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ABSTRACT

Background: Haemorrhage secondary to trauma is the leading cause of preventable fatalities. Low Titre O Whole 
Blood (LTOWB) has been reintroduced as a significant alternative to Component Therapy (CT), in trauma 
resuscitation due to its balanced composition. This systematic review and meta-analysis compares the incidence 
of transfusion related complications, including Pulmonary Embolism (PE), Deep Vein Thrombosis (DVT), Acute 
Kidney Injury (AKI) and Acute Respiratory Distress Syndrome (ARDS), in trauma patients receiving LTOWB versus 
CT.

Methods: A search of PubMed, Scopus, Embase and Web of Science databases was conducted to identify studies 
reporting adverse outcomes in adult civilian trauma patients receiving LTOWB or CT. Eligible studies were assessed 
for quality using the STROBE checklist. Meta-analyses were performed using RevMan software (Version 8.5.2, The 
Cochrane Collaboration, UK) to calculate pooled Odds Ratios (ORs) with 95% Confidence Intervals (CI) for PE, 
DVT, AKI and ARDS.

Results: Ten studies met the inclusion criteria. No statistically significant differences were observed between LTOWB 
and CT groups for PE (OR: 1.17, 95% CI, 0.73-1.89, p=0.51), DVT (OR: 0.83, 95% CI, 0.47-1.45, p=0.51), AKI 
(OR: 1.37, 95% CI, 0.77-2.44, p=0.28), or ARDS (OR: 1.35, 95% CI, 0.84-2.17, p=0.21). Moderate heterogeneity 
was observed for some outcomes.

Conclusion: LTOWB offers a viable alternative to CT in trauma resuscitation without increasing the risk of 
transfusion related adverse outcomes. Further randomised controlled trials with standardised criteria are required 
to confirm LTOWB's safety and its role in reducing adverse outcomes.

Keywords: LTOWB; Whole blood; Component therapy; Pulmonary embolism; Deep vein thrombosis; Acute kidney 
injury; Acute respiratory distress syndrome

Abbreviations: LTOWB: Low Titre O Whole Blood; CT: Component Therapy; PE: Pulmonary Embolism; DVT: 
Deep Vein Thrombosis; AKI: Acute Kidney Injury; ARDS: Acute Respiratory Distress Syndrome

INTRODUCTION

Exsanguination secondary to traumatic injury is the leading cause of 
preventable fatalities among civilian and military trauma patients [1,2]. 
Severely bleeding patients are at risk of falling into the lethal triad of 
coagulopathy, hypothermia and metabolic acidosis [3]. The current 
literature documents that early intervention and a balanced approach 
to resuscitation is significant in preventing early coagulopathy and the 
lethal triad [4-6]. The current Damage Control Resuscitation (DCR) 
recommendation includes product administration in a 1:1:1 ratio 

(1 unit Red Blood Cell (RBC), 1 unit Fresh Frozen Plasma (FFP), 1 
unit platelets), for prevention of early trauma-induced coagulopathy 
[3]. Effectively, the DCR approach aims to replace patient blood 
loss with an approximate whole blood transfusion [3]. It is with this 
recommendation that historic whole blood transfusion practices are 
being revisited in a modern way. 

LTOWB (Low Titre Group O Whole Blood)

LTOWB contains all the components of whole blood (RBC, plasma 
and platelets), essentially providing the balanced approach, per each 
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with the development of ARDS, with RBC transfusions having 
been reported to increase its risk [24]. The reported incidence of 
ARDS in trauma patients is 8.4% [25]. The exact pathophysiology is 
complex and disputed. It is believed that RBC transfusion promotes 
pro-inflammatory cascades, in conjunction with increased vascular 
permeability and leukocyte activation leading to capillary endothelial 
injury and diffuse alveolar damage [26]. 

Scope of the review

Current literature compares the outcomes between patients receiving 
LTOWB and/or CT as part of their resuscitation. The major parameters 
covered include mortality rates (4-24 h, 28-30 days), transfusion 
volumes, Intensive Care Unit (ICU), Length of Stay (LOS), hospital 
LOS and an overall mention of complications [27-29]. As research 
in this area continues to expand, there is a need for a systematic 
review and meta-analysis to assess the incidence of transfusion related 
complications in adult civilian trauma patients who received LTOWB 
versus CT.

This systematic review and meta-analysis aims to evaluate the incidence 
of certain transfusion-related complications in adult civilian trauma 
patients following transfusion of LTOWB or CT during trauma 
resuscitation. This review will compare LTOWB against standard CT 
to determine whether transfusion of LTOWB leads to a reduction in 
complications such as PE, DVT, AKI or ARDS, in trauma settings. By 
elucidating the significant benefits of LTOWB over CT, this review can 
influence considerations towards which products are most appropriate 
for use in trauma resuscitation by optimising transfusion protocols, 
reducing transfusion-related complications and improving patient 
safety.

Primary objective

The primary research question for this study was formulated in 
accordance with the Patient or Problem, Intervention, Comparison 
and Outcome (PICO) framework [30]. In civilian trauma patients 
requiring transfusion as part of resuscitation (population), does the use 
of LTOWB (intervention) reduce transfusion-related complications 
(outcome) when compared to standard CT (comparison)? This study 
aims to systematically address this research question by comparing 
the incidence of adverse events (PE, DVT, AKI or ARDS), following 
transfusion with LTOWB versus CT.

MATERIALS AND METHODS

Study design

This systematic review was conducted following the PRISMA 
(Preferred Reporting Items for Systematic reviews and Meta-Analyses) 
guidelines to gather relevant articles investigating the incidence of 
adverse complications in trauma patients receiving LTOWB or CT 
therapy as part of their resuscitation [31].

Search strategy 

To identify relevant literature, searches were conducted through 
PubMed, Scopus, Embase and Web of Science databases, without 
publication date restrictions. Key search terms included “LTOWB”, 
"low titer/titre O whole blood", “whole blood”, “whole blood 
resuscitation”, "whole blood transfusion" AND "trauma" and "whole 
blood" AND "resuscitation" AND "trauma". To ensure full coverage, 
both British and American spelling of ‘titre and ‘titer’ were included 
where relevant. No articles were added by manual search. Articles 
retrieved from database searches were saved into EndNote. 

unit. The history of whole blood transfusions dates to the early 
1900s-1940s, with documented transfusions of whole blood during 
World War I (WWI) and World War II (WWII), continuing into 
the Vietnam War [7]. During the 1960s-1970s, fractionated blood 
components became more popular due to scientific advancements in 
product collection and storage [7]. Despite improvements in trauma 
resuscitation methods, pre-hospital haemorrhage is still the leading 
cause of death in military patients [2]. To provide balanced DCR in the 
austere environments of the Iraq and Afghanistan war, whole blood 
transfusion was reintroduced with high reported success rates [8]. 
This documented success has led to the implementation of LTOWB 
in trauma resuscitation of civilians. LTOWB is whole blood collected 
from donors (typically male) who have low titres of Immunoglobulin 
M (IgM) anti-A and anti-B, stored for up to 21 days [9]. According 
to the Association for the Advancement of Blood and Biotherapies 
(AABB) standard 5.27.2, the definition of “low titre” must be defined 
by the institution, with products from <1:50 to <1:256 [10]. 

Clinical significance

The time from traumatic injury to initial blood transfusion is 
significant, with studies showing improved mortality rates with 
earlier intervention [5,6]. The use of LTOWB in trauma settings 
can reduce the quantity of products transfused as the 1:1:1 ratio is 
contained in a single unit, as opposed to standard CT [11]. Balanced 
resuscitation through CT includes blood products which are stored at 
different temperatures and require different preparation, significantly 
increasing the logistical efforts to ensure timely transfusion. In CT, 
there is increased transfusion of fluids lacking haemostatic and oxygen-
carrying properties (anticoagulants and preservatives) [12]. Due to the 
processing of CT products the haematocrit, platelets and coagulation 
factors are also decreased [13]. Lastly, it has been reported that LTOWB 
could be more cost effective when implemented in addition to CT [14]. 
It is these factors which highlight the valid role LTOWB can play in 
DCR, with potential to simplify transfusion protocols while providing 
balanced resuscitation over less units.

Transfusion-related complications

PE and DVT: The reported incidence of PE in trauma patients is 0.11% 
to 2.3% [15]. While the reported incidence of DVT in trauma patients 
varies, it well documented that DVT is a common trauma-associated 
complication [16]. The risk of Venous Thromboembolic (VTE) events 
increase where there is damage of the vessel wall, turbulent blood flow 
or hypercoagulability, collectively known as Virchow’s Triad [16]. It has 
been reported several times in the literature that blood transfusion 
increases the likelihood of experiencing a VTE event [17-19]. While 
the influence of RBC transfusion in VTE development is not entirely 
understood, it is known that a hypercoagulable state secondary to 
traumatic injury predisposes one to acute VTE events [20].

Acute Kidney Injury (AKI): AKI, previously known as acute renal 
failure, results from many aetiological causes leading to a sudden and 
typically reversible decline in glomerular function [21]. In patients 
presenting with haemorrhagic shock, there is a 43% risk of developing 
AKI [22]. It has been reported that transfusion can lead to AKI through 
mechanism of haemolysed RBC increasing the free haemoglobin, iron 
and pro-inflammatory molecules leading to glomerular damage and 
compromising kidney function [23]. 

Acute Respiratory Distress Syndrome (ARDS): ARDS is a severe 
inflammatory lung condition often affecting critically ill patients 
and has a grave prognosis [24]. There are many risk factors associated 
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selected parameters included PE, DVT, AKI and ARDS. 

Statistical analysis 

To conduct the meta-analysis,  Review Manager (RevMan) software 
(Version 8.5.2, The Cochrane Collaboration, UK) was accessed via the 
Cochrane website [33]. A two-way proportion analysis was used for the 
incidence of PE, DVT, AKI and ARDS in LTOWB versus CT groups. 
Each analysis used the Mantel-Haenszel statistical method to calculate 
Odds Ratio (OR) using random effects model. The results for each 
parameter were represented visually in forest plots. RevMan software 
determined the overall P-value to evaluate the statistical significance, 
95% Confidence Interval (CI), I2 to assess study heterogeneity (het.), 
including the associated het. p-value. A p-value of <0.05 was deemed 
statistically significant.

RESULTS

Study selection 

As shown in Figure 1, the search strategy identified 5,474 articles 
through PubMed, Scopus, Embase and Web of Science databases. The 
search results were extracted and imported into EndNote for filtering 
and duplicate removal. Of the 5,474 articles, 3,000 were duplicates, 
1,777 were excluded based on title irrelevancy and a further 477 were 
excluded based on abstract irrelevancy. The remaining 191 articles were 
screened via full-text reading to determine their eligibility. In total, 10 
articles were accepted through the screening process and no additional 
eligible articles were identified through manual reference checks.

Eligibility criteria 

EndNote was used to remove duplicates and organise articles for 
eligibility assessment. Articles were excluded based on title and 
abstract, then assessed for eligibility. Articles which examined the 
adverse outcomes (PE, DVT, AKI, ARDS), following transfusion with 
LTOWB or CT in adult (≥ 16 years) civilian trauma patients were 
considered eligible. Articles were excluded if they were:

• Irrelevant to the research question, 

• Case studies, 

• Systematic review, meta-analyses or review, 

• Obstetrics/paediatrics, 

•  Lacked control group (CT therapy only) and 

•  Lacked specification of LTOWB product.

Assessment of methodology quality 

The eligible studies were assessed in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) 
checklist for their methodological quality [32].

Data extraction and management 

Data was extracted from the eligible studies, including the primary 
author, study design, country of publishing, study period, sample 
size and the incidence of the parameters measured for analysis. The 

Figure 1: Overview of study selection according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) Guidelines for 
Systematic Review on risk of PE, DVT, AKI and ARDS following transfusion with LTOWB or CT in civilian trauma patients [31].

5474 potential articles identified from electronic bibliographic databases:
• Pubmed (n=1963)
• Scopus (n=805)
• Embase (n=1231)
• Web of Science (n=1475)

Articles screened (n=5474)

5283 articles were excluded from screening:
• Duplicate articles (n=3029)
• Title-based excluded articles (n=1777)
• Abstract-based excluded articles (n=477)

181 articles were excluded from full-text screening:
• Case study (n=15)
• Systematic review and meta-analyses (n=5)
• Obstetrics/paediatrics (n=20)
• No control group (n=9)
• Irrelevant (n=133)

Full-text screened articles matching inclusion criteria (n=10)

Full-text articles screened (n=191)
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[34,35,37-40,42,43], 6 included AKI [35,36,38,39,41,43] and another 
6 included ARDS [35-40]. The sample sizes ranged from 86 to 1617.

The data included in the meta-analysis is shown in Table 2. Categorical 
data were described as the number of adverse events occurring (count) 
out of the sample group (n). The table reports both the absolute counts 
and proportional rates of the incidence of adverse events, including 
PE, DVT, AKI and ARDS, comparing LTOWB and CT groups. The 
studies varied in sample sizes, ranging from smaller cohorts, such as 
Guyette et al. [37] with 86 patients, to larger ones, like Dilday et al., 
with 1,617 patients [35].

Study characteristics 

As shown in Table 1, the 10 articles included in this meta-analysis 
identified the incidence of PE, DVT, AKI andARDS in patients who 
had either LTOWB or CT as part of their trauma resuscitation. The 
studies conducted in the United States of America (USA) between 
2015 to 2021, were either prospective [35-38,40,42] or retrospective 
[36,39,41,43]. The sample size included adult (≥ 16 years) civilian 
trauma patients who were monitored for adverse outcomes (PE, DVT, 
AKI or ARDS) following transfusion with LTOWB or CT during their 
resuscitation. Of the 10 articles, 8 included incidence of PE and DVT 

Table 1: Overview of eligible study characteristics and meta-analysis parameters.

Study Year Study design Country Study period Sample size

Bohan et al. [34] 2021 Retrospective USA 2018-2020 182

Dilday et al. [35] 2024 Prospective USA - 1617

Duchesne et al. [36] 2021 Prospective USA 2019-2020 253

Guyette et al. [37] 2022 Prospective USA 2018-2020 86

Hatton et al. [38] 2023 Prospective USA 2017-2018 564

Lee et al. [39] 2022 Retrospective USA 2019-2020 299

Niemann et al. [40] 2023 Prospective USA 2018-2020 193

Seheult et al. [41] 2018 Retrospective USA 2015-2017 252

Sperry et al. [42] 2023 Prospective USA 2018-2021 1051

Yazer et al. [43] 2021 Retrospective USA 2015-2019 252

Table 2: Summary of included study characteristics and adverse outcome incidence among LTOWB and CT groups.

Study Year PE DVT ARDS AKI/ARF

Bohan et al. [34] 2021 LTOWB: 3/87 CT: 2/95 LTOWB: 3/87 CT: 1/95 - -

Dilday et al. [35] 2024 LTOWB: 26/1199 LTOWB: 69/1199 LTOWB: 36/1199 LTOWB: 185/1199

CT: 13/418 CT: 20/418 CT: 6/418 CT: 28/418

Duchesne et al. [36] 2021 - -
LTOWB: 0/73

CT: 11/180
LTOWB: 3/73

CT: 17/180

Guyette et al. [37] 2022
LTOWB: 1/40

CT: 1/46
LTOWB: 1/40

CT: 3/46
LTOWB: 7/40

CT: 7/46
-

Hatton et al. [38] 2023
LTOWB: 8/341

CT: 6/223
LTOWB: 7/341

CT: 11/223
LTOWB: 24/341

CT: 13/223
LTOWB: 29/341

CT: 19/223

Lee et al. [39] 2022
LTOWB: 4/169

CT: 2/130
LTOWB: 4/169

CT: 6/130
LTOWB: 2/169

CT: 1/130
LTOWB: 8/169

CT: 6/130

Niemann et al. [40] 2023
LTOWB: 2/40

CT: 0/153
LTOWB: 1/40

CT: 2/153
LTOWB: 0/40

CT: 2/153
-

Seheult et al. [41] 2018 - - -
LTOWB: 25/126

CT: 18/126

Sperry et al. [42] 2023
LTOWB: 38/624

CT: 26/427
LTOWB: 49/624

CT: 22/427
- -

Yazer et al. [43] 2021
LTOWB: 10/126

CT: 3/126
LTOWB: 4/126

CT: 12/126
-

LTOWB: 33/70*
CT: 37/87*

Note: *39 CT and 56 LTOWB recipients did not have any blood culture results during the first 7 days.
Abbreviations: n: Sample Size; PE: Pulmonary Embolism; DVT; Deep Vein Thrombosis; ARDS: Acute Respiratory Distress Syndrome; AKI: Acute 
Kidney Injury; ARF: Acute Renal Failure; LTOWB; Low Titre O Whole Blood; CT: Component Therapy.
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Study quality assessment 

The 10 included studies were individually assessed for quality using 
the STROBE checklist as shown in Table 3, [32]. Most of the selected 
STROBE criteria were fulfilled, indicating adequate reporting and 
methodology, supporting the inclusion of these studies as ‘high quality’. 
Eligibility criteria was marked as partially fulfilled for some studies due 
to the absence of exclusion criteria [35,43]. Defined outcomes were 
also partially fulfilled for Seheult et al., as the outcomes were inferred 
but not explicitly stated in the methods section [41]. Major elements of 
the study design were not fulfilled for some studies, as the information 
was presented elsewhere [41,43].

META-ANALYSIS OF THE INCIDENCE OF 
ADVERSE OUTCOMES IN CIVILIAN TRAUMA 
PATIENTS

Incidence of PE

For the meta-analysis of PE incidence in trauma patients following 
resuscitation with LTOWB or CT, 8 studies were included, presented 
as a forest plot in Figure 2A, [34,35,37-40,42,43]. The overall incidence 
of PE was 3.63% in LTOWB and 3.39% in CT groups. The pooled OR 
was 1.17 (95% CI, 0.73 to 1.89, p-value=0.51), indicating no statistically 
significant difference between LTOWB and CT in the incidence of PE. 
The I² value of 27% (het. p-value=0.21) suggests moderate heterogeneity 
amongst studies. Selection biases (random sequence generation and 
allocation concealment) were prevalent in most included studies 
[34,35,39,43]. Additionally, performance bias (blinding of participants 
and personnel) was present in all included studies. Given the nature 
of trauma settings, it was unclear whether detection bias (blinding of 
outcome assessment) was adequately addressed or even relevant. Other 
biases included no titre or leukoreduction clarification [35,43].

Incidence of DVT 

For the meta-analysis of DVT incidence in trauma patients following 
resuscitation with LTOWB or CT, 8 studies were included, presented 
as a forest plot in Figure 2B, [34,35,39-40,42,43]. The overall incidence 

of DVT was 5.55% in LTOWB and 5.00% in CT groups. The pooled 
OR was 0.83 (95% CI, 0.47 to 1.45, p-value=0.51), indicating no 
statistically significant difference between LTOWB and CT in the 
incidence of DVT. The I² value of 54% (het. p-value=0.03) suggests 
moderate heterogeneity amongst studies. Identical bias trends were 
seen for DVT as the included studies were the same. Other biases 
included no titre or leukoreduction clarification [35,43].

Incidence of AKI 

For the meta-analysis of AKI incidence in trauma patients following 
resuscitation with LTOWB or CT, 6 studies were included, presented 
as a forest plot in Figure 2C, [35,36,38,39,41,43]. The overall incidence 
of AKI was 16.50% in LTOWB and 12.03% in CT groups. The 
pooled OR was 1.37 (95% CI, 0.77 to 2.44, p-value=0.28), indicating 
no statistically significant difference between LTOWB and CT in the 
incidence of AKI. The I² value of 70% (het. p-value=0.005) suggests 
high heterogeneity amongst studies. Selection biases (random 
sequence generation and allocation concealment) were prevalent 
in most included studies [35,39,41,43]. Performance bias (blinding 
of participants and personnel) was present in all included studies, 
given the nature of trauma settings. Other biases included no titre or 
leukoreduction clarification [35,36,43].

Incidence of ARDS 

For the meta-analysis of ARDS incidence in trauma patients following 
resuscitation with LTOWB or CT, 6 studies were included, presented 
as a forest plot in Figure 2D [35-40]. The overall incidence of ARDS 
was 3.85% in LTOWB and 3.60% in CT groups. The pooled OR was 
1.35 (95% CI, 0.84 to 2.17, p-value=0.21), indicating no statistically 
significant difference between LTOWB and CT in the incidence of 
ARDS. The I² value of 0% (het. p-value=0.43) suggests low heterogeneity 
amongst studies. Again, selection bias (random sequence generation 
and allocation concealment) was prevalent in most included studies 
[35,37,39]. Performance bias was seen in all included studies due to 
the unpredictable study environment. Other biases included no titre 
or leukoreduction clarification [35,36].

Table 3: Evaluation of eligible studies according to the (STROBE) checklist [32].

Study Year Introduction Methods Results Discussion

Explains the 
scientific 

background and 
rationale for study

Key elements 
of study 
design 

outlined

Eligibility criteria 
or matched criteria 

for selection of 
participants

Defines 
all 

outcomes

Describes 
statistical 
methods

Reports numbers of 
individuals at each stage 

of study and indicates any 
missing data for each variable

Summarises 
key results with 
discussion of 
limitations

Bohan et al. 
[34]

2021 Y Y Y Y Y Y Y

Dilday et al. 
[35]

2024 Y Y Pa Y Y Y Y

Duchesne et 
al. [36]

2021 Y Y Y Y Y Y Y

Guyette et al. 
[37]

2022 Y Y Y Y Y Y Y

Hatton et al. 
[38]

2023 Y Y Y Y Y Y Y

Lee et al. [39] 2022 Y Y Y Y Y Y Y

Niemann et 
al. [40]

2023 Y Y Y Y Y Y Y

Seheult et al. 
[41]

2018 Y Nb Y Pc Y Y Y
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Deep Vein Thrombosis (DVT)

The overall incidence of DVT was 5.55% in LTOWB and 5.00% 
in CT groups (95% CI, 0.47 to 1.45, p=0.51), suggesting a non-
significant trend toward increased risk of DVT with CT transfusion. 
The statistically significant heterogeneity score (I²=54%, het. p=0.03) 
indicates that the variability in DVT outcomes across the studies 
is due to differences in diagnostic methods, patient populations, 
interventions or methodologies. Guyette et al., and Yazer et al., reported 
less associated risk of DVT development with transfusion of LTOWB 
with an OR of 0.29 (95% CI, 0.09 to 0.92) and 0.35 (95% CI, 0.03 
to 3.52), respectively [37,43]. These studies may have contributed to 
the moderate heterogeneity, by swaying the estimate towards a lower 
risk for LTOWB. As with PE, the absence of statistical significance in 
DVT incidence suggests that LTOWB does not reduce the risk of VTE 
events, when compared to CT.

Acute Kidney Injury (AKI) 

The overall incidence of AKI was 16.50% in LTOWB and 12.03% in 
CT groups (95% CI, 0.77 to 2.44, p=0.28), suggesting a non-significant 
trend toward increased risk of AKI with LTOWB transfusion. There 
is statistically significant heterogeneity amongst the included studies 
(I²=70%, het. p=0.005), likely due the multifactorial causes of 
AKI as well as differences in study design, patient demographics or 
transfusion practices [21]. Dilday et al., and Yazer et al., stood out as 
outliers with reported OR of 2.89 (95% CI, 1.90 to 4.37) and 2.90 

DISCUSSION

This systematic review and meta-analysis aimed to evaluate if 
transfusion with LTOWB during initial trauma resuscitation would 
reduce adverse outcomes in comparison to standard CT, with a specific 
focus on incidence of PE, DVT, AKI and ARDS. The meta-analysis 
results revealed no statistically significant difference in the incidence 
of adverse outcomes between the groups transfused with LTOWB and 
those transfused with CT. 

Pulmonary Embolism (PE) 

The overall incidence of PE was 3.63% in LTOWB and 3.39% in CT 
groups (95% CI, 0.73 to 1.89, p=0.51), suggesting a non-significant 
trend toward increased risk of PE with LTOWB transfusion. Most 
studies showed similar findings except Niemann et al., who reported 
a significantly higher OR of 21.03 with a wide CI (95% CI, 0.99 to 
447.45), which is an extreme outlier compared to the other studies 
with the average reported OR being closer to 1 [40]. The wide CI 
suggests substantial uncertainty in the estimate, likely due to the 
difference in sample size and low frequency of PE incidence. Dilday 
et al. and Niemann et al. contributed heavily to the analysis weight, 
which may have disproportionately influenced the pooled estimate 
[35,40]. There was moderate heterogeneity amongst studies (I²=27%, 
het. p=0.21), however this was not statistically significant, suggesting 
the heterogeneity observed may be attributed to random variation 
rather than meaningful differences between the studies.

Sperry et al. 
[42]

2023 Y Y Y Y Y Y Y

Yazer et al. 
[43]

2021 Y Nb Pa Y Y Y Y

Note: Y: Criteria fulfilled; P: Criteria partially fulfilled; N: Criteria not fulfilled; a: No exclusion criteria; b: Presented elsewhere; c: Outcomes inferred, 
not explicitly mentioned.

Figure 2: Forest plots of meta-analysis on proportions comparing incidence of adverse outcomes in Low Titre O Whole Blood (LTOWB) and Clotting 
Time (CT) groups. Note: A) Incidence of pulmonary embolism in LTOWB vs. CT groups; B) Incidence of deep vein thrombosis in LTOWB vs. 
CT groups; C) Incidence of acute kidney injury in LTOWB vs. CT groups; D) Incidence of acute respiratory distress syndrome in LTOWB vs. CT 
groups, were expressed using two-way proportion data with Mantel–Haenszel statistics to calculate odds ratio using random effects model. Statistical 
significance was evaluated by the overall p-value and heterogeneity was evaluated by I2 and het. p-value. The weighting of each study was determined 
by its relative sample size.
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safety and efficacy of LTOWB in trauma resuscitation is diminished 
due to significant confounders. Establishing a standardised, universally 
accepted definition of “low titre” should be considered to ensure a 
clearer understanding of transfusion product outcomes. 

Leukoreduction 

LTOWB leukoreduction practices are varied, with some filters sparing 
platelets, while others remove all white cells, or with the absence of filters 
entirely (i.e., ‘non-leukoreduced’) [45]. When compared to packed 
RBC, units are leukoreduced to reduce risks of febrile non-haemolytic 
transfusion reactions, alloimmunisation and cytomegalovirus 
transmission [46]. Six studies specified that their LTOWB units were 
leukoreduced, however the type of filtering varied from platelet-sparing 
to unspecified [35,37,39-42]. One study specified non-leukoreduced 
LTOWB, while three studies did not clarify whether their units were 
leukoreduced or not [34,36,38,43]. This variability in leukoreduction 
practices among the studies introduces a significant confounder when 
evaluating the safety and efficacy of LTOWB transfusion regarding 
adverse outcomes. A study by Haddaway et al., indicated that platelet 
function is moderately reduced following leukoreduction with a 
platelet-sparing filter [45]. Platelet function is crucial for maintaining 
haemostasis, with significant implications in trauma settings if platelet 
function is compromised, such as prolonged bleeding or coagulopathy. 
Depending on the leukoreduction filter used, the inability to effectively 
utilise platelets in LTOWB may compromise the haemostatic response 
during DCR. Additionally, the use of non-leukoreduced LTOWB 
introduces further variation as it is difficult to determine the specific 
influence on adverse outcome development [47].

CONCLUSION

In conclusion, LTOWB is a viable alternative to CT for trauma 
resuscitation, with no significant increased risk of transfusion-related 
complications such as PE, DVT, AKI, or ARDS. Although LTOWB 
may not fully mitigate the unpredictable effects of trauma, the rate 
of adverse outcomes is comparable to standard CT. Additionally, the 
use of fewer products from fewer donors offers a significant advantage 
in reducing the risk of adverse events. Despite the lack of statistical 
significance in these outcomes, the implementation of LTOWB 
remains a practical option, but should be considered in the context 
of the institution’s specific needs. Ultimately, the decision between 
LTOWB and CT should be based on patient demographics and 
resource availability, to optimise patient outcomes in civilian trauma 
settings.

LIMITATIONS

This review is not without limitations. One significant bias to consider 
is confirmation bias, where institutional preferences for transfusion 
protocols (LTOWB vs. CT) may have influenced the interpretation 
of results, significantly reinforcing pre-existing expectations of 
recommending LTOWB. Selection and performance biases were 
prevalent across all four parameters. Particularly in smaller studies 
where the absence of blinding practices likely introduced selection, 
reporting and detection biases, significantly skewing the result. 
Larger studies disproportionally influenced outcomes for DVT. The 
analysis of AKI appeared more consistent; however, attrition bias may 
still be present due to inconsistencies in testing follow-up and data 
completeness across studies. The identified biases emphasise the 
need for more rigorously designed studies with larger sample sizes 
and standardised methods, to better assess the incidence and risks of 
adverse outcomes following transfusion with LTOWB or CT during 
initial trauma resuscitation.

(95% CI, 0.86 to 9.77) respectively [35,43]. Both studies suggest a 
substantially increased risk of AKI development following transfusion 
with LTOWB, significantly inflating the pooled OR estimate. In 
contrast, Duchesne et al., reported an OR of 0.38 (95% CI, 0.11 to 
1.36), indicating a lower risk of AKI development following LTOWB 
transfusion [36]. This discrepancy between studies highlights the 
significant heterogeneity score and indicates the need for further 
investigation into the underlying causes of such variation, as well as 
what considerations should be made around patient samples, study 
design and what confounders to eliminate.

Acute Respiratory Distress Syndrome (ARDS)

The overall incidence of ARDS was 3.85% in LTOWB and 3.60% in 
CT groups (95% CI, 0.84 to 2.17, p=0.21), suggesting a non-significant 
trend toward increased risk of ARDS with LTOWB transfusion. Dilday 
et al., and Hatton et al., were major contributors to this data, with 
Dilday et al., reporting an OR of 2.16 (CI, 0.90 to 5.17) and Hatton 
et al., an OR of 1.24 (CI 0.62 to 2.50), both indicating increased risk 
of LTOWB [35,38]. There was one outlier, Duchesne et al., reported 
decreased risk of ARDS following transfusion with LTOWB (OR: 
0.09, 95% CI, 0.01 to 1.61), likely due to the small sample sizes or event 
counts [36]. There was minimal heterogeneity amongst the studies 
(I²=0%, het. p=0.43), suggesting that the study outcomes are relatively 
consistent. This consistency provides strength in the observation that 
LTOWB might carry a slightly higher, albeit non-significant, risk 
of ARDS compared to CT. Given the pro-inflammatory nature of 
trauma, in conjunction with additional inflammatory processes during 
transfusion, the development of ARDS may be more influenced by a 
patient’s baseline condition, rather than transfusion product.

The shared objectives of CT and LTOWB 

The lack of significance between LTOWB and standard CT regarding 
the incidence of adverse outcomes can be attributed to the products 
themselves being identical, as they aim to serve the same purpose. The 
idea of a 1:1:1 ratio for DCR is met either through a combination of 
components such as in CT, or in a whole unit of LTOWB. Whole 
blood transfusion (either through CT and LTOWB) aims to restore 
blood volume, improve oxygen delivery to tissues and maintain 
haemostasis. Given that the physiological effects of both methods are 
identical, it is unsurprising that similar adverse outcomes were observed 
between the two groups. There are several differences between the 
two modalities, such as increased non-haemostatic fluids in CT and 
a generally higher haematocrit, platelet count and coagulation factors 
in LTOWB, depending on filtration methods, however these may not 
prove significant in influencing the incidence of PE, DVT, AKI or 
ARDS [12,13]. 

AABB titre definition 

According to the Association for the Advancement of Blood and 
Biotherapies (AABB) standard 5.27.2, the definition of “low titre” 
must be defined by the institution, with product titres from the 
included studies ranging from <1:50 to <1:256 [10]. Three studies 
reported a titre level of <1:256, one study reported a level of <1:250, 
another reported <1:100 and one study had a titre level of <1:50 
[34,36-39,41]. One study only specified that their products were “low 
titre” but did not provide parameters and two studies indicated varying 
titres due to being conducted over several institutions, however they 
were still considered “low titre” [35,40,42]. A review by Yazer et al., 
outlined the importance of standardising titre definitions in whole 
blood transfusion [44]. This variability in defining “low titre” reduces 
the validity of comparisons amongst studies, as the clarity around the 
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FUTURE SCOPE 

The outcome of this systematic review and meta-analysis did not show a 
clear advantage for LTOWB over CT, but also didn’t diminish the value 
of LTOWB as a transfusion product. Using fewer products from fewer 
donors offers a significant advantage in reducing the risk of adverse 
events. LTOWB remains a viable alternative when used during the 
initial resuscitation of trauma patients, offering balanced composition 
with simplified transfusion logistics. The decision to implement 
LTOWB should be guided by the institution’s requirements, patient 
demographics and operational logistics, to ensure effective use of 
transfusion products while minimising waste and maximising patient 
outcomes. While LTOWB may be more cost-effective (per unit), the 
literature suggests maximal benefit is seen when utilised in trauma 
resuscitation [14, 27-29]. Therefore, patient demographics must be 
carefully considered to avoid wastage, where CT may be preferable due 
to its versatility.

Further research is required to address limitations and biases. 
Prospective, randomised control trials comparing LTOWB and 
CT during trauma resuscitation are required to confirm LTOWB’s 
efficacy and safety, with a focus on standardised diagnostic criteria for 
PE, DVT, AKI, ARDS and standardised product specifications (e.g. 
titre and leukoreduction). Such trials are underway to investigate these 
outcomes [47]. Larger sample sizes will be necessary to detect subtle yet 
clinically significant differences.

As time to transfusion following traumatic injury is significant in 
improving patient mortality rates [5,6], future studies should consider 
time to transfusion when observing the risk of adverse outcomes, 
beyond just the type of product used. 

REFERENCES
1. Drake SA, Holcomb JB, Yang Y, Thetford C, Myers L, Brock M, et al. 

Establishing a regional trauma preventable/potentially preventable 
death rate. Ann Surg. 2020;271(2):375-382.  

2. Eastridge BJ, Mabry RL, Seguin P, Cantrell J, Tops T, Uribe P, et al. 
Death on the battlefield (2001-2011): Implications for the future of 
combat casualty care. J Trauma Acute Care Surg. 2012;73(6):431-437.  

3. Leibner E, Andreae M, Galvagno SM, Scalea T. Damage control 
resuscitation. Clin Exp Emerg Med. 2020;7(1):5-13.  

4. Holcomb JB, Tilley BC, Baraniuk S, Fox EE, Wade CE, Podbielski 
JM, et al. Transfusion of plasma, platelets, and red blood cells in a 
1:1:1 vs. a 1:1:2 ratio and mortality in patients with severe trauma: 
The PROPPR randomized clinical trial. JAMA. 2015;313(5):471-482.  

5. Braverman MA, Smith A, Pokorny D, Axtman B, Shahan CP, Barry 
L, et al. Prehospital whole blood reduces early mortality in patients 
with hemorrhagic shock. Transfusion. 2021;61 (1):S15-S21.  

6. Holcomb JB, Donathan DP, Cotton BA, Del Junco DJ, Brown G, 
Wenckstern T von, et al. Prehospital transfusion of plasma and red 
blood cells in trauma patients. Prehosp Emerg Care. 2015;19(1):1-9.  

7. Hess JR, Thomas MJG. Blood use in war and disaster: Lessons from 
the past century. Transfusion. 2003;43(11):1622-1633.  

8. Fisher AD, Miles EA, Cap AP, Strandenes G, Kane SF. Tactical 
damage control resuscitation. Mil Med. 2015;180(8):869-875.  

9. American red cross internet. Washington (DC): American red cross. 
Low titer O whole blood. 2024.

10. AABB Internet. Bethesda (MD). Standards for blood banks and 
transfusion services, 33rd edition, take effect April 1. AABB. 2022. 

11. Braverman MA, Schauer SG, Brigmon E, Smith A, Barry L, Bynum 
JA, et al. The impact of prehospital whole blood on hemorrhaging 

trauma patients: A multi-center retrospective study. J Trauma Acute 
Care Surg. 2023;95(2):191-196.  

12. Spinella PC, Perkins JG, Grathwohl KW, Beekley AC, Holcomb JB. 
Warm fresh whole blood is independently associated with improved 
survival for patients with combat-related traumatic injuries. J Trauma. 
2009;66(4):69-76.  

13.  Hess JR. Resuscitation of trauma-induced coagulopathy. Hematology 
Am Soc Hematol Educ Program. 2013;2013(1):664-667.  

14. Murphy RC, Johnson TW, Mack TJ, Burke RE, Damiano NP, Heger 
L, et al. Cost savings of whole blood versus component therapy at a 
community level 1 trauma center. Am Surg. 2024;90(9):2156-2159.  

15. Coleman JJ, Zarzaur BL, Katona CW, Plummer ZJ, Johnson LS, 
Fecher A, et al. Factors associated with pulmonary embolism within 
72 hours of admission after trauma: A multicenter study. J Am Coll 
Surg. 2015;220(4):731-736.  

16. Waheed SM, Kudaravalli P, Hotwagner DT. Deep vein thrombosis. 
StatPearl Internet. 2024. 

17. Xenos ES, Davenport DL. Association of blood transfusion and 
venous thromboembolism in the perioperative period. JAMA Surg. 
2011;53(1):251.  

18. Shohat N, Ludwick L, Goh GS, Sherman M, Paladino J, Parvizi J. 
Blood transfusions increase the risk for venous thromboembolism 
events following total joint arthroplasty. Sci Rep. 2021;11(1):21240.  

19. Zeng Q, Tan S, Bao Q, Jiang S. Intra-operative blood transfusion 
significantly increases the risk of post-operative pulmonary embolism. 
J Thorac Dis. 2019;11(12):5566-5571.  

20. Goel R, Patel EU, Cushing MM, Frank SM, Ness PM, Takemoto CM, 
et al. Association of perioperative red blood cell transfusions with 
venous thromboembolism in a north american registry. JAMA Surg. 
2018;153(9):826-833.  

21. Goyal A, Daneshpajouhnejad P, Hashmi MF, Bashir K. Acute kidney 
injury. StatPearl Internet. 2024. 

22. Harrois A, Soyer B, Gauss T, Hamada S, Raux M, Duranteau J. 
Prevalence and risk factors for acute kidney injury among trauma 
patients: A multicenter cohort study. Crit Care. 2018;22(1):344.  

23. Karkouti K. Transfusion and risk of acute kidney injury in cardiac 
surgery. Br J Anaesth. 2012;109(1):i29-i38.  

24. Diamond M, Peniston HL, Sanghavi DK, Mahapatra S. Acute 
respiratory distress syndrome. StatPearl Internet. 2024. 

25. Pfeifer R, Heussen N, Michalewicz E, Hilgers RD, Pape HC. 
Incidence of adult respiratory distress syndrome in trauma patients: 
A systematic review and meta-analysis over a period of three decades. 
J Trauma Acute Care Surg. 2017;83(3):496-506.  

26. Zilberberg MD, Carter C, Lefebvre P, Raut M, Vekeman F, Duh MS, 
et al. Red blood cell transfusions and the risk of acute respiratory 
distress syndrome among the critically ill: A cohort study. Crit Care. 
2007;11(3):63.  

27. Morgan KM, Abou Khalil E, Feeney EV, Spinella PC, Lucisano 
AC, Gaines BA, et al. The efficacy of low-titer group o whole blood 
compared with component therapy in civilian trauma patients: A 
meta-analysis. Crit Care Med. 2024;52(7):e390-e404.  

28. Ngatuvai M, Zagales I, Sauder M, Andrade R, Santos RadleighG, 
Bilski T, et al. Outcomes of transfusion with whole blood, component 
therapy, or both in adult civilian trauma patients: A systematic review 
and meta-analysis. Journal Surg Res. 2023;287:193-201.  

29. van der Horst RA, Rijnhout TWH, Noorman F, Borger van der Burg 
BLS, van Waes OJF, Verhofstad MHJ, et al. Whole blood transfusion 
in the treatment of acute hemorrhage: A systematic review and meta-
analysis. J Trauma Acute Care Surg. 2023;95(2):256-266.  

https://journals.lww.com/annalsofsurgery/abstract/2020/02000/establishing_a_regional_trauma.27.aspx
https://journals.lww.com/annalsofsurgery/abstract/2020/02000/establishing_a_regional_trauma.27.aspx
https://journals.lww.com/jtrauma/abstract/2012/12005/death_on_the_battlefield__2001_2011___implications.10.aspx
https://journals.lww.com/jtrauma/abstract/2012/12005/death_on_the_battlefield__2001_2011___implications.10.aspx
https://www.ceemjournal.org/journal/view.php?doi=10.15441/ceem.19.089
https://www.ceemjournal.org/journal/view.php?doi=10.15441/ceem.19.089
https://onlinelibrary.wiley.com/doi/10.1111/trf.16528
https://onlinelibrary.wiley.com/doi/10.1111/trf.16528
https://www.tandfonline.com/doi/full/10.3109/10903127.2014.923077
https://www.tandfonline.com/doi/full/10.3109/10903127.2014.923077
https://onlinelibrary.wiley.com/doi/10.1046/j.1537-2995.2003.00576.x
https://onlinelibrary.wiley.com/doi/10.1046/j.1537-2995.2003.00576.x
https://academic.oup.com/milmed/article-abstract/180/8/869/4160565
https://academic.oup.com/milmed/article-abstract/180/8/869/4160565
https://www.redcrossblood.org/biomedical-services/blood-products-and-services/low-titer-o-whole-blood.html
https://www.redcrossblood.org/biomedical-services/blood-products-and-services/low-titer-o-whole-blood.html
https://www.aabb.org/news-resources/news/article/2022/02/15/standards-for-blood-banks-and-transfusion-services-33rd-edition-take-effect-april-1
https://www.aabb.org/news-resources/news/article/2022/02/15/standards-for-blood-banks-and-transfusion-services-33rd-edition-take-effect-april-1
https://journals.lww.com/jtrauma/abstract/2023/08000/the_impact_of_prehospital_whole_blood_on.5.aspx
https://journals.lww.com/jtrauma/abstract/2023/08000/the_impact_of_prehospital_whole_blood_on.5.aspx
https://journals.lww.com/jtrauma/abstract/2009/04001/warm_fresh_whole_blood_is_independently_associated.8.aspx
https://journals.lww.com/jtrauma/abstract/2009/04001/warm_fresh_whole_blood_is_independently_associated.8.aspx
https://ashpublications.org/hematology/article/2013/1/664/20857/Resuscitation-of-trauma-induced-coagulopathy
https://journals.sagepub.com/doi/10.1177/00031348241241712
https://journals.sagepub.com/doi/10.1177/00031348241241712
https://journals.lww.com/journalacs/abstract/2015/04000/factors_associated_with_pulmonary_embolism_within.62.aspx
https://journals.lww.com/journalacs/abstract/2015/04000/factors_associated_with_pulmonary_embolism_within.62.aspx
https://www.ncbi.nlm.nih.gov/books/NBK507708/
https://www.jvascsurg.org/article/S0741-5214(10)02577-2/fulltext
https://www.jvascsurg.org/article/S0741-5214(10)02577-2/fulltext
https://www.nature.com/articles/s41598-021-00263-0
https://www.nature.com/articles/s41598-021-00263-0
https://jtd.amegroups.org/article/view/33678/html
https://jtd.amegroups.org/article/view/33678/html
https://jamanetwork.com/journals/jamasurgery/fullarticle/2683886
https://jamanetwork.com/journals/jamasurgery/fullarticle/2683886
https://www.ncbi.nlm.nih.gov/books/NBK441896/
https://www.ncbi.nlm.nih.gov/books/NBK441896/
https://ccforum.biomedcentral.com/articles/10.1186/s13054-018-2265-9
https://ccforum.biomedcentral.com/articles/10.1186/s13054-018-2265-9
https://www.bjanaesthesia.org/article/S0007-0912(17)31578-7/fulltext
https://www.bjanaesthesia.org/article/S0007-0912(17)31578-7/fulltext
https://www.ncbi.nlm.nih.gov/books/NBK436002/
https://www.ncbi.nlm.nih.gov/books/NBK436002/
https://journals.lww.com/jtrauma/abstract/2017/09000/incidence_of_adult_respiratory_distress_syndrome.22.aspx
https://journals.lww.com/jtrauma/abstract/2017/09000/incidence_of_adult_respiratory_distress_syndrome.22.aspx
https://ccforum.biomedcentral.com/articles/10.1186/cc5934
https://ccforum.biomedcentral.com/articles/10.1186/cc5934
https://journals.lww.com/ccmjournal/abstract/2024/07000/the_efficacy_of_low_titer_group_o_whole_blood.30.aspx
https://journals.lww.com/ccmjournal/abstract/2024/07000/the_efficacy_of_low_titer_group_o_whole_blood.30.aspx
https://journals.lww.com/ccmjournal/abstract/2024/07000/the_efficacy_of_low_titer_group_o_whole_blood.30.aspx
https://www.journalofsurgicalresearch.com/article/S0022-4804(23)00056-2/abstract
https://www.journalofsurgicalresearch.com/article/S0022-4804(23)00056-2/abstract
https://www.journalofsurgicalresearch.com/article/S0022-4804(23)00056-2/abstract
https://journals.lww.com/jtrauma/abstract/2023/08000/whole_blood_transfusion_in_the_treatment_of_acute.14.aspx
https://journals.lww.com/jtrauma/abstract/2023/08000/whole_blood_transfusion_in_the_treatment_of_acute.14.aspx
https://journals.lww.com/jtrauma/abstract/2023/08000/whole_blood_transfusion_in_the_treatment_of_acute.14.aspx


9

Banjac B, et al. 

J Blood Disord Transfus, Vol.15 Iss.7. No:1000605

39. Lee JS, Khan AD, Wright FL, McIntyre RC, Dorlac WC, Cribari C, 
et al. Whole blood versus conventional blood component massive 
transfusion protocol therapy in civilian trauma patients. Am Surg. 
2022;88(5):880-886.  

40. Niemann BR, Grabo DJ, Mullens C, Shmookler AD, Lopez S, Lander 
OM, et al. The use of whole blood in rural trauma leads to decreased 
resource utilization. Am Surg. 2023;89(12):5276-5281.  

41. Seheult JN, Anto V, Alarcon LH, Sperry JL, Triulzi DJ, Yazer MH. 
Clinical outcomes among low-titer group O whole blood recipients 
compared to recipients of conventional components in civilian 
trauma resuscitation. Transfusion. 2018;58(8):1838-1845.  

42. Sperry JL, Cotton BA, Luther JF, Cannon JW, Schreiber MA, Moore 
EE, et al. Whole blood resuscitation and association with survival in 
injured patients with an elevated probability of mortality. J Am Coll 
Surg. 2023;237(2):206-219.  

43. Yazer MH, Freeman A, Harrold IM, Anto V, Neal MD, Triulzi DJ, 
et al. Injured recipients of low‐titer group O whole blood have 
similar clinical outcomes compared to recipients of conventional 
component therapy: A single‐center, retrospective study. Transfusion. 
2021;61(6):1710-1720.  

44. Yazer MH, Seheult J, Kleinman S, Sloan SR, Spinella PC. Who’s 
afraid of incompatible plasma? A balanced approach to the safe 
transfusion of blood products containing ABO-incompatible plasma. 
Transfusion. 2018;58(2):532-538.  

45. Haddaway K, Bloch EM, Aaron A.R. Tobian, Frank SM, Sikorski 
R, Cho B, et al. Hemostatic properties of cold‐stored whole blood 
leukoreduced using a platelet‐sparing versus a non-platelet‐sparing 
filter. Transfusion. 2019;59(5):1809-1817.  

46. Kim Y, Xia BT, Chang AL, Pritts TA. Role of leukoreduction 
of packed red blood cell units in trauma patients: A review. Int J 
Hematol Res. 2016;2(2):124-129.  

47. Trauma resuscitation with low-titer group O whole blood or products 
(TROOP). ClinicalTrials.gov identifier: NCT05638581. Ongoing 
study. 2024

30. Eriksen MB, Frandsen TF. The impact of Patient, Intervention, 
Comparison, Outcome (PICO) as a search strategy tool on literature 
search quality: A systematic review. J Med Libr Assoc. 2018;106(4):420-
431.  

31. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow 
CD, et al. Prisma 2020 explanation and elaboration: Updated 
guidance and exemplars for reporting systematic reviews. BMJ. 
2021;372:371.  

32. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP. The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement: Guidelines for 
reporting observational studies. J Clin Epidemiol. 2008;61(4):344-
349.  

33. Review Manager (RevMan). Version 8.5.2. The Cochrane 
Collaboration. 2024.

34. Kemp Bohan PM, McCarthy PM, Wall ME, Adams AM, Chick 
RC, Forcum JE, et al. Safety and efficacy of low-titer O whole blood 
resuscitation in a civilian level I trauma center. J Trauma Acute Care 
Surg. 2021;91(2):162-168.  

35. Dilday J, Gallagher S, Matsushima K, Schellenberg M, Inaba K, 
Hazelton JP, et al. Mechanism matters: Differential benefits of cold-
stored whole blood for trauma resuscitation from a prospective 
multicenter study. J Trauma Acute Care Surg. 2024;97(5):731-737.  

36. Duchesne J, Smith A, Lawicki S, Hunt J, Houghton A, Taghavi S, 
et al. Single institution trial comparing whole blood vs. balanced 
component therapy: 50 years later. J Am Coll Surg. 2021;232(4):433-
442.  

37. Guyette FX, Zenati M, Triulzi DJ, Yazer MH, Skroczky H, Early BJ, 
et al. Prehosptial low titer group o whole blood is feasible and safe: 
Results of a prospective randomized pilot trial. J Trauma Acute Care 
Surg. 2022;92(5):839-847.  

38. Hatton GE, Brill JB, Tang B, Mueck KM, McCoy CC, Kao LS, et 
al. Patients with both traumatic brain injury and hemorrhagic shock 
benefit from resuscitation with whole blood. J Trauma Acute Care 
Surg. 2023;95(6):918-924.  

https://journals.sagepub.com/doi/10.1177/00031348211049752
https://journals.sagepub.com/doi/10.1177/00031348211049752
https://journals.sagepub.com/doi/10.1177/00031348221142584
https://journals.sagepub.com/doi/10.1177/00031348221142584
https://onlinelibrary.wiley.com/doi/10.1111/trf.14779
https://onlinelibrary.wiley.com/doi/10.1111/trf.14779
https://onlinelibrary.wiley.com/doi/10.1111/trf.14779
https://journals.lww.com/journalacs/fulltext/2023/08000/whole_blood_resuscitation_and_association_with.6.aspx
https://journals.lww.com/journalacs/fulltext/2023/08000/whole_blood_resuscitation_and_association_with.6.aspx
https://onlinelibrary.wiley.com/doi/10.1111/trf.16390
https://onlinelibrary.wiley.com/doi/10.1111/trf.16390
https://onlinelibrary.wiley.com/doi/10.1111/trf.16390
https://onlinelibrary.wiley.com/doi/10.1111/trf.14415
https://onlinelibrary.wiley.com/doi/10.1111/trf.14415
https://onlinelibrary.wiley.com/doi/10.1111/trf.14415
https://onlinelibrary.wiley.com/doi/10.1111/trf.15159
https://onlinelibrary.wiley.com/doi/10.1111/trf.15159
https://onlinelibrary.wiley.com/doi/10.1111/trf.15159
http://www.ghrnet.org/index.php/ijhr/article/view/1576
http://www.ghrnet.org/index.php/ijhr/article/view/1576
https://jmla.pitt.edu/ojs/jmla/article/view/345
https://jmla.pitt.edu/ojs/jmla/article/view/345
https://jmla.pitt.edu/ojs/jmla/article/view/345
file://cpu-graphic/New-Data/%23_Bhaskar_Graphic/WalshMedicalMedia/JBDT/JBDT-Vol.15-Iss.3/JBDT%20Vol-15%20Iss-7%20JBDT-24-27550/Content/Prisma%202020%20explanation%20and%20elaboration:%20Updated%20guidance%20and%20exemplars%20for%20reporting%20systematic%20reviews
file://cpu-graphic/New-Data/%23_Bhaskar_Graphic/WalshMedicalMedia/JBDT/JBDT-Vol.15-Iss.3/JBDT%20Vol-15%20Iss-7%20JBDT-24-27550/Content/Prisma%202020%20explanation%20and%20elaboration:%20Updated%20guidance%20and%20exemplars%20for%20reporting%20systematic%20reviews
https://www.jclinepi.com/article/S0895-4356(07)00436-2/fulltext
https://www.jclinepi.com/article/S0895-4356(07)00436-2/fulltext
https://www.jclinepi.com/article/S0895-4356(07)00436-2/fulltext
https://journals.lww.com/jtrauma/abstract/2021/08002/safety_and_efficacy_of_low_titer_o_whole_blood.22.aspx
https://journals.lww.com/jtrauma/abstract/2021/08002/safety_and_efficacy_of_low_titer_o_whole_blood.22.aspx
https://doi.org/10.1097/ta.0000000000004353
https://doi.org/10.1097/ta.0000000000004353
https://doi.org/10.1097/ta.0000000000004353
https://journals.lww.com/journalacs/abstract/2021/04000/single_institution_trial_comparing_whole_blood_vs.22.aspx
https://journals.lww.com/journalacs/abstract/2021/04000/single_institution_trial_comparing_whole_blood_vs.22.aspx
https://journals.lww.com/jtrauma/abstract/2022/05000/prehospital_low_titer_group_o_whole_blood_is.9.aspx
https://journals.lww.com/jtrauma/abstract/2022/05000/prehospital_low_titer_group_o_whole_blood_is.9.aspx
https://journals.lww.com/jtrauma/abstract/2023/12000/patients_with_both_traumatic_brain_injury_and.15.aspx
https://journals.lww.com/jtrauma/abstract/2023/12000/patients_with_both_traumatic_brain_injury_and.15.aspx

