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What is CRASH 3 trial?

Recently CRASH 3 collaborators published the results 
of their large double blind randomized clinical trial (RCT) 
done across 175 hospitals regarding the use of tranexamic 
acid in isolated traumatic brain injuries (TBI)1. 12,737 
adults with a mean age of 41.7 years (SD 19.0) were 
randomized to receive either a standardized regimen of 
tranexamic acid (TXA) (loading dose 1 g over 10 min then 
infusion of 1 g over 8 h) (6406 patients) or an identical 
placebo (6331 patients). 

The outcome studied in CRASH 3 was primarily head 
injury-related death in hospital within 28 days of injury 
and did not study radiological change in size of hematoma 
or side effects of TXA. Secondary outcomes studied were 
early head injury  related death (within 24 h after injury), 
all  cause and cause  specifi c mortality, disability, vascular 
occlusive events (myocardial infarction, stroke, deep 
vein thrombosis, and pulmonary embolism), seizures, 
complications, neuro surgery, days in the intensive care unit, 
and adverse events within 28 days of randomization. All 
analysis was performed on the basis of intention to treat.

In patients who received TXA within 3 hours of 
TBI, the risk of head injury related mortality was 18.5% 

as compared to 19.8% in the placebo group (855 vs 
892 events; risk ratio [RR] 0·94 [95% CI 0·86–1·02]). 
However, after excluding patients with Glasgow Coma 
Scale of 3 with bilateral fi xed pupils, TXA group had 
12.5% head injury related mortality compared to 14% in 
the placebo group (485 vs 525 events; RR 0·89 [95% CI 
0·80–1·00]). This reduction in risk of head injury related 
mortality was signifi cant in patients with mild to moderate 
TBI (RR 0·78 [95% CI 0·64–0·95]). In the same group, 
early administration of TXA was found to more effective 
(p=0.005). Among patients with reactive pupils, head 
injury related deaths were found to be lower with the use 
of tranexamic acid (0·87, [0·77–0·98]). 

Unfortunately in patients with Severe TBI, early 
treatment with TXA (even within 3 hours of injury) did not 
give any statistically signifi cant benefi t in reducing head 
injury related mortality. However, the trial did not fi nd any 
signifi cant increase in disability among the survivors.

With the use of TXA, CRASH 3 trial did not fi nd 
any signifi cant increase in risk of vaso-occlusive events 
(RR 0·98 (0·74–1·28) or (1·09 [95% CI 0·90–1·33]) as 
compared to placebo.
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Research-practice gap 

After publication of any such large properly conducted 
RCT, usually confusion arises regarding application of its 
results. This is due to the fact that trial results are valid 
within certain conditions. Due to many other factors, 
lot of scientifi c data generated in research do not get 
immediately adapted in clinical care, sometimes taking 
almost a decade and hence does not help immediately 
improve patient care and treatment2,3. Research practice 
gap or evidence-practice gap or knowing-doing gap are 
synonyms applied to name the substantial gap which 
exists between the healthcare that patients receive and the 
practice that is recommended4,5.

Hence before adopting any trial results into practice 
we have to scientifi cally consider the level of evidence it 
forms and grade of recommendation which can be made 
based on available literature. Moreover, for adopting 
an intervention, we have to understand its generalized 
applicability and the complications it can generate in 
unmonitored or off label usage. 

Adoptability of a concept

Every new concept or technology is seen with 
expectations of benefi ts which can be predicted to follow 
a hype cycle (as shown in Figure 1) and consequently the 
concept or technology gets adopted gradually in phases. 
Regarding TXA, due to its effective role in stopping bleed 
it is being adopted by emergency physicians universally 
however due to skepticism among the neurosurgeons 
about its usage in isolated neurosurgical scenarios as well 
as related complications, adoption currently is slow. 

What are other evidences?
Experiences from war and everyday trauma victim care 

have taught us few simple and obvious lessons: control 
bleeding, avoid hypotension6 and hypoxia,7 or the patient 
will die! Intracranial bleeding by increasing intracranial 
pressure and brain herniation, increases risk of mortality 
and morbidity8. Hence controlling bleeding seem to 
be most relevant in early phase of TBI or in condition 

Figure 1. Hype Cycle and adoption of concept. Blue Star represents status of TXA in trauma among emergency physician, 
however Yellow Star represents status of TXA in isolated TBI among neurosurgeons.
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with massive bleeding. TXA by inhibiting enzymatic 
breakdown of fi brin blood clots reduces bleeding.

In 2010, CRASH 2 trial (a study of 20,211 patients 
with trauma) signifi cantly changed how tranexamic acid 
was used in trauma victims with signifi cant extra-cranial 
bleeding as it decreased death due to bleeding by a third 
when given within 3 hours9,10 and the benefi t reduces by 
delaying the treatment11. In 2018 Sprigg et al in the TICH-2 
trial found decrease in early death with the use of TXA in 
non-traumatic cerebral hemorrhages, however it did not 
translate into statistically signifi cant better functional status 
on day 90 of event12. Similarly WOMAN trial of 20,060 
patients with peripartum hemorrhage in 2017 did show 
signifi cantly reduced death due to bleeding with no adverse 
effects with the use of TXA within 3 hours of birth13.

For Isolated TBI, there were small randomized studied 
suggesting role of TXA in isolated TBI, as described in 
table 11,9,10,14,15,16. The effect may at sometime be subdued 
due to various dosage model used in trial which may have 
skewed the results16. 

What are the strengths of CRASH 3 trial?
CRASH 3 trial due to its massive sample size and 

properly conducted blinded randomized format involving 
investigators, entirely independent of all funding sources, 
stands out to be genuine and dependable. Blinding the 
investigators assured non biased outcome assessments. 
Besides, the trial monitoring unit by directly on-site or 
remotely auditing patients’ record assured reliability of 
trial data. The reported protocol violation of 0.8% speaks 
of high standard of conduct of the study. The statistical 
analysis of the data was convincing as they analyzed 
complete case data sets without imputing for missed data. 
Time to treatment, severity of TBI, systolic blood pressure 
and age being confounding factors to the effect of TXA, 
were controlled in multi-variable model.

CRASH 3 trial certainly provides a Level 1 evidence 
to the use of TXA in isolated brain injury. With the 
supporting literature of its effi cacy (table 1), it can be 
considered a Grade A recommendation to start TXA in 
mild to moderate isolated TBI within 3 hours of injury 
to prevent head injury related mortality and decrease 

morbidity among the survivors. Its use is not associated 
with increase in vaso-occlusive events or seizures. 

Why did TXA not help severe TBI or avoid late 
mortalities?

Severe TBI have many factors besides intracranial 
bleeding which cumulatively cause death.

The cause of mortality later during the course of 
treatment of TBI (after 24 hours) like ventilator associated 
pneumonia or sepsis, may not be directly related to the 
severity of head injury. These reasons, not related to blood 
in the brain, are not affected by TXA.

Any shortcoming of CRASH 3 trial?
The questionable context with the trial was the 

change in time window for recruitment towards the end 
of the study, from the original 8 hours to 3 hours. This 
was based on the pretext that TXA may not be effective 
if given late after injury based upon a statistical analysis 
plan before unblinding17. Even though trial coordinators 
admit being blinded to the trial data during this change 
in protocol, this amendment did put a question mark to 
the conceptualization of the trial as the sample size was 
increased to include 13,000 patients from the original 
10,000 planned leading to trial extension. For those of us 
who use TXA during during operative interventions, we 
do fi nd TXA works wonders if started before the incision! 
Hence timing is crucial; however this fact was known prior 
to the start of the trial and should have been incorporated 
at the start.

The benefi t of TXA in mild to moderate TBI was seen 
only after post hoc analysis by excluding patients with 
GCS of 3 and fi xed dilated pupils. This subset of patients 
has a poor outcome despite treatment. 

Only one dosing regimen of TXA was used in the 
study irrespective of body weight of the patient, which 
does not allow evaluation of other dosing regimen as well 
as creates possibility of low drug level particularly in 
obese or overweight patients which was not considered 
in the study.

Since the trial did not regulate the use of other treatment 
protocols like hypertonic saline or cerebral perfusion 

Studies, year of publication
Head injury related death n/N %

RR (95% CI)
Tranexamic acid Placebo

CRASH 2, 201110 14/133 (10.5%) 24/137 (17.5%) 0.60 (0.33-1.11)

Yutthakasemsunt etal, 201315 12/120 (10.0%) 18/120 (15.0%) 0.67 (0.34-1.32)

CRASH 3, 20191 485/3880 (12.5%) 525/3757 (14.0%) 0.89 (0.80-1.00)

NCT01990768, 201916 93/603 (15.4%) 50/285(17.5%) 0.88 (0.64-1.20)

Table 1: Effect of use of Tranexamic Acid as compared to placebo on head injury related death

CRASH 3 trial- verum fi nalem?
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based regimen or hypothermia while managing TBI, such 
confounding factors which could have affected the study 
outcome were not taken into consideration. 

Regarding the adverse event related to use of TXA, 
the trial defi nition of deep vein thrombosis or pulmonary 
embolism requiring a positive result on imaging (e.g., 
ultrasound) or at a post mortem examination would have 
missed clinically minor incidences of vaso-occlusive 
events in cases. 

As the study outcome measures did not look into 
radiological development of intracranial hematoma with 
the use of TXA, the mechanism of action of clinical 
benefi ts of TXA in isolated TBI is still hypothetical.

What is its implication for Nepal?
Of the 29 countries 7 centers with neurosurgical 

facilities from Nepal contributed 255 patients to the trial. 
As the trial adopted a pragmatic approach regarding the 
use of TXA and did not infl uence the associated treatment 
strategies of the patients, the results do refl ect upon the 
benefi t one can get from early use of TXA in our scenario. 
Since CT was not absolutely necessary (as the patients 
with Glasgow coma scale of less than 12 were recruited 
in the study), the benefi t of giving TXA as early as 
possible seems achievable in our context where patients 
cannot be transported to tertiary care centers on time! The 
applicability of this study in our scenario is supported by 
the fact that the effect of tranexamic acid on head injury  
related death stratifi ed by World Bank income group (high 
 income vs. low  income and middle  income countries) was 
not statistically signifi cant (p=0.26) in the study.

TBI is a major cause of mortality and morbidity in 
Nepal and with the use of TXA within 3 hours of injury, 
it seems the head injury related mortality can be reduced 
without any signifi cant side effect of the TXA and may 
also reduce the disease burden. Due to resource constraint 
scenario where all of the patients could not receive 
immediate neurosurgical services or a CT scan study, it 
is advisable to use a cheaper drug like TXA as early as 
possible in patients with GCS of less than 12.

With over 53,000 patients studied in aforementioned 
trials for role of TXA in cases of bleeding, one thing is 
certain TXA does give early survival benefi ts. Large 
properly conducted trial like CRASH 3 has provided 
“verum fi nalem“on the use of TXA in isolated traumatic 
brain injury.
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