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ABSTRACT
Introduction Transfusion of blood components is vital 
for the resuscitation of injured patients in hemorrhagic 
shock. Delays in initiating transfusion have been 
associated with harm, as has excess transfusion. The aim 
of this study was to evaluate variables associated with 
hospital mortality, with a focus on the two modifiable 
risk factors— time to initiate transfusion and volume of 
blood components—with hospital mortality.
Methods This was a registry- based cohort study, 
including all consecutive adult patients presenting 
with hemorrhagic shock (systolic blood pressure (SBP) 
≤90 mm Hg and transfusion of blood components) to 
a level 1 adult trauma center during a 5- year period 
(January 1, 2017–December 31, 2021). Associations 
with hospital mortality were assessed using multivariable 
logistic regression analysis, with final models developed 
using backward elimination.
Results There were 195 patients included and there 
were 49 (25.1%) in- hospital deaths. The median time 
to first transfusion was 10 (IQR 6–16) minutes. Age 
(adjusted OR (aOR) 1.06; 95% CI: 1.03 to 1.08), initial 
SBP (aOR 0.96; 95% CI: 0.3 to 0.98), intracranial 
bleeding or diffuse axonal injury (aOR 2.63; 95% CI: 
1.11 to 6.23), and the volume of blood components in 
the first 4 hours (aOR 1.08; 95% CI: 1.03 to 1.13) were 
associated with mortality. Time to transfusion was not 
associated with in- hospital mortality (aOR 0.99; 95% CI: 
0.95 to 1.03). Among the 90 patients who underwent 
urgent transfer to the operating room or angiography 
suite, the median time to transfer was 2.38 hours (IQR 
1.5–3.7). In this subgroup, age (aOR 1.11; 95% CI: 1.05 
to 1.18) and volume of blood components (aOR 1.20; 
95% CI: 1.08 to 1.34) were associated with mortality.
Discussion In this setting where times to transfusion 
are short, further reductions in the time to transfusion 
are unlikely to improve outcome. In our population, for 
every unit of blood component transfused, the adjusted 
odds of death increased by 8%. These findings suggest 
investigation into strategies to achieve earlier control of 
hemorrhage.
Level of evidence III.

INTRODUCTION
Providing timely transfusion therapy while simulta-
neously performing other life- saving interventions 
is a key challenge during the reception and resus-
citation of critically injured patients. Major hemor-
rhage protocols (MHPs) are designed to provide 
standardized delivery of blood components and 

other products directed at hemostasis. Although 
the content of MHPs may vary between institu-
tions, most prioritize red blood cells (RBCs) for 
the management of hemorrhagic shock, along with 
high volumes of fresh frozen plasma (FFP) and 
platelets. MHPs have become standard practice for 
most trauma centers, despite some controversies 
regarding their effectiveness.1

In conjunction with other measures of hemor-
rhage control, the American College of Surgeon 
Trauma Quality Improvement Program guidelines 
advise a maximum interval of 10 minutes between 
activation of an MHP to delivery of an initial set 
of blood components. Delays to blood compo-
nents have been associated with a 5% increase in 
odds of 30- day mortality for every minute in delay 
(adjusted OR (aOR) 1.05; 95% CI: 1.01 to 1.09).2 
Decreasing the time to delivery of blood compo-
nents may therefore be a modifiable risk factor to 
improve outcomes.

In trauma centers, time to transfusion is associ-
ated with the location of blood component storage.3 
For patients presenting with hemorrhagic shock, 
blood components are commonly stored in insti-
tutional blood banks and delivered after request, 
manually or through pneumatic chutes, usually 
after activation of the MHP. This is the practice in 
our center, with components sent from the blood 
bank through a pneumatic chute. An alternative is 
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storage of a small supply of universal blood components in the 
trauma center.3

A potential risk of enabling easier access to blood compo-
nents is avoidable transfusions. Higher transfusion volumes 
have been associated with worse outcomes, after adjustments 
for injury severity and shock.4 5 A restrictive transfusion strategy 
could therefore be promoted, that is cost- effective, reduces the 
risk of adverse events specific to transfusion, and introduces 
no harm.6 Thus, the aim of this study was to evaluate, among 
adult patients with hemorrhagic shock after trauma presenting 
to a level 1 trauma center, the association of two modifiable risk 
factors—the time to blood component transfusion and volume 
of blood components—with hospital mortality. The hypothesis 
was that shorter time to blood component transfusion and lower 
volumes of blood components during acute resuscitation would 
be associated with lower mortality. This would inform strategies 
to reduce time to transfusions and to reduce transfusion volumes 
during trauma resuscitation.

PATIENTS AND METHODS
Design
This was a registry- based cohort study.

Setting
The state of Victoria, Australia has three major trauma services 
(MTS) located in metropolitan Melbourne: one pediatric and 
two adult. The Alfred Hospital is a level 1 adult trauma center 
and receives the largest number of major trauma patients in 
Australia. Under the Victorian State Trauma System, all major 
trauma patients aged 16 years or older are recommended to 
receive definitive care at an adult MTS. Patients presenting to 
the Alfred Hospital and with suspected hemorrhagic shock are 
managed using a ratio- based MHP.7

The Alfred Hospital Trauma Registry (AHTR) prospectively 
records prehospital and hospital data to chronicle trauma 
activity. Criteria for inclusion in the registry include all major 
trauma (Injury Severity Score (ISS) >12) presentations, those 
requiring admission for over 72 hours, all trauma intensive care 
unit admissions and all deaths after injury.

Patient selection
Patients were identified from the AHTR during a 5- year period 
(January 1, 2017–December 31, 2021). Eligible patients were 
adults, presenting directly from the scene of injury, and with 
hemorrhagic shock. For the purpose of inclusion into the study, 
hemorrhagic shock was defined by presentation with hypoten-
sion (initial systolic blood pressure of ≤90 mm Hg) and trans-
fusion of at least one unit of RBC in the emergency department 
(ED). We excluded patients where the cause of injury was burns, 
near- drowning and near- hanging. At the time of recording 
patient data to the registry, we were blinded to administration of 
tranexamic acid that was provided as part of the PATCH- Trauma 
trial.8

We performed a subgroup analysis including patients who 
underwent urgent surgery or angioembolisation. This popu-
lation was defined as eligible patients who were transferred 
directly from the trauma center to the operating room or angi-
ography suite.

Exposure variables
The primary exposure variable was the time to blood component 
transfusion, defined as time from arrival to the trauma center to 
the start of first transfusion. Data for this variable were extracted 

using an explicit chart review of transfusion records. The second 
exposure variable was the volume of blood components (RBC, 
FFP and platelets) transfused in the first 4 hours after arrival 
at the trauma center. In Australia, one adult unit of apheresis 
or pooled platelets is equivalent to platelets derived from four 
single whole- blood donor units. Prehospital time was defined 
by time of injury (as estimated by prehospital staff) to time of 
arrival to the ED.

Outcome
The outcome variable was death, recorded at hospital discharge.

Analysis
Normally distributed continuous variables were presented using 
mean (SD), ordinal or skewed data were presented using median 
(IQR), and categorical data presented using count (percentages). 
The association between exposure variables and the outcome 
was assessed using univariable logistic regression analysis and 
presented using ORs with 95% CIs. All variables that demon-
strated an association with the outcome (p<0.10) were initially 
entered into a multivariable logistic regression analysis. Back-
ward selection was used, retaining variables that demonstrated 
significant associations to develop the final models. The results 
of the multivariable logistic regression analyses were reported 
using aOR with corresponding 95% CIs. A possible effect 
modification of time to transfusion with prehospital time was 
assessed. Post- estimation multicollinearity was assessed using the 
variance inflation factor (VIF) and goodness of fit assessed using 
Hosmer- Lemeshow test. A p value of <0.05 was considered 
statistically significant. All analyses were performed using Stata 
V.17.0 (College Station, Texas, USA).

RESULTS
There were 285 patients who presented directly from the scene 
and had an initial systolic blood pressure of ≤90 mm Hg. Of 
these, 13 patients were excluded for mechanism of injury being 
burns, near- drowning or near- hanging. A further 77 patients were 
excluded as they did not receive any blood transfusion within 
4 hours of arrival to the ED, and 195 patients were included for 
analysis. At hospital discharge, there were 49 (25.1%) deaths. 
Among the 77 patients who did not receive a blood transfusion, 
there were 9 deaths. Of these, five patients had severe traumatic 
brain injury (TBI) with fixed and dilated pupils. The other four 
patients were of older age with a range of 78–97 years. Time to 
death ranged from 4.3 to 58.9 hours.

Baseline characteristics of patients and univariable associ-
ations with death at hospital discharge are listed in table 1. 
Consistent with the epidemiology of major trauma patients in 
our setting, patients were young males and blunt trauma was the 
most common mechanism of injury, with motor vehicle crashes 
being the most common cause of injury. Age, high ISS, mecha-
nism of injury, the degree of hypotension and tachycardia and 
intracranial bleeding or diffuse axonal injury demonstrated some 
association with mortality at hospital discharge.

Transfused blood components and times to initial blood 
components, and their association with mortality at hospital 
discharge are listed in table 2. In the first 4 hours, patients 
received a median of 4 (IQR 2–8) units of red blood cells, 2 (IQR 
1–4) units of FFP and 1 (IQR 0–2) adult dose of platelets. The 
volume of total blood components transfused (OR 1.07; 95% 
CI: 1.02 to 1.10) was associated with in- hospital mortality. In all 
cases, RBC was the first blood component transfused. Times to 
first RBC transfusion in hospital are displayed in figure 1.
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The initial multivariable regression model including all vari-
ables that demonstrated some association with hospital mortality 
is listed in online supplemental table 1. After backward selection, 
with time to first blood component kept in the model, results are 
listed in table 3. Age (aOR 1.06; 95% CI: 1.03 to 1.08), initial 

systolic blood pressure (aOR 0.96; 95% CI: 0.3 to 0.98), pres-
ence of intracranial bleeding or diffuse axonal injury (aOR 2.63; 
95% CI: 1.11 to 6.23), and the total volume of blood compo-
nents in the first 4 hours (aOR 1.08; 95% CI: 1.03 to 1.13) were 
associated with hospital mortality. Time to first blood compo-
nent was not associated with hospital mortality (aOR 0.99; 
95% CI: 0.95 to 1.03). Prehospital time (p value for interaction 
term=0.87) was not an effect modifier. Mean VIF for the model 
was 1.09, and the p value for the Hosmer- Lemeshow goodness- 
of- fit statistic was 0.17.

There were 90 patients who underwent urgent transfer to the 
operating room or angiography suite, of whom 14 (15.6%) died 
at hospital discharge. The median time to transfer was 2.38 hours 
(IQR 1.5–3.7). In this population, there were 14 (15.7%) deaths. 
Variables associated with in- hospital mortality are listed in online 
supplemental table 2 and a comparison of patients who under-
went urgent transfer to the operating room or angiography suite 
versus those who did not is presented in online supplemental 
table 3. In the final model, age (aOR 1.11; 95% CI: 1.05 to 
1.18) and total blood components within 4 hours (aOR 1.20; 
95% CI: 1.08 to 1.34) were associated with mortality (table 4). 
In this subgroup, time to first blood components was not associ-
ated with mortality (aOR 0.96; 95% CI: 0.85 to 1.08). Time to 
death, subgrouped by transfusion volume, is presented in online 
supplemental figure 1.

DISCUSSION
Among injured patients presenting with hemorrhagic shock to an 
adult level 1 trauma center, times to blood component transfu-
sion were short and were not associated with hospital mortality. 
The volume of blood component therapy was associated with 
mortality and is potentially a modifiable risk factor. This study 
suggests that implementation and evaluation of strategies to 
reduce bleeding and the need for blood component transfusion 
during trauma resuscitation could improve outcomes.

The setting of this study and restrictions to the included 
population must be considered when interpreting these results. 
Mature trauma systems have achieved substantial improvements 
in outcomes through a system- based approach, resuscitation 
using trauma teams, and inpatient management using dedicated 
trauma services.9–12 In this mature adult trauma center, despite 
blood components requiring transport from the blood bank, 
times to transfusion were relatively short. This is likely associ-
ated with an established prehospital notification, an MHP that 
is frequently activated and audited, and a pneumatic tube that 
transports blood components directly to the trauma center. In 
such a setting, further incremental improvements in time to trans-
fusion are unlikely to significantly improve patient outcomes.

Table 1 Baseline characteristics and associations with mortality at 
hospital discharge

Variable Summary measure

Association with in- 
hospital mortality
OR (95% CI) P value

Age (years), mean 
(SD)

49.7 (21.8) 1.03 (1.02 to 1.05) <0.001

Male sex (%) 142 (72.8) 0.89 (0.43 to 1.82) 0.75

Injury Severity Score

  <12 30 (15.4%) Ref Ref

  12–25 52 (26.7%) 1.01 (0.27 to 3.78) 0.99

  26–40 48 (24.6%) 2.41 (0.70 to 8.26) 0.16

  >40 65 (33.3%) 4.17 (1.30 to 13.37) 0.016

Cause of injury

  Motor car or 
truck crash

53 (27.2%) 4.19 (0.86 to 20.3) 0.075

  Motorcycle crash 24 (12.3%) 1.07 (0.16 to 7.22) 0.94

  Pedal cycle crash 9 (4.6%) 2.14 (0.25 to 18.50) 0.49

  Pedestrian 37 (19.0%) 4.24 (0.84 to 21.51) 0.081

  Low fall 11 (5.6%) 2.81 (0.39 to 20.45) 0.31

  High fall 19 (19.7%) 3.46 (0.59 to 20.21) 0.17

  Penetrating 25 (12.8%) 0.31 (0.03 to 3.75) 0.36

  Other 18 (8.7%) Ref Ref

Prehospital time 
(hrs)

1.9 (1.3–2.9) 1.08 (0.85 to 1.37) 0.53

Initial systolic blood 
pressure (mm Hg), 
mean (SD)

70.3 (16.9) 0.96 (0.94 to 0.98) <0.001

Initial pulse rate 
(beats/min), mean 
(SD)

97.7 (33.3) 0.99 (0.98 to 1.00) 0.028

Initial shock index 
≥1

156 (80.0%) 1.40 (0.59 to 3.28) 0.45

FAST 0.36

  Negative 125 (64.1%) Ref

  Positive 59 (30.3%) 1.40 (0.68 to 2.88)

  Unknown or 
equivocal

11 (5.6%) –

Intracranial 
bleeding or diffuse 
axonal injury

54 (27.8%) 3.65 (1.83 to 7.27) <0.001

FAST, Focused Assessment with Sonography in Trauma.

Table 2 Transfusion of blood components and univariable association with mortality

Variable Summary measure, median (IQR)
Association with in- hospital mortality
OR (95% CI) P value

RBC units in first 4 hours 4 (2–8) 1.12 (1.05 to 1.21) 0.001

Time to first RBC unit (mins) 10 (6–16) 0.97 (0.93 to 1.01) 0.10

FFP units in first 4 hours 2 (1–4) 1.14 (1.04 to 1.24) 0.004

Time to first FFP unit (mins) 21 (11–29) 0.97 (0.95 to 1.00) 0.068

Platelet (adult units in first 4 hours) 1 (0–2) 1,43 (1.14 to 1.80) 0.002

Time to first platelet unit (mins) 26 (17–45) 1.00 (0.98 to 1.02) 0.87

Total blood components in first 4 hours (units) 8 (4–14) 1.07 (1.02 to 1.10) 0.001

FFP, fresh frozen plasma; RBC, red blood cell.
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A modifiable risk factor identified in this study was the volume 
of blood components transfused, with 8% higher odds of death 
for every unit of blood component transfused in our study. 
Although transfusion of blood components remains essential 
for trauma resuscitation, there appears to be a need to imple-
ment and assess innovative strategies to reduce blood compo-
nent transfusion. During trauma reception and resuscitation, 
such strategies can be broadly categorized to direct control of 
bleeding using surgical and/or angioembolisation techniques and 
reduction in blood component requirement through optimiza-
tion of physiology and coagulation (figure 2). The evaluation of 
such strategies is therefore a priority target for further research, 

particularly among discrete subgroups of patients such as those 
with TBI or penetrating trauma.

Reducing the time to definitive hemorrhage control is 
another modifiable risk factor. The median time to transfer was 
2.38 hours (IQR 1.5–3.7). This was substantially longer than 
recommended. For example, the Royal Australasian College of 
Surgeons guideline for emergency operative intervention is 30 
minutes and for interventional radiology 60 minutes, to effect 
hemorrhage control.13 There are multiple confounders in the 
association of time to hemorrhage control and outcomes that 
include detection and characterization of hemorrhage, avail-
ability of theater and staff. Therefore, rather than promoting 
a linear association of time to theater with outcomes, in some 
cases, it is prudent to accept some delays to surgery to achieve 
greater understanding on the pathophysiology of bleeding. But 

Figure 1 Time to first unit of RBC or any blood component. RBC, red blood cell.

Table 3 Adjusted associations with in- hospital mortality (final 
model)

Variable Adjusted OR (95% CI) P value

Age (years) 1.06 (1.03 to 1.08) <0.001

Initial SBP (mm Hg) 0.96 (0.93 to 0.98) 0.001

Intracranial bleeding or diffuse 
axonal injury

2.63 (1.11 to 6.23) 0.028

Total blood components in 4 hours 
(units)

1.08 (1.03 to 1.13) 0.003

Time to first blood component 
(mins)

0.99 (0.95 to 1.03) 0.64

SBP, systolic blood pressure.

Table 4 Adjusted association with in- hospital mortality among 
patients who underwent urgent surgery or angioembolisation

Variable Adjusted OR (95% CI) P value

Age (years) 1.11 (1.05 to 1.18) <0.001

Total blood components in 
4 hours (units)

1.20 (1.08 to 1.33) 0.001

Time to first blood component 
(mins)

0.96 (0.85 to 1.08) 0.49
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recognition of delays to definitive hemorrhage control demands 
investigations into strategies to enable earlier therapy.

Hybrid trauma resuscitation bays and operating rooms reduce 
the time to hemorrhage control by enabling earlier surgery and 
angiography, while concurrently providing capacity for assess-
ment using imaging and ongoing hemotherapy.14 Management in 
hybrid resuscitation bays has been associated with reduced blood 
component transfusion and lower mortality.15 16 However, trials 
are required for definitive evidence on benefits towards patient 
outcomes and cost- effectiveness. During surgical management, 
the role of cell salvage during trauma resuscitation remains 
unknown and requires further assessment.17 18

There is substantial potential for adjunct products to 
reduce blood component transfusion. Early administration of 
tranexamic acid has been consistently associated with lower 
mortality, without higher thromboembolic complications.8 19 
Dosing and the effect of tranexamic acid on functional outcomes 
of patients require further assessment. Similarly, there is some 
uncertainty regarding the role of prothrombin complex concen-
trates, with potential benefits unknown, and there have been 
suggestions of thromboembolic events.20 Further trials are indi-
cated and are currently enrolling patients. Pre- emptive fibrin-
ogen replacement may also reduce other blood component 
requirements and although a recent trial did not demonstrate a 
benefit, further trials are underway.21

This study is limited in being conducted in a single adult 
trauma center. The results, therefore, may not be generalizable 
to other centers. In particular, the results should not be extrap-
olated to prehospital care, where early access to blood compo-
nents may be life- saving. In our center, a ratio- based MHP was 
used and this practice differs from settings using viscoelastic 
hemostatic assay (VHA)- based MHPs. However, whether VHA- 
based resuscitation results in lower blood component transfu-
sions or improved mortality remains unknown.22 Transfer times 
to the operating room or angiography suite may be significantly 
lower at other centers. We did not consider the effect of survival 
bias in the analyses. The concept of survival bias would posit that 
some patients would have died prior to the opportunity to be 
transfused large volumes of blood products. This bias, if present, 
would shift the association between blood products and mortality 
towards null, and hence, consolidates the findings of this study. 
Our study only included patients with hypotension on arrival, 
and therefore would have excluded patients who may have had 
occult hemorrhage and presented with a higher blood pressure. 
Investigations into diagnosis of occult hemorrhagic shock remain 
a target for future research. We also excluded patients who did 

not receive a blood transfusion, with the possibility that death 
could have resulted due to delays in initiation of transfusion, 
However, our assessment of the subgroup of patients who died 
without being transfused suggests that death was associated with 
severe TBI and multitrauma in older patients, and not due to 
inability to transfuse blood components. Finally, it is acknowl-
edged that in severely injured patients, a massive transfusion is 
sometimes essential therapy, and a reflection of tissue injury and 
shock.

As a retrospective analysis, it is possible that unknown 
confounders were unaccounted for. However, we adjusted for 
the common variables associated with mortality after major 
trauma, age, shock severity and injury severity. Finally, in our 
discussion, we have not considered the potential for prehospital 
management to improve outcomes. This is an evolving field and 
contains many more targets for urgent research.

CONCLUSIONS
In a mature adult trauma center, times to blood component 
therapy were short, and further reductions in times to transfu-
sion are unlikely to be associated with a mortality benefit. Age, 
shock severity and TBI were identified as non- modifiable risk 
factors for hospital mortality. The need for high volume of blood 
product transfusion and the time to operative or angiographic 
hemorrhage control were potentially modifiable risk factors.

Contributors The authors confirm contribution to the article as follows: study 
conception and design—BM and JM; data collection—BS, CS and CK; analysis and 
interpretation of results—BM; draft article preparation: BM, SH and MF. All authors 
accept full responsibility for the work and conduct of the study, had access to the 
data, and controlled the decision to publish.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval This study involves human participants and was approved by the 
Alfred Hospital Research and Ethics Committee (project ID 253/22). The requirement 
to seek informed consent from participants was waived by the Ethics Committee.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data 
are available upon reasonable request and subject to Ethics Committee approval.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 

Figure 2 Research priorities to achieve earlier in- hospital hemostasis.



6 Mitra B, et al. Trauma Surg Acute Care Open 2024;9:e001248. doi:10.1136/tsaco-2023-001248

Open access

of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Biswadev Mitra http://orcid.org/0000-0002-0508-2450

REFERENCES
 1 Mitra B, O’Reilly G, Cameron PA, Zatta A, Gruen RL. Effectiveness of massive 

transfusion protocols on mortality in trauma: a systematic review and meta- analysis. 
ANZ J Surg 2013;83:918–23. 

 2 Meyer DE, Vincent LE, Fox EE, OʼKeeffe T, Inaba K, Bulger E, Holcomb JB, Cotton BA. 
Every minute counts: time to delivery of initial massive transfusion cooler and its 
impact on mortality. J Trauma Acute Care Surg 2017;83:19–24. 

 3 Harris CT, Totten M, Davenport D, Ye Z, O’Brien J, Williams D, Bernard A, Boral L. 
Experience with uncrossmatched blood refrigerator in emergency Department. Trauma 
Surg Acute Care Open 2018;3:e000184. 

 4 Yang J- C, Sun Y, Xu C- X, Dang Q- L, Li L, Xu Y- G, Song Y- J, Yan H. Correlation between 
red blood cell transfusion volume and mortality in patients with massive blood 
transfusion: a large multicenter retrospective study. Exp Ther Med 2015;9:137–42. 

 5 Moore FA, Moore EE, Sauaia A. An independent risk factor for postinjury multiple 
organ failure. Arch Surg 1997;132:620–4.

 6 Mirski MA, Frank SM, Kor DJ, Vincent J- L, Holmes DR. Restrictive and liberal red cell 
transfusion strategies in adult patients: reconciling clinical data with best practice. Crit 
Care 2015;19:202. 

 7 Winearls J, Mitra B, Reade MC. Haemotherapy algorithm for the management of 
trauma- induced coagulopathy: an Australian perspective. Curr Opin Anaesthesiol 
2017;30:265–76. 

 8 PATCH- Trauma Investigators and the ANZICS Clinical Trials Group, Gruen RL, Mitra B, 
Bernard SA, McArthur CJ, Burns B, Gantner DC, Maegele M, Cameron PA, Dicker B, 
et al. Prehospital tranexamic acid for severe trauma. N Engl J Med 2023;389:127–36. 

 9 Lockey DJ. Improved trauma outcomes after the introduction of a trauma system in 
England. EClinicalMedicine 2018;2–3:3–4. 

 10 Kwon J, Lee M, Kim Y, Moon J, Huh Y, Song S, Kim S, Ko J- I, Jung K. Trauma system 
establishment and outcome improvement: a retrospective national cohort study in 
South Korea. Int J Surg 2023;109:2293–302. 

 11 Ursic C, Curtis K, Zou Y, Black D. Improved trauma patient outcomes after 
implementation of a dedicated trauma admitting service. Injury 2009;40:99–103. 

 12 Cameron PA, Gabbe BJ, Cooper DJ, Walker T, Judson R, McNeil J. A statewide system 
of trauma care in Victoria: effect on patient survival. Med J Aust 2008;189:546–50. 

 13 Warren K- R, Morrey C, Oppy A, Pirpiris M, Balogh ZJ. The overview of the Australian 
trauma system. OTA International 2019;2:e018. 

 14 The founding members of the Japanese Association for Hybrid Emergency Room 
System (JA-HERS). The hybrid emergency room system: a novel trauma evaluation and 
care system created in Japan. Acute Med Surg 2019;6:247–51. 

 15 Watanabe H, Matsumoto R, Kuramoto S, Muronoi T, Oka K, Shimojo Y, Kidani A, Hira 
E, Kawamura T. Hybrid emergency rooms reduce the requirement of blood transfusion 
in patients with severe trauma. World J Emerg Surg 2021;16:34. 

 16 Umemura Y, Watanabe A, Kinoshita T, Morita N, Yamakawa K, Fujimi S. Hybrid 
emergency room shows maximum effect on trauma resuscitation when used in 
patients with higher severity. J Trauma Acute Care Surg 2021;90:232–9. 

 17 Beeton G, Zagales I, Ngatuvai M, Atoa A, Wajeeh H, Hoops H, Smith CP, Elkbuli 
A. Cost- effectiveness of cell salvage in trauma blood transfusions. Am Surg 
2023;89:4842–52. 

 18 Couch BR, Kim E, Shrestha K, Dhanasekara CS, Sabu- Kurian A, Dissanaike SD. Utility 
of cell saver in trauma compared to cardiac surgery. Am Surg 2023;89:3516–8. 

 19 CRASH- 2 trial collaborators, Shakur H, Roberts I, Bautista R, Caballero J, Coats T, 
Dewan Y, El- Sayed H, Gogichaishvili T, Gupta S, et al. Effects of tranexamic acid on 
death, vascular occlusive events, and blood transfusion in trauma patients with 
significant haemorrhage (CRASH- 2): a randomised, placebo- controlled trial. Lancet 
2010;376:23–32. 

 20 Bouzat P, Charbit J, Abback P- S, Huet- Garrigue D, Delhaye N, Leone M, Marcotte G, 
David J- S, Levrat A, Asehnoune K, et al. Efficacy and safety of early administration of 
4- factor prothrombin complex concentrate in patients with trauma at risk of massive 
transfusion: the PROCOAG randomized clinical trial. JAMA 2023;329:1367–75. 

 21 Marsden M, Benger J, Brohi K, Curry N, Foley C, Green L, Lucas J, Rossetto A, 
Stanworth S, Thomas H, et al. Coagulopathy, cryoprecipitate and CRYOSTAT- 2: 
realising the potential of a nationwide trauma system for a national clinical trial. Br J 
Anaesth 2019;122:164–9. 

 22 Forster EK, Hendel S, Mitra B. Detection of acute traumatic coagulopathy by 
viscoelastic haemostatic assays compared to standard laboratory tests: a systematic 
review. Transfus Med Hemother 2023;50:334–47. 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-0508-2450
http://dx.doi.org/10.1111/ans.12417
http://dx.doi.org/10.1097/TA.0000000000001531
http://dx.doi.org/10.1136/tsaco-2018-000184
http://dx.doi.org/10.1136/tsaco-2018-000184
http://dx.doi.org/10.3892/etm.2014.2068
http://dx.doi.org/9197854
http://dx.doi.org/10.1186/s13054-015-0912-y
http://dx.doi.org/10.1186/s13054-015-0912-y
http://dx.doi.org/10.1097/ACO.0000000000000447
http://dx.doi.org/10.1056/NEJMoa2215457
http://dx.doi.org/10.1016/j.eclinm.2018.08.002
http://dx.doi.org/10.1097/JS9.0000000000000481
http://dx.doi.org/10.1016/j.injury.2008.06.034
http://dx.doi.org/10.5694/j.1326-5377.2008.tb02176.x
http://dx.doi.org/10.1097/OI9.0000000000000018
http://dx.doi.org/10.1002/ams2.412
http://dx.doi.org/10.1186/s13017-021-00377-w
http://dx.doi.org/10.1097/TA.0000000000003020
http://dx.doi.org/10.1177/00031348231175124
http://dx.doi.org/10.1177/00031348231161699
http://dx.doi.org/10.1016/S0140-6736(10)60835-5
http://dx.doi.org/10.1001/jama.2023.4080
http://dx.doi.org/10.1016/j.bja.2018.10.055
http://dx.doi.org/10.1016/j.bja.2018.10.055
http://dx.doi.org/10.1159/000526217

	Timing and volume of transfusion for adult major trauma patients with hemorrhagic shock: a registry-based cohort study
	Abstract
	Introduction
	Patients and methods
	Design
	Setting
	Patient selection
	Exposure variables
	Outcome
	Analysis

	Results
	Discussion
	Conclusions
	References


