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Effectiveness and safety of prehospital
tranexamic acid in patients with trauma: an
updated systematic review and meta-analysis
with trial sequential analysis
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Abstract

Background The use of prehospital tranexamic acid (TXA) in patients with trauma has attracted considerable
attention. This systematic review and meta-analysis aimed to provide the best evidence for clinicians.

Methods All related literature in PubMed, Embase, and the Cochrane Central Register of Controlled Trials (Central)
databases were searched systematically from their establishment to July 1, 2023. The outcome measures included
24-hour and 28-30-day mortality and adverse events (multiple organ dysfunction syndrome, acute respiratory distress
syndrome, thrombotic events, and infection events). The Revised Cochrane Risk of Bias Tool for Randomized Trials was
used to evaluate the quality of the randomized controlled trials (RCTs). The Methodological Index for Nonrandomized
Studies (MINORS) was used to evaluate the risk of bias in non-RCTs. The required information size was estimated using
trial sequential analysis. The Grading of Recommendations, Assessment, Development, and Evaluation approach was
used to evaluate the evidence quality.

Results Eleven studies (comprising 11,259 patients) were included; two of these were RCTs. The overall risks of bias
were low in the RCTs. ROBINS- risk of bias was Moderate in 3 studies, serious in 5 studies, and critical in 1 study. A
significant reduction in 24-hour mortality was observed (odds ratio [OR], 0.82; 95% confidence interval [Cl], 0.71-0.94).
A subgroup analysis that included only RCTs revealed that prehospital TXA was associated with reduced 28-30-day
mortality (OR, 0.80; 95% Cl, 0.66-0.97) and increased risks of thromboembolism (OR, 1.22; 95% Cl, 1.03-1.44) and
infection (OR, 1.13;95% Cl, 1.00-1.28) events. The blood products for transfusion decreased by 2.3 units on average
(weighted mean difference [WMD], —2.30; 95%Cl, —3.59 to — 1.01).

Conclusions This updated systematic review showed that prehospital TXA reduced the 24-hour and 28-38-day
mortality and blood transfusion but increased the risks of infection and thromboembolism in patients with trauma.
Future RCTs with larger and more homogeneous samples will help verify our results.
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Introduction

Trauma is a leading cause of death and disability world-
wide, accounting for 10% of all deaths [1]. Traumatic
hemorrhage is the most common cause of early death in
injured individuals [2, 3]. Approximately 25% of trauma
victims have immediate coagulative malfunction and up
to 40% die from hemorrhagic shock [4, 5]. Early treat-
ment of coagulopathy consequently and hemorrhagic
shock significantly decreases posttraumatic death [6].
Approximately 7% of patients with trauma have high
fibrinolysis, which is a key component of trauma-induced
coagulopathy and is associated with bleeding-related
mortality, making it a potential therapeutic target [7-9].
Tranexamic acid (TXA) is an antifiber solvent that can
improve clot stability by inhibiting plasminogen activa-
tion and fibrinolysis; thus, it may be an effective treat-
ment [10].

Two major multicenter randomized controlled trials
(RCTs) examined TXA in patients with trauma in the
hospital [11, 12]. The results showed that TXA adminis-
tered within 3 h of injury lowered the 28-day mortality
in patients with suspected bleeding (CRASH-2 trial [12])
and mild and severe traumatic brain injury (CRASH-3
trial [11]). Despite ongoing concerns regarding the effi-
cacy, dose, and indications of TXA, its low cost and risk
make it commonly used in mature healthcare systems
[6, 13]. However, developed countries still lack evidence
regarding the beneficial effects of prehospital usage
of TXA. The meta-analysis by Almuwallad et al. [14],
including four trials with 2347 patients, suggested that
prehospital TXA significantly reduced early (24-h) mor-
tality, with no associated increase in the risk of venous
thromboembolism. However, the authors reported no
significant reduction in 28—30-day mortality.

Nevertheless, the enthusiasm of researchers for explor-
ing the effects of prehospital TXA has not diminished.
Many experiments on prehospital TXA have been pub-
lished since the meta-analysis by Almuwallad et al., and
the cumulative sample size has increased approximately
five-fold. Therefore, this systematic review and meta-
analysis were conducted to update the existing medical
evidence.

Methods

We completed the International Prospective Register of
Systematic Reviews (PROSPERO) (CRD42023418399)
registration before the start of the study and followed the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [15] throughout the
study. Two authors independently agreed on each assess-
ment during the study, and a third author arbitrated any
disagreements.
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Eligibility criteria

Studies that met the inclusion criteria were included
according to the Participant-Intervention-Comparator-
Outcomes-Study (PICOS) principles (Participant [P]:
patients suspected or diagnosed with traumatic bleeding
[including internal and external bleeding] or traumatic
brain injury; Intervention (I): prehospital TXA adminis-
tration; Comparator (C): no prehospital TXA; Outcomes
(O): at least one of the following should be reported:
mortality, adverse events, consumption of blood prod-
ucts, or quantity of supplementary fluids; and Study (S):
RCT or cohort study).

The exclusion criteria were: (1) secondary analysis of
RCTs, 2) previously published cohort studies involv-
ing the same population, and 3) protocols and meeting
abstracts.

Search strategy and selection

We conducted the search using a combination of subject
words and free words and constructed search expressions
using logical symbols, wildcards, and Boolean logic oper-
ators. “Tranexamic acid” and “prehospital” were the two
subjects for which a thorough literature search was con-
ducted to determine all keywords and search terms. The
retrieval databases included PubMed, Embase, and the
Cochrane Central Register of Controlled Trials (Central).
The retrieval time was limited from database inception to
July 1, 2023. We placed no restrictions on the publication
year, language, or region.

References were managed using EndNote X9 (Clari-
vate Analytics, Philadelphia, PA, USA). After removing
duplicate records, the titles and abstracts were initially
screened by two independent investigators, and full-text
publications were evaluated for all potentially relevant
articles.

Data collection

To synthesize the evidence, a standardized, prepiloted
Microsoft Excel (Microsoft Corp., Redmond, WA, USA)
form was used to tabulate and extract data from the
included studies. Separately, two authors extracted the
following data: study design, number of patients, first
author, year of publication, baseline characteristics of
patients, duration of follow-up, Injury Severity Score
(ISS), systolic blood pressure (SBP) upon emergency
room arrival, number of patients with SBP <90 mmHg,
duration of the prehospital phase, adverse events (mul-
tiple organ dysfunction syndrome [MODS], acute respi-
ratory distress syndrome [ARDS], thrombotic events,
infection events), mortality (at 24 h and 28-30 days),
blood product consumption, and crystalloid fluid input.
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Risk of bias assessment

We used the Revised Cochrane Risk of Bias Tool for
Randomized Trials (RoB 2.0) to evaluate bias from areas
such as reporter (selective reporting), attrition (incom-
plete outcome data), detection (blinding of outcome
assessment), performance (blinding of participants and
personnel), selection (random sequence, allocation con-
cealment), and others. Each domain was categorized as
low, unclear, or high risk according to the risk classifica-
tion system. For a cohort study, the ROBINS-I tool was
used in accordance with Cochrane and GRADE guide-
lines. Each of the seven domains of the ROBINS-I tool
were rated as being at low, moderate, serious or critical
risk of bias (RoB), or no information. Additionally, if at
least 10 trials were found, Egger’s test was used to exam-
ine publication bias.

Quantitative data synthesis

The data in these studies were presented in various ways.
To calculate the standard deviation (SD) of the mean
from the standard error, 95% confidence interval (CI),
and P value, we followed the recommendations of the
Cochrane Handbook [16]. When data were presented
as median and interquartile range or median and range,
the mean and SD were calculated using the method
described by Wan et al. [17].

STATA Version 12 (STATA Corp., College Station,
TX, USA) was used for all statistical analyses. The con-
tinuity of variables was expressed as the weighted mean
difference (WMD) and 95% CI. Dichotomous data were
reported as odds ratios (ORs) and 95% CI. The results
are graphically represented using forest plots. P<0.05
was regarded as statistically significant in each study.
To assess the statistical heterogeneity of the combined
studies, we also produced I? statistics. In studies with
significant heterogeneity (I*>50%), the sources of het-
erogeneity were further examined. The meta-analysis
employed a random-effects model after removing overt
clinical heterogeneity. If the methods utilized in several
studies varied significantly, a random-effects model was
also applied. Conversely, the fixed-effects model was
used when 1><50%, indicating nonexistent or little het-
erogeneity. A sensitivity analysis was performed to esti-
mate the stability of the results by individually removing
each study from the analysis. Subgroup analysis was con-
ducted according to the study design (RCT or cohort
study).

Trial sequential analysis

As the results of a meta-analysis may be biased by the
presence of systematic errors (bias) or random errors
(play of chance) owing to sparse data and repeated sig-
nificance testing [18], we performed trial sequential
analysis (TSA) using TSA software (version 0.9.5.10;
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Copenhagen Trial Unit, Copenhagen, Denmark). The
optimal information size was set to a two-sided alpha
of 0.05, beta of 0.80, and relative risk reduction of 30%
using a DerSimonian-Laird random-effects model. TSA
allows for the evaluation of the reliability of the statistical
results of meta-analyses. TSA can be used to determine
whether the CI and P values in the meta-analysis are suf-
ficient to show the expected effects [19]. The required
information size (RIS) and trial sequence monitoring
boundary (TSMB) were adjusted for the meta-analy-
sis. TSMB determines whether the evidence in a meta-
analysis is reliable and conclusive [20]. If the cumulative
Z-curve enters the futility boundaries or crosses TSMB,
the expected intervention effect shows conclusive evi-
dence. Otherwise, the evidence is deemed absent. For
dichotomous data, we calculated RIS according to the
average incidence of all the included RCTs. For continu-
ous data, we estimated RIS based on a D? of 50% and the
average difference and variance according to empirical
assumptions, which were automatically generated by the
software.

Quality of the evidence

The Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) approach was used to
evaluate evidence quality [21]. Five factors contributed to
reduced grades: limitation of the study design (more than
a quarter of the studies were considered to have a seri-
ous risk of bias), inconsistency (substantial heterogeneity,
12>50%), indirectness (dissimilar populations, interven-
tions, outcomes, and time points), imprecision (pooled
sample size<300), and potential publication bias (fun-
nel plot assessment and Egger’s test two-tailed P<0.1, or
study quantity<10). The quality of evidence was catego-
rized as high, moderate, low, or very low.

Results

Study selection and characteristics

Overall, 568 articles were identified. After removing
duplicates, 485 articles remained. The title- and abstract-
eligibility checks resulted in the exclusion of 462 studies.
After screening the entire texts of 23 potentially pertinent
publications, 12 additional studies were excluded. Finally,
11 studies that met the inclusion criteria were included
in the meta-analysis. The studies included two RCTs [22,
23] and nine cohort studies [24-32] (Fig. 1).

The characteristics of the included studies are shown
in Table 1. The 11 studies included in this meta-anal-
ysis involved 5304 cases and 5955 controls. All patients
were diagnosed with or suspected of having a hemor-
rhagic injury or traumatic brain injury. Blunt injury was
the dominant mechanism. Only one study [26] included
more than half of the patients with penetrating injuries.
The mean ISS ranged 16—41. Most studies only include
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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Fig. 1 Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flowchart showing the search and selection process

patients who reach the emergency department or trauma
center and intensive care unit. Two studies [30, 31] only
excluded patients who died at the scene. The pre-hospital
TXA dose of 9 included literatures was 1 g. In-hospital
TXA was based on the decision of clinicians. The dosage
of TXA was not clear in two studies [25, 32]. It is worth
noting that Bossers et al! s research [32] focused on
patients with severe traumatic brain injury.

Risk of bias

The two RCTs showed low risks of bias [22, 23] in differ-
ent domains (Fig. 2). The non-RCTs (n=9) were evalu-
ated using ROBINS-I. Table 2 shows the quality checklist

for the risk of bias for each cohort study. A low RoB was
not found in any of this articles; three (33.3%) had mod-
erate RoB, five (55.6%) serious RoB, and one (11.1%) criti-
cal RoB. Confounding bias, participant selection bias,
and bias due to intervention classification are the most
important ROBINS-I domains that contribute to moder-
ate, serious, or critical RoB.

Meta-analysis

Mortality

All 11 included studies reported 28-30-day mortality.
The TXA and non-TXA groups included 5,303 and 5,957
patients, respectively. Comprehensive analysis showed
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Table 1 Main characteristics of all included studies
Source Study Design Intervention Sam- Age* Gender (Male/female) ISS*  SBP* SBP<90 Duration of Follow-up

ple (mmHg) mmHg prehospital

size (n) phase*

(min)

Leenen Prospective Prehospital TXA 207 40 152/55 29 120 45 NA 28 days
2021 cohortstudy  No prehospital TXA 215 49 146/69 29 120 41 NA
Gulickx  Prospective Prehospital TXA 124 361 97/27 28 NA 24 504 30 days
2023 cohortstudy  No prehospital TXA 353 42.7  238/115 18 NA 31 420
Neeki  Prospective Prehospital TXA 362 3796 293/69 16.08 7842 NA NA 28 days
2018 cohortstudy  No prehospital TXA 362 37.64 293/69 17.15 83.66 NA NA
Imach  Prospective Prehospital TXA 2275 476  1679/596 324 113 539 77 30 days
2021 cohortstudy  No prehospital TXA 2275 475  1688/587 32 1M 571 77
Menyar Retrospective  Prehospital TXA 102 314 98/4 22 107.3 55 74 30 days
2019 cohortstudy  No prehospital TXA 102 315 91/11 22 1024 74 62
Wa- Prospective Prehospital TXA 258 43 187/71 24 114 51 77.2 30 days
faisade cohortstudy  No prehospital TXA 258 41 187/71 24 117 50 74.2
2016
Bou- Retrospective  Prehospital TXA 62 445  45/17 22 126 NA NA NA
dreau  cohortstudy  Noprehospital TXA 54 33 45/9 26 110 NA NA
2018
Wes- Prospective Prehospital TXA 120 42 80/40 34 120 23 61 28 days
sem  cohortstudy  Noprehospital TXA 114 53 77/37 29 127 15 61
2021
Guy- Randomized  Prehospital TXA 447 A 327/120 12 123 NA 39 30 days
ette  controlledtrial placebo 456 42 341/115 12126 NA 39
2020
Russell  Randomized  Prehospital TXA 657  44.1  459/198 29 NA 464 NA 6 months
2023 controlled trial - placebo 643 442 459/184 29 NA 445 NA
Bossers  Prospective Prehospital TXA 693 47 486/207 27 142 NA NA 12 months
2020 cohortstudy  Noprehospital TXA 1134 45 797/337 26 143 NA NA

TXA, tranexamic acid; ISS, Injury Severity Score; SBP, systolic blood pressure

* Data are expressed as means

that prehospital TXA had no advantage in reducing
28-30-day mortality in patients with trauma (P=0.710;
OR, 0.97; 95% CI, 0.83-1.14; 1’=67.1%; Fig. 3). The
sensitivity analysis showed that when one study was
excluded at a time, the combined results did not change
(OR, 1.01; 95% CI, 0.80-1.22). TSA showed that the
cumulative Z-curve did not cross TSMB but crossed the
futility boundary (Table 3). TSA of the pooled meta-anal-
ysis showed no evidence of the anticipated intervention
effect. Publication bias was not evident in Egger’s test
(P=0.878). Subgroup analyses were conducted according
to the study design. Meta-analysis of the RCTs showed
that prehospital TXA reduced 28-30-day mortality
(P=0.024; OR, 0.80; 95% CI, 0.66—0.97; I*=0%; Fig. 3).
TSA showed that the cumulative Z-curve did not cross
TSMB and did not reach RIS (the cumulative information
size was 2190). We observed no significant difference in
the pooled analysis of cohort studies (P=0.815; OR, 1.02;
95% CI, 0.86—1.22; I*=66.4%; Fig. 3).

Six studies [22, 23, 25, 26, 30, 31] calculated the mor-
tality in patients with trauma 24 h after admission. The
TXA and non-TXA groups included 4,123 and 4,341
patients, respectively. The results of the meta-analy-
sis showed that prehospital TXA was associated with
reduced 24-hour mortality (P=0.004; OR, 0.82; 95%
CI, 0.71-0.94; 1>=46.3%; Fig. 4). The sensitivity analysis
showed that the results were unstable (OR, 0.84; 95% CI,
0.51-1.02). TSA revealed strong evidence (Table 3); how-
ever, subgroup analysis suggested similar results between
RCTs (P=0.027; OR, 0.71; 95% CI, 0.52-0.96; I*=0%;
Fig. 4) and cohort studies (P=0.035; OR, 0.85; 95% ClI,
0.72-0.99; I>=59.2%; Fig. 4).

Thromboembolic events

Thromboembolic events include deep vein thrombosis,
pulmonary embolism, myocardial infarction, and isch-
emic stroke. Data on thromboembolism events were
available from nine studies [22-24, 26-31]. The total
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Fig. 2 Summary of risk of bias assessment of the randomized controlled
trials

numbers of patients in the TXA and non-TXA groups
were 4,303 and 4,337, respectively. The TXA group
showed a 19% higher thromboembolism rate compared
to the non-TXA group (P=0.019; OR, 1.22; 95% CI, 1.03—
1.44; 1°=30.9%; Fig. 5). The sensitivity analysis showed
that the results were stable (odds ratio [OR], 1.27; 95%
CI, 1.00-1.49). TSA revealed strong evidence (Table 3).
Subgroup analysis showed that only the aggregate analy-
sis of RCTs was statistically significant (P=0.022; OR,
1.33; 95% CI, 1.04—1.70; I>=10.1%; Fig. 5) and a RIS of
3978 (cumulative information size, 2198).

Table 2 ROBINS-I assessment of study bias for included studies
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Infection events

Seven studies reported on infection events [22-24, 28—
31]. The meta-analysis included 3,835 and 3,871 patients
with and without TXA treatment, respectively. The infec-
tion rate was 9.8% higher in the TXA group (P=0.046;
OR, 1.13; 95% CI, 1.00-1.28; I>=0%; Fig. 6). Sensitivity
analysis showed that the results were unstable (OR, 1.14;
95% CI, 0.97-1.31). TSA revealed an absence of evidence
(Table 3). Subgroup analysis showed that the summary
analysis of RCTs (P=0.024; OR, 1.25; 95% CI, 1.03—1.52;
1>=0%; Fig. 6) was statistically significant, while that in
the cohort studies was not (P=0.453; OR, 1.06; 95% CI,
0.91-1.24; I>=0%; Fig. 6).

ARDS and MODS

Four studies reported data on ARDS [23, 24, 28, 29]. The
results of the meta-analysis showed no significant differ-
ence between the TXA and non-TXA groups (P=0.804;
OR, 0.95; 95% CI, 0.64-1.42; 1’=21.2%; Fig. 7). The
pooled analysis of five studies [23, 24, 29-31] showed no
significant difference in the incidence of MODS between
the two groups (P=0.351; OR, 0.95; 95% CI, 0.85-1.06;
1>=0%; Fig. 7).

Total blood products transfused and crystalloid infusion
volume

Four studies [26-28, 31] reported on the total blood
products transfused. Compared with the group with-
out TXA, the blood products for transfusion by TXA
decreased by an average of 2.3 units (P=0.000; WMD,
-2.30; 95% CI, —3.59 to —1.01; 1*=81.8%; Fig. 8). Data
from five studies [23, 24, 29-31] showed that the crys-
talloid infusion volume in the TXA group increased by
an average of 620 mL (P=0.001; WMD, 620.68; 95% ClI,
265.37-976.00; I°=71.8%; Fig. 8).

Quality of the evidence
The grade evaluations of the quality of the evidence are
shown in Table 4. Overall, the quality of the evidence was

Bias domain Boudreau Wessem Leenen Gulickx Neekiet Imachet Menyar Wafaisade Bossers
etal. etal. etal. etal. al. al. etal. etal. etal.
Due to confounding Critical Serious Serious Serious Moderate  Serious Moderate  Moderate Moderate
Selection of participants Serious Low Low Low Low Moderate  Low Low Low
Classification of interventions Moderate  Low Moderate  Serious Low Low Low Low Serious
Deviation from intended Low Low Low Low Low Low Low Low Low
Missing data Low Low Low Low Low Moderate  Low Low Low
Measurement of outcomes Moderate  Low Low Low Low Low Low Low Low
Selection of the reported result Low Low Low Low Low Low Low Low Low
Overall risk of bias Critical Serious Serious Serious Moderate  Serious Moderate  Moderate Serious
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Study Events, Events, %
ID RR (95% ClI) Prehospital TXA Control Weight
Cohort study E
Leenen 2021 —%—r— 1.01(0.68, 1.51) 39/207 40/215 8.26
Gulickx 2023 : —_—— 1.75(1.19,259) 321124 52/353 8.43
Neeki 2018 * : 0.43(0.23,0.82) 13/362 30/362 455
El-Menyar 2020 + E 0.83(0.53,1.31) 25/102 30/102 7.12
Boudreau 2019 + ; 0.81(0.42, 1.57) 13162 14/54 428
Wessem 2021 E + 1.22(0.77,1.92) 32120 251114 7.08
Imach 2021 + 0.97 (0.87, 1.08) 510/2275 524/2275 16.14
Wafaisade 2016 —0—%—— 0.86 (0.57, 1.29) 36/258 42/258 7.99
Bossers 2021 : —_—— 1.22(1.07,1.41) 241/693 322/1134 15.40
Subtotal (I-squared = 66.4%, p = 0.002) <> 1.02(0.86, 1.22) 941/4203 1079/4867 79.25
|
RCT i
Guyette 2020 + } 0.81(0.53, 1.23) 36/447 45/453 7.82
Gruen 2023 —0—:- 0.79(0.63,0.99) 113/653 139/637 12.93
Subtotal (I-squared = 0.0%, p = 0.927) <> 0.80 (0.65, 0.97) 149/1100 184/1090 20.75
!
Overall (I-squared = 67.1%, p =0.001) <> 0.97 (0.83, 1.14) 1090/5303 1263/5957 100.00
;
NOTE: Weights are from random effects analysis :
I I

23 1

Fig. 3 Pooled and subgroup analyses of 28-30-day mortality

very low or low, mostly due to study limitations, inconsis-
tencies, and potential publication bias.

Discussion

This meta-analysis of the curative effect of prehospital
TXA in patients with trauma showed that compared to
no TXA, prehospital TXA reduced 24-hour mortality.
However, this effect did not persist for 28—30-day mor-
tality. These results were consistent with those reported
by Almuwallad et al. [14], although our study had a
larger sample size. Notably, prehospital TXA reduced the
28-30-day mortality in the RCT subgroup. Compared
to those of cohort studies, the results of the RCTs were
more accurate and reliable. Selective bias may have con-
tributed to the insignificant results of the cohort studies.
While TSA showed that more RCTs are needed to verify
the effects of prehospital TXA on 28-30-day mortality,
the present study is the first to report the effect of pre-
hospital TXA in this regard.

435

Previous studies showed the benefits of TXA in treat-
ing polytrauma [33-35]. These benefits include bleed-
ing control, hemostasis, and resuscitation, which reduce
mortality in patients with trauma. TSA in the current
meta-analysis identified the early (within 24 h) ben-
efits of TXA. Prehospital TXA reduced blood product
consumption. Conversely, the infusion of crystalloids
increased. However, the largest clinical trial (CRASH-2)
[36] so far has not found any substantial reduction in the
amount of blood transfusion or transfusion received by
trauma patients treated by TXA. There are several pos-
sible reasons for this difference. First, the main measure
of traumatic bleeding was surgical hemostasis, and the
difference of procedures was conceivable. Second, Pre-
hospital TXA enables patients to receive antifibrinolytic
treatment earlier, resulting in less bleeding. Finally, the
meta-analysis data showed statistical heterogeneity after
conversion. In their meta-analysis of 129 trials involv-
ing more than 10,000 patients, Ker et al. [37] showed
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g that TXA use was associated with a 38% reduction in the

] number of allogeneic blood transfusions. In summary, a

R reduction in blood transfusion by prehospital TXA was
initially observed, which warrants further exploration.

@ TXA should be used with caution as antifibrinol-

2 ytic therapy may be associated with increased risks of

3 goggQ seizures [38, 39], myocardial infarction [40] and other

thrombotic complications [41, 42]. However, the relation-

@ ship between TXA and vascular occlusion remains con-

5 troversial. Robert et al. [43] conducted an RCT to explore

2 the effect of high-dose TXA and the influence of throm-

S52e¢e8 boembolic events in patients with acute gastrointestinal

bleeding. The authors found increased venous thrombo-

o embolism events (deep venous thrombosis or pulmonary

w § § N embolism) in the TXA group than in the placebo group

il A (risk ratio [RR], 1.85; 95% CI, 1.15-2.98). Xie et al. [44]

suggested that TXA was associated with the total inci-

<« w0 dence of vascular occlusion after total knee arthroplasty

Sl= § § S (P<0.001). However, a meta-analysis [45] of 216 stud-

ies involving 125,550 patients by Taeuber et al. reported

e no association between TXA levels and the overall risk

B C o o of thromboembolic events. Previous meta-analyses [14]

also reported similar conclusions. However, our study
found that prehospital TXA increased the risk of vascu-

2844
AE, absent evidence; Cl, confidence intervals; D2, diversity; FB, futility boundary; FE, firm evidence; ICA, incidence in control arm; CIS, cumulative information size, RIS, required information size; A, incidence in intervention

o
EREREEE lar occlusion (OR 1.22; 95% CI, 1.03-1.44). Further inves-
- g tigation revealed that this discrepancy solely affected
E RCTs. TSA suggested that this result requires further
> § q Q 1 verification. In view of the fact that the current research
il A “a has not found the benefit of pre-hospital TXA on the
] overall mortality of trauma patients, and it will lead to
< 2l x &8 & an increase in the risk of thromboembolic events, TXA
VElowya=|2g provided in hospital according to coagulation parameters
g may be a better choice. Interestingly, prehospital TXA
ol m o % administration increased the incidence of nosocomial
TI6 € 3o £ infections. This may be because the suppression of plas-
" = minogen activation by TXA exacerbates staphylococcal
£ + o ol E infectious arthritis and sepsis [46].
Sl 1ol § g § ‘% Previous researches suggested that TXA should be
3 s administered as soon as possible after arriving at a
é v o < o = trauma treatment location [11, 12, 36]. Most deaths due
“E g|l= 3 Y282 to bleeding in patients with trauma occur within hours
g ﬁ § § g § § % of arrival at the trauma center, emphasizing the need for
TS g early prehospital assistance to provide helpful treatment
% it g [47-49]. Consequently, guidelines for early treatment
% g 5 5 § § = E have recently been developed, including the use of pre-
=4 § hospital TXA after trauma [28, 34, 50]. The results of this
K i 2 study suggest that pre-hospital TXA may be beneficial
= 7z 5 e to the early survival of trauma patients. However, strati-
EU § g E fied studies of the dosage and timing of drug administra-
& T2 2 % tion are scarce. Further studies should not only focus on
m El2285|52
9 8 ® € £|/80
o) Sle e <Y ~
gl 1812 2 £ €¥E
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Study Events, Events, %

ID OR (95% Cl) Prehospital TXA  Control ~ Weight
i

Cohort study '
1

Gulickx 2023 : 1.35(0.72, 2.53) 16/124 35/353 3.55
1

Neeki 2018 * : 0.53 (0.21, 1.34) 7/362 13/362 2.85
1

Imach 2021 —;—0—— 0.88 (0.74, 1.04) 297/2275 333/2275 64.79
1

Wafaisade 2016 + ; 0.44 (0.23, 0.83) 15/258 32/258 6.74
1

Subtotal (i-squared = §9.2%, p = 0.062) <> 0.85 (0.72,0.99) 335/3019 41313248 77.94
1
|

RCT !

Guyette 2020 —e 0.95 (0.47, 1.91) 16/447 17/453 3.64
1

Gruen 2023 —0—: 0.66 (0.47, 0.93) 64/657 90/640 18.42

Subtotal (-squared = 0.0%, p = 0.353) -<>= 0.71 (0.52, 0.96) 80/1104 107/1093 22.06
|
1

Overall (I-squared = 46.3%, p = 0.098) <> 0.82(0.71, 0.94) 415/4123 520/4341 100.00
1
1
1

T * T
2 26
Fig. 4 Pooled and subgroup analyses of 24-hour mortality

Study Events, Events, %

D OR (95% Cl) Prehospital TXA  Control Weight
1

Cohort study ;
1

Leenen 2021 + 1 0.60 (0.29, 1.26) 12/207 20/215 7.29

Neeki 2018 : 1.00 (0.14, 7.14) 2/362 2/362 0.78
1

El-Menyar 2020 - + 1.88 (0.61, 5.81) 9/102 5/102 1.80
|

Boudreau 2019 + : 0.39 (0.12, 1.21) 5/62 10/54 3.88

Wessem 2021 * I 0.80 (0.26, 2.47) 6/120 7114 2.69
! .

Imach 2021 —— 1.34 (1.03, 1.75) 132/2275 100/2275 37.17
=

Wafaisade 2016 + : 0.66 (0.20, 2.20) 4/71 107121 275

Subtotal (I-squared = 37.8%, p = 0.140) <:> 1.13 (0.90, 1.42) 170/3199 154/3243 56.37
|
|

RCT :
1

Guyette 2020 : - 1.86 (0.95, 3.62) 25/447 14/453 5.18

Gruen 2023 T 1.26 (0.97, 1.65) 155/657 126/641  38.45

Subtotal (I-squared = 10.1%, p = 0.292) <> 1.33(1.04, 1.70) 180/1104 140/1094 43.63
1
|

Overall (l-squared = 30.9%, p = 0.171) <> 1.22 (1.03, 1.44) 350/4303 294/4337  100.00
1
1
1

T * |
A 1 7.2

Fig. 5 Pooled and subgroup analyses of thromboembolic events
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Study Events, Events, %
ID OR (95% Cl) Prehospital TXA  Control Weight
Cohort study i
Leenen 2021 —-o—i— 0.90 (0.61, 1.32)  85/207 94/215 10.99
Wessem 2021 —-0-3—- 0.92 (0.54, 1.54) 49/120 49/114 6.01
Imach 2021 -—;— 1.13(0.94, 1.35) 277/2275 249/2275 44.23
Wafaisade 2016 *> i 0.88 (0.26, 3.04) 4/67 8/119 1.10
Boudreau 2019 * i 0.87 (0.12, 6.37) 2/62 2/54 0.42
Subtotal (I-squared = 0.0%, p = 0.809) <:l> 1.06 (0.91, 1.24) 417/2731 402/2777 62.75

{

i

I
RCT X
Guyette 2020 —;—+— 1.44 (1.01, 2.04) 88/447 66/453 10.65
Gruen 2023 ——-10-— 1.17 (0.93, 1.48) 226/657 198/641  26.60
Subtotal (l-squared = 0.0%, p = 0.343) 1.25(1.03, 1.52) 314/1104 264/1094 37.25
Overall (I-squared = 0.0%, p = 0.657) 1.13 (1.00, 1.28) 731/3835 666/3871 100.00

<
|
1
i
1
1

Fig. 6 Pooled and subgroup analyses of infection events

6.5

Table 4 Summary of the findings and assessment of the quality of the evidence

Summary of findings

Quality of evidence assessment (GRADE)

Overall Trials Participants 12,% WMD/OR (95% Study Inconsistency Imprecision  Pub- Qual-
q) limitation lica- ity

tion

bias
Mortality (at 28-30 days) 11 11,260 674 0.97(0.83,1.14) 1 -1 None None Low
Mortality (at 24 h) 6 8464 463 0.82(0.71,0.94) 1 None None -1 Low
Thromboembolism events 9 8964 309 1.22(1.03,1.44) 1 None None -1 Low
Infection events 7 7706 0 3(1.01,1.28) -1 None None -1 Low
MODS 5 6301 0 0.95 (0.85, 1.06) 1 None None -1 Low
ARDS 4 1672 212 0.93(0.63,1.38) 1 None None -1 Low
Total blood products trans- 4 1560 818 -230(-3.59,-1.01) -1 -1 None -1 Very
fused (in units) low
Crystalloid infusion volume 5 6434 718 62068 (26537, -1 -1 None -1 Very
(mL) 976.00) low

MODS, multiple organ dysfunction syndrome; ARDS, acute respiratory distress syndrome; WMD, weighted mean difference; OR, odds ratio

improving the survival of trauma patients but also on the
relationship between thromboembolic events, infectious
complications, and early mortality.

The present study had some limitations. First, only
two of the 11 included studies were RCTs, and the lack
of randomization created a risk of confusion and bias.

We attempted to explain these hazards using a subgroup
analysis. The two RCTs demonstrated differing signifi-
cance and homogeneity from cohort studies. Second, the
different TXA doses and administration times may have
resulted in heterogeneity. Third, the ISS varied consid-
erably between studies and within some studies, which
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A Study Events, Events, %
D OR (95% ClI) Prehospital TXA  Control ~ Weight
|
Wessem 2021 ; * 1.44 (0.24,8.76)  3/120 2/114 3.87
|
1
Leenen 2021 -+ . 0.33 (0.11,1.05) 4/207 12/215 22.33
|
Guyette 2020 —;—-k—- 1.10 (0.70, 1.74)  42/447 39/453  67.90
|
Boudreau 2019 - 0.86 (0.17, 4.47) 3/62 3/54 5.90
l
Overall (l-squared = 21.5%, p = 0.281) i > 0.93 (0.63, 1.38) 52/836 56/836  100.00
1
1
1
1
1
T g T
1 1 88
Study Events, Events, %
B
D OR (95% Cl) Prehospital TXA Control Weight
i
Leenen 2021 - : 0.73(0.43,1.24)  28/207 38215 4.98
|
Guyette 2020 + : 0.85 (0.52, 1.37) 33/447 39/453 554
i
1
Wessem 2021 : + 1.07 (0.53, 2.19) 19/120 17/114 227
i
1
Imach 2021 — 0.95 (0.84, 1.07) 843/2275 870/2275 84.60
Wafaisade 2016 * 1.41(0.76, 2.61)  27/74 351121 2.61
Overall (I-squared = 0.0%, p = 0.577) 0.95 (0.85, 1.06) 950/3123 999/3178  100.00

'S

1

—
2.7

Fig. 7 Pooled analyses of acute respiratory distress syndrome (ARDS) (A) and multiple organ dysfunction syndrome (MODS) (B)

may understate the efficacy of TXA in investigations with
larger ISS values. Fourth, some studies lacked sufficient
data to measure the dispersion for effect measurements
(SD or SE). Data translated using this formula may have
resulted in statistical heterogeneity. Finally, the differ-
ences in trauma investigation, including transport times,

severity of injury, blunt/penetrating trauma, level 1/level
2 trauma center, civil/military study setting etc., are also
factors are also factors that cause bias. Nevertheless, we
evaluated the quality of evidence using a validated tool
and considered the level of certainty of the evidence for
each result.
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%
WMD (95% Cl) Weight

-4.50 (-6.52,-2.48) 18.14

Neeki 2018 —— -2.00 (-2.64,-1.36) 30.16
Wafaisade 2016 : —_— -0.60(-1.563,0.33) 27.89
Boudreau 2019 N : -3.00 (-4.37,-1.63) 23.81

Overall (I-squared =81.8%, p =0.001) <>

NOTE: Weights are from random effects analysis

-2.30 (-3.59, -1.01)  100.00

-7 0 1
Study %
B
ID WMD (95% Cl) Weight
1
|
Leenen 2021 ! - 1800.00 (927.03,2672.97) 10.93
|
Guyette 2020 —— 350.00 (-66.65, 766.65) 2229
|
Imach 2021 —— 500.00 (408.86, 591.14) 31.47
|
Wafaisade 2016 * , 145.00 (-313.89, 603.89) 20.92
|
Wessem 2021 , * 1100.00 (403.50, 1796.50) 14.38
Overall (I-squared =71.8%, p = 0.007) <> 620.68 (265.37, 976.00) 100.00
NOTE: Weights are from random effe¢ts analysis |
T ; T
-315 0 2673

Fig. 8 Pooled and analyses of total blood products transfused (A) and crystalloid infusion volume (B)

Conclusions

The results of this meta-analysis of published studies
showed that prehospital TXA significantly reduced the
24-hour mortality of patients with trauma. This effect
was also observed for 28-30-day mortality in the RCT
subgroup. Additionally, prehospital TXA was associated
with increased risks of thromboembolism and infection.
These findings suggest the need to reconsider the risk-
benefit ratio of TXA in the prehospital setting.
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