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Abstract

Background: Women are less likely than men to receive some emergency treatments. This study examines whether the

effect of tranexamic acid (TXA) on mortality in trauma patients varies by sex and whether the receipt of TXA by trauma

patients varies by sex.

Methods: First, we conducted a sex-disaggregated analysis of data from the Clinical Randomisation of an Antifibrinolytic

in Significant Haemorrhage (CRASH)-2 and CRASH-3 trials. We used interaction tests to determine whether the treatment

effect varied by sex. Second, we examined data from the Trauma and Audit Research Network (TARN) to explore sex

differences in the receipt of TXA. We used logistic regression models to estimate the odds ratio for receipt of TXA in

females compared with males. Results are reported as n (%), risk ratios (RR), and odds ratios (OR) with 95% confidence

intervals.

Results: Overall, 20 211 polytrauma patients (CRASH-2) and 12 737 patients with traumatic brain injuries (CRASH-3) were

included in our analysis. TXA reduced the risk of death in females (RR¼0.69 [0.52e0.91]) and in males (RR¼0.80

[0.71e0.90]) with no significant heterogeneity by sex (P¼0.34). We examined TARN data for 216 364 patients aged �16 yr

with an Injury Severity Score �9 with 98 879 (46%) females and 117 485 (54%) males. TXA was received by 7198 (7.3%

[7.1e7.4%]) of the females and 19 697 (16.8% [16.6e17.0%]) of the males (OR¼0.39 [0.38e0.40]). The sex difference in the

receipt of TXA increased with increasing age.

Conclusions: Administration of TXA to patients with bleeding trauma reduces mortality to a similar extent in women

and men, but women are substantially less likely to be treated with TXA.
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� Further research is needed to explore sex-based in-

equalities in healthcare. Clinical trials of new treat-

ments should be designed and reported to inform

clinicians about this issue.
There are important differences in the health status of women

and men.1 These differences may be attributable to biological

sex or to the social construct of gender. Owing to sex differ-

ences in physiology and in the pharmacokinetics and phar-

macodynamics of drug treatments, there is the potential for

sex differences in treatment effects.2 Gender can also affect

health status by influencing who receives treatment and the

timing and type of treatment offered.2 For example, women

with chest pain are less likely than men to receive aspirin and

defibrillation when it is indicated.3 Analysis of data from the

Resuscitation Outcomes Consortium registry found that 39%

of women with out-of-hospital cardiac arrest received

bystander cardiopulmonary resuscitation (CPR) compared

with 45% of men, and men were 23% more likely to survive.4

Each year, worldwide, more than 4 million people die from

injury.5 Most injury deaths are from exsanguination or trau-

matic brain injury (TBI).6 The Clinical Randomisation of an

Antifibrinolytic in Significant Haemorrhage (CRASH-2; n¼20

211 patients) and CRASH-3 (n¼12 737 patients) trials showed
Prespecified statistical analysis plan registered 

tep 1: Is there a sex difference in
he effectiveness of tranexamic acid?

Pooled data from CRASH 2 (20 211 patients) and
CRASH 3 (12 737 patients) RCTs

Excluded: TBI and GCS<3/ bilateral unreactive
pupils, patients randomised >3 h after injury

Sex based complete case sub-group analysis,
individual patient metanalysis

Controlled for time to treatment and age

Results

Discuss

g 1. Explanation of Step 1 and Step 2 including data sources and plan

inical Randomisation of an Antifibrinolytic in Significant Haemorrha
that timely treatment with the antifibrinolytic drug tranexa-

mic acid (TXA) reduces deaths on the day of the injury in

polytrauma patients and in patients with isolated TBI by about

20%.7e9 Although there are no strong biological reasons to

expect sex differences in the effect of TXA in trauma patients,

animal studies have raised the possibility of sex differences in

the effect of plasmin on the bloodebrain barrier.10 To date,

there have been no sex-disaggregated analyses of the data

from the CRASH trials. In this pre-specified analysis, we report

sex-disaggregated analyses of the CRASH-2 and CRASH-3

trials.

Tranexamic acid is the only drug proven to reduce deaths

after traumatic injury; it is therefore important to examine

whether there are sex or gender differences in the use of TXA.

Women with trauma receive lower prioritisation than their

male counterparts and are less likely to be taken to a major

trauma centre.11 12 In the second part of this pre-specified

analysis, we examine sex differences in receipt of TXA by

patients with major trauma in the UK, using data from the

Trauma and Audit Research Network (TARN) registry.
Methods

Patient inclusion is summarised in Fig 1. Firstly, we conducted

a sex-based subgroup analyses of data from the CRASH-2 and

CRASH-3 randomised trials. We examined the data from both
with trauma audit research network (TARN)

Results

Data from TARN, ≥16 yr, ISS of 9+
98 879 (46%) females and 117 485 (54%) males

Estimation of odds ratios and 95% confidence
intervals for females compared to males

Prespecified exploration for confounding and
interaction: including age and BATTs.

Multiple interactions between sex and all
variables showing a significant interaction

between age, baseline risk or prehospital time

ion

Step 2: Is there a sex difference in
who receives tranexamic acid?

ned analysis. BATT, Bleeding Audit for Trauma and Triage; CRASH,

ge; GCS, Glasgow Coma Scale; TBI, traumatic brain injury.
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trials separately and also when combined in an individual

patient data (IPD) meta-analysis. Patients in the CRASH-2 and

CRASH-3 trials received the same dose of TXA and within the

same time since injury (3 h). Combining the data from the

CRASH-2 and CRASH-3 trials provides a large population of

patientswithmajor trauma.We examined the effect of TXA on

death from any cause within 24 h of injury in patients treated

within 3 h of injury stratified by sex. The CRASH-2 trial

randomly allocated 20 211 trauma patients with, or at risk of

significant bleeding within 8 h of injury to either TXA (loading

dose of 1 g over 10 min than infusion of 1 g over 8 h) or placebo

in 274 hospitals in 40 countries. The CRASH-3 trial randomly

allocated 12 737 patients with TBI to either TXA or placebo in

175 hospitals in 29 countries. Eligible patients were adults with

TBI with a Glasgow Coma Scale (GCS) score <13 or any intra-

cranial bleeding on a CT scan. Patients with TBI who have a

GCS score of 3 or bilateral unreactive pupils at baseline have a

very poor prognosis regardless of treatment; these patients

were excluded as pre-specified in the CRASH-3 trial statistical

analysis plan. Patients randomised more than 3 h after injury

in both trials were also excluded as the explanatory analysis of

the CRASH-2 trial showed that TXA has no beneficial effect

beyond this time.

The CRASH-2 and CRASH-3 trials reported in June 2010 and

October 2019, respectively. We examined the receipt of TXA

treatment by females andmales withmajor trauma using data

from theUKTARN registry for England andWales from January

1, 2017 to December 31, 2020. The TARN registry includes pa-

tients of all ages who sustain injury resulting in hospital

admission for longer than 3 days, critical care admission,

transfer to a tertiary or specialist centre, or death within 30

days of hospital arrival. Isolated femoral neck or single pubic

ramus fracture in patients >65 yr and simple isolated injuries

are excluded. The TARN registry records patient sex but not

gender.We selected injured patients aged�16 yrwith an Injury

Severity Score (ISS) of 9 or more. This population represents a

major trauma population at risk of haemorrhagic deathwith at

least one serious injury. As demonstrated previously, all these

patients have the potential to benefit from TXA treatment.13 In

the TARN cohort analysis, sexwas the exposure of interest and

receipt of TXA treatment was the outcome. We pre-specified

age, prehospital time (999 first call to hospital arrival), and

baseline risk of death as a result of bleeding as potential con-

founders or effect modifiers. Baseline risk was estimated using

a validated prognostic model and clinical score (Bleeding Audit

and Triage Trauma Score [BATT] score) that predicts death

caused by bleeding by assigning a composite score based on

mechanism of injury, age, systolic blood pressure, GCS, venti-

latory frequency, and heart rate.14 This score was developed

within an international trauma cohort including a trauma

registry and a trial recruiting in 40 countries.14 The BATT score

was externally validated in the TARN registry.15 The score in-

cludes variables used for initial assessment (vital signs, level of

consciousness, mechanism of injury, and age) that are avail-

able at the scene of injury. Although the predominant injury

mechanisms are different in women and men, we did not

control for mechanism of injury as it is already included in the

BATT score and this could lead to over-adjustment bias

(Supplementary Appendix 1).
Statistical analyses

Data on death were available for 99.6% of the patients included

in the CRASH-2 trial and 99.2% of the patients included in the
CRASH-3 trial. Because missing data were minimal in the

CRASH-2 and CRASH-3 trials, we conducted a complete-case

analysis on intention-to-treat basis. As the first step of an

IPD meta-analysis, we tested the homogeneity of the treat-

ment effect by trial using interaction tests. Time to treatment

and age could confound the effect of sex on treatment effec-

tiveness, so we controlled for these variables. To control for

possible confounding by the baseline risk of death within 24 h,

we used a Poisson regression model with robust variance to

estimate adjusted treatment effects by sex. We used interac-

tion tests to see whether the effect of the treatment differs by

sex. Because there was no biological reason to expect that the

effect of TXA would vary by sex, we pre-specified that unless

there was strong evidence against the null hypothesis of ho-

mogeneity of effects (i.e. P<0.001), the overall relative risk

would be considered the most reliable guide to the approxi-

mate treatment effect in both females and males.

To examine sex differences in the receipt of TXA, we esti-

mated odds ratios and 95% confidence intervals (95% CI) for

TXA treatment in females compared with males. To explore

potential confounding and interaction, we used logistic

regression including the potential confounders detailed in our

pre-specified statistical analysis plan. We estimated odds ra-

tios for TXA treatment in females compared with males

stratified by age (16e29, 30e49, 50e64, 65e74, 75e84, 85 yr and

older) and baseline risk of death as a result of bleeding (BATT

score low, intermediate, high, and very high risk). We tested

the homogeneity of the association with sex across categories

using a c2 test. We ran logistic regression models to explore

potential interactions. We performed separate models to

explore interaction individually before combining significant

interactions in a final model. We explored interaction between

pre-specified variables: sex and baseline risk (model 1); sex

and age (model 2); sex and prehospital time (model 3); multiple

interactions between sex and all variables showing a signifi-

cant interaction between age, baseline risk, or prehospital

time (model 4); and amodel including any significant simple or

multiple interactions (model 5). All equations are detailed in

Supplement 1. For continuous variables, we assessed graphi-

cally the linearity of the relationship between TXA adminis-

tration and potential confounders and interactions. We

included quadratic and cubic terms in the regression equation

for all continuous variables that showed a non-linear rela-

tionship. Logistic regression equations are shown in the Sup-

plementary material. We plotted odds ratios for TXA

treatment in females compared with males on significant

interaction variables. We pre-specified that we would use the

BATT score to predict the baseline risk of death as a result of

bleeding for purposes of adjustment and for exploring effect

modification. The BATT score has the advantage of including

several of the main confounders in one variable and provides

an accurate estimate of the risk of death from bleeding.

Although there are sex differences in injury mechanisms,

we did not control for injurymechanism in our analysis as this

would lead to over-adjustment bias. For people with the same

risk of death from bleeding, mechanism of injury should not

influence the receipt of TXA treatment. However, we did

conduct analysis to explore the interaction between sex,

mechanism of injury, and ISS. Apart from models with pre-

hospital time and baseline risk from the TARN registry, we

conducted complete case analyses. Missing values for pre-

hospital physiological variables and prehospital time in the

TARN data represent 20e31% of patients in the TARN registry.

We reported missing values in the results and used multiple
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imputation with chained equation to estimate missing values

for prehospital systolic blood pressure, heart rate, GCS,

ventilatory frequency, and prehospital time. We imputed five

datasets of 77 394 patients. We assumed that values were

missing at random. For models including prehospital time and

baseline risk, we present analysis with imputed data because

complete case analysis would have been biased toward the

null.16

In the Supplementary material, we present analysis for

interaction between sex and baseline risk for sensitivity

analysis. All analyses were done in STATA (version 16.0; Stata

Corp., College Station, TX, USA). The methods and analysis

described above were pre-specified and registered with TARN

before data acquisition.17 In addition, we performed analysis

stratified by mechanism of injury to explore possible gender

bias. We also examined TXA treatment by severity of injury

with the ISS available at hospital discharge. Details of these

analysis can be found in the accompanying supplemental file.

Patients and the public were involved in the design or delivery

of the CRASH-2 and CRASH-3 trials, and we sought the opin-

ions of the advocacy group GENDRO on our analysis plan.
Results

A total of 13 530 patients in CRASH-2 trial and 7694 patients in

CRASH-3 trial fulfilled the inclusion criteria. Table 1 sum-

marises the baseline characteristics of the CRASH-2 and

CRASH-3 trial participants. The females (median age, 39 yr

[26e55]) were older than the males (31 yr [24e45]). Females

and males received TXA or placebo in the same proportion.

There was no significant heterogeneity in the effect of TXA

treatment by trial (P¼0.76). Figure 2 shows the effect of TXA

on death from any cause within 24 h of injury, stratified by

sex. Eighty (4.3%) females in the TXA arm and 110 (6.2%) fe-

males in the placebo arm died within 24 h (risk ratio [RR]¼
Table 1 Characteristics of CRASH-2 and CRASH-3 trials patients by s
nificant Haemorrhage; IQR, inter-quartile range; SD, standard deviati

All (n¼21 121)

Age, mean (SD), yr 37 (16)
Age, median [IQR], yr 32 [24e45]
<25 5622 (27)
25e44 9630 (45)
45e64 4228 (20)
�65 1743 (8)
Unknown 1 (0)

Systolic blood pressure, mean (SD) 107 (32)
<90 mm Hg, n (%) 4795 (23)
Unknown 23 (0)

Glasgow Coma Scale
3e8 4154 (20)
9e12 4838 (23)
13e15 12 164 (57)
Unknown 68 (0)

Time since injury, n (%)
0e1 h 8960 (42)
2e3 h 12 262 (58)
Unknown 0 (0)

Tranexamic acid 10 710 (50)
CRASH-2 6801 (50)
CRASH-3 3909 (51)

Placebo 10 514 (50)
CRASH-2 6729 (50)
CRASH-3 3785 (49)
0.69; 95% CI, 0.52e0.91). Four hundred and forty (5.2%) males

in the TXA arm and 550 (6.5%) males in the placebo arm died

within 24 h (RR¼0.80; 95% CI, 0.71e0.90). In unadjusted ana-

lyses, TXA reduced the risk of death by 20e30% in females

andmales with no significant heterogeneity (heterogeneity P-

value, P¼0.34). The pooled RR adjusted for baseline risk of

death from bleeding was similar in males (RR¼0.75; 95% CI,

0.66e0.86) and females (RR¼0.68; 95% CI, 0.51e0.91) with no

significant heterogeneity (P¼0.57).

Table 2 shows the characteristics of the TARN patients

included in the analysis. Among the 216 364 injured patients,

there were 98 879 (46%) females and 117 485 (54%) males. Fe-

males were less likely to have high-energy trauma such as

road traffic injury or a high fall. Females (mean age, 73 yr) were

older than males (mean age, 59 yr). Most injured patients (156

465, 72%) had low and intermediate baseline risk of death as a

result of bleeding (BATT score from 2 to 7). On average, females

had a lower risk of death as a result of bleeding than males

(BATT score �8, n¼2415 [2.4%] in females and n¼5368 [4.5%] in

males). Themean prehospital timewas longer for females (126

min) than for males (106 min).

Tranexamic acid was received by 7198 (7.3%; 95% CI,

7.1e7.4%) of females and by 19 697 (16.8%; 16.6e17.0%) of

males. The odds ratio for the receipt of TXA in females

compared with males was 0.39 (95% CI, 0.38e0.40). Females

were less likely than males to receive TXA in both the

prehospital and hospital settings. The odds ratio for pre-

hospital TXA treatment in females compared with males

was 0.35 (95% CI, 0.33e0.36). Figure 3 shows the receipt of

TXA in females compared with males by baseline risk of

death caused by bleeding adjusted by prehospital time.

Females were less likely to be treated with TXA in all risk

categories. The disparity increased as the risk of death

caused by bleeding decreased. Logistic regression modelling

(model 1) found a highly significant interaction between sex
ex. CRASH, Clinical Randomisation of an Antifibrinolytic in Sig-
on.

Females (n¼3737) Males (n¼17 485) P-value

42 (19) 36 (15) <0.01
39 [26e55] 31 [24e45] <0.01
741 (20) 4881 (28) <0.01
1475 (39) 8153 (47)
936 (25) 3292 (19)
585 (16) 1158 (7)
0 (0) 1 (0)
108 (33) 107 (32) 0.136
851 (23) 3944 (23) 0.251
8 (0) 15 (0)

617 (16) 3537 (20) <0.01
919 (25) 3918 (23)
2175 (58) 9988 (57)
26 (1) 42 (0)

1464 (39) 7496 (43) <0.01
2273 (61) 9989 (43)
0 (0) 0 (0)
1905 (51) 8804 (50) 0.786
1151 (52) 5650 (50) 0.245
751 (50) 3154 (51) 0.513
1832 (49) 8681 (50) 0.786
1081 (48) 5647 (50) 0.245
754 (50) 3034 (49) 0.513
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Tranexamic acid Placebo RR 95% CI

1.00.750.50
P=0.34

Both trials
442 (5.2%) 0.80550 (6.5%)Male (0.71–0.90)

Total 522 (5.0%) 660 (6.5%) 0.78 (0.70–0.87)
80 (4.3%) 0.69110 (6.2%)Female (0.52–0.91)

P=0.72

CRASH-3

Total 112 (2.9%) 147 (3.9%) 0.74 (0.58–0.94)
Female 21 (2.8%) 26 (3.5%) 0.81 (0.46–1.42)
Male 91 (2.9%) 121 (4.0%) 0.72 (0.55–0.94)

CRASH-2

P=0.20
410 (6.3%) 513 (8.0%) 0.79 (0.70–0.90)Total

Female 59 (5.3%) 84 (8.1%) 0.65 (0.47–0.90)
Male 351 (6.5%) 429 (7.9%) 0.82 (0.72–0.94)

Fig 2. Forest plot demonstrating the effect of tranexamic acid treatment on relative risk (RR) of death from any cause within 24 h of injury,

stratified by sex in the CRASH-2, CRASH-3 trials and both trials pooled. CRASH, Clinical Randomisation of an Antifibrinolytic in Significant

Haemorrhage; CI, confidence interval.

Table 2 Characteristics of Trauma and Audit Research Network patients by sex. *Time from call to 999 to ambulance arrival. yTime
from first call to 999 to arrival at hospital. AIS, Abbreviated Injury Scale; BATT, Bleeding Audit for Trauma and Triage; GCS, Glasgow
Coma Scale; ISS, Injury Severity Score; SD, standard deviation.

All (n¼216 364) Missing (%) Females (n¼98 879) Males (n¼117 485) P-value

Age 0
Mean age (SD), yr 65 (22) 73 (18) 59 (22) <0.001

Mechanism of injury 0
Traffic incident 38 585 (17.8) 9467 (9.6) 29 118 (24.8) <0.001
Fall more than 2 m 21 380 (9.9) 7387 (7.5) 13 993 (11.9)
Fall less than 2 m 137 991 (63.8) 78 995 (79.9) 58 996 (50.2)
Shooting 467 (0.2) 21 (0.02) 446 (0.4)
Stabbing 5017 (2.3) 475 (0.5) 4542 (3.9)
Blows 8623 (4.0) 1389 (1.4) 7234 (6.2)
Others 4301 (2.0) 1145 (1.2) 3156 (2.7)

Penetrating injury 6002 (2.8) 0 673 (0.7) 5329 (4.5) <0.001
Prehospital SBP <100 mm Hg 10 561 (6.7) 28 4115 (5.6) 6446 (7.9) <0.001
Prehospital heart rate >100 beats min�1 35 085 (22.0) 26 15 244 (20.2) 19 841 (23.5) <0.001
Prehospital GCS 26
GCS �8 10 752 (6.7) 3125 (4.2) 7627 (9.0) <0.001
GCS 9e12 7016 (4.4) 2622 (3.5) 4394 (5.2)
GCS �13 142 644 (88.9) 69 449 (92.4) 73 195 (85.9)

Mean ISS (SD) 16 (9) 0 14 (8) 17 (9) <0.001
ISS 9e15 118 769 (54.9) 62 102 (62.8) 56 667 (48.2) <0.001
ISS 16e24 52 436 (24.2) 21 735 (22.0) 30 701 (26.1)
ISS 25e34 37 333 (17.3) 12 905 (13.0) 24 428 (20.8)
ISS �35 7816 (3.6) 2131 (2.2) 5685 (4.8)

AIS head �3, n (%) 69 880 (32.3) 27 088 (27.4) 42 792 (36.4) <0.001
BATT score (baseline risk) 36
Very low risk (BATT 0e1) 31 181 (22.4) 15 160 (22.9) 16 021 (22.0) <0.001
Low risk (BATT 2e4) 89 510 (64.4) 44 091 (66.6) 45 419 (62.4)
Intermediate risk (BATT 5e7) 13 371 (9.6) 5348 (8.1) 8023 (11.0)
High risk (BATT 8e11) 3830 (2.8) 1285 (1.9) 2545 (3.5)
Very high risk (BATT �12) 1078 (0.8) 317 (0.5) 761 (1.1)

Mean response time* (min) 40 (52) 31 46 (58) 33 (46) <0.001
Mean prehospital timey (min) 115 (62) 29 126 (66) 106 (57) <0.001

Tranexamic acid in major trauma - 5
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Fig 3. Receipt of tranexamic acid (TXA) treatment in females compared with males by baseline risk of death caused by bleeding adjusted by

prehospital time. BATT, Bleeding Audit for Trauma and Triage.
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and baseline risk of death caused by bleeding (P<0.001)
(Supplement 2). The odds ratio for receipt of TXA in females

compared with males was 0.56 (95% CI, 0.53e60) in patients

at high baseline risk and 0.73 (95% CI, 0.63e0.83) in patients

at very high baseline risk.

Additional figures are available in the Supplementary ma-

terial. When we compared TXA treatment in females and

males stratified by age, females were less likely than males to

receive TXA in all age groups. There was a statistically sig-

nificant interaction between sex and age (P<0.001, model 2 in

Supplement 2). The sex difference in the receipt of TXA

increased with increasing age. When we stratified receipt of

TXA by ISS, females were less likely thanmales to receive TXA

in all ISS categories. The sex difference in the receipt of TXA

decreased as the severity of injury increased. The odds ratio

for receipt TXA in females compared with males in ISS of 25

and above was 0.71 (95% CI, 0.64e0.79). There was no signifi-

cant interaction between sex and prehospital time (model 3).

There were no significant multiple interactions (model 4). The

final model presents significant interaction between sex and

baseline risk, sex and age, and adjusted on prehospital time

(Supplement 2). All regression models are presented in the

Supplementary file (Supplement 2). Additional analyses

stratifying by mechanism of injury and ISS showed that fe-

males received TXA less often than males for all injury

mechanisms except formotor vehicle crashes (Supplementary

files 8 and 9).
Discussion

Tranexamic acid reduces trauma deaths to a similar extent in

women and men, but women are less likely to be treated.

Women are treated less frequently than men regardless of

their risk of death from bleeding (BATT score) or the severity of

their injuries. When women and men with the same mecha-

nism of injury and ISS are compared, women are again treated

less frequently than men. The survival benefit from TXA

treatment does not vary by mechanism of injury or baseline

risk of death caused by bleeding, but earlier treatment is

substantially more effective.13 18 The disparity in treatment

between women and men was seen in all age groups but was

greatest in older women and in women at lower risk.

Our analyses have important strengths. Sub-group analyses

are often underpowered, but with more than 30 000 rando-

mised participants the chances of missing a clinically relevant

sex difference in the effect of TXA are reduced. The CRASH-2

and CRASH-3 trials were large trials with strengths and

weakness as previously described.7 8 They had good allocation

concealment, rigorous blinding, andminimal loss to follow-up.

The TARN registry is a well-designed inception cohort starting

at the point of injury, collecting data until hospital discharge or

death. We pre-specified that risk of death as a result of

bleeding, age, and prehospital time were potential con-

founders or effect modifiers for TXA treatment, and we used

regression methods to control for pre-specified confounders
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and to examine interaction. Our prognostic model for death

caused by bleeding was externally validated in this population

and has good accuracy and discrimination. The strengths and

weaknesses of the BATT score are discussed in the external

validation study.15 The TARN registry had missing values for

prehospital physiological variables, for time of injury, and for

receipt of TXA. For this reason, we imputed missing values,

assuming that they were missing at random. Although impu-

tation is superior to complete case analysis when variables are

missing value at random, if not missing at random, our

regression analysis might have been biased.16 Owing to the

large size of the TARN registry, our estimates are precise.

The possible limitations of our analysis are reliance on

multiple imputation for missing TARN data, particularly for

the time of ambulance and hospital arrival. Like all registry

and database studies, we rely on accurate data capture and

transcription.We rely on the BATT score to estimate the risk of

death from bleeding. The BATT score was developed in an

international cohort and was independent of the TARN regis-

try. It was, however, validated using the TARN dataset in a

separate study. Although the BATT score is a new prognostic

score which is not currently used in routine clinical practice,

the evidence on its accuracy is reassuring. Although the

CRASH-3 trial was ongoing during the time window of our

TARN data analysis, therewas clear evidence from the CRASH-

2 trial about the benefits of TXA in trauma patients, and so this

would not have influenced the sex-based comparison in use.

Women are less likely to receive TXA in every stratum of

risk of death as a result of bleeding. Although fall injuries are

more common in women and road traffic injuries are more

common inmen, women andmen with the same risk of death

caused by bleeding have the same potential for benefit from

treatment. We have previously shown that the mortality

benefit from TXA treatment does not vary by mechanism of

injury, and so sex differences in injury mechanism do not

justify differences in TXA treatment.18 Injured women are

older than injured men, and the risk of death caused by

bleeding increases with age.

Womenwere less likely thanmen to receive TXA treatment

in every age category. Some of the sex disparity in TXA treat-

ment may be attributable to the failure of clinicians to fully

appreciate the impact of age on bleeding risk.19 Although we

have shown large sex differences in TXA treatment, we can

only speculate about the causes of this disparity or why it is so

large. Paramedics are responsible for acute prehospital

assessment of trauma patients in the UK.20 Paramedics rely on

patient group directions (PGD) as the legal framework through

which they administer TXA.21 These PGD guide the use of TXA

by providing legally binding inclusion and exclusion criteria

for giving TXA.22 Such PGD are often directed towards the

treatment of severe haemorrhage and as such many trauma

patients who do not meet the specific PGD criteria will not be

treated. For example, the current PGD template recommends

TXA use in trauma patients with signs of actual or suspected

severe haemorrhage as demonstrated by a systolic blood

pressure <90mmHg or absent radial pulse or a heart rate >110
beats min�1. The focus on patients with signs of severe hae-

morrhage is inappropriate and excludes many patients with

the potential to benefit from TXA. The CRASH-2 trial included

trauma patients with, or at risk of, significant bleeding. This

trial included thousands of patients with an SBP >90 mm Hg

and a heart rate <110 beats min�1. TXA safely reduced mor-

tality in both severely and non-severely injured patients. As

most trauma patients do not have hypotension and
tachycardia at presentation, limiting TXA use to patients with

signs of severe haemorrhage denies thousands of patients the

potential to benefit from TXA, and it is likely that those

excluded are disproportionately women. The explanation for

the differences in other environments may include trauma

stereotypes in medical education, differing presentations of

trauma, and unconscious bias.

Gender disparities and inequalities in healthcare access,

practice, and research are increasingly acknowledged but

overall remain unaddressed.23 Gender can impact on equitable

health outcomes through its interaction with other de-

terminants of health (such as social and economic factors),

protective or harmful health behaviours, or the healthcare

system’s direct response to the gender of patients.24 There are

gender differences in the receipt of other emergency treat-

ments. Women with chest pain are less likely to receive

aspirin and nitroglycerine and are less likely to be conveyed to

hospital by an ambulance using lights and sirens.3 Women are

less likely to be resuscitated for out of hospital cardiac arrest.3

25 Injured women are less likely to receive opioid analgesia.26

Women and older patients are less likely to be transferred to

amajor trauma centre and less likely to receive whole-body CT

in the setting of major trauma.27 28

We have shown that administration of tranexamic acid to

bleeding trauma patients reducedmortality to a similar extent

in women and men, but women were substantially less likely

to be treated. At the intersection of sex and older age, the

disparities are particularly marked. Efforts to reduce the sex

disparities in tranexamic acid treatment are needed. In-

terventions to reduce gender disparities in clinical practice are

effective and as such should be applied here.29 Standardising

clinical practice through decision support tools (such as the

BATT score) without reliance on the clinical gestalt may

improve care.15 In UK prehospital care, ensuring that PGD

reflect the scope of delivery supported by the evidence base

and enabling use of tranexamic acid outside of patient group

directions through Schedule 16 and 17 classification may

result in more equitable delivery.21 Future research should

examine why women less frequently received treatment and

study the effectiveness of interventions to improve equity in

trauma care.

Authors’ contributions

Study concept and planning: TN, FA, IR, with contributions

from LW, FL.

Statistical analysis: FA, AB.

Data visualisation: FA.

Writing of the original draft of the manuscript: IR, TN, FA.

All authors contributed to, reviewed and approved the final

manuscript.

Funding

Open access publication charges were funded by the London

School of Hygiene and Tropical Medicine.

Declarations of interest

None of the authors have any conflicts of interest to declare.
Acknowledgements

The team thanks TARN for its support, particularly Professor

Fiona Lecky and the TARN Research committee for their



8 - Nutbeam et al.
contributions and feedback. We are indebted to Shirin Heidari,

founder of GENDRO (advancing sex and gender equity in

research) for her valuable guidance and feedback. Our thanks

go to the CTU team at the LSHTM for the provision of the

CRASH-2 and CRASH-3 data for analysis.
Appendix A. Supplementary data

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.bja.2022.03.032.
References

1. Heise L, Greene ME, Opper N, et al. Gender inequality and

restrictive gender norms: framing the challenges to

health. Lancet 2019; 393: 2440e54

2. Heidari S, Babor TF, Castro PD, Tort S, Curno M. Sex and

Gender Equity in Research: rationale for the SAGER guide-

lines and recommended use. Res Integr Peer Rev 2016; 1: 2

3. Lewis JF, Zeger SL, Li X, et al. Gender differences in the

quality of EMS care nationwide for chest pain and out-of-

hospital cardiac arrest. Women’s Heal Issue 2019; 29:

116e24

4. Blewer AL, McGovern SK, Schmicker RH, et al. Gender

disparities among adult recipients of bystander cardio-

pulmonary resuscitation in the public. Circ Cardiovasc Qual

Outcome 2018; 11, e004710

5. Vos T, Lim SS, Abbafati C, et al., GBD 2019 Diseases, In-

juries Collaborators. Global burden of 369 diseases and

injuries in 204 countries and territories, 1990e2019: a

systematic analysis for the Global Burden of Disease

Study 2019. Lancet Lond Engl 2020; 396: 1204e22

6. Pfeifer R, Teuben M, Andruszkow H, Barkatali BM, Pape H-

C. Mortality patterns in patients with multiple trauma: a

systematic review of autopsy studies. PLoS One 2016; 11,

e0148844

7. CRASH-3 trial collaborators. Effects of tranexamic acid on

death, disability, vascular occlusive events and other

morbidities in patients with acute traumatic brain injury

(CRASH-3): a randomised, placebo-controlled trial. Lancet

2019; 394: 1713e23

8. Shakur H, Roberts I, Coats T, et al., CRASH-2 trial collab-

orators. Effects of tranexamic acid on death, vascular

occlusive events, and blood transfusion in trauma pa-

tients with significant haemorrhage (CRASH-2): a rando-

mised, placebo-controlled trial. Lancet 2010; 376: 23e32

9. Brenner A, Belli A, Chaudhri R, et al. Understanding the

neuroprotective effect of tranexamic acid: an exploratory

analysis of the CRASH-3 randomised trial. Crit Care Lond

Engl 2020; 24: 560

10. Daglas M, Galle A, Draxler DF, et al. Sex-dependent effects

of tranexamic acid on blood-brain barrier permeability

and the immune response following traumatic brain

injury in mice. J Thromb Haemost 2020; 18: 2658e71

11. Wahlin RR, Ponzer S, L€ovbrand H, Skrivfars M,

Lossius HM, Castr�en M. Do male and female trauma pa-

tients receive the same prehospital care? An observa-

tional follow-up study. BMC Emerg Med 2016; 16: 6

12. Gomez D, Haas B, Mestral C de, et al. Gender-associated

differences in access to trauma center care: a population-

based analysis. Surgery 2012; 152: 179e85
13. Ageron F-X, Gayet-Ageron A, Ker K, et al. Effect of tra-

nexamic acid by baseline risk of death in acute bleeding

patients: a meta-analysis of individual patient-level data

from 28 333 patients. Br J Anaesth 2020; 124: 676e83

14. Ageron F-X, Gayet-Ageron A, Steyerberg E, Bouzat P,

Roberts I. Prognostic model for traumatic death due to

bleeding: cross-sectional international study. BMJ Open

2019; 9, e026823

15. Ageron F-X, Coats TJ, Darioli V, Roberts I. Validation of the

BATT score for prehospital risk stratification of traumatic

haemorrhagic death: usefulness for tranexamic acid

treatment criteria. Scand J Trauma Resusc Emerg Med 2021;

29: 6

16. White IR, Carlin JB. Bias and efficiency of multiple impu-

tation compared with complete-case analysis for missing

covariate values. Stat Med 2010; 29: 2920e31

17. Nutbeam T, Roberts I, Weekes L, Shakur-Still H,

Brenner A, Ageron F-X. Statistical Analysis Plan: tra-

nexamic acid treatment in trauma patients: implications

for women. TARN 2021

18. Roberts I, Edwards P, Prieto D, et al. Tranexamic acid in

bleeding trauma patients: an exploration of benefits and

harms. Trials 2017; 18: 48

19. Major TARN. Trauma in Older People 2017. https://www.

tarn.ac.uk/content/downloads/3793/Major%20Trauma%

20in%20Older%20People%202017.pdf (Accessed 1 August

2021)

20. Al-Shaqsi S. Models of international emergency medical

service (EMS) systems. Oman Med J 2010; 25: 320e3

21. England E. Paramedics and medicines: legal consider-

ations. J Paramedic Pract 2016; 8: 408e15

22. Jenkins J. Administration of tranexamic acid by registered

Paramedics and Nurses for treatment of severe haemorrhage:

PGD template. Specialist Pharmacy Service; 2021. https://

www.sps.nhs.uk/articles/administration-of-tranexamic-

acid-by-registered-paramedics-and-nurses-for-

treatment-of-severe-haemorrhage-pgd-template/

(Accessed 6 February 2022)

23. Heidari S, Bachelet VC. Sex and gender analysis for better

science and health equity. Lancet 2018; 392: 1500e2

24. Manandhar M, Hawkes S, Buse K, Nosrati E, Magar V.

Gender, health and the 2030 agenda for sustainable

development. B World Health Organ 2018; 96: 644e53

25. Meisel ZF, Armstrong K, Mechem CC, et al. Influence of

sex on the out-of-hospital management of chest pain.

Acad Emerg Med 2010; 17: 80e7

26. Lau T, Hayward J, Vatanpour S, Innes G. Sex-related dif-

ferences in opioid administration in the emergency

department: a population-based study. Emerg Med J 2021;

38: 467e73

27. Scheetz LJ, Orazem JP. The influence of sociodemographic

factors on trauma center transport for severely injured

older adults. Health Serv Res 2020; 55: 411e8

28. Sammy IA, Chatha H, Bouamra O, Fragoso-I~niguez M,

Lecky F, Edwards A. The use of whole-body computed

tomography in major trauma: variations in practice in UK

trauma hospitals. Emerg Med J 2017; 34: 647

29. Alcalde-Rubio L, Hern�andez-Aguado I, Parker LA, Bueno-

Vergara E, Chilet-Rosell E. Gender disparities in clinical

practice: are there any solutions? Scoping review of in-

terventions to overcome or reduce gender bias in clinical

practice. Int J Equity Health 2020; 19: 166
Handling editor: Rupert Pearse

https://doi.org/10.1016/j.bja.2022.03.032
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref1
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref1
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref1
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref1
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref2
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref2
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref2
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref3
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref3
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref3
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref3
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref3
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref4
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref4
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref4
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref4
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref5
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref5
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref5
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref5
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref5
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref5
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref5
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref6
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref6
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref6
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref6
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref7
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref7
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref7
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref7
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref7
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref7
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref8
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref8
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref8
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref8
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref8
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref8
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref9
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref9
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref9
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref9
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref10
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref10
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref10
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref10
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref10
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref11
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref11
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref11
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref11
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref11
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref11
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref12
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref12
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref12
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref12
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref13
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref13
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref13
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref13
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref13
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref14
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref14
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref14
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref14
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref15
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref15
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref15
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref15
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref15
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref16
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref16
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref16
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref16
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref17
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref17
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref17
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref17
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref18
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref18
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref18
https://www.tarn.ac.uk/content/downloads/3793/Major%20Trauma%20in%20Older%20People%202017.pdf
https://www.tarn.ac.uk/content/downloads/3793/Major%20Trauma%20in%20Older%20People%202017.pdf
https://www.tarn.ac.uk/content/downloads/3793/Major%20Trauma%20in%20Older%20People%202017.pdf
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref20
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref20
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref20
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref21
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref21
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref21
https://www.sps.nhs.uk/articles/administration-of-tranexamic-acid-by-registered-paramedics-and-nurses-for-treatment-of-severe-haemorrhage-pgd-template/
https://www.sps.nhs.uk/articles/administration-of-tranexamic-acid-by-registered-paramedics-and-nurses-for-treatment-of-severe-haemorrhage-pgd-template/
https://www.sps.nhs.uk/articles/administration-of-tranexamic-acid-by-registered-paramedics-and-nurses-for-treatment-of-severe-haemorrhage-pgd-template/
https://www.sps.nhs.uk/articles/administration-of-tranexamic-acid-by-registered-paramedics-and-nurses-for-treatment-of-severe-haemorrhage-pgd-template/
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref23
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref23
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref23
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref24
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref24
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref24
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref24
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref25
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref25
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref25
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref25
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref26
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref26
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref26
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref26
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref26
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref27
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref27
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref27
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref27
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref28
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref28
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref28
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref28
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref28
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref29
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref29
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref29
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref29
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref29
http://refhub.elsevier.com/S0007-0912(22)00184-2/sref29

	Use of tranexamic acid in major trauma: a sex-disaggregated analysis of the Clinical Randomisation of an Antifibrinolytic i ...
	Editor's key points
	Methods
	Statistical analyses

	Results
	Discussion
	Authors' contributions
	Funding
	Declarations of interest
	Acknowledgements
	Appendix A. Supplementary data
	References


