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Summary
Background Haemorrhage remains the leading cause of death in patients with abdominal trauma. However, vari-
ation remains globally in the standards of transfusion practice. The aim of this study was to characterise global pre-
operative transfusion practices for patients undergoing trauma laparotomy and identify any associations between 
transfusion strategies and mortality.

Methods This was a planned secondary analysis of the Global Outcomes After Laparotomy for Trauma (GOAL-
Trauma) study, an international multicentre prospective observational study conducted at 187 hospital centres 
across 51 countries. Patients of any age with a blunt or penetrating traumatic injury who underwent a laparotomy 
within 5 days of presentation were eligible. Patients were excluded if they were undergoing a repeat laparotomy at 
the recruiting centre within 30 days of the index procedure. Eligible participants were recruited between April 1, 
2024, and Dec 31, 2024 during select 30-day periods and were followed up until discharge, death, or 30 days post-
operatively (if still hospitalised), whichever came first. Pre-operative blood product usage was recorded from time of 
injury until index procedure. Countries were stratified by Human Development Index (HDI) and the primary 
outcome was post-operative in-hospital 30-day mortality. Comparative regression analyses between blood 
component groups were performed, comparing high versus low transfusion ratios of fresh frozen plasma (FFP) 
to packed red blood cells (PRBC). The GOAL-Trauma study was registered with ClinicalTrials.gov, NCT06180668.

Findings Overall, 721 (40.8%) of 1768 patients received any type of pre-operative blood product. Those in the upper 
HDI tertile received the highest proportions of blood components, across PRBC, FFP, and platelets (p < 0.0001). 
Whole blood usage was nearly double in the lower HDI tertile compared to middle and upper HDI tertiles 
(p < 0.0001). Tranexamic acid use was low across all HDI tertiles (529 of 1768 patients, 29.9%). No difference in 
overall 30-day post-operative mortality risk was observed between those in the high-ratio and low-ratio FFP:PRBC 
cohorts (OR = 1.52, CI: 0.89–2.64).

Interpretation Our findings show significant disparity in the usage of pre-operative blood products for trauma 
patients globally. With ongoing equipoise regarding the optimum balance of blood products for pre-operative
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resuscitation in trauma, this work informs future research to support the development of global guidelines for blood 
transfusion practices in trauma and highlights the need for reciprocal learning across income settings.
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Introduction
Trauma is a leading cause of mortality globally, with 
around 4.4 million deaths occurring worldwide every 
year due to injury 1 and high rates of associated 
morbidity and disability. However, it is estimated that 
around 2 million lives could be saved and 52 million 
disability-adjusted life years could be averted if current 
standards of trauma care in low- and middle-income 
countries (LMICs) were matched to those in high-
income countries (HICs). 2,3 Trauma care encompasses 
every part of patient management from time of injury 
through to rehabilitation, therefore identifying and 
improving unwarranted variation in every aspect of care 
is essential if global trauma care standards are to be 
raised. 4,5

Across all trauma victims, around 10% will sustain 
an abdominal injury. 6–8 Haemorrhage remains the 
leading cause of death in patients with abdominal 
trauma, 9 and for those with evidence of uncontrolled 
haemorrhage, a trauma laparotomy is a life-saving 
intervention. 10 As such, ensuring optimal pre-
operative resuscitation is essential. Indeed, attempts 
to improve patient outcomes in trauma in recent years 
have focused on optimising fluid resuscitation

practices, however significant variation remains glob-
ally in the current standards of practice 11 and a global 
consensus is still lacking. 12 In addition, the use of tra-
nexamic acid has been shown to improve mortality 
rates in trauma patients, 13 and as an inexpensive heat-
stable medicine with a long shelf-life, uptake globally 
should be high. However, despite being recommended 
as an essential medicine by the World Health Organi-
sation, 14 its current use worldwide following traumatic 
injury remains unclear.

Previous studies have suggested that component 
therapy using a 1:1:1 or 1:1:2 balanced blood product 
ratio (fresh frozen plasma (FFP) to platelets to packed 
red blood cells (PRBC)) improves 6-h survival rates in 
trauma patients. 15,16 These studies have been predomi-
nantly conducted in high-resource settings, however 
component therapy is not achievable in many lower-
resource settings due to a combination of cultural, 
resource, and financial constraints. 17 The use of whole 
blood (WB) for transfusion, which is more readily 
available in lower resource settings predominantly due 
to practicalities of storage, has been gaining traction 
within the medical literature in recent years as poten-
tially superior to component therapy. 18–20 This is

Research in context

Evidence before this study 
We searched OVID Medline and Embase databases for papers 
published between Jan 1, 2010, and April 7, 2025, on trauma 
resuscitation strategies and mortality. We found that the 
majority of studies detailing transfusion strategies and 
practices in trauma derived from high-income countries. 
There remains little to no evidence on current transfusion 
practices in low-income and middle-income countries, where 
logistical and financial barriers often limit the type and 
amount of blood products received. Notably, there has been 
no multicentre international study reporting blood 
transfusion strategies in patients with traumatic injuries. We 
aimed to address this knowledge gap.

Added value of this study
This planned secondary analysis of the Global Outcomes 
After Laparotomy for Trauma (GOAL-Trauma) study 
demonstrates significant disparities in blood product use,

with higher use of component therapy in the higher resource 
settings and a greater use of whole blood in the lower 
resource settings. Whilst relatively low in cost, the use of 
tranexamic acid remained low across all settings. Of interest, 
our findings were suggestive of a high ratio of FFP to PRBC, 
which included whole blood, being associated with lower 
mortality at higher transfusion volumes, however careful 
interpretation is required due to casemix and inherent biases.

Implications of all the available evidence
This study demonstrates substantial variation in transfusion 
strategies worldwide in patients undergoing trauma 
laparotomy. With whole blood being increasingly adopted 
globally as the potential best standard of care, a broader 
global review on transfusion strategies will allow for 
bidirectional learning for all countries, leading to the 
development of context-appropriate blood transfusion 
protocols that can benefit trauma patients globally.
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supported by long-standing WB use in both military 
trauma care and humanitarian emergencies, where 
logistical constraints can mirror those in resource-
limited settings. 21 However, there remains equipoise 
as to the optimum transfusion strategy in trauma and 
there is a clear need for resource-stratified guidelines 
that support best practice on a global scale.

The Global Outcomes After Laparotomy for Trauma 
(GOAL-Trauma) study was an international multicentre 
prospective observational cohort study of patients un-
dergoing trauma laparotomy. 22 The study demonstrated 
that substantial global variation exists across all phases 
of trauma care, and that despite less severe injury, pa-
tients in lower resource settings experienced a higher 
mortality risk compared with those in higher resource 
settings, highlighting the influence of health-system 
capacity has on trauma outcomes. The aim of this 
secondary analysis of the GOAL-Trauma dataset was to 
characterise current variation in pre-operative trans-
fusion practices for patients undergoing trauma lapa-
rotomy, and identify any associations between 
resuscitation strategies and patient mortality.

Methods
Study design
This study was a planned secondary analysis of the 
GOAL-Trauma study, and has been reported according 
to the STrengthening the Reporting of OBservational 
studies in Epidemiology (STROBE) guidelines. 23

The protocol for the GOAL-Trauma study has been 
published previously. 24 In summary, patients were 
recruited between 1st April 2024 and 31st December 
2024 during select 30-day periods and followed until 
discharge, death, or 30 days post-operatively (if still 
hospitalised), whichever came first. Any healthcare fa-
cility worldwide that could perform and manage a pa-
tient undergoing a trauma laparotomy was eligible to 
enrol. Data was collected prospectively by local in-
vestigators on all eligible patients throughout pre-
selected 30-day period(s); each recruiting centre 
required a lead investigator (termed the “local lead”), 
who was asked to complete a site survey to provide 
further details and contextualise their respective clinical 
setting.

Ethics
Ethical approval was granted by the Cambridge Psy-
chology Research Ethics Committee (PRE.2023119) and 
the study was registered on ClinicalTrials.gov 
(NCT06180668). Appropriate local approval was ob-
tained by each contributing centre prior to enrolment 
into the study, according to respective local regulations. 
In some participating hospitals, informed patient con-
sent was taken, whereas in other hospitals this was 
deemed not necessary, at the discretion of the local team.

Participants
Patients of any age who presented with a blunt or 
penetrating injury and underwent a laparotomy within 
5 days (120 h) of presentation to the treating hospital 
were eligible for inclusion. Patients were excluded if 
they were undergoing a repeat laparotomy at the 
recruiting centre (often termed a “relook laparotomy”) 
within 30 days of the index procedure, or had been 
recently discharged from any hospital (including for 
non-trauma related admissions) and had presented 
within 30 days of discharge.

Assessments
Blood product usage, including PRBC, FFP, platelets, 
cryoprecipitate, and whole blood (WB), as well as tra-
nexamic acid (TXA), was recorded between the time of 
injury and the start of the index procedure. The focus 
on pre-operative transfusion ensured for an accurate 
representation of the initial resuscitative response 
before definitive haemorrhage control, reflecting the 
distinct clinical phase that may influence early physio-
logical status and subsequent outcomes. In contrast, 
post-operative transfusion practices were not included, 
as these reflect any evolving morbidity rather than 
initial resuscitation requirements.

Injury severity was calculated using the Abbreviated 
Injury Scale (AIS) for each body region, with the overall 
degree of injury quantified through the summative 
Injury Severity Score (ISS). 25 Patient co-morbidity was 
quantified through the American Society of Anesthesi-
ologists (ASA) score; this was chosen due to its wide 
global acceptance and the high level of variation in 
ability to diagnose select co-morbidities in certain areas. 
The availability of blood products at each hospital was 
obtained through a structured reporting tool completed 
by local investigators at each study site. Hospital- and 
patient-level data, including pre-operative blood product 
use and outcome metrics, were uploaded centrally onto 
a secure web-based system, REDCap cloud, 26,27 hosted 
by the University of Cambridge.

Outcomes
The primary outcome for the study was 30-day post-
operative in-hospital mortality rate.

Statistical analysis
Patient-level data, including blood product and TXA 
usage, were reported as descriptive statistics. Contrib-
uting hospitals were stratified by their national Human 
Development Index (HDI), 28 with HDI being cat-
egorised into lower, middle, and upper tertiles. 
Continuous variables were reported as median with 
interquartile range (IQR) and compared using the 
Kruskal–Wallis test, while categorical variables were 
presented as frequencies and percentages and 
compared with Pearsons χ 2 test.
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Selection of covariates for the regression model was 
guided by a directed acyclic graph (DAG), which was 
determined through a combination of literature review 
and expert consensus (Supplementary Material 2). This 
ensured that the regression model accounted appro-
priately for the causal pathways between the interven-
tion and the outcome, thereby improving the validity 
and interpretability of the effect estimates. Covariates 
selected for the model were age, HDI tertile, mecha-
nism of injury, time from injury to operation, ASA 
score, systolic blood pressure, ISS, estimated blood loss, 
International Normalised Ratio (INR), and hospital 
blood product availability. To account for non-linear 
associations to outcomes, INR and systolic blood pres-
sure were modelled using restricted cubic splines. 
Multivariable logistic regression was used to identify 
any association between patients who received pre-
operative FFP:PRBC in a ratio ≥1:2 (termed high ra-
tio) versus patients who received pre-operative 
FFP:PRBC in a ratio <1:2 (termed low ratio), on post-
operative 30-day mortality rate; whole blood units 
were approximated as 1 FFP and 1 RPBC for ratio cal-
culations. Patients who did not receive any form of 
component therapy or WB, or those with incomplete 
data variables, were excluded from the regression 
analysis. A hierarchical model based on hospital was 
considered, however a significant number of hospitals 
did not contribute sufficient patient numbers to make 
such modelling feasible.

Following review of the initial analyses, further 
exploratory post-hoc multivariable logistic regression 
analysis was performed with additional adjustment by 
total volume of transfusion received per patient as a 
continuous linear variable. The approximate volume of 
blood products was 1 unit PRBC = 250 mL, 1 unit 
FFP = 250 mL, 1 pool platelets = 250 mL, and 1 unit 
whole blood = 500 mL. Separate post-hoc subgroup 
analysis was performed to assess the unadjusted asso-
ciation between FFP:PRBC ratio and 30-day mortality, 
across increasing transfusion volume strata; given evi-
dence of non-linearity between volume and mortality 
observed, volume strata were categorised into 
increasing 500 mL groups. Formal statistical testing for 
interaction between transfusion ratio and transfusion 
volume was not pursued, given the exploratory nature 
of this analysis and the limited number of patients at 
higher transfusion volumes. Pre-planned subset ana-
lyses were also performed on select groups defined as: 
[1] high anatomical injury burden defined as any select 
AIS score of ≥4 from the chest, abdomen, or extrem-
ities; [2] physiological derangement defined as a systolic 
blood pressure <90 mmHg, a serum lactate >6.0 mmol/ 
L, or an International Normalised Ratio (INR) > 1.2; or 
[3] uncontrolled haemorrhage, defined as intra-
operative blood loss >1000 mL.

Variables that had rates of missing data >1% had the 
missing values imputed using multiple imputation by

chained equations. Effect estimates were expressed as 
odds ratios (OR) with 95% confidence intervals (CI), 
and p-values <0.05 were considered statistically signif-
icant. All analysis was conducted on R (version 4.4.1), 
using “splines”, “daggity”, “mice” and “dplyr” packages.

Role of the funding source
The funders had no involvement in study design, data 
collection, data analyses, data interpretation, or the 
writing of the report

Results
Participant characteristics
The study included a total of 1769 patient records from 
187 hospital centres across 51 countries. Among these, 
492 patients (27.8%) were from high-HDI settings, 714 
(40.4%) from middle-HDI settings, and 563 (31.8%) 
from low-HDI settings. Complete data on blood prod-
uct use were available for 1768 patients (99.9%) for 
inclusion in the final data analysis. Further patient and 
hospital factors on the cohort can be found in 
Supplementary Material 3.

Global trends in blood product and tranexamic acid 
usage
In the overall cohort, 721 patients (40.8%) received at 
least one type of blood product in the pre-operative 
period (Table 1), with the highest proportion observed 
in the upper HDI tertile (263 patients, 53.5%), 
compared to those in middle HDI tertile (264 patients, 
37.0%) and lower HDI tertile (194 patients, 34.5%) 
respectively (p < 0.0001).

PRBC were the most frequently transfused compo-
nent across all HDI tertile (598 patients, 33.8%). Their 
use was highest in the upper HDI tertile (244 patients, 
49.6%) compared to the middle tertile (235 patients, 
32.9%) and the lower tertile (119 patients, 21.1%) 
(p < 0.0001). The global median transfusion volume per 
patient was two units (IQR 1–3), with slightly higher 
volumes in the upper HDI tertile (p < 0.0001) (Fig. 1). 
Higher HDI tertile centres were also more likely to use 
large volumes of WB, FFP and pRBC transfusions 
compared to middle and lower HDI tertile centres 
(Fig. 1).

Overall use of FFP globally was 21.3% (376 patients), 
being more frequently administered in the upper HDI 
tertile (140 patients, 28.5%), compared to the middle 
HDI tertile (155 patients, 21.7%) and lower HDI tertile 
(81 patients, 14.4%), respectively (p < 0.0001). The 
median volume of FFP transfused per patient was 2 
units (IQR 1–4 units) globally. The use of cry-
oprecipitate specifically was uncommon across all HDI 
groups, with only 1.8% (32 patients) receiving this, 
which included no use in the lower HDI tertile group. 

Globally, 5.6% of patients (99 patients) received a 
platelet transfusion, with higher proportions in the
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upper HDI tertile (43 patients, 8.7%) compared to the 
middle HDI tertile (30 patients, 4.2%) and lower HDI 
tertile (26 patients, 4.6%) respectively (p = 0.0016). The 
median volume of platelets received globally per patient 
was one pool (IQR 1–2 pools).

WB was transfused in 149 patients (8.4%) globally. 
WB usage was significantly higher in lower HDI 
countries (89 patients, 15.8%, p < 0.0001), compared to 
the middle HDI tertile (25 patients, 3.5%) and upper 
HDI tertile (35 patients, 7.1%). The countries with the 
highest proportion of whole blood transfused patients 
were predominantly in the lower or middle HDI tertiles 
(Fig. 2). The median volume of whole blood transfused 
globally per patient was 2 units (IQR 1–3 units).

The proportion of patients receiving TXA was 
highest in the upper HDI tertile (252 of 492, 51.2%), 
compared to the middle HDI (133 of 714, 18.6%) and 
lower HDI tertile (144 of 562, 25.6%) respectively 
(p < 0.0001). There was minimal change in the pro-
portions receiving TXA for those with severe injury, 
uncontrolled haemorrhage, or physiological signs of 
shock, across all HDI tertiles.

Global trends in patients not receiving blood 
products
Overall, 1047 patients did not receive any form of blood 
product pre-operatively in the study (Table 2). Patients 
in this cohort had a similar age and sex distribution to

Lower HDI (n = 562) Middle HDI (n = 714) Upper HDI (n = 492) Total (n = 1768) p-value

Any blood product, n (%) 194 (34.5) 264 (37.0) 263 (53.5) 721 (40.8) <0.0001
Tranexamic acid, n (%) 144 (25.6) 133 (18.6) 252 (51.2) 529 (29.9) <0.0001
PRBC, n (%) 119 (21.1) 235 (32.9) 244 (49.6) 598 (33.8) <0.0001
Platelets, n (%) 26 (4.6) 30 (4.2) 43 (8.7) 99 (5.6) 0.0016
FFP, n (%) 81 (14.4) 155 (21.7) 140 (28.5) 376 (21.3) <0.0001
Cryoprecipitate, n (%) 00 (0) 11 (1.5) 21 (4.3) 32 (1.8) <0.0001
WB, n (%) 89 (15.8) 25 (3.5) 35 (7.1) 149 (8.4) <0.0001

Table 1: Proportion of patients who received the respective blood products and TXA across HDI tertile.

Fig. 1: Violin plot of preoperative blood product volumes across HDI tertiles. Extreme outliers excluded.
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the overall cohort, however a higher proportion in the 
no blood products cohort had suffered a penetrating 
injury, compared to those who received blood products 
(62.2% versus 42.0%, p < 0.001). On sub-analysis, the 
proportions of patients with high anatomical injury 
burden (25.6% versus 38.7%, p < 0.001), physiological 
derangement (28.3% versus 52.4%, p < 0.001), or un-
controlled haemorrhage (25.9% versus 54.8%, 
p < 0.001) were lower in the no blood products cohort, 
compared to the those who received blood products. 
The availability of blood products all of the time

remained similar across centres between cohorts 
(65.0% versus 54.8%, p = 0.142). Trends across the HDI 
tertiles were similar in the no blood product cohort, 
compared to the overall cohort.

Blood product usage and mortality outcomes
Overall, 721 patients from the overall cohort received at 
least 1 unit of any blood product (including whole 
blood), from 150 hospitals. 34 patients were excluded 
from the analysis due to missing regression variables 
(estimated blood loss volume, n = 28; time from injury

Fig. 2: Global map showing proportion of whole blood use in patients who received any form of blood product (149 of 721 patients).

Lower HDI 
(n = 368)

Middle HDI 
(n = 450)

Upper HDI 
(n = 229)

Total
(n = 1047)

p-value

Age (years), mean (SD) 28.8 (12.4) 34.7 (14.9) 39.9 (16.9) 33.7 (15.1) <0.0001
Male sex, n (%) 324 (88.0) 403 (89.6) 184 (80.3) 911 (87.0) 0.0025
Mechanism of injury
Blunt, n (%) 139 (37.8) 149 (33.1) 108 (47.1) 396 (37.8) 0.0020
Penetrating, n (%) 229 (62.2) 301 (66.9) 121 (52.8) 651 (62.2)

Systolic Blood Pressure on arrival (mmHg), mean (SD) 108 (23) 120 (23) 121 (23) 116 (24) <0.0001
ISS, median (IQR) 9 (4–16) 9 (4–17) 9 (6–20) 9 (4–16) <0.0001
Time to operate (hours), mean (SD) 14.8 (21.2) 15.4 (18.3) 15.0 (67.2) 15.1 (35.9) <0.0001
AIS ≥4 (severe injury), n (%) 81 (22.0) 123 (27.3) 64 (27.9) 268 (25.6) 0.1384
Physiological signs of shock, n (%) 110 (29.9) 132 (29.3) 54 (23.6) 296 (28.3) <0.0001
Intraoperative blood loss ≥1000 mL, n (%) 92 (25.9)

(n = 355) 
120 (27.6)
(n = 435)

47 (22.5)
(n = 209)

259 (25.9)
(n = 999)

0.4192

Centre blood product availability 
All of the time 234 (63.6) 237 (52.7) 210 (91.7) 681 (65.0) <0.0001
Most of the time 125 (34.0) 107 (23.8) 19 (8.3) 251 (24.0)
Some of the time 9 (2.4) 106 (23.6) 0 (0) 115 (11.0)

Table 2: Patient factors and blood product availability for those who did not receive any blood products, across HDI tertiles.
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to operation, n = 5; systolic blood pressure, n = 1), 
resulting in 459 patients in the high ratio group and 228 
patients in the low ratio group for analysis (Fig. 3). The 
distribution of patients across FFP:PRBC ratios is 
demonstrated in the Supplementary Material 4.

Patients in the FFP:PRBC high ratio group and low 
ratio group were of similar average age (34.1 years 
versus 35.5 years, p = 0.509) and sex distribution (83.0% 
male versus 84.2% male, p = 0.787) (Table 3). There was 
significant variation in the proportion of patients rep-
resented from each HDI tertile (p < 0.0001), with a 
higher proportion of patients from the lower HDI ter-
tile in the high ratio group compared to the low ratio 
group (33.3% versus 14.4%), reflecting the higher pro-
portion of WB in these settings. Injury severity scores 
were similarly high in both groups (median 15 versus 
16, p = 0.658), however time to operation was signifi-
cantly longer in the high ratio group (16.6 h versus 
11.4 h, p = 0.029). Patients receiving high ratio of 
FFP:PRBC had a higher median ASA score compared 
to those in the low ratio group (3 versus 2, p = 0.005). 
There was a high amount of missing data for INR in the 
overall cohort (243 of 687 patients, 35.4%); missing INR 
values were imputed using multivariable multiple 
imputation by chained equations, with predictive 
models incorporating ISS, systolic blood pressure, 
Glasgow Coma Score, heart rate, age, time to presen-
tation, mechanism of injury, and ASA grade. After 
imputation, admission INR was similar in both cohorts 
(1.29 versus 1.26, p = 0.620).

The 6-h post-operative crude mortality rates in the 
high ratio group was 5.2% (24 of 459 patients) and

2.63% in the low ratio group (6 of 228 patients). The 24-
h post-operative crude mortality rates in the high ratio 
group was 8.5% (39 of 459 patients) and 5.7% in the low 
ratio group (13 of 228 patients). The 30-day post-
operative crude mortality rate in the high ratio group 
was 19.4% (89 of 459 patients) and 11.8% in the low 
ratio group (27 of 228 patients). Following multivariate 
regression analysis, no difference in 30-day post-
operative mortality was observed between the high ra-
tio and low ratio group (OR = 1.52, CI: 0.89–2.64) 
(Fig. 4). Separate multivariate analysis with the addition 
of blood product transfusion volume as a co-variate 
showed similar outcomes (Supplementary Material 5). 
A separate DAG-informed adjustment set was identi-
fied, comprising the minimally sufficient variables 
required to block backdoor confounding pathways, with 
similar outcomes also observed (OR = 1.49, CI: 
0.91–2.42). At sub-group analysis, no significant dif-
ferences between the two cohorts were observed for 
those with high anatomical injury burden (OR = 2.00, 
CI: 0.85–4.69), physiological derangement (OR = 1.93, 
CI: 0.87–4.30), or uncontrolled haemorrhage 
(OR = 1.39, CI: 0.71–2.71).

The median volume transfused in the low ratio 
group was 2 units and in the high ratio group was 4 
units. Across the cohort, crude mortality rate increased 
with overall transfusion volume (OR 1.10 per unit 
transfused, CI: 1.06–1.14; p < 0.0001). 
Unadjusted analysis of mortality risk between the high 
ratio and low ratio cohorts showed no significant 
definitive differences in outcome with increasing vol-
ume of transfusion (Fig. 5).

Fig. 3: Cohort selection for high ratio and low ratio of PRBC:FFP usage in trauma laparotomy patients, across 150 hospitals.
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Discussion
This is the first study to map the global patterns of 
blood product use in trauma patients, reporting 
transfusion practices from 1768 patients across 51 
countries. We have demonstrated clear trends towards 
higher blood product usage overall in the higher 
resource settings, however there was a notably greater 
use of whole blood in lower resource settings. While 
no difference was observed in mortality risk between

high ratio and low ratio of FFP to PRBC in the overall 
cohort, we did note a trend towards improved out-
comes for those patients receiving higher volumes of 
transfusion in the high ratio group. This study pro-
vides essential data to the ongoing discussion 
regarding optimal blood transfusion practices globally 
and emphasises the need for reciprocal learning across 
settings, especially in the use of whole blood in 
trauma.

High ratio 
cohort (n = 459)

Low ratio 
cohort (n = 228)

Total
(n = 687)

p-value

Age (years), mean (SD) 34.1 (16.4) 35.5 (17.1) 34.5 (16.6) 0.509
Male sex, n (%) 381 (83.0) 192 (84.2) 573 (83.4) 0.787
Mechanism of injury
Blunt, n (%) 273 (59.5) 128 (56.1) 401 (58.4) 0.559
Penetrating, n (%) 186 (40.5) 100 (43.9) 286 (41.6)

Systolic Blood Pressure on arrival (mmHg), mean (SD) 98 (30) 103 (29) 100 (30) 0.057
ISS, median (IQR) 15 (9–25) 16 (9–25) 16 (9–25) 0.658
Time to operation (hours), mean (SD) 16.6 (70.1) 11.4 (19.4) 14.9 (58.4) 0.029
AIS ≥4 (severe injury), n (%) 174 (37.9) 94 (41.2) 268 (39.0) 0.449
Physiological signs of shock, n (%) 252 (54.9) 110 (48.2) 362 (52.7) 0.052
Intraoperative blood loss >1000 mL, n (%) 238 (51.9) 132 (57.9) 370 (53.9) 0.228
Centre blood product availability
All of the time 297 (64.7) 174 (76.3) 471 (68.6) 0.006
Most of the time 142 (30.9) 45 (19.7) 187 (27.2)
Some of the time 20 (4.4) 9 (3.9) 29 (4.2)

Table 3: Patient factors and blood product availability, between high ratio and low ratio cohorts.

Fig. 4: Forest plot (log scale) of multivariate analysis for 30-day mortality, comparing high ratio and low ratio cohorts, including 
subgroup analysis.
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Approximately twice the number of patients pro-
portionately received blood products pre-operatively in 
the upper HDI setting, compared to those in the lower 
HDI setting, across each of PRBC, platelets, and FFP. 
These disparities likely reflect the prerequisites neces-
sary for component separation and storage, with the 
substantial financial and infrastructural requirements 
often not achievable or consistently available in lower-
resource settings. Indeed, among blood donations 
globally, only 38% of donations in low-income coun-
tries are separated into components, compared to the 
96% in high-income countries. 29 Access to appropriate 
blood products in lower resource settings is known to 
be challenging, as previous reports have demonstrated 
only around 6–16% of individuals in LMICs receive any 
form of blood product following a traumatic injury. 30 

Our data echoes this; for patients with physiological 
signs of shock following injury, a cohort who are 
arguably likely to require blood product resuscitation, a 
higher proportion of patients from lower and middle 
HDI tertiles did not receive any form of blood products, 
compared to those in upper HDI tertile. This further 
supports current literature on “blood gap” in low-
resource settings 31 ; with over half of countries world-
wide unable to provide sufficient blood products to 
meet their population demand, 32 the development of 
any global consensus guidance for the use of blood 
products in trauma resuscitation must ensure such 
considerations are accounted for.

In this context, there is an increasing interest for the 
use of WB in trauma resuscitation. Recent evidence has 
suggests that WB may provide a more comprehensive

volume and coagulation factor replacement compared 
to any component therapy when transfused early. 18–20,33 

Arguably more important on the global stage is the 
relative ease with which WB can be processed and 
stored, with a much lower facility-level infrastructure 
demand. 29 There is little evidence published regarding 
the proportion of trauma patients receiving WB in 
lower resource settings, however our data demonstrated 
significantly higher rates of whole blood usage across 
the lower HDI tertile, with over double the proportion 
of patients receiving whole blood compared to those 
treated in middle and upper HDI tertiles. While much 
of the formal published research into WB use in trauma 
is derived from higher-resource nations and military 
use, the use of WB as a primary blood product in 
trauma has been the norm for decades in many lower-
resource settings. As a result, these centres have accu-
mulated extensive practical experience in donor mobi-
lisation and transfusion pathways. With the recent 
resurgence of interest in WB in high-resource nations, 
these centres offer valuable operational insights that 
may help optimise the reintroduction of WB pro-
grammes in higher-resource countries. Ensuring a 
bidirectional dialogue and encouraging reverse inno-
vation is key for the experiences and insights of WB use 
to be implemented for the wider global practice. 

Overall, tranexamic acid was used in less than a 
third of cases globally, albeit use rising to around half of 
cases in the upper HDI tertile. Tranexamic acid has a 
strong evidence base for use in trauma, with both 
consensus-guidelines and clinical trials, such as the 
CRASH-2 study, recommending its use for all patients

Fig. 5: Forest plot (log scale) of 30-day mortality, comparing high ratio and low ratio cohorts, across increasing transfusion volume.
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with known or suspected bleeding, 13,34 especially if 
given within 3 h of injury. 35 With an overall low relative 
cost and long shelf-life, the limited utilisation we 
observed with its use, especially in the lower resource 
settings, needs addressing. At present, however, 
reasoning for this remains mainly conjecture. Possible 
rationale includes the often prolonged delays patients 
face prior to presentation to a hospital, meaning where 
tranexamic acid would have limited clinical benefit, 36 or 
more procurement and supply-related reasons. Further 
research on this area is now required.

Of interest, our cohort showed that a majority of 
patients (1047 of 1768 patients) who underwent trauma 
laparotomy did not receive any pre-operative blood 
products. There are several factors that may have 
contributed to this finding. Firstly, a vast majority of 
trauma patients do not require transfusion, with the 
literature suggesting that only 15–20% of trauma pa-
tients require blood transfusion and only 3% of patients 
require massive transfusions. 37,38 A majority of the 
cohort may not have had physiological evidence of 
major haemorrhage or may have sustained injuries that 
did not demonstrate ongoing bleeding. Secondly, vari-
ability in access to blood products, particularly in low 
resource settings, may have contributed to limited 
availability, procurement delays, or storage constraints 
reducing the likelihood of receiving transfusion even 
when clinically indicated. This was supported by our 
data, which showed that majority of patients who did 
not receive blood products prior to laparotomy were 
from low and middle HDI countries (818 out of 1047 
patients). Together, these factors highlight the 
complexity and heterogeneity of early resuscitation 
pathways in trauma across diverse global healthcare 
settings.

In an attempt to assess optimal blood product 
resuscitation strategy from a global cohort, we 
compared low ratio to high ratio of FFP to PRBC, with 
all patients who received WB comprised within the high 
ratio group. While no improvement to mortality was 
observed in either group when analysing across the 
whole cohort, at higher blood transfusion requirements 
there was a suggestion of improved mortality outcomes 
in the high ratio cohort; benefits of a high ratio of FFP 
to PRBC is in keeping with the current wider litera-
ture, 39 however in this study no definitive association 
between transfusion volume and mortality could be 
established, likely due to limited sample size at higher 
transfusion volumes. Importantly, this study is the first 
global study to also include WB in such analysis and 
provides important real-world data to add to the dis-
cussion on optimal blood transfusion practices in 
trauma. Taking such conclusions into consideration 
when devising future studies and drafting any global 
trauma resuscitation guidelines is therefore crucial. 
Indeed, any beneficial role WB can have globally must 
be used to assist in the design of future randomised

trials, specifically that inclusion criteria for a trial of WB 
usage might be restricted to patients who are predicted 
to have a higher transfusion requirement, or that 
stratified randomisation and prespecified subgroup 
analyses should include predicted transfusion require-
ment. This is an essential area of future work in global 
blood transfusion strategy.

We have reported data from a large international 
multi-centre prospective observational study, providing 
key insights into current transfusion practices globally. 
However, this work does come with several limitations 
that impact how this work should be interpreted. As an 
observational study, this work is at risk of unaccounted 
confounding factors. We have attempted to mitigate 
this through the use of a consensus-derived and 
evidence-based DAG prior to our analysis. Further-
more, this is a secondary analysis, with the primary 
study not being specifically powered for this analysis, 
meaning a greater chance of type 2 error. As a result we 
have been cautious not to over-interpret our study 
findings. Crucially, our statistical analysis does not ac-
count for the temporal sequence of transfusion, nor 
blood products given intra-operatively or post-
operatively, which are evidently important factors 
within blood transfusion practices. In addition, for ratio 
calculations we approximated whole blood as equivalent 
to one unit of RBC and one unit of FFP; this assump-
tion may not fully capture the advantages of whole 
blood over individual blood components and may 
introduce imprecision into ratio-based comparisons. 
The majority of participating hospitals in the study were 
urban tertiary hospitals, which limits the implications 
to more rural primary hospital settings. Our trans-
fusion volume sub-analysis has been performed on the 
assumption of a linear relationship to outcome metrics, 
whilst the true relationship may be non-linear; whilst 
we have attempted to adjust for this using volume 
subgroup assessment, further work is still required in 
this area to explore the relationship between volume 
and outcome. Finally, our analysis was restricted to 
patients undergoing trauma laparotomy, and our find-
ings may not be fully generalisable to all trauma pa-
tients. However, the substantial variation in transfusion 
practices observed even within this single, common 
emergency surgical procedure highlights the 
complexity and heterogeneity of global trauma 
resuscitation.

In conclusion, this secondary post-hoc analysis of 
the GOAL-Trauma study found substantial variations in 
pre-operative blood product resuscitation practices 
among trauma laparotomy patients across different 
HDI settings. Patients from the upper HDI tertile 
received a higher overall use of blood product compo-
nents, whereas whole blood transfusions were more 
prevalent in the lower HDI tertile. Whilst no differences 
in mortality rates were observed when varying FFP to 
PRBC ratios in the overall cohort, there was an apparent
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trend towards improved outcomes in patients requiring 
higher volume transfusions in the higher FFP to PRBC 
patient cohort, which included whole blood use. 
Further work is now required to investigate the role of 
whole blood in the context of global trauma resuscita-
tion, ensuring that cultural, financial, and resource 
factors are considered before any guidance is produced, 
to ensure optimal patient outcomes can be achieved 
worldwide.
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