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Background: Hemorrhage is a leading cause of preventable death in trauma. While both blood transfusion and tranexamic acid
(TXA) improve outcomes, the combined effect of prehospital TXA and transfusion remains uncertain. This study aims to evaluate the
impact of prehospital TXA combined with blood transfusion on short-term mortality in trauma patients at risk for hemorrhage.
Methods: We performed a retrospective cohort study of 408 adult trauma patients at risk for hemorrhage admitted between 2018 and
2023. Patients were grouped into transfusion only (n=240) or prehospital TXA plus transfusion (n=168). The primary outcome was 30-
day mortality. Secondary outcomes included 24-hour mortality, transfusion requirements, multiple organ failure (MOF), and venous
thromboembolism (VTE).

Results: Compared with transfusion alone, prehospital TXA plus transfusion significantly reduced 30-day mortality (14.3% vs 31.3%,
p<0.01) and 24-hour mortality (6.0% vs 19.6%, p<0.01). The TXA group also had lower MOF incidence (14.3% vs 28.7%, p<0.01)
and required less plasma and crystalloid resuscitation, without an increase in VTE (p=0.17). Kaplan—Meier analysis confirmed
a survival advantage (log-rank p<0.01), and multivariate Cox regression identified combination therapy as an independent predictor
of reduced 30-day mortality (HR=2.16, 95% CI: 1.35-3.46, p<0.01).

Conclusion: Prehospital TXA combined with transfusion significantly improves short-term survival and reduces organ failure in
bleeding trauma patients, without increasing thromboembolic risk. These findings support early integration of TXA into prehospital
transfusion protocols.
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Introduction

Trauma is a major global health burden and remains a leading cause of death, particularly among young adults.
According to the World Health Organization (WHO), injuries account for approximately 4.4 million deaths annually,
representing nearly 8% of global mortality.' Hemorrhage is the most preventable cause of trauma-related death,
contributing to nearly 30-40% of early in-hospital mortality.” Most fatal bleeding occurs within the first six hours
after admission, underscoring the importance of timely and effective hemostatic interventions.’

Blood transfusion is the cornerstone of resuscitation in hemorrhagic trauma and has been shown to improve survival.*
However, transfusion is associated with risks such as coagulopathy, transfusion-related acute lung injury, and immuno-
logical complications.” Adjunctive therapies that enhance the efficacy and safety of transfusion are therefore needed.

Tranexamic acid (TXA), a synthetic antifibrinolytic agent, inhibits plasminogen activation and stabilizes fibrin clots.’
The landmark CRASH-2 trial, which enrolled over 20,000 trauma patients worldwide, demonstrated that early TXA

administration reduced all-cause mortality by nearly 10%, with the greatest benefit observed when given within three
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hours of injury.® Subsequent studies have confirmed the survival benefit of TXA in both civilian and military trauma
populations.”'°

While both TXA and transfusion are integral to modern trauma care, the combined effect of prehospital TXA and
transfusion remains poorly characterized. In many trauma systems, TXA is administered by emergency medical services
(EMS) before or alongside initiation of blood transfusion. Whether this combination confers incremental survival benefit
beyond transfusion alone remains unclear. We therefore conducted a retrospective cohort study to evaluate the impact of
prehospital TXA combined with blood transfusion on short-term mortality in trauma patients at risk for hemorrhage. We

hypothesized that combination therapy would reduce short-term mortality compared with transfusion alone.

Material and Methods

Population

We conducted a retrospective cohort study at a tertiary hospital between January 2018 and December 2023. All
consecutive adult trauma patients admitted during the study period who met the eligibility criteria were screened.
Patients younger than 18 years were excluded because the physiological characteristics, injury patterns, and transfusion
protocols differ substantially between pediatric and adult trauma populations. Including pediatric patients could introduce
heterogeneity and confound the interpretation of outcomes related to TXA and transfusion efficacy.

Inclusion criteria were: (1) age >18 years, (2) trauma patients at risk for hemorrhage, defined as systolic blood
pressure (SBP) <90 mmHg, heart rate (HR) >110 beats/min, or transfusion of >1 unit of packed red blood cells (pRBC)
within 24 hours after admission, and (3) Documentation of prehospital care (EMS record available). Exclusion criteria
included: (1) isolated traumatic brain injury, drowning, or hanging, (2) prehospital cardiac arrest >5 minutes, (3) known
pregnancy, (4) transfer from another hospital with incomplete transfusion/TXA data, and (5) documented contraindica-
tion to TXA (eg, history of thromboembolic disease or allergy).

Exposure

Patients were categorized into two groups: (1) transfusion only; (2) TXA plus transfusion. In this study, “transfusion”
refers specifically to administration of blood products (pRBCs and plasma), not crystalloid or colloid fluids, which were
recorded separately.

Blood transfusion in the prehospital setting is not universally available in China. Specialized EMS units carry pRBCs
and can initiate transfusion in selected high-risk trauma patients following institutional massive transfusion protocol
(MTP). Transfusion was triggered by hemodynamic instability, ongoing bleeding, hemoglobin <7 g/dL, or the need for
surgical/interventional hemostasis.

Prehospital TXA was administered by EMS according to protocol: 1 g intravenous bolus over 10 minutes, followed
by a | g infusion over 8 hours after hospital arrival if indicated. Prehospital transfusion was performed in hemodyna-
mically unstable patients based on the MTP criteria outlined above.

Outcomes and Data Collection
The primary outcome was 30-day mortality. Secondary outcomes included 24-hour mortality, transfusion requirements
within 24 hours, multiple organ failure (MOF), and venous thromboembolism (VTE).

Baseline data included demographics, mechanism of injury, prehospital variables (time, SBP, HR, Glasgow Coma
Scale [GCS], crystalloid volume, and intubation), and emergency department (ED) parameters (SBP, HR, GCS). Injury
severity was assessed using the Injury Severity Score (ISS). Resuscitation variables included transfusion of pRBCs and
plasma, and crystalloid administration within 24 hours. Clinical outcomes were extracted from electronic records.

Statistical Analysis

The sample size was calculated to ensure adequate power to detect a clinically meaningful difference in 30-day mortality
between groups. Assuming a difference of 15% in 30-day mortality between the transfusion-only group and the TXA
plus transfusion group according to a previous study,'' a two-sided o of 0.05, and 80% power, a minimum of 150 patients
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per group was required. In this study, 168 patients in the TXA plus transfusion group and 240 patients in the transfusion-
only group were included, which exceeded the required sample size and provided sufficient power to detect the expected
difference.

Continuous variables are presented as mean and standard deviation (SD) and compared using the students’ ¢ test.
Categorical variables are presented as counts and percentages and compared using the Chi-square or Fisher’s exact test.
Survival analysis was performed using the Kaplan—-Meier method and compared with the Log rank test. Multivariate Cox
proportional hazards regression was used to evaluate the association between treatment group and mortality outcomes
after controlling potential confounding factors, with results reported as hazard ratios (HRs) and 95% confidence
intervals (Cls).

All statistical analyses were performed using R software (version 4.2.3, R Foundation for Statistical Computing,
Vienna, Austria). A two-sided p-value <0.05 was considered statistically significant.

Results

A total of 408 trauma patients at risk for hemorrhage were included, of whom 168 (41.2%) received prehospital TXA
combined with blood transfusion and 240 (58.8%) received blood transfusion alone. As shown in Table 1, patients in the
TXA group were significantly older (p<0.01). Sex distribution and mechanism of injury were similar between groups.
Prehospital physiological parameters showed that the TXA group had higher SBP (p=0.03) and GCS (p=0.04) but
received less crystalloid (p<0.01). Upon ED arrival, they had lower HR (p<0.01), higher GCS (p<0.01), and slightly
lower SBP (p=0.04). ISS did not differ significantly (p=0.85). Both groups received comparable pRBC volumes
(p=0.51), but the TXA group required significantly less plasma (p<0.01) and crystalloids (p<0.01).

Short-term mortality was markedly reduced in patients treated with prehospital TXA in addition to transfusion
(Figure 1). Specifically, 30-day mortality was 14.3% in the TXA group versus 31.3% in the transfusion-only group
(»<0.01), and 24-hour mortality was 6.0% versus 19.6%, respectively (p<0.01). MOF occurred less frequently with TXA
(14.3% vs 28.7%, p<0.01), while VTE incidence did not differ (p=0.17).

Table | Comparison of Patients’ Characteristics Between Tranexamic Acid (TXA)
Combined with Blood Transfusion Group and Blood Transfusion Group

TXA Plus Blood Transfusion | Blood Transfusion | p Value
Group (N=168) Group (N=240)
Age, years 53976 44.7 + 8.8 <0.01
Male, n (%) 143 (59.6%) 102 (60.7%) 0.82
Blunt mechanism, n (%) 130 (77.4%) 182 (75.8%) 0.72
PH time, min 43473 43377 0.92
PH SBP, mmHg 895 % 119 869 % 1.3 0.03
PH HR, bpm 116.3 + 14.6 1164+ 142 0.96
PH GCS 139 £5.6 127 £ 59 0.04
PH crystalloid, mL 893.8 £ 1723 983.6 £ 170.2 <0.01
PH intubation, n (%) 71 (42.3%) 123 (51.2%) 0.09
ED SBP, mmHg 973 £ 11.7 997+ 11.8 0.04
ED HR, bpm 1073 £ 11.0 101.0 + 6.4 <0.01
ED GCs 133 +47 11.5+47 <0.01
ISS 21.7 £89 215+82 0.85
24-hour pRBC, units 52+24 50+24 0.51
24-hour plasma, units 1.5+1.0 23+ 1.5 <0.01
24-hour crystalloid, mL 4361.5 = 1684.4 6091.7 £+ 14333 <0.01

Abbreviations: TXA, tranexamic acid; PH, prehospital; SBP, systolic blood pressure; HR, heart rate; GCS, Glasgow
Coma Scale; ED, emergency department; ISS, Injury Severity Score; pRBC, packed red blood cells.
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Figure | Comparison of the primary and secondary outcomes between prehospital tranexamic acid (TXA) combined with transfusion group and transfusion alone group.
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Figure 2 Kaplan—Meier survival curves depicting 30-day mortality risk in patients receiving prehospital tranexamic acid (TXA) combined with transfusion versus transfusion
alone.

Kaplan—Meier analysis (Figure 2) demonstrated a survival advantage in the TXA group (log-rank p<0.01). Multivariate
Cox regression (Table 2) confirmed that TXA plus transfusion independently reduced 30-day mortality (HR=2.16, 95% CI:
1.35-3.46, p<0.01). MOF (HR=3.50, 95% CI: 2.35-5.23, p<0.01) was also independent mortality predictors.

Discussion
This study demonstrates that prehospital TXA administration combined with blood transfusion significantly reduced both
24-hour and 30-day mortality in trauma patients at risk for hemorrhage, with lower MOF incidence and no increase in

VTE. These findings highlight the synergistic effect of antifibrinolytic therapy and transfusion in early trauma
resuscitation.

Synergy with Existing Evidence

Our findings are consistent with those reported by Deeb et al,'' who analyzed data from the STAAMP trial and
demonstrated that patients receiving both prehospital TXA and pRBCs had improved survival compared with those
who received either treatment alone or neither. In line with their study, we observed a significant reduction in both 24-
hour and 30-day mortality among patients treated with prehospital TXA in combination with transfusion. Importantly,
our study included a larger sample size than the STAAMP trial analysis, thereby providing additional validation that
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Table 2 Univariate and Multivariate Cox Regression to Explore the Association
Between Tranexamic Acid (TXA) Combined with Blood Transfusion and the Risk of
30-Day Mortality

Univariate Regression Multivariate Regression
HR | 95% Cl | p Value | HR | 95% ClI | p Value
TXA plus blood transfusion | 2.53 | 1.59-4.04 <0.01 2.16 | 1.35-3.46 <0.01
Age 0.97 | 0.95-0.99 <0.01
Male 0.97 | 0.65-1.46 0.90
Blunt mechanism 0.76 | 0.49-1.17 0.21
PH time 1.00 | 0.97-1.02 0.87
PH SBP 0.98 | 0.96-1.00 0.01
PH HR 1.00 | 0.99-1.02 0.57
PH GCS 1.00 | 0.96-1.03 0.77
PH crystalloid 1.00 | 1.00-1.00 0.38
PH intubation 1.03 | 0.69-1.52 0.90
ED SBP 1.00 | 0.98-1.02 0.94
ED HR 0.98 | 0.96-1.01 0.12
ED GCS 0.98 | 0.94-1.03 0.43
ISS 0.99 | 0.97-1.02 0.58
24-hour pRBC 0.92 | 0.85-1.01 0.07
24-hour plasma 1.19 | 1.04-1.37 0.01
24-hour crystalloid 1.00 | 1.00-1.00 <0.01
MOF 3.79 | 2.55-5.64 <0.01 3.50 | 2.35-5.23 <0.0l
VTE 1.46 | 0.74-2.91 0.28

Abbreviations: TXA, tranexamic acid; HR, hazard ratio; Cl, confidence interval; PH, prehospital; SBP, systolic
blood pressure; HR (in PH/ED), heart rate; GCS, Glasgow Coma Scale; ED, emergency department; ISS, Injury
Severity Score; pRBC, packed red blood cells; MOF, multiple organ failure; VTE, venous thromboembolism.

TXA and transfusion act synergistically to improve outcomes in trauma patients at risk for hemorrhage. These consistent
results across different cohorts strengthen the robustness of the evidence and highlight the potential clinical relevance of
combined therapy in the early management of bleeding trauma patients.

Interpretation of Hemodynamic Findings

Interestingly, we observed that patients in the TXA group presented with slightly higher SBP in the prehospital setting, but lower
SBP upon ED admission compared with those who received transfusion alone. This paradox may be explained by several
factors. First, patients identified by EMS as high-risk for hemorrhage may have received TXA early during the compensatory
phase of shock, when catecholamine-driven vasoconstriction maintained SBP at relatively higher levels. However, as bleeding
progressed during transport, these patients entered the decompensated phase, leading to lower SBP at ED arrival. Second, the
selection bias inherent to clinical decision-making may have contributed: patients perceived as more severely injured were more
likely to be prioritized for TXA, which could explain their greater hemodynamic deterioration by the time of ED assessment.

Reduction in Resuscitation Requirements and Mechanism

Another notable finding was that the TXA group required significantly less plasma and crystalloid resuscitation compared
with the transfusion-only group. This aligns with the antifibrinolytic mechanism of TXA, which stabilizes clot formation
and reduces ongoing blood loss, thereby lowering the need for adjunctive fluid replacement.'? Excessive crystalloid
infusion is known to exacerbate coagulopathy and tissue edema, while large plasma volumes may contribute to
transfusion-related complications.'® Therefore, by reducing the requirement for these interventions, TXA may indirectly
improve patient outcomes and decrease secondary organ dysfunction.
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Safety Profile: Thromboembolic Risk

Importantly, we found no increase in VTE events among patients treated with TXA, supporting the safety profile
observed in prior trials and meta-analyses.'* Although concerns remain regarding potential thrombotic complications, the
current evidence—including our study—suggests that TXA use in trauma is not associated with clinically significant
elevations in thromboembolic risk.

Clinical Implications

This study has several clinical implications. First, our findings support the routine integration of TXA into prehospital
trauma protocols, particularly in systems where blood transfusion can also be initiated before hospital arrival. Second, the
reduction in MOF suggests that TXA not only improves survival but also reduces morbidity, which may have down-
stream benefits in resource utilization and long-term recovery. Third, given that the greatest benefit of TXA occurs when
administered early, emphasis should be placed on timely recognition of hemorrhage risk by EMS providers and rapid
delivery of TXA in the field.

Limitations

Nevertheless, several limitations must be acknowledged. First, this was a retrospective single-center study with a limited
sample size, which may restrict the external validity of our findings. Future multicenter prospective studies with larger
populations are warranted to confirm these results. Selection bias may have influenced treatment allocation, as patients
perceived to be at higher risk of bleeding were more likely to receive TXA. Although multivariate Cox regression was
performed to adjust for confounding factors, residual confounding cannot be excluded. In addition, our dataset did not
capture detailed information on fibrinolytic activity or coagulation parameters, which could have provided mechanistic
insight into the observed outcomes. Finally, VTE events may have been underdiagnosed due to the lack of systematic
screening.

Conclusion

In summary, our study demonstrates that prehospital TXA administration in combination with blood transfusion is
associated with reduced short-term mortality and decreased risk of multiple organ failure in trauma patients at risk for
hemorrhage, without increasing thromboembolic complications. Importantly, these conclusions are based on clearly
defined prehospital transfusion practices in specialized EMS units, transfusion of blood products (pRBCs and plasma)
rather than crystalloids, and institutional criteria for initiating transfusion. These findings support the early integration of
TXA into prehospital resuscitation protocols alongside blood transfusion, highlighting the importance of timely anti-
fibrinolytic therapy in improving trauma outcomes.
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