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Abstract
Background

Each year world-wide about 65 million people sustain a mild traumatic
brain injury (mTBI). Fatigue is a common and distressing symptom
after mTBIL. We examine the effect of tranexamic acid (TXA) on fatigue
in patients with mTBI using data from the CRASH-3 trial.

Methods

The CRASH-3 trial randomised 9,202 patients with traumatic brain
injury and no significant extracranial bleeding to receive TXA or
placebo within 3 hours of injury. The primary outcome was death from
head injury within 28 days of injury. The methods and results are
presented elsewhere. Fatigue was recorded as “None”, “Moderate” or
“Extreme.” This study examines the effect of TXA on extreme fatigue in
the 2,632 patients with mTBI (Glasgow Coma Scale [GCS] score=13).
Our analyses were not prespecified.
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Results

Our study primary outcome, extreme fatigue, was reported for 10
(0.8%) of 1,328 patients receiving TXA and 19 (1.5%) of 1,288 patients
receiving placebo (risk ratio [RR]=0.51, 95% confidence interval [CI]

0.24-1.09). Death within 28 days of injury was reported for 34 (2.6%) of

1,328 patients receiving TXA versus 47 (3.6%) of 1,288 patients
receiving placebo (RR=0.70, 95% CI 0.45-1.08). Among patients
allocated to TXA, 44 (3.3%) patients either died or reported extreme
fatigue versus 66 (5.1%) patients among those allocated to placebo
(RR=0.65, 95% CI 0.44-0.94). This composite outcome is
disproportionately influenced by deaths which account for 74% (81
from 110) of events.

Conclusions

We found no evidence that tranexamic acid reduces fatigue in
patients with mTBI. Given, 1) our analyses were not prespecified, 2)
our outcome measure is not based on a validated fatigue severity
scale, and 3) TBI patients can suffer from hospital-induced delirium,
which hinders clinician assessment, these results need to be
replicated in another study.

Registration

ISRCTN (ISRCTN15088122, 19/07/2011), ClinicalTrials.gov
(NCT01402882, 26/07/2011), EudraCT (2011-003669-14, 25/07/2011),
Pan African Clinical Trial Registry (PACTR20121000441277,
30/10/2012).

Keywords
Traumatic Brain Injury, Ttranexamic Acid, Fatigue, CRASH-3 trial,
Randomised Controlled Trial, IntracranialHaemorrhage

Any reports and responses or comments on the

article can be found at the end of the article.
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1.737457) Amendments from Version 2

This new version:

1) Highlights the biological significance of our results.

2) Makes a case for assessing fatigue at hospital discharge.
3) Consolidates our last 2 paragraphs into 1.

Any further responses from the reviewers can be found at
the end of the article

Introduction
Each year, world-wide about 65 million people experience a
mild traumatic brain injury (mTBI)'. The most common causes
are falls and road traffic crashes’. With an increasing and age-
ing world population the number of people suffering mTBI is
expected to rise.

Tranexamic acid reduces bleeding by inhibiting blood clot
breakdown. The CRASH-2 trial® showed that giving tranexamic
acid within 3 hours of injury reduces deaths due to bleed-
ing in trauma patients. This raised the hope that tranexamic
acid might reduce traumatic brain injury (TBI) deaths. Intrac-
ranial bleeding is common after TBI and causes death and dis-
ability. The CRASH-3 trial* was a large randomised trial of the
effect of tranexamic acid on death and disability in patients with
TBI. The primary outcome was head injury death. The results
were published in 2019. The risk of head injury death was 12.5%
in the TXA group versus 14.0% in the placebo group (risk
ratio [RR] = 0.89, 95% confidence interval [CI] 0.80-1.00).
The reduction was greater in patients with mild and
moderate head injury (RR = 0.78, 95% CI 0.64-0.95) than in
severe head injury (RR = 0.99, 95% CI 0.91-1.07). The effect
of tranexamic acid on disability was assessed by comparing the
Disability Rating Scale (DRS)’ score in the tranexamic acid
and placebo group. The mean DRS scores were similar in the
tranexamic acid and placebo groups.

Fatigue is defined as overwhelming tiredness not relieved by
sleep or rest and is a common and distressing symptom in
patients with mTBI®. Over one third of mTBI patients have
fatigue six months after injury®. TBI related fatigue has a detri-
mental effect on patients’ quality of life’* and TBI patents who
report fatigue are at increased risk of anxiety and depression®'!.
When planning the CRASH-3 trial, we discussed the pro-
posed outcome measures with patient representatives who
specifically requested that fatigue was included as an outcome.

Intracranial bleeding appears to increase the risk of fatigue.
A recent prospective cohort study'” found that mTBI patients
with intracranial bleeding on computerised tomography (CT)
or magnetic resonance imaging (MRI) scans were significantly
more likely to experience fatigue compared to those with-
out intracranial bleeding. Early tranexamic acid treatment may
reduce intracranial bleeding in TBI patients. It therefore seems
plausible that timely tranexamic acid treatment might reduce
fatigue in mTBI patients. We examine the effect of tranexamic
acid on fatigue in mTBI patients in the CRASH-3 trial.
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Methods

The CRASH-3 trial is registered at ISRCTN (ISRCTN15088122),
ClinicalTrials.gov (NCTO01402882), EudraCT (2011-
003669-14), and the Pan African Clinical Trial Registry
(PACTR20121000441277). This article is reported in line with
the Consolidated Standards of Reporting Trials (CONSORT)
guidelines .

The background to the CRASH-3 trial, the methods, baseline
characteristics and main results were previously reported*'*".
Briefly, CRASH-3 trial participants were adults with TBI, who
had a Glasgow Coma Scale (GCS) score < 12 or any intrac-
ranial bleeding on CT scan and no significant extracranial
bleeding. Patients were recruited from 175 hospitals in 20 coun-
tries. The primary outcome was head injury related in hospi-
tal death within 28 days of injury in patients treated within 3
hours of injury. Between July 2012 and January 2019, 12,737
patients with TBI were randomly allocated to receive tranexamic
acid or placebo, of whom 9,202 patients were treated within
3 hours. This analysis focusses on the 2,632 mTBI patients
who had a GCS score of between 13 and 15 and intracranial
bleeding on CT scan who were treated within 3 hours of injury.

The trial treatment was 1g of tranexamic acid administered
intravenously over 10 minutes followed by a 1lg maintenance
dose administered intravenously over 8 hours. Patients were
allocated a treatment pack identifiable by a unique number.
These unique numbers (randomisation codes) were prepared
by an independent statistician from Sealed Envelope (UK)
Ltd. Packs were equally likely to contain tranexamic acid or
placebo. Once patients had been deemed suitable for trial
entry, and baseline details obtained, they were designated the
lowest numbered treatment pack remaining from a box of 8
packs. Each pack contained four ampoules of either 500g of
tranexamic acid or placebo (0.9% sodium chloride), a 100ml
bag of 0.9% sodium chloride (to be used for infusing the
loading dose), a syringe with needle, stickers containing the
randomisation number (to be attached to patient records, trial
forms and saline bags) and a document of instructions for
clinicians. Tranexamic acid and placebo treatment packs, labels
and ampoules were identical. Patients, clinicians and trial
coordinating centre staff were blinded to treatment allocation.
Once a patient had been designated a treatment pack, provid-
ing the ampoules contained in that pack were not broken, they
were considered to be randomised into the trial.

Fatigue was assessed by a clinician and recorded as ‘“None”,
“Moderate” or “Extreme”. Patient fatigue was recorded either
at discharge or in hospital after 28 days of injury if the patient
had not already been discharged. The statistical analysis plan'
prespecified that we would report the effect of tranexamic acid
on fatigue by estimating the risk ratio of being in the extreme
fatigue category. We considered that the extreme category of
fatigue would be less susceptible to misclassification bias and
a better measure of the disabling patient fatigue that many
mTBI patients experience.

We selected mTBI patients for this study motivated by a
recent cohort study'” which reported an association between
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intracranial findings on a CT or MRI scan and fatigue in mTBI
patients. Severely injured patients are likely to suffer the effects
of pathophysiological processes other than intracranial bleed-
ing which tranexamic acid is unlikely to affect. Deaths and
fatigue caused by these processes are likely to bias our treatment
effect estimates towards the null.

We report risk ratios and 95% confidence intervals for the effect
of early tranexamic acid treatment on extreme fatigue which is
our study primary outcome. As a secondary outcome we report
death within 28 days of injury. As an additional secondary out-
come, we report the composite outcome ‘“‘death or extreme
fatigue” to highlight the potential benefits early tranexamic
acid treatment may provide mTBI patients. This compos-
ite outcome is consistent with the International Council for
Harmonisation of Technical Requirements for Pharmaceu-
ticals for Human Use (ICH) E9 guidelines’ “Composite
strategy” for handling intercurrent events'®. Patients with missing
outcome data were excluded from our analysis. All analyses
were performed in R version 4.1.1.

Ethical approval and consent to participate

Most patients with TBI are unable to provide informed con-
sent to participate in a clinical trial due to the nature of their
injury. In the CRASH-3 trial, consent was sought from the
patient’s relative or a legal representative unless no such rep-
resentative was available, in which case the study proceeded
with the agreement of two clinicians. If the patient regained
capacity, they were told about the trial and written con-
sent was sought to continue participation. If either the patient
or their representative declined consent, participation was
stopped. If patients were included in the trial but did not regain
capacity, consent was sought from a relative or legal repre-
sentative. We adhered to the requirements of the local and
national ethics committees. The trial received a favourable
opinion by London School of Hygiene & Tropical Medicine

Subgroup
Extreme fatigue 10/ 1328 (0.8%)
Death

34/ 1328 (2.6%)

Extreme fatigue or death 44 /1328 (3.3%)
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observational/interventions research ethics committee on 17
November 2011 (LSHTM ethics ref: 6060).

Results

The CRASH-3 trial randomised 2,632 patients with a GCS
13-15 to receive tranexamic acid or placebo within 3 hours
of injury. Outcome data were collected for 2,616 patients of
whom 1,328 received tranexamic acid and 1,288 received
placebo (Figure 1). Baseline characteristics of the trial
participants are shown in Table 1.

A total of 29 (1.1%) patients had extreme fatigue and 81
(3.1%) patients died within 28 days of injury. There were
110 (4.2%) patients who either died or experienced extreme
fatigue. The mean age (standard deviation [SD]) of study par-
ticipants was 45 (20) years. The mean (SD) age of participants
with extreme fatigue was 61 (20) years. Extreme fatigue was
reported for 6 (1.0%) of 618 women and 23 (1.2%) of 1998
men. Extreme fatigue was reported for 8 (0.5%) of 1687
patients in low to middle income countries and 21 (2.3%) of
929 patients in high income countries. The effects of tranexamic
acid on extreme fatigue, death within 28 days of injury, and the
composite outcome of extreme fatigue or death are shown in
Figure 1. Extreme fatigue was reported for 10 (0.8%) out of
1,328 patients in the tranexamic acid group and 19 (1.5%)
out of 1,288 patients in the placebo group (RR=0.51, 95%
CI: 0.24-1.09). For death within 28 days of injury, 34 (2.6%)
out of 1,328 patients died in the tranexamic acid group versus
47 (3.6%) out of 1,288 patients from the placebo group (RR=0.70,
95% CI: 0.45-1.08). The risk of the composite outcome of
extreme fatigue or death was reduced by 35% in patients treated
with tranexamic acid. There were 44 (3.3%) patients with
this outcome among the 1,328 patients allocated to the tran-
examic acid group compared with 66 (5.1%) patients among the
1,288 patients allocated to the placebo group (RR=0.65, 95%
CI: 0.44-0.94). This composite outcome is disproportionately

Tranexamic acid Placebo RR 95%CI
19/1288 (1.5%) <—M——— 0.51 (0.24-1.09)
47 /1288 (3.6%) B 070 (0.45-1.08)
66 / 1288 (5.1%) . 0.65 (0.44-0.94)

[ 1
0.40 1.1

Figure 1. The effect of tranexamic acid on extreme fatigue, death within 28 days of injury and extreme fatigue or death within
28 days of injury for CRASH-3 trial participants with mild traumatic brain injury who were randomised within 3 hours of injury.

N=2616. RR=risk ratio; CI=confidence interval.
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Table 1. Baseline characteristics before
randomisation for CRASH-3 trial participants with
mild traumatic brain injury who were randomised
within 3 hours of injury. TXA=tranexamic acid;
SD=standard deviation.

TXA (N=1335) Placebo
(N=1297)
n % n %
Sex
Men 1039 77.8% 974  75.1%
Woman 296 22.2% 323 24.9%
Age at randomisation (years)
Mean (SD) 44.4 20.3 453 20.0
16-24 271 20.3% 235 18.1%
25-34 259  19.4% 236 18.2%
35-44 194 14.5% 211 16.3%
45-54 189  14.2% 195  15.0%
55+ 422 31.6% 420  32.4%
Time since injury (h)
Mean (SD) 2.0 0.7 2.0 0.7
<1 184  13.8% 199 15.3%
1-2 559  41.9% 543 41.9%
2-3 592  44.3% 555 42.8%
Systolic blood pressure (mm Hg)
0-89 11 0.8% 7 0.5%
90-119 408  30.6% 394 30.4%
120-139 492  36.9% 488  37.7%
140+ 421 31.5% 405 31.2%
Unknown 3 0.2% 3 0.2%
Glasgow Coma Scale score
13 297  22.2% 312 24.0%
14 526  39.4% 458 35.3%
15 484 36.3% 492  38.0%
Unknown 28 2.1% 35 2.7%
Pupil reaction
Both React 1288  96.5% 1249 96.3%
One Reacts 33 2.5% 28 2.2%
None React 4 0.3% 3 0.2%
Unable to assess 10 0.7% 17 1.3%

influenced by deaths which account for 74% (81 from 110) of
events. Excluding the 63 patients with a missing GCS score
from our analysis left these effect estimates and confidence
intervals (Figure 2) almost entirely unchanged.

Wellcome Open Research 2024, 6:346 Last updated: 04 NOV 2024

Discussion

Our study found no evidence that tranexamic acid reduced
fatigue in patients with mTBI. Our analysis was not pre-
specified, the precision of the estimates was low and our
outcome measure is not based on a validated fatigue scale. In
addition, TBI patients are prone to hospital-induced delirium
which will hinder clinician assessment of fatigue. A larger
trial is needed to test the hypothesis that early tranexamic
acid treatment reduces fatigue in mTBI patients.

Ours is the first trial to examine the effect of tranexamic acid
on fatigue in mild TBI patients. The study was randomised
and placebo controlled with a large sample size and mini-
mal loss to follow up. However, our study has important
limitations. Although we planned to examine the impact of
TXA treatment on extreme fatigue, the focus on mild TBI
was not pre-specified but stimulated by the observation from
the CRASH-3 intracranial bleeding mechanistic study'’ that
patients with less severe TBI may have less intracranial bleed-
ing at baseline and so there is more potential to prevent
bleeding. Patients with more severe TBI either have exten-
sive intracranial bleeding at baseline or other intracranial
pathologies that are not affected by TXA. On the other hand,
because clinicians underestimated time to treatment'® some mild
TBI patients may have been treated beyond 3 hours of injury
with reduced potential to prevent bleeding. Inaccuracy in time
to treatment may have biased the estimated treatment effects
of tranexamic acid towards the null. The CRASH-3 trial
assessed fatigue via a three-point scale which hasn’t been
validated. We acknowledge this is a significant limitation
with our study. Ideally, fatigue would be measured using a
validated scoring system such as the 9 item Fatigue Severity
Scale (FSS). Other studies have found that around 30% of all
mTBI patients experience fatigue'>'">. We cannot rule out
clinicians underreporting extreme fatigue. However, this mis-
classification of our outcome variable would be expected to
bias our results towards the null. Our study primary outcome
extreme fatigue is measured at a single timepoint. Although
patients in the CRASH-3 trial were only followed to hospital
discharge, early fatigue has been shown to predict more
long term post-concussive symptoms®. This measure is an
imperfect proxy for the disabling long-term fatigue many
mTBI patients experience. Some patients with our outcome
will eventually recover while others without the outcome will
later experience fatigue.

Intracranial bleeding in mTBI patients is associated with an
increased risk of fatigue. Saksvik'? used data from the Trond-
heim mild traumatic brain injury [mTBI] follow-up study to
compare fatigue in patients with complicated (intracranial find-
ings on a CT or MRI scan) and uncomplicated mTBI. Fatigue
was assessed using the FSS questionnaire'**. Patients were
monitored for fatigue at 2 weeks, 3 months and 12 months.
The percentage of patients with fatigue was higher at every
time point for the complicated mTBI group compared to
the uncomplicated group. Although the association may be
confounded by injury severity, in the light of our results,
the possibility that intracranial bleeding is causally related to
fatigue and might be prevented by TXA treatment deserves
further consideration.
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Subgroup Tranexamic acid Placebo RR 95%CI

Extreme fatigue 10/1300 (0.8%) 19/1253 (1.5%) <—1Ii 0.51 (0.24-1.09)
Death 34 /1300 (2.6%) 47 /1253 (3.8%) - 0.70 (0.45-1.08)
Extreme fatigue or death 44 /1300 (3.4%) 66/ 1253 (5.3%) . 0.64 (0.44-0.93)

| |
0.40 1.1

Figure 2. The effect of tranexamic acid on extreme fatigue, death within 28 days of injury and extreme fatigue or death within
28 days of injury for CRASH-3 trial participants with mild traumatic brain injury excluding patients with a missing GCS score
who were randomised within 3 hours of injury. N=2553. RR=risk ratio; CI=confidence interval.

The pathophysiology of fatigue after mild TBI is uncertain™.
Central fatigue after mild TBI may be associated with lesions
to specific brain structures, particularly those in the limbic
system involved in attention, concentration and executive
function”. It is hypothesised that deficits in these processes
are interpreted as mental fatigue. For example, Vanier at al
recently showed that asymmetry of limbic system structures
after mild TBI is associated with the persistence of cognitive
symptoms”. However, if it is proven that tranexamic
reduces fatigue after mild TBI this would suggest a role for
inflammation and there are some small cohort studies that
show increased levels of pro-inflammatory cytokines in
patients with severe fatigue after haemorrhagic stroke”.

Tranexamic acid substantially reduces blood loss in surgery”’.
The CRASH-2 trial’ showed that prompt tranexamic acid
treatment reduces death due to bleeding in trauma patients.
The CRASH-3 trial showed that early treatment with
tranexamic acid is safe and reduces head injury deaths in mild
and moderately injured TBI patients, potentially by reduc-
ing intracranial bleeding®. We were unable to demonstrate
that tranexamic acid prevents fatigue in mTBI patients. Fur-
ther randomised controlled trials investigating the effect of
early tranexamic acid treatment on disability and death in
mTBI patients are needed.

Data availability

Underlying data

Individual de-identified patient data from the CRASH-3 trial
is available from the The Free Bank of Injury and Emergency
Research Data (freeBIRD) website: https:/freebird.Ishtm.ac.uk/.

LSHTM CTU regulations require an account to be created
before data can be accessed. Our registration process only
requires an email address and takes less than five minutes.

Extended data
The CRASH-3 trial protocol is available at https://freebird.Ishtm.
ac.uk/.

The protocol includes the information patients were given
before trial enrolment and also the patient consent form.

Reporting guidelines

Zenodo: CONSORT checklist for ‘Effect of early tranexamic
acid treatment on fatigue in patients with mild traumatic
brain injury: data from the CRASH-3 clinical trial.” https://doi.
org/10.5281/zenodo.5730383 1.

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).

Acknowledgements

The CRASH-3 trial collaborators

Writing Committee—Prof lan Roberts and Prof Haleema Shakur-
Still (co-chairs), Amy Aeron-Thomas, Prof Antonio Belli, Amy
Brenner, Prof Muhammad Anwar Chaudary, Prof Rizwana
Chaudhri, Sabariah Faizah Bt Jamaluddin, Lauren Frimley,
Kiran Javaid, Prof Rashid Jooma, Aasia Kayani, Caroline Leech,
Prof Khalid Mahmood, Raoul Mansukhani, Julina Md Noor, Jorge
Mejia-Mantilla, Phil Moss, Jason Pott, Prof Peter Sandercock,
Prof Temitayo Shokunbi, and Liliana Vallecilla. Trial Steering
Committee—Peter ~ Sandercock (Chair), Henry Benjamin
Hartzenberg, Manjul Joshipura (2011-16), Amy Aeron-Thomas
(patient representative [trial steering committee]; advocacy and

Page 7 of 18


https://freebird.lshtm.ac.uk/i
https://protect-us.mimecast.com/s/8lGACo2vOqfDqxz1Riztp9f?domain=freebird.lshtm.ac.uk/
https://protect-us.mimecast.com/s/8lGACo2vOqfDqxz1Riztp9f?domain=freebird.lshtm.ac.uk/
https://doi.org/10.5281/zenodo.5730383
https://doi.org/10.5281/zenodo.5730383
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

justice manager, RoadPeace), Ian Roberts, Pablo Perel,
and Haleema Shakur-Still. Data Monitoring and Ethics
Committee—Michael J Clarke (chair), Samuel C Ohaegbulam,
Anthony Rodgers, and Tony Brady (independent statistician).
Protocol Committee—Ian Roberts, Haleema Shakur-Still,
Yashbir Dewan, Phil Edwards, Edward O Komolafe, Jorge
Mejia-Mantilla, and Pablo Perel. Clinical Trials Unit (CTU)—
Monica Arribas (trial manager and research assistant), Emma
Austin (assistant trial manager), Eni Balogun (trial manager),
Lin Barneston (data manager 2011-12), Collette Barrow (trial
administrator), Danielle Beaumont (senior trial manager and
research fellow), Myriam Benyahia (CTU administrator),
Amy Brenner (research fellow), Imogen Brooks (trial assistant
2016-18), Madeleine Cargill (data assistant), Laura Carrington
(assistant trial administrator), Lisa Cook (assistant trial manager
2011), Beatrice Cornu-Hewitt (trial assistant), Phil Edwards
(statistician 2011-16), Lauren Frimley (trial manager and research
assistant), Amber Geer (assistant data manager), Daniel Gilbert
(data assistant 2012-13), Catherine Gilliam (trial administrator),
Julio Gil-Onandia (trial assistant), Daniel Hetherington
(trial assistant 2012-13), Courtenay Howe (CTU administrator
2015-17), Carolyn Hughes (data assistant 2016-17), David
I’anson (assistant trial manager 2016-17), Rob Jackson (data
manager 2012-14), Miland Joshi (statistician 2016-17), Sneha
Kansagra (assistant trial manager 2016-18), Taemi Kawahara
(senior trial manager 2011-15), Katharine Ker (lecturer), Sergey
Kostrov (systems officer), Abda Mahmood (PhD candidate), Raoul
Mansukhani (medical statistician), Hakim Miah (IT systems
manager), Bernard Ndungu (assistant trial manager 2016-17),
Kelly Needham (medical statistician), Cecilia Okusi (data
assistant 2014), Aroudra Outtandy (trial assistant 2013-15), Raul
Pardinaz-Solis (assistant trial manager 2012-13), Daniel Pearson
(data assistant), Tracey Pepple (acting senior data manager),

References

Wellcome Open Research 2024, 6:346 Last updated: 04 NOV 2024

Claude Pisani (assistant trial manager 2013), Jason Pott (lead
UK research nurse 2018), David Prieto-Merino (statistician
2012-15), Danielle Prowse (assistant data manager), Nigel
Quashi (data manager 2013-16), Anna Quinn (data assistant
2013-15), Maria Ramos (senior project administrator
2011-15), Mia Reid (clerical assistant 2016-18), Ian Roberts
(chief investigator and CTU co-director), Chris Roukas (trial
administrator 2013-15), Giulia Scrapa (assistant trial manager
2018), Haleema Shakur-Still (project director and CTU
co-director), Chelci Squires (trial assistant 2014-16), Jemma
Tanner (clinical trials associate 2013-16), Andrew Thayne (data
assistant), Lesley Vidaurre (assistant trial manager 2012), and
Elizabeth Woods (assistant trial manager 2012-15). Nigeria
Coordinating Team—Bukola Fawole (coordinating centre
director), Olusade Adetayo (assistant trial coordinator), Olujide
Okunade (assistant trial coordinator), and Temitayo Shokunbi
(clinical lead). Pakistan Coordinating Team—Rizwana Chaudhri
(coordinating centre director), Kiran Javaid (assistant research
coordinator), Rashid Jooma (clinical lead), and Aasia Kayani
(research  coordinator).  National = Coordinators—Rizwana
Chaudhri (Pakistan), Rashid Jooma (Pakistan), Sabariah Faizah
Bt Jamaluddin (Malaysia), Julina Md Noor (national coordinators
assistant, Malaysia), Tamar Gogichaishvili (Georgia), Maria de
los Angeles Munoz-Sanchez (Spain), Bukola Fawole (Nigeria),
Temitayo Shokunbi (Nigeria), Jorge Mejia-Mantilla (Colombia),
Liliana Vallecilla (Colombia), Fatos Olldashi (Albania),
Satish Krishnan (United Arab Emirates), Vincent Djientcheu
(Cameroon), Jorge Loria Castellanos (Mexico), Frank Rasulo
(Italy), Qadamkhear Hama (Iraq), Yakub Mulla (Zambia),
Prof Ioan Stefan Florian (Romania), Juan Tobar (El Salvador),
Hussein Khamis (Egypt), Conor Deasy (Ireland), Bobby
Wellsh (Papua New Guinea), Jean Williams-Johnson (Jamaica),
Susilo Chandra (Indonesia), and Vincent Mutiso (Kenya).

1. Dewan MC, Rattani A, Gupta S, et al.: Estimating the global incidence of
Traumatic Brain Injury. / Neurosurg. 2019; 130(4): 1080-1097.
PubMed Abstract | Publisher Full Text

2. GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators, James
SL, Theadom A, et al.: Global, regional, and national burden of Traumatic
Brain Injury and Spinal Cord Injury, 1990-2016: a systematic analysis for
the Global Burden of Disease study 2016. Lancet Neurol. 2019; 18(1): 56-87.
PubMed Abstract | Publisher Full Text | Free Full Text

3. CRASH-2 trial collaborators, Shakur H, Roberts I, et al.: Effects of tranexamic
acid on death, vascular occlusive events, and blood transfusion in trauma
patients with significant haemorrhage (CRASH-2): a randomised, placebo-
controlled trial. Lancet. 2010; 376(9734): 23-32.

PubMed Abstract | Publisher Full Text

4. 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(10210): 1713-1723.

PubMed Abstract | Publisher Full Text | Free Full Text

5. Rappaport M, Hall KM, Hopkins K, et al.: Disability rating scale for severe
head trauma: coma to community. Arch Phys Med Rehabil. 1982; 63(3):
118-123.

PubMed Abstract

6. Norrie J, Heitger M, Leathem J, et al.: Mild Traumatic Brain Injury and fatigue:
a prospective longitudinal study. Brain Inj. 2010; 24(13-14): 1528-1538.
PubMed Abstract | Publisher Full Text

7. Ziino C, Ponsford J: Measurement and prediction of subjective fatigue
following Traumatic Brain Injury. / Int Neuropsychol Soc. 2005; 11(4): 416-425.
PubMed Abstract | Publisher Full Text

8. Cantor JB, Ashman T, Gordon W, et al.: Fatigue after Traumatic Brain Injury
and its impact on participation and quality of life. / Head Trauma Rehabil.
2008; 23(1): 41-51.
PubMed Abstract | Publisher Full Text

9. Kreutzer JS, Seel RT, Gourley E: The prevalence and symptom rates of
depression after Traumatic Brain Injury: a comprehensive examination.
Brain Inj. 2001; 15(7): 563-576.
PubMed Abstract | Publisher Full Text

10.  Zasler N, Katz D, Zafonte RD: Brain injury medicine: principles and practice.
Demos, 2007.
Reference Source

11.  Olver JH, Ponsford JL, Curran CA: Outcome following Traumatic Brain Injury:
a comparison between 2 and 5 years after injury. Brain Inj. 1996; 10(11):
841-848.

PubMed Abstract | Publisher Full Text

12.  Saksvik SB, Karaliute M, Kallestad H, et al.: The prevalence and stability of
Sleep-Wake Disturbance and fatigue throughout the first year after Mild
Traumatic Brain Injury. / Neurotrauma. 2020; 37(23): 2528-2541.

PubMed Abstract | Publisher Full Text | Free Full Text

13.  Mansukhani R: Effect of early tranexamic acid treatment on fatigue in
patients with Mild Traumatic Brain Injury: data from the CRASH-3 clinical
trial. 2021.
http://www.doi.org/10.5281/zenodo0.5730383

14.  CRASH-3 trial protocol.

Reference Source

15. Roberts, Belli A, Brenner A, et al.: Tranexamic acid for significant
Traumatic Brain Injury (The CRASH-3 trial): Statistical analysis plan for an
international, randomised, double-blind, placebo-controlled trial [version

Page 8 of 18


http://www.ncbi.nlm.nih.gov/pubmed/29701556
http://dx.doi.org/10.3171/2017.10.JNS17352
http://www.ncbi.nlm.nih.gov/pubmed/30497965
http://dx.doi.org/10.1016/S1474-4422(18)30415-0
http://www.ncbi.nlm.nih.gov/pmc/articles/6291456
http://www.ncbi.nlm.nih.gov/pubmed/20554319
http://dx.doi.org/10.1016/S0140-6736(10)60835-5
http://www.ncbi.nlm.nih.gov/pubmed/31623894
http://dx.doi.org/10.1016/S0140-6736(19)32233-0
http://www.ncbi.nlm.nih.gov/pmc/articles/6853170
http://www.ncbi.nlm.nih.gov/pubmed/7073452
http://www.ncbi.nlm.nih.gov/pubmed/21058899
http://dx.doi.org/10.3109/02699052.2010.531687
http://www.ncbi.nlm.nih.gov/pubmed/16209422
http://dx.doi.org/10.1017/s1355617705050472
http://www.ncbi.nlm.nih.gov/pubmed/18219234
http://dx.doi.org/10.1097/01.HTR.0000308720.70288.af
http://www.ncbi.nlm.nih.gov/pubmed/11429086
http://dx.doi.org/10.1080/02699050010009108
https://books.google.co.in/books/about/Brain_Injury_Medicine.html?id=yplFkKimNcYC&redir_esc=y
http://www.ncbi.nlm.nih.gov/pubmed/8905161
http://dx.doi.org/10.1080/026990596123945
http://www.ncbi.nlm.nih.gov/pubmed/32460623
http://dx.doi.org/10.1089/neu.2019.6898
http://www.ncbi.nlm.nih.gov/pmc/articles/7698981
http://www.doi.org/10.5281/zenodo.5730383
https://crash3.lshtm.ac.uk/resources-for-collaborators/protocol-v2-2-english/

20.

21.

22.

2; peer review: 3 approved, 1 approved with reservations]. Wellcome Open
Res. 2018; 3: 86.
PubMed Abstract | Publisher Full Text | Free Full Text

Kahan BC, Hindley J, Edwards M, et al.: The estimands framework: a primer
on the ICH E9(R1) addendum. BM)/. 2024; 384: e076316.
PubMed Abstract | Publisher Full Text | Free Full Text

CRASH-3 Intracranial Bleeding Mechanistic Study Collaborators: Tranexamic
acid in Traumatic Brain Injury: an explanatory study nested within the
CRASH-3 trial. Eur / Trauma Emerg Surg. 2021; 47(1): 261-268.

PubMed Abstract | Publisher Full Text | Free Full Text

Mansukhani R, Frimley L, Shakur-Still H, et al.: Accuracy of time to treatment
estimates in the CRASH-3 clinical trial: impact on the trial results. Trials.
2020; 21(1): 681.

PubMed Abstract | Publisher Full Text | Free Full Text

Krupp LB, LaRocca NG, Muir-Nash J, et al.: The fatigue severity scale.
Application to patients with multiple sclerosis and systemic lupus
erythematosus. Arch Neurol. 1989; 46(10): 1121-3.

PubMed Abstract | Publisher Full Text

Mollayeva T, Kendzerska T, Mollayeva S, et al.: A systematic review of fatigue
in patients with Traumatic Brain Injury: the course, predictors and
consequences. Neurosci Biobehav Rev. 2014; 47: 684-716.

PubMed Abstract | Publisher Full Text

Middelboe T, Andersen HS, Birket-Smith M, et al.: Minor Head Injury: impact
on general health after 1 year. A prospective follow-up study. Acta Neuro/
Scand. 1992; 85(1): 5-9.

PubMed Abstract | Publisher Full Text

Masson F, Maurette P, Salmi LR, et al.: Prevalence of impairments 5 years

23.

24,

25.

26.

27.

28.

Wellcome Open Research 2024, 6:346 Last updated: 04 NOV 2024

after a Head Injury, and their relationship with disabilities and outcome.
Brain Inj. 1996; 10(7): 487-497.

PubMed Abstract | Publisher Full Text

Lerdal A, Wahl AK, Rustgen T, et al.: Fatigue in the general population: a
translation and test of the psychometric properties of the Norwegian
version of the Fatigue Severity Scale. Scand / Public Health. 2005; 33(2):
123-130.

PubMed Abstract | Publisher Full Text

Juérez-Belaiinde A, Orcajo E, Lejarreta S, et al.: Fatigue in patients with
acquired brain damage. Neurologia (Engl Ed). 2024; 39(2): 178-89.
PubMed Abstract | Publisher Full Text

Vanier C, Santhanam P, Rochester N, et al.: Symptom persistence relates to
volume and asymmetry of the limbic system after mild Traumatic Brain
Injury. J Clin Med. 2024; 13(17): 5154.

PubMed Abstract | Publisher Full Text | Free Full Text

Wen H, Weymann KB, Wood L, et al.: Inflammatory signaling in Post-Stroke
Fatigue and depression. Eur Neurol. 2018; 80(3-4): 138-48.
PubMed Abstract | Publisher Full Text

Henry DA, Carless PA, Moxey A, et al.: Anti-fibrinolytic use for minimising
perioperative allogeneic blood transfusion. In: Cochrane Database Syst Rev.
(ed. The Cochrane Collaboration) CD001886.pub2, John Wiley & Sons, Ltd, 2007;
(4): CD001886.

PubMed Abstract | Publisher Full Text

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. 2020; 24(1): 560.

PubMed Abstract | Publisher Full Text | Free Full Text

Page 9 of 18


http://www.ncbi.nlm.nih.gov/pubmed/30175246
http://dx.doi.org/10.12688/wellcomeopenres.14700.2
http://www.ncbi.nlm.nih.gov/pmc/articles/6081978
http://www.ncbi.nlm.nih.gov/pubmed/38262663
http://dx.doi.org/10.1136/bmj-2023-076316
http://www.ncbi.nlm.nih.gov/pmc/articles/10802140
http://www.ncbi.nlm.nih.gov/pubmed/32076783
http://dx.doi.org/10.1007/s00068-020-01316-1
http://www.ncbi.nlm.nih.gov/pmc/articles/7851008
http://www.ncbi.nlm.nih.gov/pubmed/32711551
http://dx.doi.org/10.1186/s13063-020-04623-5
http://www.ncbi.nlm.nih.gov/pmc/articles/7382791
http://www.ncbi.nlm.nih.gov/pubmed/2803071
http://dx.doi.org/10.1001/archneur.1989.00520460115022
http://www.ncbi.nlm.nih.gov/pubmed/25451201
http://dx.doi.org/10.1016/j.neubiorev.2014.10.024
http://www.ncbi.nlm.nih.gov/pubmed/1546534
http://dx.doi.org/10.1111/j.1600-0404.1992.tb03987.x
http://www.ncbi.nlm.nih.gov/pubmed/8806009
http://dx.doi.org/10.1080/026990596124205
http://www.ncbi.nlm.nih.gov/pubmed/15823973
http://dx.doi.org/10.1080/14034940410028406
http://www.ncbi.nlm.nih.gov/pubmed/38278413
http://dx.doi.org/10.1016/j.nrleng.2024.01.008
http://www.ncbi.nlm.nih.gov/pubmed/39274367
http://dx.doi.org/10.3390/jcm13175154
http://www.ncbi.nlm.nih.gov/pmc/articles/11396354
http://www.ncbi.nlm.nih.gov/pubmed/30448848
http://dx.doi.org/10.1159/000494988
http://www.ncbi.nlm.nih.gov/pubmed/17943760
http://dx.doi.org/10.1002/14651858.CD001886.pub2
http://www.ncbi.nlm.nih.gov/pubmed/33172504
http://dx.doi.org/10.1186/s13054-020-03243-4
http://www.ncbi.nlm.nih.gov/pmc/articles/7657351

Wellcome Open Research Wellcome Open Research 2024, 6:346 Last updated: 04 NOV 2024

Open Peer Review

Current Peer Review Status: ¥ X

Reviewer Report 04 November 2024

https://doi.org/10.21956/wellcomeopenres.25699.r108273

© 2024 Menditto V. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

+  Vincenzo Menditto
Azienda Ospedaliero Universitaria delle Marche, Ancona, Italy

I think that the authors have addressed the concerns I raised in my peer review report
appropriately.

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Emergency and internal medicine. Mild traumatic brain injury. Pulmonary
embolism. Anticoagulant therapy.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 15 October 2024

https://doi.org/10.21956/wellcomeopenres.25368.r102425

© 2024 Menditto V. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

? Vincenzo Menditto
Azienda Ospedaliero Universitaria delle Marche, Ancona, Italy

This study examined the effect of early TXA on fatigue and death in patients with a mild traumatic
brain and any intracranial bleeding on the CT scan during the CRASH-3 Trial. This focus was not
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pre specified. The authors didn't use a validated fatigue scale and this outcome was assessed
either at discharge or in hospital after 28 days of injury if the patient had not already been
discharged. Extreme fatigue or death was reported in 3.3% of TXA treated patients vs 5.1% in the
placebo group, but this composite outcome is disproportionately influenced by deaths.

The conclusions are drawn adequately supported by the results and discussed citing the current
literature. However, the major concern is the biological significance of the results. I suggest to add
in the discussion some sentences about the biological background of the findings the authors
found in this work. Moreover, the authors should explain why they choose a so early outcome's
timing. So, pertinent articles would be cited, almost the following article:

Vanier C, Santhanam P, Rochester N, Carter L, Lim M, Kilani A, Venkatesh S, Azad S, Knoblauch T,
Surti T, Brown C, Sanchez JR, Ma L, Parikh S, Germin L, Fazzini E, Snyder TH. Symptom Persistence
Relates to Volume and Asymmetry of the Limbic System after Mild Traumatic Brain Injury. J Clin
Med. 2024 Aug 30;13(17):5154. doi: 10.3390/jcm13175154. PMID: 39274367; PMCID:
PMC11396354.

I suggest checking at page 7 the following: “Tranexamic acid substantially reduces blood loss in
surgery. The CRASH-2 trial3 showed that prompt tranexamic acid treatment reduces death due to
bleeding in trauma patients. The CRASH-3 trial showed that early treatment with tranexamic acid
reduces head injury deaths in mild and moderately injured TBI patients, potentially by reducing
intracranial bleeding.

Previous studies have shown that tranexamic acid is safe and reduces head injury-related deaths
in TBI patients if given within 3 hours of injury.”

Perhaps, they didn’t add a lot to the text.

No other comments.

References

1. Cheryl Vanier, Priya Santhanam, Nicholas Rochester, Lauren Carter, Mike Lim, Amir Kilani,
Shivani Venkatesh, Sherwin Azad, Thomas Knoblauch, Tapasya Surti, Colin Brown, Justin Roy
Sanchez, Leon Ma, Shaunaq Parikh, Leo Germin, Enrico Fazzini, Travis H Snyder: Symptom
Persistence Relates to Volume and Asymmetry of the Limbic System after Mild Traumatic Brain
Injury. Publisher Full Text

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
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Yes

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Emergency and internal medicine. Mild traumatic brain injury. Pulmonary
embolism. Anticoagulant therapy.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Raoul Mansukhani

Dear Dr Menditto Thank you for reviewing our article. We have made the following changes
guided by your comments:

"However, the major concern is the biological significance of the results. I suggest to add in
the discussion some sentences about the biological background of the findings the authors
found in this work. Moreover, the authors should explain why they choose a so early
outcome's timing. So, pertinent articles would be cited, almost the following article:

Vanier C, Santhanam P, Rochester N, Carter L, Lim M, Kilani A, Venkatesh S, Azad S,
Knoblauch T, Surti T, Brown C, Sanchez JR, Ma L, Parikh S, Germin L, Fazzini E, Snyder TH.
Symptom Persistence Relates to Volume and Asymmetry of the Limbic System after Mild
Traumatic Brain Injury. J Clin Med. 2024 Aug 30;13(17):5154. doi: 10.3390/jcm13175154.
PMID: 39274367; PMCID: PMC11396354."

Response: We have added the following to the discussion:

The pathophysiology of fatigue after mild TBI is uncertain. Central fatigue after mild TBI
may be associated with lesions to specific brain structures, particularly those in the limbic
system involved in attention, concentration and executive function. It is hypothesised that
deficits in these processes are interpreted as mental fatigue. For example, Vanier at al
recently showed that asymmetry of limbic system structures after mild TBI is associated
with the persistence of cognitive symptoms. However, if it is proven that tranexamic
reduces fatigue after mild TBI this would suggest a role for inflammation and there are
some small cohort studies that show increased levels of pro-inflammatory cytokines in
patients with severe fatigue after haemorrhagic stroke. We have also added the sentence:
Although patients in the CRASH-3 trial were only followed to hospital discharge, early
fatigue has been shown to predict more long term post-concussive symptoms. Note the
next two sentances in our discussion highlight limitations in our outcome measure.

"I suggest checking at page 7 the following: “Tranexamic acid substantially reduces blood
loss in surgery. The CRASH-2 trial showed that prompt tranexamic acid treatment reduces
death due to bleeding in trauma patients. The CRASH-3 trial showed that early treatment
with tranexamic acid reduces head injury deaths in mild and moderately injured TBI
patients, potentially by reducing intracranial bleeding.
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Previous studies have shown that tranexamic acid is safe and reduces head injury-related
deaths in TBI patients if given within 3 hours of injury.”

Response: We have consolidate our last two paragraphs into one which now reads:
"Tranexamic acid substantially reduces blood loss in surgery. The CRASH-2 trial showed that
prompt tranexamic acid treatment reduces death due to bleeding in trauma patients. The
CRASH-3 trial showed that early treatment with tranexamic acid is safe and reduces head
injury deaths in mild and moderately injured TBI patients, potentially by reducing
intracranial bleeding. We were unable to demonstrate that tranexamic acid prevents fatigue
in mTBI patients. Further randomised controlled trials investigating the effect of early
tranexamic acid treatment on disability and death in mTBI patients are needed." Would you
be able to appove our article?

Yours sincerely

Raoul Mansukhani

Research fellow in medical statistic

Competing Interests: No competing interests were disclosed.

Reviewer Report 12 August 2024

https://doi.org/10.21956/wellcomeopenres.19261.r86356

© 2024 Fritz C. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

X

Christie Fritz
Harvard Medical School, Boston, Massachusetts, USA

Thank you for the opportunity to review “Effect of early tranexamic acid treatment on fatigue in
patients with mild traumatic brain injury: data from the CRASH-3 clinical trial”. The authors present
an original submission in which they evaluated the effect of TXA in TBI patients on fatigue and
death.

The research behind TXA and fatigue as a surrogate for disability in significant head injuries has
not been completely studied and this study attempts to utilize the existing CRASH 3 data and
perform a subgroup analysis.

General comments:

I suggest the authors define mTBI in their introduction.
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This study has a few significant issues that are concerning:

o Qutcome measure: fatigue was assessed only by the clinician so isn't the patient centered
outcome that we may necessarily hope for. Also, fatigue was measured either at hospital
discharge (not as useful, since the hospital is a difficult place to measure fatigue at
discharge), or at 28 days after injury while still inpatient. Hospital delirium would appear to
be a significant factor in this, and I'm concerned this is not as useful a marker/outcome,
especially as a patient centered marker.

o They posit that severely injured patients are more likely to suffer effects from blood and
would be less likely to benefit from TXA, but do not supply adequate references to make this
assertion.

> T have significant issues with the “composite outcome” of extreme fatigue or death. The
authors didn’t seem to get the results they were looking for with “Extreme fatigue” (only
1.1% of patients, most studies they say cite around 30%) in the GCS greater than or equal to
13 group so they added in death as an endpoint. There are more (34) patients with death as
an outcome than extreme fatigue (10) in the treatment arm and I'm concerned that it is the
significance of death, not fatigue that are driving these outcomes, since either alone is not
significant. These seem to be disparate outcomes that shouldn't be logically grouped
together.

> I'd also say that their discussion “suggesting” that TXA may reduce the risk of extreme
fatigue is not borne out. Their CI crosses 1 and is not statistically significant in either of
their analyses. I was also surprised that their first table, which they note were for patients
with GCS of 13 or greater included those with no GCS recorded, which is not well explained.

o They also state “crash 3 trial showed that early treatment with TXA reduces head injury
deaths in TBI patients, almost certainly by reducing intracranial bleeding” which may be an
overstatement of the conclusions of that paper.

My biggest concern is their “composite outcome” of death or extreme fatigue.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes
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Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: EMS, Emergency Medicine, Protocol Development

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to state that I do not consider it to be of an acceptable scientific standard, for
reasons outlined above.

Raoul Mansukhani

Dear Dr Fritz,

Thank you for your comments which we have used to improve our article. When we were
developing the CRASH-3 trial protocol we asked patient groups for their input. Their main
suggestion was that we conduct an analysis of the impact of the trial treatment on fatigue
because extreme fatigue is the symptom that patients find particularly troubling. We do not
want to make any claim that is not supported by the data but we do feel an obligation to
publish the results as promised. We accept that we may have overstated the potential of
TXA to reduce this outcome.

Please see below for our responses:

Comment 1: Outcome measure: fatigue was assessed only by the clinician so isn't the
patient centered outcome that we may necessarily hope for. Also, fatigue was measured
either at hospital discharge (not as useful, since the hospital is a difficult place to measure
fatigue at discharge), or at 28 days after injury while still inpatient. Hospital delirium would
appear to be a significant factor in this, and I'm concerned this is not as useful a
marker/outcome, especially as a patient centered marker.

Response: We've changed the abstract conclusions to read: Given, 1) our analyses were
not prespecified, 2) our outcome measure is not based on a validated fatigue severity scale,
and 3) TBI patients can suffer from hospital-induced delirium, which hinders clinician
assessment, these results need to be replicated in another study. We have added the
following to the discussion: Our analysis was not prespecified, the precision of the estimates
was low and our outcome measure is not based on a validated fatigue scale. In addition, TBI
patients are prone to hospital-induced delirium which will hinder clinician assessment of
fatigue. A larger trial is needed to test the hypothesis that early tranexamic acid treatment
reduces fatigue in mTBI patients. ...... The CRASH-3 trial assessed fatigue via a three-point
scale which hasn't been validated. We acknowledge this is a significant limitation with our
study. Ideally, fatigue would be measured using a validated scoring system such as the 9
item Fatigue Severity Scale (FSS). We have removed the next sentence: However, studies
that use more elaborate scoring systems with long questionnaires tend to have fewer
participants and this would increase random error. Misclassification of an outcome variable
usually biases towards the null.
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Comment 2: They posit that severely injured patients are more likely to suffer effects from
blood and would be less likely to benefit from TXA, but do not supply adequate references
to make this assertion.

Response: In the discussion we have changed the sentence in the discussion: Although we
planned to examine the impact of TXA treatment on extreme fatigue, the focus on mild TBI
was not pre-specified but stimulated by the observation from the CRASH-3 intracranial
bleeding mechanistic study'” that patients with less severe TBI may have less intracranial
bleeding at baseline and so there is more potential to prevent bleeding.

Comment 3: I have significant issues with the “composite outcome” of extreme fatigue or
death. The authors didn't seem to get the results they were looking for with “Extreme
fatigue” (only 1.1% of patients, most studies they say cite around 30%) in the GCS greater
than or equal to 13 group so they added in death as an endpoint. There are more (34)
patients with death as an outcome than extreme fatigue (10) in the treatment arm and I'm
concerned that it is the significance of death, not fatigue that are driving these outcomes,
since either alone is not significant. These seem to be disparate outcomes that shouldn't be
logically grouped together.

Response: We have added the following to our methods: This composite outcome is
consistent with the International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH) E9 guidelines’ "Composite strategy" for handling
intercurrent events. We have added the following sentence to the results section of the
abstract: This composite outcome is disproportionately influenced by deaths which account
for 74% (81 from 110) of events. We added the following sentence to the results section:
This composite outcome is disproportionately influenced by deaths which account for 74 %
(81 from 110) of events. We have also changed the conclusions of our study based on
extreme fatigue alone rather the composite outcome of extreme fatigue and death. (See
our response to comment 4 below)

Comment 4: I'd also say that their discussion “suggesting” that TXA may reduce the risk of
extreme fatigue is not borne out. Their CI crosses 1 and is not statistically significant in
either of their analyses. I was also surprised that their first table, which they note were for
patients with GCS of 13 or greater included those with no GCS recorded, which is not well
explained. Response: We have changed the abstract conclusions to read: We found no
evidence that tranexamic acid reduces fatigue in patients with mTBIL. We changed the first
sentence in our discussion to read:

Our study found no evidence that tranexamic acid reduced fatigue in patients with mTBI.
We replaced the sentence: The results of this study suggest that promptly treating mTBI
patients with tranexamic acid may reduce risk of fatigue. With We were unable to
demonstrate that tranexamic acid prevents fatigue in mTBI patients.

Comment 5: They also state “crash 3 trial showed that early treatment with TXA reduces
head injury deaths in TBI patients, almost certainly by reducing intracranial bleeding” which
may be an overstatement of the conclusions of that paper.

Response: We have changed our discussion to read: The CRASH-3 trial showed that early
treatment with tranexamic acid reduces head injury deaths in mild and moderately injured
TBI patients, potentially by reducing intracranial bleeding.
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Comment 6: My biggest concern is their “composite outcome” of death or extreme fatigue.
Response: We believe we have addressed this in points 3 and 4 above. I do hope you will
be able to approve our article.

Yours Sincerely

Raoul Mansukhani

Research fellow in medical statistics

Competing Interests: No competing interests were disclosed.
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v

Kim Kirby
University of the West of England,, Bristol, UK

This study sought to investigate the effect of early tranexamic acid on fatigue in patients with a
mild traumatic brain injury during the CRASH-3 Trial. This focus on fatigue on mild traumatic brain
injury was not pre specified. CRASH-3 recruited patients with a GCS less than or equal to 12 or with
intracranial bleeding on the CT scan and no significant extracranial bleeding. Patients were
randomly allocated to TXA or placebo. In CRASH-3 there were 2,632 patients with a mild traumatic
brain injury who had a GCS score of between 13 and 15 and intracranial bleeding on the CT scan
and these patients were the focus of this study. Fatigue was assessed and recorded by a clinician
and the analysis plan estimated the risk ratio of being in the extreme fatigue category. In the
study 4.2% of patients either died, or experienced extreme fatigue. Extreme fatigue was 0.8% TXA
v 1.5% placebo.

This report is well written. It is clearly and accurately presented and easy to understand. The
authors adequately address the study limitations (focus on mTBI not prespecified, use of a 3 point
scale to measure fatigue, clinician report of fatigue, requirement for a larger adequately powered
trial). I have no revisions to suggest.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
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Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Prehospital research

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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