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ABSTRACT
Objective Whole blood (WB) resuscitation has been 
reported to improve haemostasis and reduce mortality 
in trauma patients with severe haemorrhage. However, 
the ideal ratio of WB to total transfusion volume (TTV) 
and whether a high WB to TTV ratio is associated with 
favourable clinical outcomes for patients with trauma 
requiring massive transfusion remains unclear. We 
aimed to investigate the effectiveness of a high WB 
to TTV ratio in the treatment of patients with trauma 
requiring massive transfusion and explore the nonlinear 
relationship between the ratio of WB to TTV and patient’s 
outcomes.
Methodology We performed a retrospective cohort 
study using the National Trauma Data Bank from the 
USA in 2020. The study included patients aged ≥16 
years who received WB transfusion within 4 hours of 
hospital arrival. Patients were categorised into two 
groups based on the optimal cut- off value (0.5) of the 
WB to TTV ratio. The primary outcomes were in- hospital 
mortality at 24 hours and 30 days. Secondary outcomes 
included transfusion- related adverse events.
Results Among the 902 patients (median (IQR) age, 34 
(24–51) years; 783 male (86.9%)), the optimal cut- off 
value for the WB to TTV ratio was 0.5. Based on this 
cut- off value, 143 patients (15.85%) were classified 
into the high WB group and 759 (84.15%) into the low 
WB group. Inverse probability of treatment weighting- 
adjusted logistic regression demonstrated that the 
high WB group had lower odds of 24- hour mortality 
(OR, 0.29; 95% CI 0.22 to 0.38; p<0.001) and 30- day 
mortality (OR, 0.40; 95% CI 0.32 to 0.49; p<0.001) 
compared with the low WB group.
Conclusion A high WB to TTV ratio was associated 
with reduced mortality in patients with trauma requiring 
massive transfusion. These findings suggested that 
incorporating a high WB to TTV ratio into resuscitation 
protocols may improve outcomes for patients with 
trauma, warranting further research to optimise 
transfusion strategies.

INTRODUCTION
Trauma remains one of the leading causes of death 
in the USA,1 with haemorrhage accounting for the 
majority of potentially preventable post- trauma 
deaths.2–4 Current damage control resuscitation 
strategies emphasise the importance of a balanced 
transfusion approach, utilising either separated 
blood components or whole blood (WB) to address 
trauma- induced coagulopathy.5 The use of WB, 

initially adopted in military settings, is now being 
integrated into civilian medical practice.6 7 Studies 
have shown that WB resuscitation improves haemo-
stasis and reduces mortality in patients with trauma 
with severe haemorrhage.8–13 However, due to 
limited WB inventory at trauma centres, patients 
requiring massive transfusion often receive a 
combination of WB and component transfusions 
during resuscitation. Recent evidence has indicated 
that early administration of WB as part of a massive 
transfusion protocol was associated with a 60% 
reduction in 24- hour in- hospital mortality and a 
68% reduction in 30- day mortality, compared with 
late administration.9

The optimal transfusion ratio of WB for patients 
with trauma remains uncertain. Further studies 
have explored the relationship between the WB to 
total transfusion volume (TTV) ratio and mortality 
in adult patients with trauma. Aoki et al14 cate-
gorised patients into quartiles based on their WB 
ratio and reported that the highest WB ratio quar-
tile was associated with reduced 24- hour mortality 
compared with the lowest quartile. Similarly, 
Gallastegi et al15 demonstrated that high WB to 
TTV ratios were correlated with improved survival 
outcomes. Specifically, each 10% increase in the WB 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Whole blood (WB) improves haemostasis and 
reduces mortality in trauma- related severe 
haemorrhage, yet the optimal WB- to- total 
transfusion volume (TTV) ratio for patients with 
trauma needing massive transfusion remains 
unclear.

WHAT THIS STUDY ADDS
 ⇒ For patients with trauma requiring massive 
transfusion, a WB/TTV ratio ≥0.5 (optimal cut- 
off) was linked to lower 24 hour (OR 0.29) and 
30- day mortality (OR 0.40).

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Our findings highlighted the potential of 
a high WB/TTV ratio to improve outcomes, 
supporting its integration into resuscitation 
protocols and prompting further research to 
optimise transfusion strategies, with possible 
implications for clinical guidelines.
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to TTV ratio resulted in a 15% reduction in 24- hour mortality. 
These findings suggested that higher WB ratios may improve 
survival outcomes in patients with trauma. Previous studies have 
predominantly relied on receiver operating characteristic (ROC) 
curves or IQRs to determine thresholds. However, it is worth 
noting that these methods depend on present thresholds or forc-
ibly discretise continuous variables, which may fail to capture 
the true characteristics of the data. In contrast, restricted cubic 
spline (RCS) offers the flexibility to fit non- linear relationships 
without relying on predefined functional forms, enabling the 
exploration of complex associations between continuous vari-
ables and outcomes.16 The objective of this study was to eval-
uate the association between WB to TTV ratio and mortality in 
patients requiring massive transfusion via RCS. We investigated 
whether a non- linear relationship exists between this transfusion 
ratio and survival to determine the optimal transfusion strategy.

STUDY DESIGN AND METHODS
Data sources
This cohort study was a retrospective analysis of the National 
Trauma Data Bank (NTDB), a nationwide, multicentre, prospec-
tive and observational trauma registry spanning from 1 January 
2020 to 31 December 2020. NTDB is the world’s largest repos-
itory of trauma- related clinical data, containing over 7.5 million 
electronic records from more than 900 trauma centres across the 
USA.17 The requirement for informed consent was waived due 
to the use of anonymised patient data. The study adhered to the 
Strengthening the Reporting of Observational Studies in Epide-
miology reporting guidelines.18

Inclusion and exclusion criteria
Eligible participants were adults aged 16 years or older admitted 
to level I or II trauma centres and requiring massive transfusion 
(defined as more than 5 units of red blood cells (RBCs) or WB 
within the first 4 hours of emergency department (ED) admis-
sion).19 20 We excluded patients with no signs of life at arrival, 
those who died in the ED within 24 hours, patients with burns, 
those with missing transfusion data, those transferred to another 
facility and those who died within 60 min after arrival.

Exposure
Patients were divided into two groups based on different iden-
tified WB to TTV ratios. The WB:TTV ratio was calculated 
by dividing the volume of WB transfused by the TTV, which 
included the sum of WB, RBC, FFP and platelet (PLT) trans-
fusion volumes. For the calculation of the WB:TTV ratio and 
patient population selection, the standard unit volumes for blood 
products were defined as follows: WB, 500 mL; RBC, 300 mL; 
FFP, 250 mL; and PLT, 50 mL.15 21 22

Outcomes
The primary outcomes were 24- hour in- hospital mortality and 
30- day in- hospital mortality. Secondary outcomes, selected 
a priori, included transfusion- related adverse events, such as 
overall adverse events, pulmonary embolism (PE), deep vein 
thrombosis (DVT), acute respiratory distress syndrome (ARDS), 
acute kidney injury (AKI) and sepsis.

Statistical analysis
Data analysis was conducted from 1 November 2024 to 8 January 
2025. Continuous variables were described as medians and 
IQRs, while categorical variables were summarised as numbers 
and percentages (%). Multiple imputations were performed to 

address missing data assumed to be missing at random. The 
missing rates of variables are detailed in online supplemental 
eTable 1.

RCS with three knots, based on Akaike information criterion 
(AIC), was used to explore the potential non- linear relationship 
between the WB to TTV ratio (as a continuous variable) and 
in- hospital mortality in order to determine the optimal cut- 
off value for the WB to TTV ratio. Analyses were adjusted for 
potential confounders, including patient characteristics (age, 
sex, race, body mass index) and comorbidities such as hyper-
tension, diabetes, chronic obstructive pulmonary disease and 
cerebrovascular accident, injury characteristics (mechanism of 
injury (blunt or penetrating), injury severity score (ISS), ED vital 
signs (systolic blood pressure, heart rate and respiratory rate), 
Glasgow Coma Scale score and haemorrhage control surgeries 
(laparotomy, thoracotomy, sternotomy, extremity amputation 
and traumatic amputation)) and hospital characteristics (ACS 
trauma centre verification level (level I and level II)).

Inverse probability of treatment weighting (IPTW) was applied 
using propensity scores derived from a logistic regression model, 
with the WB group as the dependent variable and all measured 
covariates as independent variables. The standardised mean 
difference (SMD) was used to assess balance between groups, 
with |SMD|>0.1 indicating imbalance. After IPTW, logistic 
regression models adjusted for any unbalanced confounders 
were used to evaluate the associations between the WB ratio and 
primary and secondary outcomes. Results were reported as ORs 
with 95% CIs. All analyses were performed using R software, 
V.4.41 (R Studio).

Subgroup analysis
To further examine the heterogeneity of trauma- induced coagu-
lopathy within the study population, we conducted a subgroup 
analysis focusing on specific patient clusters. The subgroups 
included patients with blunt injury mechanism, penetrating 
injury mechanism, Abbreviated Injury Scale (AIS) body region 1 
(head) >3, AIS body region 4 (thorax) >3 and AIS body region 
5 (abdominal and pelvic contents) >3. Similar to the primary 
analysis, we applied IPTW to control for confounding variables 
in these subgroups. Additionally, non- linear spline curves were 
generated to explore potential non- linear relationships between 
WB:TTV ratio and clinical outcomes.

Sensitivity analysis
As for sensitivity analyses, we conducted three additional anal-
yses to verify the robustness of our findings. First, we performed 
unadjusted logistic regression models (model 1), adjusted logistic 
regression models for potential confounders (model 2) and 
adjusted logistic regression models using complete case data 
(model 3). Additionally, to address potential bias from unmea-
sured confounding factors, the E- value was computed to enhance 
the robustness of our findings.23 24 The E- value represents the 
minimum strength of association required between an unmea-
sured confounder and both the outcome and exposure variables 
to fully explain the observed treatment–outcome relationship.

RESULTS
RCS for outcomes
A flowchart of the study is shown in figure 1. A total of 902 
patients (median (IQR) age, 34 (24–51) years; 783 males 
(86.9%); 118 females (13.1%)) were included in the analysis 
(table 1). RCS analysis identified an optimal cut- off value 
of 0.5 for the WB:TTV ratio (figure 2A–F). Furthermore, 
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to investigate model robustness, we revealed that the non- 
linear models exhibited lower AIC and BIC values than their 
linear counterparts, although the p value equals 0.138 (online 

supplemental eTable 2). A notable trend was observed in the 
relationship between the WB:TTV ratio and 24- hour mortality. 
As the WB to TTV ratio approached 0, the OR was approxi-
mately 2. However, as the ratio increased, the OR decreased 
rapidly. The curve intersected the reference line (OR=1) 
at a ratio of 0.2–0.3, indicating that beyond this threshold, 
mortality rates decreased. As the ratio continued to increase, 
the OR gradually declined and stabilised at ratios exceeding 
0.5 (figure 2A–F), suggesting an ‘upper limit effect’. Subgroup 
analyses demonstrated consistent trends with those observed 
in the overall population, as illustrated by the RCS curves.

Patient characteristics and treatment details
The study population was stratified into two groups based on 
the WB to TTV ratio: a high WB group (ratio >0.5) and a low 
WB group (ratio ≤0.5). Patient characteristics are summarised in 
table 1. The median (IQR) ISS score was 29 (21–41). Treatment 
details, adverse events and outcomes are presented in table 2. 
The median (IQR) transfusion volumes within 4 hours were as 
follows: in the high WB group, 0 (0–3) units of RBC, 0 (0–3) 
units of FFP and 0 (0–4) units of PLT; in the low WB group, 11 
(7–19) units of RBC, 8 (5–15) units of FFP and 6 (4–12) units 
of PLT. The 24- hour mortality rates were 9.79% (14/143) in 
the high WB group and 24.1% (183/759) in the low WB group. 

Figure 1 Study flowchart. WB, whole blood.

Table 1 Patient characteristics of the study cohort

All patients Low WB High WB P value SMD (95% CI) Weighted SMD

Number of patients N=902 N=759 N=143

Demographics

Age, median (IQR), years 34.0 (24.0, 51.0) 33.0 (24.0, 51.0) 38.0 (27.0, 54.0) 0.017 −0.18 (−0.36 to −0.00) 0.014

Race, n (%) 0.280 0.00 (−0.02 to 0.02) <−0.001

  Asian 13 (1.54) 11 (1.54) 2 (1.53)

  Black 301 (35.6) 256 (35.8) 45 (34.4)

  White 428 (50.6) 362 (50.6) 66 (50.4)

   American Indian 6 (0.71) 3 (0.42) 3 (2.29)

  Other 98 (11.6) 83 (11.6) 15 (11.5)

BMI, median (IQR) 27.5 (24.1, 31.9) 27.2 (24.0, 31.6) 29.0 (24.7, 32.7) 0.076 −0.11 (−0.29 to 0.07) −0.019

Sex, n (%) 0.547 −0.02 (−0.08 to 0.03) 0.001

  Male 783 (86.9) 656 (86.5) 127 (88.8)

  Female 118 (13.1) 102 (13.5) 16 (11.2)

ED vital signs, median (IQR)

SBP, mm Hg 96.0 (80.0, 121) 93.0 (78.0, 120) 102 (85.0, 130) 0.003 −0.29 (−0.47 to −0.11) 0.021

HR, beats/min 117 (97.0, 134) 118 (97.8, 134) 114 (90.0, 133) 0.130 0.16 (−0.02 to 0.34) 0.022

RR, beats/min 22.0 (18.0, 27.0) 22.0 (18.0, 28.0) 20.0 (18.0, 25.0) 0.133 0.11 (−0.07 to 0.29) −0.066

  Glasgow Coma Scale score, median (IQR) 11.0 (3.00, 15.0) 11.0 (3.00, 15.0) 11.0 (3.00, 15.0) 0.860 0.01 (−0.17 to 0.19) −0.021

Mechanism of injury, n (%) 0.082 −0.08 (−0.17 to 0.00) −0.018

  Blunt 473 (52.4) 388 (51.1) 85 (59.4)

  Penetrating 429 (47.6) 371 (48.9) 58 (40.6)

  ISS, median (IQR) 29.0 (21.0, 41.0) 29.0 (22.0, 41.0) 26.0 (17.0, 38.0) 0.005 0.25 (0.07 to 0.42) 0.049

Comorbidities, n (%)

  Hypertension 112 (12.4) 89 (11.7) 23 (16.1) 0.190 0.04 (−0.02 to 0.11) 0.002

  Diabetes 45 (4.99) 39 (5.14) 6 (4.20) 0.791 −0.01 (−0.05 to 0.03) −0.007

  COPD 18 (2.00) 11 (1.45) 7 (4.90) 0.015 0.03 (−0.00 to 0.07) −0.002

  CVA 2 (0.22) 2 (0.26) 0 (0.00) 1.000 −0.00 (−0.01 to 0.00) 0.000

ACS trauma centre, n (%) 0.763 0.01 (−0.04 to 0.06) 0.002

  Level I 841 (93.2) 709 (93.4) 132 (92.3)

  Level II 61 (6.76) 50 (6.59) 11 (7.69)

ACS, American College of Surgeons; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; ED, emergency department; GCS, 
Glasgow Coma Scale; ISS, Injury Severity Score; RR, respiratory rate; SBP, systolic blood pressure; SMD, standardised mean difference; WB, whole blood.
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Similarly, the 30- day mortality rates were 20.3% (29/143) in the 
high WB group and 36.0% (273/759) in the low WB group.

Logistic regression model
The propensity score distributions of the high WB group and 
low WB group overlapped (online supplemental eFigure 1). In 
the primary analysis, compared with the low WB group, the OR 
of IPTW for the high WB group was 0.29 (95% CI 0.22 to 0.38; 
p<0.001) for 24- hour mortality and 0.40 (95% CI 0.32 to 0.49; 
p<0.001) for 30- day mortality (table 3). Results of secondary 
outcomes are also presented in table 3. The incidence of AKI 
(OR: 0.35 (95% CI 0.23 to 0.52); p<0.001) was lower in the 
high WB group compared with the low WB group, while PE 
(OR: 1.81 (95% CI 1.23 to 2.66); p=0.003), DVT (OR: 2.75 
(95% CI 1.96 to 3.85); p<0.001) and ARDS (OR: 2.63 (95% CI 

1.46 to 4.75); p=0.001) were higher. However, no statistically 
significant differences were observed in the incidence of sepsis.

Subgroup analysis
In subgroup analyses, after adjusting for factors such as injury 
mechanisms and injury sites, the high WB group consistently 
demonstrated a favourable survival prognosis: for 24- hour 
mortality, blunt injury (OR: 0.26 (95% CI 0.18 to 0.39); 
p<0.001), penetrating injury (OR: 0.27 (95% CI 0.17 to 0.42); 
p<0.001), head AIS >3 (OR: 0.09 (95% CI 0.04 to 0.20); 
p<0.001), thoracic AIS >3 (OR: 0.18 (95% CI 0.10 to 0.33); 
p<0.001) and abdominal AIS >3 (OR: 0.23 (95% CI 0.14 to 
0.36); p<0.001) (figure 3). For 30- day mortality, blunt injury 
(OR: 0.42 (95% CI 0.31 to 0.55); p<0.001), penetrating injury 
(OR: 0.29 (95% CI 0.20 to 0.42); p<0.001), head AIS >3 (OR: 

Figure 2 Restricted cubic spline for whole blood (WB) to total transfusion volume (TTV) ratio in overall cohort and in each subgroup. Association 
between the WB to TTV ratio and in- hospital mortality in the overall cohort (A) and in each subgroup (B–F). The model was fitted with a restricted 
cubic spline of the WB to TTV ratio adjusted for age, sex, race, body mass index, comorbidities, mechanism of injury, injury severity score, emergency 
department (ED) vital signs, Glasgow Coma Scale score, haemorrhage control surgeries and hospital characteristics. Each subgroup is defined as 
follows: (B) blunt injury, (C) penetrating injury, (D) head Abbreviated Injury Scale (AIS) >3, (E) thoracic AIS >3, (F) abdominal AIS >3.
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0.47 (95% CI 0.30 to 0.75); p<0.001), thoracic AIS >3 (OR: 
0.41 (95% CI 0.27 to 0.61); p<0.001) and abdominal AIS >3 
(OR: 0.37 (95% CI 0.26 to 0.53); p<0.001). However, the rate 
of adverse events remained elevated (see online supplemental 
eTables 3–7).

Sensitivity analysis
The results of the sensitivity analysis are summarised in online 
supplemental eTable 2. In the unadjusted logistic regres-
sion model (model 1), logistic regression model adjusting for 
potential confounders (model 2) and logistic regression model 
adjusting for potential confounders using all data with complete 
cases (model 3), the ORs for 24- hour mortality were 0.35 (0.19 
to 0.59), 0.19 (0.04 to 0.60) and 0.30 (0.16 to 0.56), respec-
tively. Results for 30- day mortality were similar.

In the multivariable logistic regression analysis for 24- hour 
in- hospital mortality, the E- value for the OR was 6.35. This implies 
that an unmeasured confounder, which was associated with both 
the treatment and the outcome, might potentially explain the 
observed association. Given the measured confounders, the OR 

of each such association (between the unmeasured confounder 
and either the treatment or the outcome) would need to be at 
least 6.35. Similarly, the E- value for 30- day in- hospital mortality 
was 4.44, further supporting the robustness of the findings. The 
E- values for adverse outcomes also showed consistent results, as 
detailed in online supplemental eTable 8.

DISCUSSION
On the whole, based on the identified WB/TTV threshold (0.5), 
we observed an inverse relationship between threshold eleva-
tion and OR values, indicating reduced mortality rates. Notably, 
however, a plateau effect emerged when thresholds exceeded 2, 
precluding observation of survival benefits. This indicated the 
existence of an optimal WB/TTV ratio that maximised clinical 
benefits for patients with trauma. Subgroup analyses revealed 
that the relationship between the WB to TTV ratio and mortality 
was relatively consistent across different injury populations.

In a study by Gallastegi et al,15 investigating the interaction 
between WB and component- based resuscitation, it was found 
that a higher ratio of WB to blood components was associated 
with lower mortality, which aligned with the findings of our 
study. The authors utilised fractional polynomial models to illus-
trate the relationship between different WB to TTV ratios and 
4- hour mortality. The optimal cut- off value for the WB to blood 
component ratio was determined using the point on the ROC 
curve that maximised predictive accuracy.25 This differed from 
our study, in which we employed RCS to explore the poten-
tial non- linear relationship between the WB to TTV ratio as a 
continuous variable and in- hospital mortality. This approach 
allowed for greater flexibility in capturing complex relation-
ships between variables, avoiding potential issues of overfit-
ting or underfitting that may arise with fractional polynomial 
models.26–28 The RCS method does not require prespecification 
of a functional form, enabling a more accurate reflection of the 

Table 2 Treatment details, adverse events and outcomes

Parameter Lower WB High WB P value

Transfusion within 4 hours, median (IQR), unit

  RBC 11.0 (7.00, 19.0) 0.00 (0.00, 3.00) <0.001

  FFP 8.00 (5.00, 15.0) 0.00 (0.00, 3.00) <0.001

  PLT 6.00 (4.00, 12.0) 0.00 (0.00, 4.00) <0.001

Intervention for 
haemorrhage control 
within 4 hours

628 (84.8) 97 (69.8) <0.001

Adverse event, n (%)

  PE 38 (5.01) 12 (8.39) 0.155

  DVT 45 (5.93) 22 (15.4) <0.001

  ARDS 13 (1.71) 6 (4.20) 0.102

  AKI 80 (10.5) 7 (4.90) 0.052

  Sepsis 41 (5.40) 5 (3.50) 0.458

In- hospital mortality, n (%)

  24 hours 183 (24.1) 14 (9.79) <0.001

  30 days 273 (36.0) 29 (20.3) <0.001

AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; DVT, deep vein 
thrombosis; FFP, fresh frozen plasma; LOS, length of stay; PE, pulmonary embolism; 
PLT, platelet; RBC, red blood cell; WB, whole blood.

Table 3 Results of logistic regression analysis weighted by IPTW for 
each outcome in the overall cohort

OR (95% CI) P value

Primary

  24 hours in- hospital mortality 0.29 (0.22 to 0.38) <0.001

  30 days in- hospital mortality 0.40 (0.32 to 0.49) <0.001

Secondary

  Overall adverse event 1.42 (1.14 to 1.77) 0.002

  PE 1.81 (1.23 to 2.66) 0.003

  DVT 2.75 (1.96 to 3.85) <0.001

  ARDS 2.63 (1.46 to 4.75) 0.001

  AKI 0.35 (0.23 to 0.52) <0.001

  Sepsis 1.01 (0.67 to 1.52) 0.954

AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; DVT, deep 
vein thrombosis; IPTW, inverse probability of treatment weights; PE, pulmonary 
embolism.

Figure 3 Forest plot of ORs and 95% CIs of 24- hour (A) and 30- 
day (B) in- hospital mortality for main and subgroup analysis. AIS, 
Abbreviated Injury Scale; WB, whole blood.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

C
o

n
so

rtia
at B

en
 G

u
rio

n
 U

n
i M

A
L

M
A

D
 

o
n

 A
u

g
u

st 16, 2025
 

h
ttp

://em
j.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

11 A
u

g
u

st 2025. 
10.1136/em

erm
ed

-2025-215051 o
n

 
E

m
erg

 M
ed

 J: first p
u

b
lish

ed
 as 

https://dx.doi.org/10.1136/emermed-2025-215051
https://dx.doi.org/10.1136/emermed-2025-215051
https://dx.doi.org/10.1136/emermed-2025-215051
https://dx.doi.org/10.1136/emermed-2025-215051
https://dx.doi.org/10.1136/emermed-2025-215051
http://emj.bmj.com/


6 Peng C, et al. Emerg Med J 2025;0:1–7. doi:10.1136/emermed-2025-215051

Original research

true distribution of the data and thereby providing more reliable 
statistical inferences. Moreover, RCS can integrate with multi-
variable regression to control confounders. In contrast, although 
the method of determining the optimal cut- off value using the 
ROC curve is intuitive, it may lose some information inherent 
in continuous variables. Additionally, the determination of the 
cut- off value is sample dependent, which may limit the gener-
alisability of the results. Therefore, our research approach not 
only better aligns with the actual characteristics of the data but 
also offers more precise and comprehensive reference evidence 
for clinical decision- making.

In an observational study involving 1051 patients with haem-
orrhagic shock, Sperry et al29 found that the ratio of WB to total 
blood components was an independent predictor of 29- day 
survival. As the proportion of WB increased, the independent 
risk of mortality consistently decreased. Feeney30 et al found 
that, in a paediatric level I trauma centre, an increase in the 
proportion of WB in total blood product resuscitation was inde-
pendently associated with improved survival in injured children. 
For every 38% increase in the proportion of WB in the TTV, 
in- hospital mortality decreased by 0.001%. In a study evaluating 
the dose- dependent effects of WB on the outcomes of civilian 
patients with trauma with haemorrhagic shock, Hosseinpour et 
al31 found that a higher ratio of WB to RBC was associated 
with improved early and late mortality in patients with trauma 
with haemorrhagic shock. A study on the use of WB in military 
settings found that patients who received a higher ratio of WB 
to RBCs had lower mortality rates.32 Similarly, in a study by 
Aoki et al,14 patients were divided into four groups based on 
quartiles of the WB to RBC ratio to investigate the association 
between this ratio and mortality risk in patients with trauma. 
The study found that patient mortality consistently decreased as 
the WB to RBC ratio increased. The survival benefits associated 
with a higher ratio of WB further corroborate the findings of 
our study.

Previous studies13 have suggested that the mechanisms by 
which the use of WB may improve outcomes in trauma popula-
tions include providing higher concentrations of clotting factors, 
superior haemostatic properties, reduced overall blood volume 
and preservative use, and amelioration of trauma- induced 
endothelial dysfunction. Compared with equivalent units of 
component blood products, WB contains higher concentra-
tions of RBCs, plasma proteins, fibrinogen and PLTs. Haemor-
rhagic shock and trauma can induce endothelial barrier damage, 
inflammation and coagulopathy. Previous studies33 34 have found 
that in murine models of haemorrhagic shock, resuscitation with 
WB attenuate systemic inflammation and organ injury. Baucom35 
et al found that resuscitation with WB following haemorrhagic 
shock reduced endothelial syndecan- 1 shedding and mitigated 
lung injury.

Regarding transfusion- related adverse events, our study 
revealed no differences between the two groups in terms of PE, 
DVT or ARDS. However, the high WB group demonstrated a 
protective effect against AKI and sepsis, which aligned with find-
ings from previous studies.14 36–38 A study by Aoki15 et al demon-
strated that a higher ratio of WB was associated with a lower 
incidence of AKI (OR: 0.71, 95% CI 0.63 to 0.80). Similarly, 
research by Hanna38 et al indicated that in the resuscitation of 
severely injured civilian patients with trauma, the use of WB as 
an adjunct to component therapy was linked to a reduction in 
major complications, including AKI and sepsis.

Strengths and limitations
The findings of this study have the potential to help determine 
the optimal transfusion ratio for severely injured patients with 
trauma in clinical settings. However, our study also has several 
limitations. First, due to the constraints of the NTDB, certain 
covariates such as tranexamic acid could not be obtained from 
the database. Second, although we attempted to control for 
potential confounding biases using the IPTW method, there may 
still be some unmeasured confounders. Third, missing variables 
could impact the results of this study, although multiple imputa-
tions and sensitivity analyses were conducted, confirming that the 
study’s findings remained unchanged. Fourth, the retrospective 
and observational design precludes us from establishing a causal 
relationship between the WB ratio and mortality. Future multi-
centre prospective randomised studies are necessary. Finally, our 
study included a high proportion of male patients (90%), which 
was not due to gender- specific inclusion criteria but consistent 
with prior trauma studies using the NTDB, reflecting the real- 
world demographic pattern of trauma populations. However, 
this may limit the generalisability of our findings to female 
patients with trauma, which may warrant further gender- specific 
research.

CONCLUSIONS
This multicentre study suggested that the use of higher ratio of 
WB to TTV was associated with lower mortality in patients with 
trauma requiring massive blood transfusion. Nonetheless, when 
the ratio exceeds 0.5, a ceiling effect might occur. It is neces-
sary to conduct future randomised controlled trials centred on 
patients to verify the effectiveness of high WB ratios in trauma 
situations.
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