transferred from ED directly to OR 59 (56%) 119 (64%) 0.172

Underwent REBOA 1 (1%) 18 (8%) 0.013

Underwent sternotomy or thoracotomy 7 (7%) 24 (13%) 0.115

 Aortic cross clamp placed 4 (4%) 13 (7%) 0.309

 Pericardiotomy 5 (5%) 19 (10%) 0.123

 Cardiac laceration repair 1 (1%) 6 (3%) 0.428

 Pulmonary resection or tractotomy 1 (1%) 3 (2%) >0.999

Underwent laparotomy 81 (76%) 144 (77%) 0.885

 Solid organ resection 29 (27%) 47 (25%) 0.782

 Solid organ repair 15 (14%) 40 (22%) 0.161

 Hollow viscous resection 25 (24%) 30 (16%) 0.123

 Diaphragm repair 10 (9%) 16 (9%) 0.833

Underwent preperitoneal pelvic packing 9 (8%) 23 (12%) 0.338

Underwent neck exploration 9 (8%) 13 (7%) 0.650

Operative management of a named vessel 28 (26%) 58 (31%) 0.425

 Bypass, interposition graft, or patch repair 7 (7%) 11 (6%) 0.805

 Endovascular stent or balloon angioplasty 2 (2%) 2 (1%) 0.623

 Primary repair 5 (5%) 20 (11%) 0.085

 Ligation 15 (14%) 22 (12%) 0.586

CT or Vascular Surgery consultation 14 (13%) 23 (12%) 0.856

Underwent angiography 19 (18%) 39 (21%) 0.647

 Angiography performed in IR suite 16 (15%) 0 (0%) <0.001

 Central/aortogram 5 (5%) 8 (4%) >0.999

 Peripheral/extremity angiography 3 (3%) 5 (3%) >0.999

 Visceral angiography 6 (6%) 9 (5%) 0.787

 Pelvic angiography 7 (7%) 22 (12%) 0.221

 Therapeutic angiography
a 13 (12%) 24 (13%) >0.999

Obtained hemorrhage control
b 102 (96%) 176 (95%) 0.777

Interval: OR start to hemorrhage control (min) 60 [42–84] 49 [34–69] 0.005

Total OR plus angiography time (min) 133 [92–243] 135 [91–188] 0.971

TXA administered 0–4 h after arrival 20 (19%) 33 (18%) 0.875

RBC transfusions 0–4 h after arrival 3.0 [0.0–5.0] 2.5 [1.0–5.0] 0.730

Plasma transfusions 0–4 h after arrival 2.0 [0.0–4.0] 1.5 [0.0–4.0] 0.742

RBC transfusions 4–24 h after arrival 1.0 [0.0–3.0] 0.0 [0.0–2.0] 0.001

Plasma transfusions 4–24 h after arrival 1.0 [0.0–3.0] 0.0 [0.0–1.0] <0.001

a
Endovascular stent placement, balloon angioplasty, coil placement, or embolization.
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b
Systolic blood pressure 100 mmHg or greater without ongoing vasopressor or blood product transfusion requirements. ED: emergency 

department, REBOA: resuscitative endovascular balloon occlusion of the aorta, CT: presented as n (%) or median [interquartile range]. 
Cardiothoracic, IR: Interventional Radiology, TXA: tranexamic acid, RBC: red blood cell. Data are presented as n (%) or median [interquartile 
range].
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Table 3:

Clinical outcomes before and after implementation of a dedicated, trauma hybrid operating room (OR).

Clinical outcomes Control cases (n=106) Hybrid OR cases (n=186) p

Postoperative complications

 Any complication 58 (55%) 90 (48%) 0.331

 Any infectious complication 29 (27%) 27 (15%) 0.009

  Pneumonia 13 (12%) 7 (4%) 0.008

  Bloodstream infection 9 (9%) 8 (4%) 0.163

  Surgical site infection 6 (6%) 9 (5%) 0.787

  Urinary tract infection 5 (5%) 4 (2%) 0.293

  Clostridium difficile infection 0 (0%) 1 (1%) >0.999

  Graft infection 0 (0%) 1 (1%) >0.999

 Clavien-Dindo classifications
a

  Overall, median 2.0 [0.0–4.0] 0.0 [0.0–4.0] 0.364

  Grade 1, n (%) 3 (3%) 6 (3%) 0.331

  Grade 2, n (%) 13 (12%) 19 (10%) 0.697

  Grade 3a, n (%) 4 (4%) 7 (4%) >0.999

  Grade 3b, n (%) 5 (5%) 9 (5%) >0.999

  Grade 4a, n (%) 7 (7%) 12 (6%) >0.999

  Grade 4b, n (%) 15 (14%) 12 (6%) 0.036

  Grade 5a, n (%) 7 (7%) 9 (5%) 0.596

  Grade 5b, n (%) 4 (4%) 16 (9%) 0.150

Hospital length of stay (d) 9.5 [5.0–23.3] 9.0 [5.8–19.0] 0.791

ICU length of stay (d) 6.0 [2.0–17.0] 5.0 [2.0–13.0] 0.636

ICU-free hospital days 4.0 [2.0–6.0] 4.0 [1.0–7.3] 0.615

Days on mechanical ventilation 3.0 [1.0–8.0] 2.0 [1.0–5.3] 0.011

Ventilator-free ICU days 2.0 [0.0–6.3] 3.0 [1.0–7.0] 0.144

Discharge disposition

 Home 52 (49%) 104 (56%) 0.274

 Prison 6 (6%) 5 (3%) 0.215

 Another hospital 5 (5%) 7 (4%) 0.762

 Subacute/inpatient rehabilitation 17 (16%) 20 (11%) 0.204

 Long-term acute care 13 (12%) 22 (12%) >0.999

 Custodial care/nursing home 2 (2%) 1 (1%) 0.299

 Hospice 0 (0%) 2 (1%) 0.536

 In-hospital mortality 11 (10%) 25 (13%) 0.579

 Non-home discharge 54 (51%) 82 (44%) 0.274

a
Adapted for trauma by Naumann et al.18 ICU: intensive care unit. Data are presented as n (%) or median [interquartile range].
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