
36

ABSTRACT

The literature continues to provide strong support for the 
early use of tranexamic acid (TXA) in severely injured trauma 
patients.1 Questions persist, however, regarding the optimal  
medical and tactical/logistical use, timing, and dose of this 
medication, both from the published TXA literature and from 
the TCCC user community. The use of TXA has been explored 
outside of trauma, new dosing strategies have been pursued, 
and expansion of retrospective use data has grown as well. 
These questions emphasize the need for a reexamination of 
TXA by the CoTCCC. The most significant updates to the 
TCCC Guidelines are (i) including significant traumatic brain 
injury (TBI) as an indication for TXA, (ii) changing the dosing 
protocol to a single 2g IV/IO administration, and (iii) recom-
mending TXA administration via slow IV/IO push.

Keywords: TXA; tranexamic acid; hemorrhage; hemostatics; 
antifibrinolytics; hemorrhagic shock; traumatic brain injury; 
traumatic injury

Proximate Reason for This Proposed Change

Since the publication of the CRASH-2 and MATTERs studies, 
the medical literature regarding the use of TXA has grown ex-
ponentially. Initially a drug developed to treat menorrhagia and 
subsequently adopted for use in cardiac surgery and trauma, it 
is now used in orthopedic surgery,2–25 spine surgery,26–30 plas-
tic surgery,31,32 ophthalmology,33 otolaryngology,34,35 gastroen-
terology,36 maxillofacial surgery,37–39 pediatric trauma,40–42 and 
post-partum hemorrhage.43

Recently, evidence has been obtained from two randomized, 
controlled trials studying the use of TXA in trauma patients 
with TBI. The results from both the international CRASH-3 
Trial, and a completed US trial44 with novel dosing strategy, 
require consideration of TXA for this indication as well.

The TCCC change team working on this proposed change 
identified a number of specific questions that needed to be ad-
dressed in this review.

	– Should a TBI Indication Be Added to the TXA Recommen-
dations in the TCCC Guidelines and the Dose Increased to 
2 Grams?

	– Is There a Need to Reinforce the Timely Administration of 
TXA When Indicated?

	– Is a Second Dose of TXA Needed to Improve Outcomes 
When Used for Bleeding Trauma Patients?

	– Is TXA Effective When Administered via the IM route to 
Bleeding Trauma Patients?

	– Is TXA Effective When Administered via the IO route to 
Bleeding Trauma Patients?

	– Can TXA Be Safely Given as a Slow (1-minute) IV Push 
Rather Than over 10 minutes? 

	– Can TXA Be Given in the Same IV/IO Line as Blood/
Blood Products?

	– Should the Second Dose of TXA Be Administered If More 
Than 3 Hours Have Elapsed Since the Time of Wounding?

	– What Is “Initial Fluid Resuscitation?” as Mentioned in the 
TCCC Guidelines with Respect to TXA? And when does 
it end?

	– Is There a Need for a Second Dose of TXA to be Adminis-
tered as Part of TCCC, Given the Discussion of the Phar-
macokinetics of TXA Mentioned Above?

	– And – If a Second dose of TXA Is Needed, Should the Sec-
ond Dose Be Given Like the First?

	– Should the Dose of TXA be Modified in the Presence of 
Ongoing Hemorrhage?

	– Can TXA Be Administered Through the Same Line as 
Hextend?

	– If Removed from Glass Vials in Preparation for Adminis-
tration, How Long can TXA be Kept in a Syringe?

	– What Is the Current State of Evidence that TXA Causes 
an Increase in the Risk of Deep Venous Thrombosis and 
Pulmonary Embolism?

Background

Updating the TCCC TXA Dosing Protocol.
Feedback from the field reveals that the current administration 
protocols are logistically burdensome in TCCC and may be 
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contributing to lower than expected compliance with guide-
lines.45,46 The logistical burden comes in several dimensions: the 
weight and volume of the additional reconstitution fluid bags, 
the time it takes to mix the drips and the need to initiate and 
continue a prolonged infusion while avoiding IV tube interfer-
ence and displacement during patient movement.

The logistical challenges of the current dosing protocol in 
TCCC motivated the group to explore updated dosing strat-
egies in trauma. The dosing protocol most widely used, in-
cluding in the CRASH-2 and CRASH-3 Trials, dates back 25 
years. Referred to as the “Horrow Protocol,” this dosing strat-
egy was compared to others for use in cardiac surgery, with 
patients on ECMO, and with the first dose being administered 
prior to the initial surgical incision.47 More recent literature 
supports single dose regimens as well, even in cardiac surgery, 
with one study noting that a single 1g dose of TXA provided 
adequate prevention of hyperfibrinolysis compared to 3g + 
weighted dose or a single 5g dose.48 Several articles from the 
orthopedic surgery literature have validated the use of single 
dosing regimens.2,49–52 A meta-analysis including 57 studies, 
published in 2020, that included several surgical disciplines, 
also found single dose regimens to be effective.53 The TCCC 
change team acknowledges that caution should be exercised in 
translating findings from these patient populations to trauma 
patients.

Discussion

TXA administration has been shown in multiple studies to 
be safe and effective when used for bleeding trauma patients. 
TXA was incorporated into the TCCC Guidelines in 2011.54 It 
has since been used in prehospital EMS systems in the United 
States,55,56 Scandinavia,57 Canada,58 Switzerland,59 France,60 
England,61 Germany62 and Israel63 among others. Literature 
continues to support the early use of TXA in trauma consis-
tent with the findings from CRASH-2 and MATTERs.59,60,64 
TXA has been documented repeatedly in the previously refer-
enced publications to reduce blood loss in elective surgery, and 
the sooner blood loss is slowed or stopped in bleeding trauma 
patients, the more favorable the expected outcome.65

TXA for Casualties with TBI.
As far back as 2012, data suggested “that TXA administration 
might improve outcomes in TBI patients and provide grounds 
for evaluating this hypothesis in future research.”66 The inclu-
sion of patients with concomitant trauma not isolated to the 
head prevented a definitive conclusion from the investigators. 
In 2014, a lack of evidence of benefit was cited as rationale for 
not giving TXA in TBI.67 A meta-analysis published the same 
year noted a “statistically significant reduction in ICH progres-
sion with TXA and non-statistically significant improvement 
of clinical outcomes in ED patients with TBI.”68 Dosing was 1g 
over 10 minutes followed by an additional 1g over eight hours, 
which is the same as the CRASH-2 trial and the current TCCC 
Guidelines. As recently as 2016, there was a continued call for 
research to investigate optimal TXA dosing in TBI.69 Several 
studies have examined the use of TXA in patients with identi-
fied intracranial hemorrhage (ICH), but these studies were not 
designed to treat all TBIs and the TXA was given once the ICH 
was identified on CT (not prehospital). Dosing was the same 
as the current TCCC Guidelines. In two studies that found no 
benefit from TXA administration to TBI patients, one made no 
mention of the time of administration70 and in the other only 

10% of the patients who received TXA were treated within 3 
hours of injury.71

A retrospective review of 651 patients at a civilian trauma 
center published in 2019 concluded that TXA use was an “in-
dependent factor associated with lower 30 day mortality in ce-
rebral contusions or traumatic subarachnoid hemorrhage.”72 
Another retrospective review, this one of military trauma pa-
tients, also concluded that TXA was independently associated 
with decreased mortality and improved outcomes in head 
trauma. In this review, 174 of 265 massive transfusion cases 
received TXA. The TXA patients had “significantly higher ISS, 
lower presenting GCS, higher incidence of severe head injury 
and higher transfusion requirements . . . and lower mortality 
(0% vs 10.1%).”73

A large meta-analysis published in 2018 explored TXA for 
TBI and concluded that TXA “lower(ed) the mortality rate 
and improv(ed) favorable neurologic outcomes.74 Another ret-
rospective review found a lower mortality rate for the neu-
rotrauma patients that received TXA.”64

In 2019, the results of the largest randomized control trial 
of TXA in isolated TBI was completed. The CRASH-3 Trial 
was conducted between 2012 and 2019 in 175 hospitals in 
29 countries and used the Horrow Protocol for TXA dosing. 
12,737 patients were included in the study and 6,406 received 
TXA. The criteria for TXA administration included (1) pre-
sentation within 3 hours of injury, (2) Glasgow Coma Scale 
of 12 or less with any intracranial bleeding on CT, and (3) no 
extracranial bleeding. Overall mortality from head injury was 
18.5% in the TXA group and 19.8% in the placebo group. 
After excluding severe head injury (GCS 3 or non-reactive pu-
pils) the mortality from head injury was 12.5% in the TXA 
group and 14% in the placebo group. In a comment pub-
lished in the same journal, the author noted that “the use of 
28-day head injury-related mortality as the primary endpoint 
probably biased the treatment effect towards the null because 
tranexamic acid is most likely to benefit patients with TBI with 
intracranial bleeding at risk of early mortality.”75

A recent US randomized controlled trial found a survival bene-
fit when 2g of TXA was administered in the prehospital phase 
of care to casualties with moderate to severe TBI. In the subset 
of patients who were later noted to have intracranial hemor-
rhage (ICH) on initial CT scan, 2g prehospital administration 
of TXA resulted in a significantly improved 28-day mortal-
ity of 18% compared to 28% mortality in the 1g TXA bolus  
+ 1g maintenance infusion group and 28% mortality in the 
placebo group. For 2g TXA bolus vs placebo, the difference in 
outcome was highly significant for those diagnosed with ICH 
(p = .0035). The 1g infusion followed by 1g over 8 hours was 
not different from placebo. For the entire cohort (identified 
prehospital based on criteria of GCS 3-12, one or two reactive 
pupils and SBP ≥ 90), there was no negative effect of giving 
TXA for potential ICH based on both mortality and throm-
botic complications.44

Should a TBI Indication for TXA Be Added to the  
TXA Recommendations in the TCCC Guidelines and  
the Dose Increased to 2 Grams?
In addition to previously discussed work supporting a 2g dose 
for TXA in TBI, there is evidence of a 1g dose not being suffi-
cient in severe trauma.76 Grassin-Delyle et al noted that a 1g 
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dose resulted in serum concentrations that may not be benefi-
cial past 90 minutes. It is important to note, however, that an 
optimal serum concentration of TXA in trauma has yet to be 
determined.77–79 It is also important to recognize that a 2g dose 
has not been specifically studied in patients already in hemor-
rhagic shock but has been studied in severely injured patients.88 
A recently completed randomized study of prehospital TXA ad-
ministration in the US81 compared three dosing strategies, and 
found that the higher dose regimen (2g bolus followed by 1g 
infusion) was associated with lower 30 day mortality versus the 
lower dose regimens or placebo.82 Studied dosing outside of the 
trauma literature varies considerably. Most important, however, 
is the observation that symptomatic VTE and other adverse ef-
fects are not increased with dosing up to 30 mg/kg.2,83–87 TBI 
researchers also found no difference in VTE rate between the 
1g and 2g prehospital dose.44 Although a recent review noted 
the safety and effectiveness of the current dosing protocol, the 
recommendation to continue with the current TXA dosing reg-
imen did not take into account TBI, the logistical burden of the 
dosing, and the safety profile of a potential change in protocol.88

Does a higher initial dose of TXA cause seizures? There is a 
historical concern that TXA is associated with an increased 
seizure risk, but clinically significant seizures have historically 
been associated with the much higher doses (>50mg/kg) used 
in cardiac surgery, rather than the smaller dose of TXA used 
in trauma patients.77,89–97 A recent large randomized controlled 
trial of TXA in TBI patients noted an increased rate of seizures 
at the 2g dose, but these seizures were not found to be associ-
ated with an increase in adverse outcomes.44 In CRASH-3, the 
observed seizure rate was similar in TXA (3.2%) and placebo 
groups (3.0%).98

Ensuring appropriate criteria for administration of TXA in the 
prehospital setting for TBI was challenging. The change group 
considered the safety profile of TXA and feedback from pre-
hospital and emergency medicine providers at the September 
2019 CoTCCC meeting99 in finalizing the recommended guide-
lines. The initial proposed wording: “If the casualty manifests 
signs of significant TBI (blast injury or blunt trauma with loss 
of consciousness or altered mental status),” was too liberal 
given patients in the Emergency Department would not receive 
a head CT based on the criteria above. Utilizing the Glasgow 
Coma Scale (GCS) was proposed as well, but this is cumber-
some in the prehospital setting. The updated TCCC Guidelines 
recommend TXA “If the casualty has signs or symptoms of 
significant TBI or has altered mental status associated with 
blast injury or blunt trauma.” In clarifying specific criteria to 
apply quickly and efficiently in the prehospital setting, trauma 
literature supports the use of only the motor component of the 
GCS.100 An inability to follow commands, which represents a 
GCS motor score of 5 or less, is an efficient way to determine 
the threshold for TXA administration in the prehospital set-
ting. CRASH-3 identified the greatest benefit of TXA in pa-
tients with mild to moderate head injury.98 In CRASH-3, the 
GCS was assessed, but the individual components were not 
reported. The Emergency Medicine literature has also provided 
potential algorithms, but most included the use of CT scans, 
which are rarely available in the prehospital deployed setting.101

How Do We Reinforce the Need for  
Timely Administration of TXA when Indicated?
Some studies have questioned the benefits of TXA in trauma 
but based their recommendation on TXA administered well 

after the time of injury. One study stated that “For the high-
est injury acuity patients, TXA was associated with increased, 
rather than reduced, mortality, no matter what time it was ad-
ministered.”102 In this study, however, TXA was administered 
at a mean time of 97 minutes after arrival at the hospital. The 
range of times was 0 to 886 minutes after arrival. These times 
are problematic in that they do not include the elapsed time 
from injury occurrence until 911 call, the delay to dispatch 
after the call is received, transit time to the scene of the injury, 
time on scene, or transport time from the scene to the trauma 
center. This study also suffered from selection bias, resulting in 
more severely injured patients in the TXA group, which cannot 
be adequately controlled for even with multivariate regression 
techniques. In another published study that concluded there 
was no difference between prehospital and ED administration 
of TXA, the prehospital group was noted to receive TXA 51 
minutes after EMS dispatch while the ED group received TXA 
29 minutes after EMS dispatch.103 In a retrospective review of 
TXA use in France, TXA administration did not demonstrate 
in-hospital mortality improvement.60 These studies highlight 
the challenges in translating data from mature civilian trauma 
systems to TCCC.

Other studies have reinforced the findings of the CRASH-2 
timing subgroup analysis that the timing of TXA administra-
tion is critical when the possibility of life-threatening bleeding 
is considered likely.104 A large meta-analysis of trauma and 
post-partum hemorrhage patients treated with TXA found 
that “Immediate treatment improved survival by more than 
70% (OR 1.72, 95% CI 1.42–2.10; p < .0001). Thereafter, the 
survival benefit decreased by 10% for every 15 min of treat-
ment delay until 3 h, after which there was no benefit. There 
was no increase in vascular occlusive events with tranexamic 
acid.”105 Post-hoc analysis of CRASH-2 data has shown im-
provement in functional outcomes as well.106 A meta-analysis 
of over 28,000 patients published in 2020 found that “about 
one-quarter of deaths from bleeding occurred in patients who 
initially appeared to have a low risk of death.” The authors 
emphasized early administration of TXA and specifically 
recommended that TXA “use should not be restricted to the 
most severely injured or bleeding patients.”107 The recently 
reported pre-hospital STAAMP Trial also found that admin-
istration of TXA within 1 hour was associated with reduced 
30-day mortality compared to alternative administration or 
placebo.82

In three studies evaluating endotheliopathy in trauma injury, the 
effect of TXA was found to be time-dependent and the authors 
supported early administration.108–110 A large meta-analysis 
evaluating TXA use in TBI also supported early administra-
tion.74 TXA has also been shown to have anti-inflammatory 
effects in humans111–114 and in rodent models.115–119 These pa-
pers suggest that the additional mechanisms of TXA may also 
be time-sensitive. Updated civilian trauma guidelines continue 
to emphasize administration as early as possible following 
trauma.120

Is a Second Prehospital Dose of TXA  
Really Needed to Improve Outcomes When  
Used for Bleeding Trauma Patients?
Recent literature has questioned the need to initiate an 8 hr 
infusion of a second gram of TXA as part of the prehospital 
care rendered.121 Based on the pharmacokinetics of TXA, there 
is time after the first dose of TXA to have the casualty arrive at 
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the hospital and be evaluated for possible ongoing hemorrhage 
before deciding whether or not to administer another dose of 
TXA. A paper describing the prehospital use of TXA in three 
EMS systems in Cincinnati, Oklahoma City, and Tulsa notes 
that paramedics are encouraged to initiate TXA administration 
when indicated, regardless of how close they are to a trauma 
center.56 This paper goes on to note that none of these 3 systems 
call for a second dose of TXA in the prehospital setting, based 
both on the relatively short transport times, but also on TXA’s 
pharmacokinetics. TXA has a half-life of about two hours, 
maintaining antifibrinolytic action in some tissues for up to 17 
hours and in the blood for approximately 7–8 hours.56

Is TXA Effective When Administered  
IM to Bleeding Trauma Patients?
Although the CRASH-2 and MATTERS studies, as well as 
most of the reports on pre-operative TXA in elective surgery, 
call for TXA to be administered IV, authors have noted that 
it would be faster to administer TXA by autoinjector.122,123 
Is there evidence to support this route of administration for 
TXA, in particular for casualties who may in hemorrhagic 
shock? An in-depth review of this topic in 2018 was unable 
to specifically recommend for or against IM administration 
of TXA.79 There is very scarce literature evaluating the IM 
administration of TXA, and none of the studies included pa-
tients in shock. Bioavailability and pharmacokinetics studies 
date back to the 1970s and 1980s.124,125 In one study, 3 healthy 
volunteers were given TXA and bioavailability of IM and IV 
TXA was 100%. Peak serum concentrations of IM TXA were 
not noted until 40–60 minutes, whereas the peak levels of IV 
TXA were reached in 5 minutes.126 A 2019 meta-analysis of 
available data regarding IM administration of TXA in healthy 
patients also found a total of 6 participants in 2 studies, which 
demonstrates a continued lack of available human data.127 
Two recent studies of TXA pharmacokinetics in a porcine 
shock model have demonstrated similar bioavailability of IM 
and IV TXA, but with inconsistent results of peak serum con-
centrations. One recent study noted peak concentration of IV 
TXA at 5 minutes and IM TXA (given in two IM doses at 
separate sites) at 10 minutes128 with another demonstrating 
peak concentration of IV/IO TXA at 5 minutes and IM TXA 
at 60 minutes.129 The current TXA packaging is only avail-
able in 100mg/1mL, which would require IM dosing at 10mL 
for each 1g of TXA to be administered. Given the time sensi-
tive nature of TXA administration and the lack of consistent 
data evaluating TXA absorption in shock states, there is not 
enough evidence to recommend IM TXA administration in 
TCCC at the present time.

Is TXA Effective When Administered  
Via the IO Route to Bleeding Trauma Patients?
The current TCCC Guidelines do not include IO adminis-
tration of TXA, but there are no known contraindications 
to administering intravenous medications intraosseously. IO 
administration of TXA has been reviewed without identified 
complications to 82 patients in the pre-hospital setting.130 The 
IO route of administration was also included in the Cal-PAT 
study, but was not discussed in depth.55 The 75th Ranger Reg-
iment currently administers TXA via the IO route and has no 
documented complications from this protocol.131,132

In swine models, IO and IV TXA have been shown to have 
equivalent pharmacokinetics as well as anti-fibrinolytic 
activity.129,133,134

Questions from the TXA User Community

Can TXA Be Safely Given as a Slow (1-minute) IV Push 
Rather Than over 10 minutes?
Combat medics and their supervising physicians have repeat-
edly posed the question about giving the first dose of TXA by 
slow IV push rather than as a 10-minute infusion, as was done 
in the CRASH-2 study.135 TXA was administered as an IV bo-
lus in the MATTERs patient population without documented 
adverse effects.136 The need for a 10-minute infusion of TXA 
was mentioned as a possible factor in the reported poor com-
pliance with TCCC recommendations regarding TXA. One 
of the co-authors reported personal experience with safe slow 
IV push and advocated for this update to the TCCC Guide-
lines.45 One paper that directly addressed clinically significant 
hypotension is from 1969.137 Two small porcine studies have 
administered TXA over 5 minutes134 and by push129 without 
adverse outcomes or observed hypotension. Neither the au-
thors of the MATTERs study (also authors of this change) 
nor the 75th Ranger Regiment have observed or reported any 
episodes of clinically significant hypotension with this dosing 
strategy.132 We recommend that TXA administration should be 
an IV/IO slow push. This bolus should be given over approx-
imately 1 minute.

Can TXA Be Given in the Same IV/IO Line  
as Blood or Blood Products?
There are no specific studies addressing this concern and there 
is no known contraindication to administration of TXA with 
blood or blood products. There are also no reports of complica-
tions from TXA being administered with blood products. There 
should be no compatibility problems expected, since TXA typ-
ically mixes with blood immediately after being given IV. The 
authors’ recommendations are to administer TXA as soon as 
possible after injury. If blood or blood products are being given, 
the authors recommend giving TXA in the port closest to the 
skin. The Ranger Regiment’s administration protocol uses TXA 
as the flush after initial IV/IO access is obtained.

Is There a Need for a Second Dose of TXA to be 
Administered as Part of TCCC, Given the Discussion  
of the Pharmacokinetics of TXA Mentioned Above?

And – If a Second dose of TXA Is, In Fact, Needed, 
Should the Second Dose Be Given Like the First?
The CRASH-2 trial administered the second dose of TXA as 
1g given over 8 hours. This dosing protocol was adopted from 
the cardiac surgery community47 and more current research 
supports simplified administration protocols as discussed in 
other areas of this paper.

Should the Second Dose of TXA Be Administered  
If More Than 3 Hours Have Elapsed Since the Time  
of Wounding
The CRASH-2 timing subgroup analysis found that mortality 
was actually increased when TXA was given more than 3 hours 
after the time of injury. Does the 3-hour caveat apply only to 
the first dose? There is no evidence to date suggesting that late 
administration (>3 hours after injury) of TXA is beneficial.

What Is “Initial Fluid Resuscitation?”  
as Mentioned in the TCCC Guidelines  
with Respect to TXA? And when does it end?
The TCCC Guidelines (dated 1 August 2019) call for the sec-
ond 1g dose of TXA to be administered “after initial fluid 
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resuscitation has been completed.” This requires a clarifica-
tion how “initial fluid resuscitation” is defined. TXA should 
be administered as early as possible after the injury, taking the 
tactical situation and prioritization of interventions (MARCH) 
into account. The phrase “after initial fluid resuscitation has 
been completed” has been removed from the updated TCCC 
Guidelines. The updated administration recommendations 
and dosing protocol eliminate the need for this decision point.

Should the Dose of TXA as Administered in TCCC  
Be Modified in the Presence of Ongoing Hemorrhage?
In the presence of ongoing hemorrhage and massive transfu-
sion, the impact of both decreased renal clearance of TXA and 
loss of a portion of the TXA dose through blood loss must 
be considered. A recent paper noted that: “Scenarios involv-
ing large patients requiring massive transfusion may benefit 
from a replacement strategy.”138 Replacement dosing schemes 
should be identified using simulations and tested in large ani-
mal model.” However, this paper also demonstrated that TXA 
levels were relatively preserved during hemorrhage, with only 
a 25% decrease after one total body blood volume loss and 
replacement. In the WOMAN Trial, a second dose of TXA (or 
placebo) was only given if bleeding continued after 30 min-
utes43 or restarted within 24 hours. The World Health Orga-
nization updated dosing recommendations for TXA based on 
this trial in 2017 and currently recommends a second dose of 
TXA for ongoing bleeding after 30 minutes or if bleeding re-
starts within 24 hours of completing the first dose.139 Less than 
30% of the patients who received one dose received a second 
dose and whether or not the second dose provided clinically 
significant benefit was not explored or discussed.43

Based on limited available evidence and the personal experi-
ence of the authors, an evidence-based recommendation for 
redosing of TXA in the prehospital setting cannot be made at 
this time. Measuring fibrinolytic status to guide TXA dosing 
continues to be debated in the literature reported out of trauma 
centers, but the technology required to measure fibrinolytic 
status is not available in the prehospital setting. The change 
group recommends exploration of this topic in future studies, 
along with more investigation of the most effective serum con-
centration required for trauma. In a Prolonged Casualty Care 
scenario, redosing may be considered in conjunction with per-
sonal expertise or through access to remote teleconsultation.

Can TXA Be Administered through the Same Line  
as Hextend?
Although the preferred resuscitation fluid in TCCC is 
whole blood, Hextend is still, at the time of this writing, a 
TCCC-recommended resuscitation fluid if no blood products 
are available and medics ask if it is possible to administer TXA 
in Hextend infusions. The Physicians’ Desk Reference states 
that TXA “May be mixed with most solutions for infusion 
such as electrolyte, carbohydrate, amino acid, and dextran 
solutions.” Hextend is not mentioned. Recent studies how-
ever, found that “There was no evidence of incompatibility 
between the solutions of Hextend and TXA by either visual 
inspection or by digital turbidimeter.”140,141

What Is the Current State of Evidence that TXA Causes 
an Increase in the Risk of Deep Venous Thrombosis and 
Pulmonary Embolism?
The studies of TXA use in elective surgery—when TXA is rou-
tinely given pre-operatively or before the time of tourniquet 

release in extremity surgery—have repeatedly found that 
TXA use decreases bleeding without increasing the risk of 
DVT and PE.23,85,86,142–148 Orthopedic trauma surgery studies 
have also not found an increase in VTE.5,149–151 A review of 
cardiac surgery also found no increase in VTE.89 Some newer 
studies of use in trauma have not shown an increase rate of 
VTE1,64,105,152,153 while some have noted an increase.103,154 When 
given to over 10,000 patients with post-partum hemorrhage, 
no increase in VTE was noted.43 A large meta-analysis includ-
ing 22 studies and over 49,000 patients who received TXA 
for non-surgical bleeding noted no increase in venous or ar-
terial thrombotic events.155 The discussion is further compli-
cated by historical data showing that trauma patients have 
higher rates of VTE than non-trauma patients156–158 and a 
recent review of the Joint Trauma Registry concluding that 
TXA may increase non-fatal VTE but “potential mortality 
benefit likely outweighs the potential risks of fatal PE.”159 In 
a large meta-analysis evaluating TXA use in TBI published 
in 2018, the authors noted no effect on VTE rates.74 In the 
TAMPITI trial, active screening for VTE was completed on 
all patients with an increase noted in the TXA group in a dose 
dependent manner.80 Given the time-sensitive nature of TXA 
administration and the challenges of delivering care in aus-
tere environments, it is reasonable to anticipate that patients 
may receive TXA who ultimately are determined not to need 
it. In one retrospective review of military TXA use, overuse 
was estimated at 6.4% and was associated with an increased 
risk of VTE.160 Two recent reviews also noted variation in the 
incidence of VTE after TXA administration161,162 with one 
concluding that “the application of TXA to trauma patients 
may pose a certain risk for possible thromboembolic compli-
cations.”162 In CRASH-3 (isolated TBI), no difference in VTE 
rate between TXA and placebo groups was noted.98 A large 
meta-analysis of the over 28,000 patients from the CRASH-2 
and WOMAN trials published in 2020 found “the risk of vas-
cular occlusive events was similar according to baseline risk  
categories.”107

It is the opinion of the authors of this change that adminis-
tering a 2g initial dose of TXA in trauma will require careful 
attention to appropriate thromboprophylaxis and close obser-
vation for venous thromboembolic disease.

Conclusions

The conclusions of this working group include the following 
answers to the posed questions:

	– Should a TBI Indication Be Added to the TXA Recommen-
dations in the TCCC Guidelines and the Dose Increased to 
2 Grams?

Yes
	– Is There a Need to Reinforce the Need for Timely Admin-

istration of TXA When Indicated?
Yes

	– Is There a Need for a Second Dose of TXA to be Adminis-
tered as Part of TCCC, Given the Discussion of the Phar-
macokinetics of TXA Mentioned Above?

No, there is not enough evidence to support a second 
dose in TCCC.

	– Should the Second Dose of TXA Be Administered If More 
Than 3 Hours Have Elapsed Since the Time of Wounding.

No, there is not enough data at the present time to rec-
ommend redosing in the prehospital setting.
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	– Is TXA Effective When Administered IM to Bleeding 
Trauma Patients?

No, it is not supported in TCCC by the current evidence.
	– Is TXA Effective When Administered Via the IO Route to 

Bleeding Trauma Patients?
Yes

	– Can TXA Be Safely Given as a Slow (1-minute) IV Push 
Rather Than over 10 minutes?

Yes
	– Can TXA Be Given in the Same IV/IO Line as Blood/

Blood Products?
Yes

	– What Is “Initial Fluid Resuscitation?” as Mentioned in the 
TCCC Guidelines with Respect to TXA? And when does 
it end?

TXA should be administered as early as possible after 
the injury, taking the tactical situation and prioritization 
of interventions (MARCH) into account. The phrase “af-
ter initial fluid resuscitation has been completed” has been 
removed from the updated TCCC Guidelines. The updated 
administration recommendations and dosing protocol 
eliminate the need for this decision point.

	– Should the Dose of TXA be Modified in the Presence of 
Ongoing Hemorrhage?

Based on the limited available evidence at present and 
the personal experience of the authors, an evidence-based 
recommendation for redosing of TXA in the prehospital 
phase of care (TCCC) cannot be made at this time. In-
hospital administration of TXA should be guided by the 
casualty’s fibrinolytic status as measured clinically.

	– Can TXA Be Administered through the Same Line as 
Hextend?

Yes. Although the preferred resuscitation fluid in TCCC 
is whole blood, Hextend is still—at the time of this writ-
ing—a TCCC-recommended resuscitation fluid if no blood 
products are available. A recent study of this issue found no 
evidence that Hextend and TXA are incompatible.

	– If removed from glass vials in preparation for administra-
tion, how long can TXA be kept in a syringe?

Although TXA is very stable throughout a range of 
temperatures for several days,163,164 there are no studies 
to support storage outside of the original packaging (for 
example, in a pre-drawn syringe). Under routine condi-
tions, medications are given within a few hours of being 
prepared. Operational units should evaluate the need to 
draw and store TXA prior to missions or operations and 
adjust practice based on the tactical and/or logistical situ-
ation. Providers should consult their medical director for 
guidance regarding drawing and storing medications prior 
to administration.

Given the volume of active TXA research, the authors 
recommend that the CoTCCC consider another review 
of updated TXA literature within 2 years of this change.

Current Wording

Care Under Fire
None.

Tactical Field Care
c.	 Tranexamic Acid (TXA)

•	 If a casualty is anticipated to need significant blood 
transfusion (for example: presents with hemorrhagic 
shock, one or more major amputations, penetrating 
torso trauma, or evidence of severe bleeding):
	– Administer 1g of tranexamic acid in 100mL normal 

saline or lactated Ringer’s as soon as possible but 
NOT later than 3 hours after injury. When given, TXA 
should be administered over 10 minutes by IV infusion.

	– Begin the second infusion of 1g TXA after initial 
fluid resuscitation has been completed.

TACEVAC
c.	 Tranexamic Acid (TXA)

•	 If a casualty is anticipated to need significant blood 
transfusion (for example: presents with hemorrhagic 
shock, one or more major amputations, penetrating 
torso trauma, or evidence of severe bleeding):
	– Administer 1g of tranexamic acid in 100mL normal 

saline or lactated Ringer’s as soon as possible but 
NOT later than 3 hours after injury. When given, TXA 
should be administered over 10 minutes by IV infusion.

	– Begin the second infusion of 1g TXA after initial 
fluid resuscitation has been completed.

PROPOSED CHANGE

Care Under Fire
None.

Tactical Field Care
c.	 Tranexamic Acid (TXA)

•	 If a casualty will likely need a blood transfusion (for 
example: presents with hemorrhagic shock, elevated lac-
tate, one or more major amputations, penetrating torso 
trauma, or evidence of severe bleeding)

OR
•	 If the casualty has signs or symptoms of significant TBI 

or has altered metal status associated with blast injury 
or blunt trauma:
	– Administer 2g of tranexamic acid via slow IV or IO 

push as soon as possible but NOT later than 3 hours 
after injury.

TACEVAC
c. 	Tranexamic Acid (TXA)

•	 If a casualty will likely need a blood transfusion (for 
example: presents with hemorrhagic shock, elevated lac-
tate, one or more major amputations, penetrating torso 
trauma, or evidence of severe bleeding)

OR
•	 If the casualty has signs or symptoms of significant TBI 

or has altered metal status associated with blast injury 
or blunt trauma:
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	– Administer 2g of tranexamic acid via slow IV or IO 
push as soon as possible but NOT later than 3 hours 
after injury (if not previously administered).

Level of evidence:
The levels of evidence used by the American College of Car-
diology and the American Heart Association were outlined by 
Tricoci P, et al.165:

Level A: Evidence from multiple randomized trials or 
meta-analyses.
Level B: Evidence from a single randomized trial or non-ran-
domized studies.
Level C: Expert opinion, case studies, or standards of care.

2g dose of TXA in TBI = B
2g dose of TXA in hemorrhagic shock = C
Single dose of TXA in TBI = B
Single dose of TXA in hemorrhagic shock = C
Administration of TXA through IO access = C
Administration of TXA through slow IV push = C
Redose of TXA = C
Administration of TXA with blood/blood products = C
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