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Invited Commentary
IMPORTANCE In-hospital administration of tranexamic acid after injury improves outcomes in
patients at risk for hemorrhage. Data demonstrating the benefit and safety of the pragmatic
use of tranexamic acid in the prehospital phase of care are lacking for these patients.

Supplemental content

OBJECTIVE To assess the effectiveness and safety of tranexamic acid administered before
hospitalization compared with placebo in injured patients at risk for hemorrhage.

DESIGN, SETTING, AND PARTICIPANTS This pragmatic, phase 3, multicenter, double-blind,
placebo-controlled, superiority randomized clinical trial included injured patients with
prehospital hypotension (systolic blood pressure =90 mm Hg) or tachycardia (heart rate
=110/min) before arrival at 1 of 4 US level 1trauma centers, within an estimated 2 hours of
injury, from May 1, 2015, through October 31, 2019.

INTERVENTIONS Patients received 1g of tranexamic acid before hospitalization (447 patients)
or placebo (456 patients) infused for 10 minutes in 100 mL of saline. The randomization
scheme used prehospital and in-hospital phase assignments, and patients administered
tranexamic acid were allocated to abbreviated, standard, and repeat bolus dosing regimens
on trauma center arrival.

MAIN OUTCOMES AND MEASURES The primary outcome was 30-day all-cause mortality.

RESULTS In all, 927 patients (mean [SD] age, 42 [18] years; 686 [74.0%] male) were eligible
for prehospital enrollment (460 randomized to tranexamic acid intervention; 467 to placebo
intervention). After exclusions, the intention-to-treat study cohort comprised 903 patients:
447 in the tranexamic acid arm and 456 in the placebo arm. Mortality at 30 days was 8.1%
in patients receiving tranexamic acid compared with 9.9% in patients receiving placebo
(difference, -1.8%; 95% Cl, -5.6% t0 1.9%; P = .17). Results of Cox proportional hazards
regression analysis, accounting for site, verified that randomization to tranexamic acid was
not associated with a significant reduction in 30-day mortality (hazard ratio, 0.81; 95% Cl,
0.59-1.11, P = .18). Prespecified dosing regimens and post-hoc subgroup analyses found that
prehospital tranexamic acid were associated with significantly lower 30-day mortality.
When comparing tranexamic acid effect stratified by time to treatment and qualifying shock
severity in a post hoc comparison, 30-day mortality was lower when tranexamic acid was
administered within 1 hour of injury (4.6% vs 7.6%; difference, -3.0%; 95% Cl, -5.7% to
-0.3%; P < .002). Patients with severe shock (systolic blood pressure =70 mm Hg) who
received tranexamic acid demonstrated lower 30-day mortality compared with placebo
(18.5% vs 35.5%; difference, -17%; 95% Cl, -25.8% to -8.1%; P < .003).

CONCLUSIONS AND RELEVANCE In injured patients at risk for hemorrhage, tranexamic acid

administered before hospitalization did not result in significantly lower 30-day mortality.
The prehospital administration of tranexamic acid after injury did not result in a higher
incidence of thrombotic complications or adverse events. Tranexamic acid given to injured
patients at risk for hemorrhage in the prehospital setting is safe and associated with survival
benefit in specific subgroups of patients.
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rauma remains a leading cause of death worldwide, and

the management of injured patients at risk for hemor-

rhage has evolved over time."® Changes in manage-
ment, including prevention of coagulopathy by early ratio-
based blood component resuscitation and early antifibrinolytic
therapy with tranexamic acid after arrival to definitive care,
contribute to improved outcomes.” 12

Interventions provided to injured patients during prehos-
pital care, close to the time of injury, result in improved out-
comes and survival.’*!* On the basis of extrapolation from
hospital-based data, guidelines now recommend prehospital
tranexamic acid administration.’®'” However, the risks and
benefits associated with tranexamic acid initiated in the pre-
hospital environment, before trauma center evaluation, are
unknown.'®!° No high-level evidence demonstrates the effi-
cacy and safety of administering tranexamic acid in the pre-
hospital setting.'

The Study of Tranexamic Acid During Air Medical and
Ground Prehospital Transport (STAAMP) trial tests the clini-
cal impact and safety of administering tranexamic acid dur-
ing the prehospital phase of care.2° We enrolled patients at risk
for hemorrhage with a broad range of injury and shock sever-
ity and allocated patients to 3 different tranexamic acid dos-
ing regimens or placebo. We hypothesized that early admin-
istration of tranexamic acid in the prehospital environment
would improve 30-day mortality.

Methods

Trial Design

The STAAMP study was a phase 3, multicenter, double-blind,
placebo-controlled, randomized clinical trial that compared
outcomes in patients at risk for hemorrhage receiving tranex-
amicacid (single dose) before hospitalization administered dur-
ing air medical or ground transport. During the in-hospital
phase of care, 3 dosing schemes of tranexamic acid were com-
pared as a prespecified subgroup analysis. A total of 6559 pa-
tients who were transported via participating emergency medi-
cal services to 4 participating trauma centers were screened.
We enrolled 927 patients at these 4 US level 1 trauma centers
from May 1, 2015, through October 31, 2019. The treatment
arms received a 1-g bolus of tranexamic acid (for 10 minutes)
en route to the hospital. After patients arrived at the trauma
center, tranexamic acid administration followed the prehos-
pital phase assignment. Intervention arm patients received no
additional tranexamic acid, 1 g of tranexamic acid infused dur-
ing 8 hours, or a bolus of 1 g of tranexamic acid followed by 1g
of tranexamic acid infused during 8 hours. We did not alter
other aspects of prehospital or in-hospital care besides admin-
istration of tranexamic acid. Prehospital tranexamic acid ad-
ministration was not usual care for participating sites during
the trial. The trial protocol can be found in Supplement 1. The
US Food and Drug Administration (Investigational New Drug
121102), the Human Research Protection Offices of the US De-
partment of Defense, and all site institutional review boards
approved the trial. An external data and safety monitoring
board oversaw the trial. Institutional review boards at each site

JAMA Surgery Published online October 5,2020

Tranexamic Acid During Prehospital Transport in Patients at Risk for Hemorrhage After Injury

Key Points

Question Does prehospital administration of tranexamic acid
compared with placebo result in lower 30-day mortality in patients
at risk for hemorrhage after trauma?

Findings In this multicenter randomized clinical trial of 927
patients, patients who received tranexamic acid compared with
placebo in the prehospital setting did not have a significantly lower
rate of 30-day mortality (8.1% vs 9.9%). There were no differences
in the incidence of pulmonary embolism, deep vein thrombosis,
seizures, or adverse events, including thrombotic complications,
across arms.

Meaning Prehospital administration of tranexamic acid is safe
but does not significantly reduce mortality in patients at risk for
hemorrhage after injury.

approved an exception from informed consent to enroll par-
ticipants. This approval included community consultation and
notification. We notified enrolled participants or their legally
authorized representatives as soon as feasible and obtained
consent for continued participation.?! This study followed the
Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline.

Study Patient Population

We selected inclusion criteria to include a broad range of shock
and injury severity and prior trial results.® Prehospital per-
sonnel enrolled patients before hospitalization based on all in-
formation available during the prehospital phase of care. In-
jured patients at risk for hemorrhage transported from the
scene or transferred from an outside emergency department
to a participating site within an estimated 2 hours of the time
of injury were eligible for enrollment if they experienced at least
1episode of hypotension (systolic blood pressure <90 mm Hg)
or tachycardia (heart rate >110 beats per minute) before ar-
rival at a participating center. Exclusion criteria included age
older than 90 years or younger than 18 years, lack of intrave-
nous or intraosseous access, isolated fall from standing, docu-
mented cervical cord injury, known prisoner or pregnancy,
traumatic arrest of more than 5 minutes, penetrating brain in-
jury, isolated drowning or hanging, objection to study voiced
at scene, or wearing a STAAMP study opt-out bracelet.

Randomization and Masking

We generated a 1:1:1:1 ratio random allocation sequence with
a block size of 12 using a computer random-number genera-
tor. We placed sealed drug kits on each participating ambu-
lance or aircraft according to the allocation sequence. Each kit
contained the group allocation and appropriate drug or pla-
cebo, blinded for the prehospital and in-hospital phase inter-
ventions. Randomization occurred with kit opening. The pri-
mary randomization procedure assigned a prehospital phase
assignment (tranexamic acid vs placebo) and a correspond-
ing in-hospital assignment. On arrival, personnel communi-
cated the treatment kit number to research staff, allowing in-
hospital random allocation. Patients randomized to the
prehospital placebo group were allocated to receive placebo
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during the in-hospital phase. Patients randomized to the pre-
hospital tranexamic acid group were randomly allocated to 3
in-hospital phase tranexamic acid dosing regimens.2° The In-
vestigational Drug Services at the University of Pittsburgh
monitored the intervention for the trial, unblinded to the pre-
hospital and in-hospital phase treatment assignment.

Intervention and Comparison Arms

The Investigational Drug Services at the University of Pitts-
burgh created numerically labeled intervention kits divided
into 3 separate components. Each kit A was a prehospital-
phase intervention stored at the ambulance or air medical unit.
Kits Band C were in-hospital phase interventions stored at the
receiving hospital pharmacy (eFigure in Supplement 2). The
A kits contained 1 g of tranexamic acid in 10 mL of solution or
10 mL of sterile water placebo. Paramedics added these vials
to a 100-mL bag of 0.9% saline and infused the drug or pla-
cebo for 10 minutes. If the infusion was not completed by
trauma center arrival, the infusion continued in the trauma bay.
On patient arrival at a participating center, research staff veri-
fied inclusion and exclusion criteria, and a pharmacist mixed
the B and C interventions with numbers matching the A inter-
vention. The B phase intervention was 1 g of tranexamic acid
in 10 mL of solution or 10 mL of placebo (sterile water) added
to a100-mL bag of 0.9% saline and infused for 10 minutes. In
the C phase intervention, 1 g of tranexamic acid in 10 mL of
solution or 10 mL of placebo was added to a 100-mL bag of 0.9%
saline and infused for 8 hours.

Enrolled patients received 1 of 4 treatments. The control
regimen was placebo bolus (phase A), placebo bolus (phase B),
and placebo infusion (phase C). The abbreviated dosing regi-
men was 1 g of tranexamic acid bolus (phase A), placebo bo-
lus (phase B), and placebo infusion (phase C). The standard dos-
ing regimen was 1 g of tranexamic acid bolus (phase A), placebo
bolus (phase B), and 1 g of tranexamic acid infusion (phase C).
The repeat bolus dosing regimen was 1 g of tranexamic acid
bolus (phase A), 1 g of tranexamic acid bolus (phase B),and 1 g
of tranexamic acid infusion (phase C).

Outcome

The primary outcome for the trial was 30-day mortality. Pre-
specified secondary outcomes included (1) 24-hour and in-
hospital mortality; (2) blood component resuscitation vol-
umes at 6 and 24 hours from admission; (3) incidence of
multiple organ failure; (4) acute respiratory distress syn-
drome; (5) nosocomial infection; (6) early seizures (initial 24
hours); (7) pulmonary embolism and deep vein thrombosis;
(8) crystalloid resuscitation over 24 hours from admission; and
(9) incidence of coagulopathy and hyperfibrinolysis as mea-
sured and defined by international normalized ratio and throm-
boelastography. Prespecified subgroup analyses for 30-day
mortality included (1) patients who did or did not require blood
transfusion; (2) significant traumatic brain injury (head Ab-
breviated Injury Scale score >2) vs those without; (3) patients
enrolled from the scene of injury vs a referral hospital; (4) pa-
tients who required early operative intervention (initial 24
hours); (5) history of vitamin K antagonist medication; (6) his-
tory of antiplatelet medication; and (7) patients who required
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massive transfusion (=10 units of blood in first 24 hours) vs
those did not.

Statistical Analysis

The primary intention-to-treat analysis compared 30-day
mortality across the prehospital tranexamic acid and pla-
cebo groups using a 2-sided Mantel-Haenszel test adjusting
for site. We estimated that enrollment of 994 individuals
with complete data, using a mortality estimate of 16%,® a
2-sided z test with pooled variance, and a 2-sided a = .05,
would provide 90% power to detect a difference of 7 per-
centage points (16.0% vs 9.0%) in 30-day mortality between
the prehospital assigned tranexamic acid and placebo
groups. We assumed that a prehospital intervention would
provide a robust treatment effect.

For patients missing 30-day mortality outcomes, we per-
formed multiple imputation after confirming outcomes were
missing at random (eAppendix 1in Supplement 2). Prespeci-
fied sensitivity analyses excluded patients missing the pri-
mary outcome or assumed all missing patients survived. We
computed 30-day survival curves using a Cox proportional haz-
ards regression model with the site covariate included asaran-
dom effect. We planned to assess the effects of tranexamicacid
dose and the rate of 30-day mortality compared with pla-
cebo. We expected that the effect of tranexamic acid would be
modified by time to treatment and qualifying shock severity
and planned secondary analyses to measure these effects via
post hoc analysis.'*?2 The critical level of significance for the
primary analysis (P < .038) was adjusted for 2 interim analy-
ses. All comparisons were conducted using 2-sided tests. All
analyses were adjusted for clustering by site. False discovery
rate correction was used to account for multiple comparisons
across prespecified secondary outcomes (eAppendix 2 in
Supplement 2). Analyses were performed using Stata MP soft-
ware, version 15 (StataCorp).

. |
Results

A total of 927 patients (mean [SD] age, 42 [18] years; 686
[74.0%] male) were deemed eligible for prehospital enroll-
ment, with 460 randomized to the tranexamic acid interven-
tion and 467 randomized to the placebo intervention. Exclud-
ing 24 patients found later to be ineligible or who withdrew
their consent, the intention-to-treat study cohort comprised
a total of 903 patients; there were 447 in the tranexamic acid
arm and 456 in the placebo arm (Figure 1). We halted the trial
early, at 93% of planned enrollment because of slower than ex-
pected enrollment and financial limitations.

Patients had a median Injury Severity Score (eAppendix 3
in Supplement 2) of 12 (interquartile range [IQR], 5-22) and an
all-cause 30-day mortality rate of 9.1% with data available.
Tachycardia was the qualifying vital sign for 642 patients (71%),
with 203 enrolled patients (22%) having initial prehospital hy-
potension (systolic blood pressure <90 mm Hg). A total of 311
of the 903 enrolled patients (34%) required blood component
transfusion in the first 24 hours from randomization. Sur-
geons performed operative procedures on 406 patients (45%)
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Figure 1. Flow of Patients in the Study of Tranexamic Acid During Air and Ground Prehospital Transport (STAAMP) Trial

6559 Screened for eligibility

Prehospital phase
5431 Not eligible
201 Eligible or missed

927 Randomized in N
prehospital phase ya

460 Randomized to prehospital tranexamic acid intervention 467 Randomized to prehospital placebo intervention

10 Ineligible or withdrew consent
1 Prisoner

10 Ineligible or withdrew consent
3 Prisoners

447 Analyzed for primary analysis
442 30-d Mortality available for primary analysis
5 30-d Mortality imputed for primary analysis

! |

Abbreviated tr i Standard tranexamic Repeat bolus tranexamic
acid regimen acid regimen acid regimen

456 Analyzed for primary analysis
452 30-d Mortality available for primary analysis
4 30-d Mortality inputed for primary analysis

Placebo
452 Dose response analysis

E4

(1 g of tranexamic acid)
151 Dose response analysis

(2 g of tranexamic acid)
141 Dose response analysis

(3 g of tranexamic acid)
150 Dose response analysis

Screening, randomization, and follow-up of the study participants. Per site institutional review board requirements, data from participants who withdrew consent or
were excluded based on ineligibility in certain situations could not be included for the intention-to-treat analysis. Multiple imputation was performed for the 9
participants missing the primary outcome for the primary analysis as prespecified in the study protocol. Dose response analyses were performed on those with

30-day mortality data available.

in the initial 24 hours, with 260 (64%) being taken to the op-
erating theater directly from the trauma bay (eTable 1in Supple-
ment 2). As expected, 30-day mortality increased with quali-
fying shock severity, based on initial qualifying prehospital vital
signs (tachycardia alone, 6%; systolic blood pressure <90 mm
Hg, 13%; and systolic blood pressure <70 mm Hg, 28%;
P <.001).

Prehospital teams delivered the assigned prehospital in-
fusion in 887 of the 903 patients (98%). For the tranexamic acid
arm, 440 of the 447 patients (98%) received the full prehos-
pital infusion. For the placebo arm, 447 of the 456 patients
(98%) received the full prehospital infusion. For the tranex-
amic acid arms, 412 of 447 patients (92%) received full or par-
tial B phase bolus, and 412 of 447 (92%) received full or par-
tial C phase bolus. For the placebo arm, 423 of 456 patients
(95%) received the full or partial B phase intervention, and 422
of 456 patients (93%) received full or partial C phase bolus. The
placebo and tranexamic acid arms were similar in demograph-
ics, prehospital characteristics, and injury severity (Table 1).

The primary outcome was available in 894 patients (99%).
At 30 days after randomization, 36 deaths (8%) had occurred
in the tranexamic acid intervention arm and 45 deaths (10%)
in the placebo arm. After multiple imputation for the 9 pa-
tients missing the primary outcome (5 in the tranexamic acid
arm and 4 in the placebo arm), patients who received tranex-
amic acid compared with placebo did not differ in 30-day mor-
tality (8.1% vs 9.9%; difference, -1.8; 95% CI, -5.6% to 1.9%;
P = .17). Sensitivity analysis assuming all patients with miss-
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ing 30-day mortality outcomes were alive demonstrated simi-
larresults. Kaplan-Meier survival curves are shown in Figure 2A
(log-rank x2 = 0.91, P = .34). In a Cox proportional hazards re-
gression analysis, accounting for site, assignment to the pre-
hospital tranexamic acid group did not change the hazards of
30-day mortality (hazard ratio, 0.81; 95% CI, 0.59-1.11; P = .18).

Mortality in the 7 prespecified subgroups is depicted in
Figure 2B. No heterogeneity of treatment effect across the sub-
groups (heterogeneity x? = 18.31, P = .15) was found.

No group differences were found in 24-hour mortality (dif-
ference, 0.15; 95% CI, -2.3 to 2.6; adjusted P = .98) or in-
hospital mortality (difference, 1.1; 95% CI, -2.7t04.9; P = .94)
(Table 2). The tranexamic acid and placebo groups had simi-
lar 6- and 24-hour blood and blood component transfusion re-
quirements (6-hour total blood component transfusion, O; IQR,
0-2; adjusted P = .97 for both groups). No differences were
found in the incidence of pulmonary embolism (-1.3; 95% CI,
-3.3 to 0.5; adjusted P = .78), deep vein thrombosis (-1.2;
95% CI, -3.3t0 0.5; adjusted P = .83), or seizures (0.4; 95% CI,
-1.0 to 1.9; P = .94) across groups. After adjustment for mul-
tiple comparisons, no differences were found in the inci-
dence of multiple organ failure (1.2; 95% CI, -2.4 to 4.7; ad-
justed P = .94), nosocomial infection (-5.2; 95% CI, -10.1 to
-0.3; adjusted P = .75), or any other secondary outcome.

The number of adverse events was similar between the
arms of the trial (eTable 2 in Supplement 2). No group differ-
ences were found in the incidence of arterial thrombotic com-
plications (stroke [1 (0.2%) in the tranexamic acid group and
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4 (0.9%) in the placebo group] or myocardial infarction or is-
chemia [1(0.9% in the tranexamic acid group and O in the pla-
cebo group]) across groups. We observed 8 adverse events
(4 serious) in the tranexamic acid groups and 21 adverse events
(7 serious) in the placebo group.

When comparing tranexamic acid dosing regimens in
patients with 30-day mortality outcomes available, mortality
rates were 10.0% for placebo, 9.3% for abbreviated, 7.8%
for standard, and 7.3% for repeat bolus tranexamic acid
groups. Among the prespecified comparisons of each tranex-
amic acid regimen to placebo, the repeat bolus regimen
had lower 30-day mortality after adjusting for site (7.3% vs
10.0%; difference, -2.7%; 95% CI, -5.0% to —0.4%; P = .04)
(Figure 3A).

When comparing tranexamic acid effect stratified by time
to treatment and qualifying shock severity in a post hoc com-
parison, a lower 30-day mortality was found when tranex-
amic acid was administered within 1 hour of injury (4.6% vs
7.6%; difference, -3.0%; 95% CI, -5.7% to —-0.3%; P < .002)
(Figure 3B). Patients who received tranexamic acid with pre-
hospital severe shock (systolic blood pressure <70 mm Hg) had
a lower 30-day mortality compared with the placebo group
(18.5% Vs 35.5%; difference, —17%; 95% CI, -25.8% to —8.1%;
P <.003) (Figure 3B).

|
Discussion

Resuscitation strategies for injured patients at risk for hemor-
rhage have evolved, with patients benefiting from receiving
less crystalloid and early balanced blood component therapy
after arriving at definitive care sites.»?23 Studies”®-?2 demon-
strate the survival benefits that result from administration of
tranexamic acid soon after arrival to definitive trauma care
sites. Most deaths from traumatic hemorrhage occur in the first
hours of arrival at the trauma center, underscoring the impor-
tance of the early prehospital interventions that provide
benefit.»2-2324 As a result, recent guidelines have been devel-
oped, which include the prehospital use of tranexamic acid af-
ter trauma because of this early time-to-treatment effect.!>16-25
However, the effectiveness and safety of tranexamicacid when
provided in a pragmatic fashion in the prehospital environ-
ment remain poorly characterized.'>2%27

Among the 903 eligible patients who were enrolled in the
prehospital setting, those who received prehospital tranex-
amic acid administration compared with placebo had a 30-
day mortality rate that did not reach statistical significance.
Of interest, the mortality difference for the primary analysis
was similar to prior randomized trials”® that studied tranex-
amic acid after injury with larger patient populations. De-
spite the potential concerns that prehospital tranexamic acid
administration may be associated with a greater risk of throm-
boembolic complications, we did not find a higher rate of pul-
monary embolism, deep vein thrombosis, or arterial throm-
botic complications.

A prespecified dose response analysis demonstrated a sur-
vival benefit attributable to tranexamic acid in those patients
who received arepeat bolus (3 g of tranexamic acid total; 21-g
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Table 1. Patient Characteristics by Treatment Group?

Tranexamic
acid
Characteristic Placebo (n = 456) (n = 447)
Age, mean (SD), y° 42 (18) 41(17)
Male sex® 341(74.8) 327 (73.2)
Race
White 361(79.2) 353(79.0)
African American 40 (8.8) 49 (11.0)
Asian 3(0.7) 2(0.4)
Other 3(0.7) 2(0.4)
Unknown 49 (10.7) 41 (9.2)
Hispanic ethnicity 34 (7.5) 24 (5.4)
Any blunt mechanism of injury 389 (85.3) 371 (83.0)
Fall from height 60 (15.4) 41(11.1)
Motor vehicle collision 203 (52.2) 205 (55.3)
Motorcycle collision 59(15.2) 62 (16.7)
Pedestrian or bicycle 22 (5.7) 17 (4.6)
Assault 7 (1.8) 7 (1.9)
Other blunt mechanism 38(9.8) 39(10.5)
Any penetrating mechanism 70 (15.4) 78 (17.4)
of injury
Firearm 34 (48.5) 42 (53.8)
Impalement or stabbing 26 (37.1) 28(35.9)
Other penetrating mechanism 10 (14.3) 8(10.3)
Transported from referral hospital 61(13.4) 66 (14.8)

Prehospital crystalloid volume,
median (IQR), mL

Prehospital red blood
cell count, x10°/pL

Initial Glasgow Coma Scale
score <8

Prehospital systolic blood pressure,
median (IQR), mm Hg

Prehospital heart rate,
median (IQR), min

Prehospital intubation
Prehospital CPR

Prehospital transport time,
median (IQR)

Injury Severity Score,
median (IQR)¢

Head AIS score
Median (IQR)
>2
Preinjury vitamin K antagonist

Preinjury antiplatelet medication

500 (100-1000)
52(11.4)

107 (23.5)

126 (87-148)
117 (112-124)

120 (26.3)
9(2.0)
39 (30.5-49)

11 (4-22)

0(0-2)
107 (23.5)
11 (2.4)
49 (10.7)

500 (125-1000)
48 (10.7)

89 (19.9)

123 (88-143)
118 (112-127)

110 (24.6)
11 (2.5)
39 (30-50)

13 (5-22)

0(0-3)
116 (26.0)
5(1.1)

45 (10.1)

Abbreviations: AIS, Abbreviated Injury Scale; CPR, cardiopulmonary

resuscitation; IQR, interquartile range.

Sl conversion factor: to convert red blood cells to x10'2 per liter, multiply by 1.

2 Data are presented as number (percentage) of patients unless otherwise
indicated. No statistically significant differences were observed between

baseline characteristics.

® Continuous variables were compared with the Wilcoxon rank-sum test.

¢ Categorical variables were compared with the Fisher exact test.

dThe score range was O to 75, with a score greater than 15 indicating major

trauma.
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Figure 2. Survival and Subgroup Analysis for 30-Day Mortality

@ 30-d Survival rate

Lo 7& Tranexamic acid
Placebo
0.8+
— 0.6+
2
S
5
Y 0.4+
0.2+
0 T T T T T |
0 120 240 360 480 600 720
Time, h
No. at risk
Placebo 456 418 415 410 408 408 407
Tranexamic acid 447 421 416 411 408 406 406
Risk ratio of 30-d mortality A Képlan-Meler eStlmaFes of 30-day
survival rate among patients
. ) Favors | Favors Adjusted randomized to the prehospital
No./total No. (%) of patients Risk ratio placebo | tranexamic  Pvaluefor  tranexamic acid or placebo
Subg_roup Pl_acebo Tranexamicacid  (95% Cl) acid interaction intervention. The time when
Received transfusion 32 qualifying vital signs occurred in the
No 10/295(3.4)  10/289 (3.5) 1.02(0.49-2.15) prehospital environment represents
Yes 35/157 (22.3) 26/153(17.0) 0.76 (0.57-1.01) - time zero. B, Risk ratio of 30-day
Severe TBI .86 mortality in the 7 prespecified
No 25/374(6.7)  17/352 (4.8) 0.72 (0.46-1.14) = subgroups. The diamond represents
Yes 20/78(25.6)  19/90(21.1)  0.82(0.55-1.24) . the point estimate of the risk ratio,
Procedure in 24 h 32 and horizontal bars represent the
’ 95% Cl. The dotted vertical line
No 16/248 (6.5) 16/241 (6.6) 1.03(0.91-1.17) - . .
represents a risk ratio of 1.0,
Yes 29/204 (14.2) 20/201 (10.0) 0.70(0.45-1.10) — indicating no difference in mortality
Transfer status 70 between standard care and plasma
Scene 36/387(9.3)  27/368(7.3) 0.79 (0.59-1.06) -+ groups. The dashed vertical line
Transfer 8/61(13.1) 9/65 (13.8) 1.06 (0.50-2.21) represents the overall treatment risk
Vitamin K antagonist .86 ratio in the intention-to-treat cohort
No 24/376 (6.4) 21/384 (5.5) 0.86 (0.76-0.96) . for patients not missing th? primary
Yes 2/11(18.2)  1/5(20.0) 1.10 (0.05-25.31) outcome of 30-day mortality.
. Adjusted P values are for the
Antiplatelet .08 . X
ab interaction term between each
No 20/343 (5.8) 13/351(3.7) 0.64 (0.44-0.92) subgroup and treatment group in a
Yes 7/49(14.3)  9/44(20.5) 1.43(0.90-2.27) e logistic regression model with
Massive transfusion .70 30-day mortality as the outcome to
No 31/427(7.3)  28/424(6.6) 0.91(0.53-1.56) —m— determine whether there was a
Yes 14/25(56.0)  8/18 (44.4) 0.79 (0.59-1.07) - significantly different effect of
Overall 45/452(10.0) 36/442(8.1)  0.82(0.60-1.11) < treatment group across the levels of
: T G s each subgroup on the outcome,
0.01 0.1 1 10 adjusted for multiple comparisons

Risk ratio (95% Cl) using false discovery rate correction.

E6

TBI indicates traumatic brain injury.

bolus infusions during 10 minutes and 1 g during 8 hours) com-
pared with placebo. This finding is novel in current patients
atrisk for hemorrhage and suggests that different dosing and
administration (bolus vs infusion) regimens alter the effect of
tranexamic acid on mortality and warrant further assess-
ment with appropriately powered trials in the future. We as-
sessed, via post hoc analysis, the association between time of
intervention and the severity of shock with qualifying vital
signs across tranexamic acid and placebo arms for 30-day mor-
tality. The subgroup of patients who received tranexamic acid
within 1 hour of injury had a lower 30-day mortality rate com-
pared with the patients who received placebo. This time-to-
treatment relationship is well documented for tranexamic acid

JAMA Surgery Published online October 5,2020

after injury.”-22 This mortality difference was of a magnitude
similar to a prior trial** with tranexamic acid provided after
arrival to definitive care.

An association with decreased mortality was found in the
subgroup of patients who had the highest shock severity based
on qualifying prehospital vital sign inclusion criteria. Al-
though derived from a smaller subgroup, the mortality differ-
ence between the tranexamic acid arm and placebo arm is ro-
bust (18.5% vs 35.5%) in the severe shock subgroup. It may be
that the effect of tranexamic acid is accentuated when pro-
vided early, in the prehospital setting, which comports with a
prior study.® Future appropriately powered trials may be
needed for these subgroups.
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Table 2. Secondary Trial Outcomes by Treatment Group?

Tranexamic Acid Difference, Pvalue
Outcome (n = 447) Placebo (n = 453) % (95% Cl) Observed® Adjusted*©
24-h Mortality 16 (3.6) 17 (3.7) 0.15(-2.3t0 2.6) .90 .98
In-hospital mortality 37 (8.6) 43(9.7) 1.1(-2.7t04.9) .58 .94
6-h Outcomes
Laboratory values, median (IQR)
Total blood component transfusion, U 0(0to2) 0(0to2) NA .75 .97
PRBC transfusion, U 0(0to1) 0(0to1) NA .54 .94
Plasma transfusion, U 0(0to0) 0(0to0) NA .16 .78
Platelet transfusion, U 0(0to1) 0(0to1) NA .54 .94
Crystalloid infusion volume, mL 1600 (600 to 3300) 1600 (600 to 3200) NA .94 .98
24-h Outcomes
Laboratory values, median (IQR)
Total blood component transfusion, U 0(0to2) 0(0to2) NA .69 .97
PRBC transfusion, U 0(0to1) 0(0to1) NA 47 .94
Plasma transfusion 0(0to0) 0(0to0) NA 11 .78
Platelet transfusion 0(0to0) 0(0to0) NA .98 .98
Crystalloid infusion volume, mL 3100 (1235t05600) 2750 (1282.5 to 5525) NA .39 .94
Lactate, median (IQR), mmol/L¢ 2.9(1.9t03.9) 2.6(1.8t04.2) NA 74 .97
Initial presenting international normalized ratio®
Median (IQR) 1.1(1to1.2) 1.1(1to1.2) NA .95 .98
>1.4 43 (9.6) 49 (10.7) 1.1(-2.8t05.1) 58 94
Initial presenting rapid thromboelastography
measurements, median (IQR)
Activated clotting time, s 113 (105 to 121) 113 (105 to 128) NA .48 .94
K-time, min9 1.5(1.2to2) 1.5(1.1t02) NA .29 .94
a-Angle" 72.4(68.4t075.7) 73.35(68.2t076.5) NA .19 .78
Maximal amplitude’ 61.7 (57 t0 66.1) 62.8 (57 t0 67.5) NA .07 .75
LY30, % 5.45 (1.7 to 50) 4.35 (1.7 to 50) NA .80 .97
Hyperfibrinolysis’ 145 (32.4) 144 (31.6) -0.9(-7.0t05.2) 78 .97
Multiple organ failure 33(7.4) 39(8.6) 1.2(-2.4t04.7) .52 .94
Acute respiratory distress syndrome 42 (9.4) 39(8.6) -0.8(-4.6t02.9) 66 .97
Nosocomial infection 88(19.7) 66 (14.5) -5.2(-10.1t0-0.3) .04 .75
Seizure in first 24 h 5(1.1) 7 (1.5) 0.4(-1.0t01.9) 58 .94
Pulmonary embolism 13(2.9) 7 (1.5) -1.3(-3.3t00.5) 16 .78
Deep vein thrombosis 12 (2.7) 7 (1.5) -1.2(-3.3t00.5) 23 .83

Abbreviations: IQR, interquartile range; LY30, 30-minute fibrinolysis;
NA, not applicable; PRBC, packed red blood cells.

@ Data are presented as number (percentage) of patients unless otherwise
indicated. For all transfusion volume outcomes, the 24-hour period began at
the time of enrollment or randomization in the prehospital setting.
Thromboelastography measurements provide viscoelastic properties of a
blood sample. Activated clotting time is the time in seconds between initiation
of the test and the initial fibrin formation and is increased with factor
deficiency or severe hemodilution. The a-angle is the slope of the tracing that
represents the rate of clot formation, decreasing with hypofibrinogenemia or
platelet deficiency. K-time is the time in minutes needed to reach 20-mm clot
strength and is generally increased with hypofibrinogenemia or platelet
deficiency. The maximal amplitude is the greatest amplitude of the tracing and
reflects platelet contribution to clot strength. LY30 is the percent amplitude
reduction at 30 minutes after the maximal amplitude and when elevated
reflects a state of hyperfibrinolysis (estimated percent lysis >7.5%).

b Continuous variables were compared with the Wilcoxon rank-sum test.
Categorical variables were compared with the Fisher exact test.

€ Adjusted using Benjamini-Hochberg procedure to account for the false
discovery rate with multiple comparisons. False discovery rate correction is a

powerful method to ensure the probability of a type | error remains at the
prespecified level across all hypotheses tested (35 tests including secondary
outcomes and prespecified subgroup interactions).

9 Unavailable in 140 patients in the tranexamic acid group (n = 307) and 149
patients in the placebo group (n = 304).

€ Unavailable in 25 patients in the tranexamic acid group and 23 patients in the
placebo group (n = 422; n = 433 respectively).

f Unavailable in 74 patients in the tranexamic acid group (n = 373)
and 58 patients in the placebo group (n = 398).

8 Unavailable in 45 patients in the tranexamic acid group (n = 402)
and 33 patients in the placebo group (n = 423).

" Unavailable in 42 patients in the tranexamic acid group (n = 405)
and 26 patients in the placebo group (n = 430).

I Unavailable in 44 patients in the tranexamic acid group (n = 403)
and 29 patients in the placebo group (n = 427).

J Unavailable in 153 patients in the tranexamic acid group (n = 294)
and 156 patients in the placebo group (n = 300) and defined by an estimated
percent lysis greater than 7.5%.
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Figure 3. Prespecified Tranexamic Acid Dose Response Analysis, Time to Intervention, and Shock Severity Post Hoc Subgroup Analysis

for 30-Day Mortality

E‘ Mortality risk by tranexamic acid prespecified dosing regimens

No./total No. Risk ratio Favors | Favors
Tranexamic acid dose (%) of patients (95% ClI) tranexamic acid : placebo P value
Placebo (reference) 45/452 (10.0)
Abbreviated 14/150 (9.3) 0.94 (0.65-1.36) L 74
Standard 11/141 (7.8) 0.78 (0.50-1.24) = .30
Repeat 11/151(7.3) 0.73(0.54-0.99) —_—a— .04
0.‘50 O.‘75 1.00 1.50
Risk ratio (95% ClI)
Mortality risk by time from injury and shock severity
Favors @ Favors
No./total No. (%) of patients Risk ratio placebo : tranexamic

Subgroup Placebo Tranexamic acid  (95% Cl) acid P value
Time from injury, h

<1 18/238(7.6)  10/219 (4.6) 0.60 (0.44-0.83) — 002

>1 27/214(12.6) 26/223(11.7)  0.92(0.52-1.64) —_— 79
Shock severity

Tachycardiaonly  21/320(6.6)  18/316 (5.7) 0.87 (0.56-1.34) — 52

SBP <90 mm Hg 13/101 (12.9) 13/99(13.1) 1.02 (0.55-1.90) = 95

SBP <70 mm Hg 11/31(35.5)  5/27(18.5) 0.52 (0.34-0.80) —_—— .003

0.‘25 0.‘50 1.00 2.60

Risk ratio (95% Cl)

A, Risk of 30-day mortality across tranexamic acid prespecified dosing regimens, accounting for site clustering. All risk ratios are in reference to the placebo group.
The abbreviated dose represents a single 1-g bolus dose. The standard dose represents a 2-g dose administered as a 1-g bolus dose followed by a 1-g infusion during
8 hours. The repeat dose represents a 3-g dose administered as 2 separate 1-g boluses followed by a 1-g infusion during 8 hours. The repeat dose had lower risk of
30-day mortality than placebo group. B, Risk of 30-day mortality of the tranexamic acid group compared with placebo accounting for site clustering across post hoc
subgroups for time of tranexamic acid administration from injury and shock severity based on qualifying inclusion vital signs. The dotted vertical line represents a
risk ratio of 1.0 (no difference between groups). The squares represent the point estimate of the risk ratio, with the horizontal solid lines representing the 95% Cls.
Time of tranexamic acid administration from injury was stratified by 1hour or less and greater than 1 hour. The risk of 30-day mortality was lower in the tranexamic
acid group when the drug was administered within 1 hour of injury. The risk of 30-day mortality was lower in the tranexamic acid group among patients in severe
shock with systolic blood pressure less than 70 mm Hg based on qualifying inclusion vital signs. SBP indicates systolic blood pressure.

Strengths and Limitations
This clinical trial has strengths. The design of the trial was prag-
matic, with simple vital sign inclusion criteria and limited ex-
clusion criteria. The study was blinded and randomized at the
level of the patient. A wide spectrum of injury types, injury
severities, and patients with variable shock severity were en-
rolled. The current results build on prior trials”!-*2 of tranex-
amic acid after injury in military and civilian settings and in
those with brain injury. This analysis validates the safety of pre-
hospital administration of tranexamic acid and potential ef-
ficacy in prespecified and post hoc subgroups and provides out-
come data on dosage effects of tranexamic acid as does another
recently presented prehospital trial.?® Of importance, the cur-
rent trial results reveal similar rates of arterial and venous
thrombotic complications and adverse events and highlight the
importance of randomized clinical trial comparisons relative
to adjusted observational or secondary analyses.!8-29:30
Limitations of the trial include an overall low injury se-
verity and blood transfusion requirement, which resulted in
an overall low mortality rate and may be in part attributable
to the range of vital sign inclusion criteria used in the prehos-
pital phase of care. Inclusion of a diverse range of injury and
shock severities improves the generalizability of the safety
analyses. Because the trial was a multicenter, pragmatic study,

JAMA Surgery Published online October 5,2020

there may be site differences in prehospital settings and in hos-
pital management, which cannot be controlled for by adjust-
ment. The current trial used trauma centers with robust pre-
hospital trauma systems, and the results may not be applicable
to trauma systems with different prehospital capabilities. Sub-
group analyses are underpowered, and results do not estab-
lish causation. Specific mechanisms of injury, unmeasured in-
jury and patient characteristics, prehospital transport modes,
or other unmeasured variables may modify any benefit de-
rived from prehospital tranexamic acid administration. Dif-
ferences were found in the rate of enrollment across partici-
pating sites, which were accounted for in all analyses. Missing
data limited the ability to draw conclusions from compari-
sons of laboratory and thromboelastography measurements.
Given the early termination, the overall study is underpow-
ered, and with a larger study cohort, primary outcome differ-
ences may be more apparent.

. |
Conclusions

Prehospital administration of tranexamic acid compared
with placebo did not result in a lower rate of 30-day mortal-
ity in this population. Prespecified dose response analyses
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demonstrate that receipt of a repeat bolus regimen (3 g of
tranexamic acid) results in significantly lower 30-day mor-
tality compared with placebo. In patients who receive pre-
hospital tranexamic acid treatment within 1 hour of injury
and in those with evidence of prehospital severe shock, post
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