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Study objective: Tranexamic acid improves survival in severely injured adults. However, its effectiveness on overall functional
outcome is unknown. We hypothesized that tranexamic acid improves overall functional outcome compared with placebo in
severely injured adults and conduct an exploratory analysis of the Clinical Randomization of an Antifibrinolytic in Significant
Haemorrhage (CRASH-2) data to investigate this hypothesis.

Methods: We included injured adults from the CRASH-2 trial who were randomized 3 hours or less from injury. The primary
outcome measure was functional status at hospital discharge or on day 28 if the subject was still in the hospital. Functional status
was measured with the modified Oxford Handicap Scale, a 6-category ordinal functional outcome scale. We conducted 3 separate
analyses using 3 different outcome measures to evaluate the effectiveness of tranexamic acid versus placebo on functional
outcomes, including the mean utility-weighted modified Oxford Handicap Scale score (overall functional outcome), the area under
the curve (based on functional outcome and rate of recovery), and a sliding dichotomy analysis (favorable versus unfavorable
functional outcome) stratified by baseline mortality risk (stratified analysis).

Results: There were 13,432 patients (6,679 randomized to placebo and 6,753 to tranexamic acid) included in the study cohort.
The mean utility-weighted modified Oxford Handicap Scale score was 0.66 (SD 0.33) for patients randomized to tranexamic acid
compared with a mean of 0.64 (SD 0.34) for those randomized to placebo (mean difference 0.02; 95% confidence interval [CI]
0.01 to 0.03). The area under the curve analysis demonstrated that patients randomized to tranexamic acid had a higher 28-day
mean utility-weighted modified Oxford Handicap Scale score compared with those randomized to placebo (mean score 0.55 [SD
0.30] versus 0.53 [SD 0.31]; mean difference 0.02 [95% CI 0.01 to 0.03]). The sliding dichotomy analysis demonstrated
heterogeneity of treatment effects across risk groups. The overall proportion of patients with favorable functional outcomes was
higher in the tranexamic acid group (5,360/6,753 [79.4%]; 95% CI 78.4% to 80.3%) compared with the placebo group (5,174/
6,679 [77.5%]; 95% CI 76.5% to 78.5%; difference 1.9% [95% CI 0.5% to 3.3%]; number needed to treat¼52). When each risk
group was tested separately, only the lowest-risk group (<6% baseline mortality risk) demonstrated a statistically significant effect
of tranexamic acid toward favorable functional outcomes (tranexamic acid versus placebo adjusted odds ratio 0.78; 95% CI 0.67
to 0.90). There were no differences between tranexamic acid and placebo in the other risk groups.

Conclusion: Across 3 exploratory analyses, severely injured adult patients randomized within 3 hours from injury demonstrated
better functional outcomes with tranexamic acid compared with placebo. When heterogeneity of treatment effects across risk
groups was evaluated, only the lowest-risk group demonstrated a significant effect of tranexamic acid toward favorable outcomes.
Given the overall safety and cost-effectiveness of tranexamic acid use in injured adults, our results further support the use of
tranexamic acid for this population. Future trauma trials that evaluate tranexamic acid use should also consider functional status
as an important outcome. [Ann Emerg Med. 2019;74:79-87.]
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INTRODUCTION
Background

Tranexamic acid is an antifibrinolytic drug that blocks
plasmin-mediated fibrin clot breakdown and attenuates
bleeding. It is extensively used in surgery to decrease blood
1 : July 2019
product transfusion requirements. The success of its use
in the surgical setting led to the Clinical Randomization of
an Antifibrinolytic in Significant Haemorrhage (CRASH-
2) trial, an international randomized controlled trial of the
early administration of tranexamic acid to bleeding adult
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Editor’s Capsule Summary

What is already known on this topic
Tranexamic acid is used to reduce mortality in
severely injured patients.

What question this study addressed
Does tranexamic acid use in severely injured patients
improve overall functional capacity?

What this study adds to our knowledge
This secondary and exploratory analysis of patients
randomized to placebo (n¼6,679) or tranexamic acid
(n¼6,753) suggests that the use of tranexamic acid in
injured patients is associated with improved patient
function as measured up to 28 days postinjury. This
improvement was mainly noted among individuals
with the lowest mortality risk (<6%).

How this is relevant to clinical practice
Routine use of tranexamic acid in selected trauma
patients may improve functional status as determined
early in the postinjury phase of recovery, but the
long-term effects are unknown and prospective
studies would be required to confirm this finding.

trauma patients. In the trial, tranexamic acid reduced
mortality with no increase in adverse events compared with
placebo.3 All-cause 28-day mortality was 1,463 (14.5%) in
the tranexamic acid group and 1,613 (16.0%) in the
placebo group (relative risk 0.91; 95% confidence interval
[CI] 0.85 to 0.97).

Importance
The mortality outcome measure is patient centered, not

prone to the subjectivity of outcome assessors, and not
affected by the methodological problem of competing
risks.4 However, other clinically important patient-centered
benefits (or harms) associated with tranexamic acid use are
unknown. In the CRASH-2 trial, 28-day functional status
as measured by the modified Oxford Handicap Scale was
collected but not analyzed in detail.3,5

Goals of This Investigation
The goal of this study was to evaluate whether

tranexamic acid was associated with improved functional
outcomes and, if so, which patients benefitted from
tranexamic acid use. The results of this study may inform
future trauma trials about the use of functional status as an
outcome measure, as well as potential analytic methods.
We hypothesized that tranexamic acid use compared with
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placebo improves overall functional outcome in severely
injured adults as measured by the modified Oxford
Handicap Scale. We conducted an exploratory analysis of
the CRASH-2 data to investigate this hypothesis.
MATERIALS AND METHODS
Study Design and Selection of Participants

The overall study design and protocol of the CRASH-2
trial have been previously reported.3,6 In summary, 20,111
adults with or at risk of significant traumatic bleeding
within 8 hours of injury were randomized to tranexamic
acid (loading dose 1 g during 10 minutes, followed by a 1-g
infusion during 8 hours) or placebo. Both patients and
study staff were blinded to treatment allocation. A
secondary analysis demonstrated that, compared with
placebo, tranexamic acid given at 1 hour or sooner (relative
risk 0.87; 95 CI% 0.76 to 0.97) and at 1 to 3 hours from
injury (relative risk 0.87; 95% CI 0.77 to 0.97) decreased
death caused by bleeding. There was no statistically
significant difference when tranexamic acid was given more
than 3 hours from injury (relative risk 1.00; 95% CI 0.90
to 1.13).7 Thus, for this study, we included only patients
randomized 3 hours or less from the time of injury. We also
excluded patients who did not have modified Oxford
Handicap Scale scores reported.

Outcome Measures
The primary outcome measure was functional status at

hospital discharge or on day 28 after injury if the subject
was still in the hospital. Functional status was measured
with the modified Oxford Handicap Scale, an ordinal scale
with the following functional categories (best to worst): no
symptoms, minor symptoms, some restriction, dependent
(not requiring constant attention), fully dependent, and
dead. We converted the ordinal modified Oxford Handicap
Scale score to a utility-weighted score. This conversion was
based on previous measurements of health-related quality-
of-life in patients with different functional outcome scores
after acute neurologic injuries (Table 1).8 The modified
Oxford Handicap Scale score measured at hospital
discharge has been shown to be highly correlated with 6-
month functional outcomes.5 The scale is very similar to
the modified Rankin Scale, which has been shown to be a
valid and reliable measure of functional outcomes.5

Primary Data Analysis
We developed a statistical analysis plan (Appendix E1,

available online at http://www.annemergmed.com) that
was approved by the Free Bank of Injury and Emergency
Research Data investigators (http://freebird.lshtm.ac.uk)
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Figure 1. Example of total quality-of-life for an individual using
the area under the curve calculation. In this example, the
patient was discharged home on hospital day 9 with a Modified
Oxford Handicap scale of “some restriction.” This equates to a
quality of life score of 0.78. For the days during hospitalization,
the quality of life is calculated by the length of time of
hospitalization (9 of 28 days) x the discharge quality of life
(0.78) x hospitalization penalty (0.5). For the days after
hospital discharge, the quality of life is calculated by the length
of time out of hospital (19 of 28 days) x the discharge quality of
life (0.78).

Table 1. Modified Oxford Handicap Scale conversion to quality of
life.

Modified Oxford Handicap Scale Quality of Life*

No symptoms 1.00

Minor symptoms 0.84

Some restriction 0.78

Dependent† 0.58

Fully dependent 0.18

Dead 0

*Based on a 3-month quality-of-life index from Rangaraju et al.8
†Because the dependent category collapses the moderate and moderate-to-severe
handicap categories, the score of 0.58 is an average of the moderate (0.71) and the
moderate-to-severe (0.44) categories.
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before receiving the CRASH-2 data. We planned 3 separate
analyses to evaluate the effectiveness of tranexamic acid on
functional outcomes. First, in unadjusted (Student’s t test)
and adjusted (multiple linear regression) analyses, we
compared the mean utility-weighted modified Oxford
Handicap Scale scores between patients randomized to
tranexamic acid versus placebo within 3 hours of injury.
For the unadjusted analysis, we reported the results as
means and SDs for both groups and the absolute difference
in means with 95% CIs. The modified Oxford Handicap
Scale score was measured at hospital discharge or routinely
at 28 days if the patient was still in the hospital. It was not
measured routinely at any other follow-up points. For the
adjusted analysis, we included in the regression model a
parsimonious set of covariates, composed of age, male sex,
income level of country, hours since injury, initial systolic
blood pressure (millimeters of mercury), initial pulse rate
(beats/minute), initial Glasgow Coma Scale (GCS) score,
and study intervention. Income level of country was
categorized as low, middle, and high and was based on
previous definitions.9 These were all the potentially relevant
clinical variables that were collected in the CRASH-2 trial
and were selected for their simplicity and availability, as
well as their ability to improve the precision of our effect
size estimates by removing explainable variation in the
outcome. To account for heteroskedasticity or other
violations of modeling assumptions (which may arise from
errors in the dependent variable not having a Gaussian
distribution), we used a robust standard error estimator for
regression test statistics and CIs.

Second, to estimate the rate of functional recovery, we
calculated the area under the curve according to utility-
weighted functional outcome and length of hospitalization
(Figure 1). The area under the curve represents the total
amount of quality of life during the first 28 days after
injury. This calculation was based on the following
Volume 74, no. 1 : July 2019
assumptions: the discharge functional outcome score (and
resultant quality-of-life conversion) remained the same
until day 28; hospitalization inferred a quality penalty, and
thus the discharge functional outcome score was multiplied
by 0.5 for days spent in the hospital; and death before 28
days equated to an area under the curve of 0. We used a
linear regression model to estimate the adjusted mean
difference in the quality of life between patients receiving
tranexamic acid and those receiving placebo. We included
the same covariates as in the previously described multiple
regression model. We also analyzed models using
hospitalization quality penalties of 0.25 and 0.75 for days
spent in the hospital to evaluate this analysis under different
parameter assumptions.

Third, to further explore differences across the
functional outcome spectrum while incorporating baseline
risk of mortality, we conducted a sliding dichotomy
analysis. Patients within the CRASH-2 cohort were
classified into 4 mortality risk strata (<6%, 6% to 20%,
21% to 50%, and >50%) based on a previously developed
risk score.9 This risk score was developed with the
CRASH-2 data and externally validated with a separate
trauma registry (the Trauma Audit and Research Network).
Favorable versus unfavorable outcomes were defined
separately for each risk stratum. For example, for a patient
with a baseline risk of mortality stratum of less than 6%,
a favorable outcome would be no symptoms and an
unfavorable one would be minor symptoms or worse.
Annals of Emergency Medicine 81



Table 2. Characteristics of subjects included in the analysis
(n¼13,432).

Characteristics

Intervention, No. (%)

TXA,
n[6,753

Placebo,
n[6,679

Men 5,605 (83.0) 5,606 (84.0)

Age, mean (SD), y 34.1 (13.8) 34.1 (14.2)

Time since injury, mean (SD), h 1.53 (0.84) 1.53 (0.84)

�1 3,731 (55.3) 3,689 (55.2)

>1–3 3,022 (44.7) 2,990 (44.8)

Type of injury

Blunt* 3,292 (48.8) 3,305 (49.5)

Penetrating 2,583 (38.2) 2,516 (37.7)

Blunt and penetrating 878 (13.0) 858 (12.8)

Initial systolic blood pressure,

mean (SD), mm Hg

95.5 (30.2) 94.6 (27.9)

Initial pulse, mean (SD), beats/min 104.7 (20.9) 104.9 (21.0)

Initial respiratory rate, mean (IQR),

breaths/min

23.1 (6.5) 23.3 (7.8)

Initial GCS score, median (IQR) 12.7 (3.6) 12.7 (3.6)

Baseline risk of mortality stratum, %†

<6 2,415 (35.8) 2,325 (34.9)

6–20 2,410 (35.7) 2,391 (35.9)

21–50 1,171 (17.4) 1,201 (18.0)

>50 753 (11.2) 752 (11.3)

Any vascular occlusive event‡ 95 (1.4) 137 (2.1)

Blood products transfused 3,218 (47.7) 3,263 (48.9)

Units of blood products transfused,

median (IQR)§
3 (2–6) 3 (2–6)

Any surgeryk 3,304 (49.5) 3,290 (48.7)
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On the other hand, for a patient with a baseline risk of
mortality stratum of greater than 50%, a favorable outcome
would be dependent or better and an unfavorable one
would be fully dependent or death. We analyzed each of
these strata by using a multiple logistic regression model
with favorable outcome as the dependent outcome. We
included the same covariates as in the previously described
linear regression model. We compared models with and
without baseline risk stratum as an independent categorical
variable and selected the model with the better Akaike
information criteria.10 We also used the c2 test to compare
the overall proportion of patients with favorable functional
outcomes between the tranexamic acid and placebo groups.
We calculated a number-needed-to-treat based on the
absolute risk reduction of tranexamic acid use compared
with placebo (1/absolute risk reduction).

We conducted a sensitivity analysis to evaluate for
the potential of inaccurate functional outcome data
collection by sites. Specifically, we calculated the
proportion of patients with significant head injuries
and Glasgow Coma Scale scores of 3 to 8 who had
modified Oxford Handicap Scale scores of 1 (no
symptoms) by site (limited to sites that enrolled �100
patients). Because these patients are expected to have
poor functional outcomes, a high proportion of
patients with functional outcomes of no symptoms
might suggest inaccurate data collection. We used
complete case analysis to handle missing data because
of the small numbers of patients with missing data in
the CRASH-2 trial (<1%).11
Days in hospital, median (IQR){ 7 (3–14) 7 (3–14)

Days in the ICU, median (IQR){ 0 (0–2) 0 (0–2)

Country income level

Low 91 (1.4) 91 (1.4)

Middle 6,548 (97.0) 6,467 (96.8)
RESULTS
Characteristics of Study Subjects

After exclusion of 6,667 patients with times of
presentation more than 3 hours after injury, 11 patients
Figure 2. Flowchart of the study cohort (n¼13,432). TXA,
Tranexamic acid.

High 114 (1.7) 121 (1.8)

IQR, Interquartile range.
*Includes patients with both blunt and penetrating injuries and those with only blunt
injuries.
†Baseline risk strata were derived from Perel et al.10
‡Includes deep venous thrombosis, pulmonary embolism, stroke, and myocardial
infarction.
§Includes packed RBCs, plasma, platelets, and cryoprecipitate.
kIncludes neurologic, chest, abdominal, and pelvic surgery.
{Hospital and ICU length of stay recorded up to 28 days.

82 Annals of Emergency Medicine
with missing times of injury, and 97 patients with missing
modified Oxford Handicap Scale scores, there were 13,432
patients (6,679 randomized to placebo and 6,753
randomized to tranexamic acid) included in the study
cohort (Figure 2). Patients were aged a mean of 34 years
Volume 74, no. 1 : July 2019



Table 3. Modified Oxford Handicap Scale score by intervention
(n¼13,432).

Category

Intervention, No. (%)

TXA, n[6,753 Placebo, n[6,679

No symptoms 1,052 (15.6) 941 (13.9)

Minor symptoms 2,190 (32.4) 2,140 (32.0)

Some restrictions 1,311 (19.4) 1,324 (19.8)

Dependent 807 (11.9) 779 (11.7)

Fully dependent 421 (6.2) 396 (5.9)

Dead 972 (14.4) 1,109 (16.6)
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(SD 14 years), 11,211 (83.5%) were men, and 6,835
(50.9%) had penetrating traumatic injuries. Characteristics
of the study population are described in Table 2.
Main Results
The modified Oxford Handicap Scale scores stratified by

intervention are reported in Table 3. The mean utility-
weighted score was 0.66 (SD 0.33) for patients randomized
to tranexamic acid compared with a mean of 0.64 (SD
0.34) for those randomized to placebo (mean difference
0.02; 95% CI 0.01 to 0.03; P¼.001). Adjusted analysis
demonstrated that tranexamic acid use was significantly
associated with higher utility-weighted modified Oxford
Handicap Scale scores (coefficient 0.02; 95% CI 0.01 to
0.03) (Table E1, available online at http://www.
annemergmed.com).

The area under the curve analysis demonstrated that
patients randomized to tranexamic acid had a higher
28-day mean utility-weighted modified Oxford Handicap
Scale score compared with those randomized to placebo
(mean score 0.55 [SD 0.30] versus 0.53 [SD 0.31];
mean difference 0.02; 95% CI 0.01 to 0.03). Multiple
regression analysis demonstrated that tranexamic acid was
significantly associated with higher 28-day utility-weighted
modified Oxford Handicap Scale scores (coefficient
0.01; 95% CI 0.01 to 0.02) (Table E2, available online
at http://www.annemergmed.com). The results were
similar when we used different hospitalization quality
penalties (ie, 0.25 and 0.75) for days spent in the
hospital (Table E2, available online at http://www.
annemergmed.com).

The relative frequencies of the undichotomized and
dichotomized outcomes for the sliding dichotomy
analysis are presented in Figure 3, grouped by risk
stratum and treatment arm. For the dichotomized
outcome, the logistic regression model with the
interaction term for risk score and tranexamic acid fit the
Volume 74, no. 1 : July 2019
data better than the “main effects only” model, according
to the Akaike information criteria. Statistical significance
testing of the risk stratum�tranexamic acid interaction
term also demonstrated evidence of heterogeneity of
treatment effects across risk groups (P¼.04). Therefore,
for each risk group, we report separate adjusted odds
ratios (ORs) for the tranexamic acid versus placebo
effect. When each risk group was tested separately, only
the group with less than 6% baseline risk of mortality
demonstrated a statistically significant effect of
tranexamic acid for favorable outcomes (tranexamic acid
versus placebo adjusted OR 1.28, 95% CI 1.11 to 1.48).
The 6 to 20% risk group (adjusted OR 0.99, 95% CI
0.88 to 1.11), 21 to 50% risk group (adjusted OR 1.15;
95% CI 0.97 to 1.37), and the greater than 50% risk
group (adjusted OR 1.24, 95% CI 0.97 to 1.57) did not
demonstrate a statistically significant effect of tranexamic
acid for favorable outcomes. The overall proportion of
patients with favorable functional outcomes was higher
in the tranexamic acid group (5,360/6,753 [79.4%];
95% CI 78.4% to 80.3%) compared with the placebo
group (5,174/6,679 [77.5%], 95% CI 76.5% to 78.5%;
difference 1.9%, 95% CI 0.5% to 3.3%; number-
needed-to-treat¼52, 95% CI 30 to 196).

The sensitivity analysis demonstrated no evidence of
gross inaccuracies in functional outcomes scores across
sites (Table E3, available online at http://www.
annemergmed.com).
LIMITATIONS
Our results should be interpreted in the context of some

limitations. First, this was an exploratory analysis of a
previously completed clinical trial, and the results of this
study should be considered hypothesis generating rather
than confirmatory.12 However, we developed the statistical
analysis plan before receiving the data, thereby limiting the
potential for data dredging.13 Second, there may be
unknown variables associated with the outcomes of interest
that would have altered the results of our adjusted analyses.
The CRASH-2 trial was a pragmatic trial and did not
collect prognostic clinical variables requiring extensive
training such as the Injury Severity Score.14,15 However, we
included all potentially relevant clinical variables that were
collected in the CRASH-2 trial. Third, functional outcome
was measured at hospital discharge or 28 days, whichever
came first. It is possible that functional outcome measured
at a longer follow-up point (eg, 3 or 6 months after injury)
is more predictive of long-term functional outcome.
However, a previous trauma study demonstrated that the
modified Oxford Handicap Scale score measured at
Annals of Emergency Medicine 83
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TXA vs. placebo adjusted odds ra�o (AOR) for favorable outcome 1.28, 95% CI 1.11 to 1.48)
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outcome
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outcome
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Overall favorable outcome: TXA 1209/2410 (50.2%, 95% CI 48.1 to 52.2%), Placebo 1202/2391 (50.3%, 95% CI 48.2 to 52.3%),
AOR 0.99, 95% CI 0.88 to 1.11
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Overall favorable outcome: TXA 611/1171 (52.2%, 95% CI 49.3 to 55.1%), Placebo 588/1201 (49.0%, 95% CI 46.1% to 51.8%),
AOR 1.15; 95% CI 0.97 to 1.37

Tranexamic Acid 34

36 74 54 53 74 461
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>50% baseline risk

Favorable
outcome

Unfavorable
outcome
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Overall favorable outcome: TXA 238/753 (31.6%, 95% CI 28.3 to 35.1%), Placebo 217/752 (28.9%, 95% CI 25.6 to 32.2%),
AOR 1.24, 95% CI 0.97 to 1.57

Fully dependentDependent

Figure 3. Sliding dichotomy analysis comparing functional outcomes in patients receiving tranexamic acid versus placebo,
stratified by CRASH-2 prognostic score.* *Patients were classified into 4 mortality risk strata (<6%, 6% to 20%, 21% to 50%, and
>50%) based on a previously developed risk score.9 Favorable versus unfavorable outcomes were defined separately for each risk
stratum. For example, for a patient with a baseline risk of mortality stratum of less than 6%, a favorable outcome would be no
symptoms and an unfavorable one would be minor symptoms or worse. On the other hand, for a patient with a baseline risk stratum
of greater than 50%, a favorable outcome would be dependent or better and an unfavorable one would be fully dependent or death.
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hospital discharge was highly correlated with 6-month
functional outcomes.5 Fourth, in calculating the area under
the curve functional outcome, we made certain
84 Annals of Emergency Medicine
assumptions (eg, quality-of-life penalty for hospitalization)
that were based on clinical intuition but were not validated.
Fifth, it is difficult to know whether the functional
Volume 74, no. 1 : July 2019
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outcome benefit of tranexamic acid in our study is driven
only by a survival benefit. Unfortunately, conducting a
sensitivity analysis by including only survivors would be
flawed because it would bias against tranexamic acid as a
result of survivors’ likely being sicker compared with the
placebo group (survivor bias).
DISCUSSION
In this exploratory analysis of the CRASH-2 study, we

found that adult trauma patients randomized to tranexamic
acid within 3 hours of injury had better functional
outcomes compared with patients randomized to placebo.
The effect of tranexamic acid was consistent across different
analyses, including overall functional outcome (mean
utility-weighted functional outcome analysis), an estimation
of the rate of functional outcome improvement (area under
the curve analysis), and an analysis stratifying by level of
baseline mortality risk (sliding dichotomy analysis).

The overall mean difference in functional outcomes
between patients randomized to tranexamic acid compared
with those randomized to placebo was a mean utility-
weighted modified Oxford Handicap Scale score of 0.02
(95% CI 0.01 to 0.03). It is difficult to determine whether
this difference represents a clinically important one because
previous studies have used a wide range of methodological
approaches to define the minimum clinically important
difference, resulting in a wide range of values.16 With use of
a standardized instrument measuring health-related quality-
of-life, a difference of 0.02 can equate to the difference
between no pain or discomfort and moderate pain or
discomfort.17 A difference of 0.02 could also equate to the
difference between no anxiety or depression and moderate
anxiety or depression.17 Our analysis also demonstrated a
number-needed-to-treat of 52 for tranexamic acid to have
1 more patient with a favorable functional outcome.
Depending on the level of baseline risk of mortality, this
could equate to a patient’s having no symptoms versus
minor symptoms (or worse) or a patient’s having some
restriction versus dependent (or worse). Because the
number-needed-to-treat is sensitive to several factors, such
as the baseline risk, it is preferable to derive numbers
needed to treat by applying the relative risk reductions
from trials to estimates in prognosis in cohort studies
(representing the groups for whom treatment decisions are
to be made) rather than from the trials themselves.18 Given
the overall safety and cost-effectiveness of tranexamic acid
in injured adults, our results further support its use for this
population.3,19

Our study is important because it suggests that
tranexamic acid may have additional clinically important
Volume 74, no. 1 : July 2019
benefits in a broad trauma population beyond the survival
benefit as reported in the CRASH-2 trial.3 It is also
commonly thought that tranexamic acid should be reserved
for patients with the greatest risk for death or massive
transfusion.20,21 However, in our sliding dichotomy
analysis, tranexamic acid was most effective in the lowest-
risk group (<6% baseline mortality risk). In this risk group,
favorable functional outcome (defined as no symptoms)
was 3.8% higher in patients randomized to tranexamic acid
compared with placebo.

The mechanism by which tranexamic acid exerts
potential benefit on functional outcomes, however, is
unknown. It is an antifibrinolytic agent and confers benefit
in bleeding patients by reducing excessive bleeding.
Multiple previous studies in the controlled setting of
elective surgery have demonstrated a reduction in the need
and amount of blood transfusion products with tranexamic
acid use.1,22,23 A similar reduction of bleeding in severely
injured trauma patients treated with tranexamic acid may
translate to improved functional outcomes. Another
possible explanation is that even slightly less bleeding into
critical areas of the brain may result in improved functional
outcomes. Patients with less bleeding are also less prone to
complications with blood transfusions, may have shorter
lengths of hospitalization, and may require surgical
interventions less frequently.24-26 Although the CRASH-2
trial did not show a reduction of blood transfusions with
tranexamic acid use, this outcome is often difficult to
measure in trauma trials. Blood loss, which may occur in
the out-of-hospital setting or may be concealed (eg, in the
chest, abdomen, pelvis), is notoriously difficult to estimate,
leading to variability of assessing the need for blood
transfusion. In addition, survivor bias (ie, patients surviving
may need more blood transfusions or volume compared
with those who die) may also skew blood transfusion
requirements. Some authors have also suggested that
tranexamic acid may have an anti-inflammatory
mechanism, which may contribute to improved functional
outcomes of patients treated with it, including those at low
risk of mortality.20,27,28

Other studies have compared the effectiveness of
tranexamic acid versus placebo on functional outcomes.
The CRASH-2 trial demonstrated improved 28-day
survival in patients randomized to tranexamic acid
compared with placebo. In addition, there was a higher
proportion of patients with no symptoms in the
tranexamic acid group compared with the placebo group,
meaning that fewer patients had residual deficits or other
symptoms such as fatigue, headaches, or depression.
There were no differences in other functional outcome
scores.3 Two previous randomized controlled trials
Annals of Emergency Medicine 85
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compared the effectiveness of tranexamic acid with
placebo on functional outcomes in adults with traumatic
brain injuries.29,30 The CRASH-2 Intracranial Bleeding
Study evaluated dependency at 28 days in survivors
(dichotomized as dependent versus independent),29 and
a separate study evaluated the Glasgow Outcome Scale
score (dichotomized as unfavorable [death, persistent
vegetative state, or severe disability] or favorable) at
hospital discharge.30 A meta-analysis that combined these
2 studies suggested a trend toward favorable outcomes
with tranexamic acid use (relative risk for unfavorable
outcome, tranexamic acid versus placebo 0.77; 95% CI
0.59 to 1.02).31 The results of our study are consistent
with these previous studies and provide a more extensive
evaluation of the effectiveness of tranexamic acid on
functional outcomes.

In conclusion, across a number of exploratory analyses,
severely injured adult patients randomized to tranexamic
acid within 3 hours from injury had better functional
outcomes than those randomized to placebo. When
heterogeneity of treatment effects across risk groups was
evaluated, only the lowest-risk group demonstrated a
significant effect of tranexamic acid toward favorable
outcomes. Given the overall safety and cost-effectiveness of
tranexamic acid use in injured adults, our results further
support its use for this population. Future trauma trials that
evaluate tranexamic acid use should also consider
functional status as an important outcome.
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