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Purpose: The purpose of this studywas to test the efficacy of prehospital administration of tranexamic acid (TXA)
to injured patients on mortality, thromboembolic events and need for blood transfusion in a level 1 trauma cen-
ter.
Methods: We conducted a retrospective study comparing adult trauma patients receiving or not receiving
prehospital TXA between January 2017 and September 2018. Patients not receiving TXA but transfused within
4 h of admission were 1:1 matched to TXA-treated patients for age, sex, injury severity score, head abbreviated
injury score, prehospital heart rate and systolic blood pressure.
Results: In total 204 patients were included (102 TXA and 102 control), with a mean age of 31 years. On admis-
sion, shock index (p=0.03) and serum lactate (p=0.001) were greater in the control group, whereas the initial
base deficit, hemoglobin levels and EMS time were comparable in both groups. The odd ratio (OR) for shock
index ≥0.9 after TXA administration was 0.44 (95% CI 0.23–0.84). The median amount of blood transfusion was
greater in the control group [eight units (range 1–40) vs three (range 0–40), p=0.01] as well as the use of mas-
sive blood transfusion [OR 0.35 (95% CI 0.19–0.67)]. In the TXA group, VTE was higher [OR 2.0 (95% CI
0.37–11.40)]; whereas the overall mortality was lower [OR 0.78 (95% CI 0.42–1.45)] without reaching statistical
significance.
Conclusions: Prehospital TXA administration is associated with less in-hospital blood transfusion and massive
transfusion protocol (MTP). There is no significant increase in the thromboembolic events and mortality, how-
ever, further evaluation in larger clinical trials is needed.

© 2019 Published by Elsevier Inc.
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1. Introduction

Traumatic injuries represent 9% of all deaths worldwide [1]. Evi-
dence from the literature suggests that bleeding is themost preventable
cause of death in trauma [2-5]. Recent studies showed that about one
quarter of injured patients developed an acute coagulopathy, of which
one third had a poor outcome secondary to hemodynamic instability
[5-8]. Strong evidence indicates that post-traumatic deaths could be
minimized by early treatment of acute coagulopathies and hemorrhagic
shock [6,9,10].
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Administration of tranexamic acid (TXA), limited fluid resuscitation,
permissive hypotension, and rapid transport to the nearest suitable cen-
ter are the most current recommendations for the management of he-
modynamic instability and non-compressible bleeding [11]. The
Clinical Randomization of an Antifibrinolytic in Significant
Hemorrhage-2 (CRASH-2) study reported a beneficial effect of early
in-hospital (within 3 h of injury) administration of TXA to trauma pa-
tients to reduce mortality [12-15]. TXA could reduce mortality through
its effect on trauma-induced coagulopathy and by reducing the arterial
thrombosis mediated by its anti-inflammatory effect. Trauma is known
to promote a systemic inflammatory response (i.e., systemic activation
of fibrinolysis, coagulation, and platelets). TXA counteracts the potential
pro-thrombotic effects of the plasminogen and plasmin that increase
during trauma [16].

Considering the time-dependent effect of TXA, the European guide-
lines for management of major bleeding and coagulopathy following
hospital administration of tranexamic acid in trauma patients: A 1:1
, https://doi.org/10.1016/j.ajem.2019.04.051
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trauma (fourth edition), recommended early administration of TXA
(within 3 h) to prevent bleeding (Grade 1B) and recommended the
first dose of TXA be given on the way to the hospital (Grade 2C) [17].
The CRASH-2 study demonstrated the time-dependent beneficial effects
of TXA, especially when given early (within 1 h), whereas delayed ad-
ministration was linked with worse outcomes [13]. It is a time-
dependent treatment, with 10% of the benefit being lost for every
15 minute delay [18].

The evidence supporting pre-hospital TXA in trauma is lacking ex-
cept for a recent meta-analysis on the efficacy of prehospital TXA.
There are no published randomized control studies yet [19].

We proposed to evaluate the efficacy and impact of TXA administra-
tion in the pre-hospital settings on reducing mortality, associated
thromboembolic events and blood transfusion in trauma patients.

2. Methods

A retrospective study was conducted, which included all adult
trauma patients receiving 1 g of intravenous TXA prior to hospital ad-
mission between January 1, 2017 and September 30, 2018 at a level 1
trauma center. The present study included all patients of both genders
aged 16 to 80 years old treated with TXA during the prehospital
phase. In Qatar, the Emergency Medical Services (EMS) team uses
evidence-based treatment protocols, including TXA administration,
and is staffed by both critical care paramedics (CCP) and Emergency
Medical Technicians. The prehospital TXA protocol follows the CRASH-
2 criteria and is administered only by CCP staff.
Fig. 1. Flow chart of study
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According to the protocol, TXA is administered to adult patients (age
≥ 16 years) with ongoing significant hemorrhage (systolic blood pres-
sure (SBP) b 90 mmHg and/or heart rate (HR) N 110 beats per minute),
or considered to be at risk of significant hemorrhage, and are within 3 h
of the trauma occurring [12,13]. The same protocol is also used for all
trauma admissions to the emergency department (ED), and it is consid-
ered “standard of care” for the EMS team. A few eligible patients did not
receive prehospital TXA during the study period due to the unavailabil-
ity of CCP staff or non-compliance to the protocol.

All patients receiving the first dose of TXA at the ED were excluded.
Patients who met the CRASH-2 criteria and received blood transfusion
within the first 4 h but did not receive TXA during the study period
were included as controls. Study exclusion criteria were patients b16
and N80 years of age, vulnerable population (prisoners and pregnant pa-
tients), traumatic brain injury with exposed brain, isolated drowning or
hanging victims.

Datawere extracted from theQatarNational TraumaRegistry, which
is a mature database in existence since 2007, and a participant in both
the National Trauma Data Bank (NTDB) and the Trauma Quality Im-
provement Program (TQIP) of the American College of Surgeons-
Committee on Trauma (ACS-COT). Data included patients' demo-
graphics (age, gender), EMS time, clinical characteristics, mechanism
of injury, type of trauma, prehospital and trauma room vital signs
(blood pressure, HR, respiratory rate), Glasgow Coma Score (GCS), In-
jury severity score (ISS), initial blood tests (hemoglobin, serum lactate
and base deficit), Abbreviated Injury Severity score (AIS) for head,
chest, abdomen, pelvis and extremities, blood transfusion, units of
design and outcomes.
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blood transfused, massive transfusion protocol (MTP) activation,
thromboembolic events (VTE) including deep vein thrombosis (DVT)
and pulmonary embolism (PE) and mortality.

2.1. Definitions

Shock index (SI) was defined as heart rate divided by the SBP. EMS
time was measured from EMS activation to EMS arrival at the hospital.
Massive Transfusion was defined as ten or more units of red blood
cells over a 24 hour period or N40ml/kg PRBC in 2 h or less. MTP activa-
tionwas carried out at the discretion of the attending physician, trauma
team leader, consultant or anesthetist, and coolers containing six units
of uncross-matched type O positive PRBC; six units equivalent of plate-
lets; and six units AB plasmawere sequentially sent to the resuscitation
area. Diagnosis of VTE included clinical, Doppler ultrasound, echocar-
diogram and CT pulmonary angiography tools.

2.2. Statistical analysis

Data were presented as proportions, mean ± standard deviation,
median and range, and mean with 95% confidence interval (CI) as ap-
propriate. Sample size was not determined priori as we intended to in-
clude all TXA administered cases during the study period. Among the
historical controls, manual matching for age, sex, ISS, head AIS,
prehospital HR and SBP were used to identify the control group for the
analysis. We used the Student t-test for continuous variables and Pear-
son chi-square test for categorical variables, whenever applicable. The
Fig. 2. Hospital outcomes in patients with low (b16) vs high (≥1
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MannWhitneyU testwasused for nonparametric variables. The Fisher's
exact test was used if the expected cell frequencies were below five.
Multivariable logistic regression analysis for predictors of mortality
was performed after adjustment for age, sex, head AIS, ISS and
prehospital heart rate and systolic blood pressure. Data were expressed
as adjusted odd ratio (aOR) and 95% CI. Two-tailed p-values b0.05 were
considered to be significant. Binary logistic regression was used to
quantify the relationship. Data analysis was carried out using the Statis-
tical Package for Social Sciences version 18 (SPSS Inc., Chicago, IL, USA).

3. Results

Across the study period, 204 patients were identified after matching
for age, sex, ISS, head AIS, prehospital HR and SBP (102 in the TXA group
and 102 in the control group). The mean age of patients was 31.5 ±
11 years and 93% were males. Fig. 1 shows the study design (PRISAM
flow chart).

Themedian ISS was 22 (1–66), serum lactate 3.4 mmol/l (0.6–18.8),
and hemoglobin 11.8 g/dl (3.8–18.9). The mean prehospital SI was 0.95
± 0.33 and on-admission SI was 1.09 ± 0.46. MTP was activated for
41.7% of cases and the massive transfusion was administrated for 29%.
The median amount of transfused blood was five units (0–40). There
were eight VTEs (five PE and three DVT). The PE events occurred in
two patients with concomitant diagnosed DVT and three patients with-
out, and all five PE events were non-fatal.

In the studypopulation, almost two thirds of each group had high ISS
≥ 16. Fig. 2 shows the hospital outcomes in patients with low (b16) vs
6) injury severity score (ISS) in the control and TXA groups.
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Table 2
Hospital course and complications in the control and tranexamic acid groups.

Variables Control group TXA group p

Blood units transfused 0.01
Mean, (CI) 9.7 (8.2–11.2) 5.2 (3.8–6.5)
Median, (range) 8 (1–40) 3 (0–40)
First 4 h amount of blood
[mean, (CI)]

5.7 (4.8–6.5) 2.4 (1.5–3.4) 0.001

ED disposition [n, (%)]
Operating room 50 (49.0) 51 (50) 0.002
Intensive care unit 43 (42.2) 28 (27.5)
Surgical floor 3 (2.9) 14 (13.7)
Dead 6 (5.9) 9 (8.8)

MTP activated [n, (%, CI)] 58 [56.9
(47.3–66.5)]

27 [26.5
(17.9–35.1)]

0.001

Blood transfusion [n, (%, CI)] 102 [100
(100–100)]

64 [63
(53.6–72.4)]

0.02

Massive blood transfusion [n, (%,
CI)]

40 [39.2
(29.7–48.7)]

19 [18.6
(11.1–26.2)]

0.001

Pulmonary embolism [n, (%, CI)] 2 [2 (0–4.7)] 3 [2.9 (0–6.2)] 0.70
Deep vein thrombosis [n, (%), CI] 1 [1 (0–2.9)] 2 [2 (0–4.7)] 0.5
Thromboembolic events [n, (%,
CI)]

2 [2 (0–4.7)] 4 [3.9 (0.1–7.7)] 0.40

Mortality [n, (%, CI)] 30 [29.4
(20.6–38.2)]

25 [24.5
(16.2–32.9)]

0.74

CI: 95% confidence interval.
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high (≥16) ISS in the control and TXA groups. High ISS was associated
with significantly higher MTP use and mortality in the TXA group.

3.1. Comparison between outcomes in the control and TXA groups

The 1:1matching yielded two similar cohortswith no significant dif-
ferences in age, sex, prehospital (SBP, DBP, pulse rate, GCS and SI), on-
admission (SBP, DBP, andGCS), AIS head, chest, abdomen, pelvis and ex-
tremities, ISS, hemoglobin and base deficit (Table 1). On-admission, the
pulse rate, SI and serum lactate levels were significantly greater in the
control group in comparison with the TXA group, while the EMS time
was significantly shorter (p = 0.03).

On arrival to ED, the SI continued to increase in the control group
compared with the TXA group (1.2 ± 0.5 vs 1.0 ± 0.4, p = 0.03). The
OR for having SI ≥0.9 after TXA was 0.44 (95% CI 0.23–0.84, p = 0.01).
The occurrences of PE and DVT were slightly higher in the TXA group
(2.9% vs. 2%; p = 0.70) and (2% vs. 1%; p = 0.50); respectively (Fig. 1).
The overall mortality was lower in the TXA group (24.5% vs. 29.4%; p
= 0.40) (Table 2).

Table 3 shows the crude odds ratio for prediction of outcomes. MTP
activation and need for massive transfusion were significantly less in
the TXA group (OR 0.26; 95% CI 0.14–0.47 and OR 0.35; 95% CI
0.19–0.67, respectively). VTE was greater in the TXA group but did not
reach statistical significance (OR 2.0; 95% CI 0.37–11.40). Although in-
hospitalmortalitywas lower in the TXA group, it did not reach statistical
significance (OR 0.78; 95% CI 0.42–1.45).

3.2. Comparison between survivors and deceased groups

The overall hospital mortality rate was 27% (55 cases). Age, SI, and
prehospital TXA use were comparable between the two groups. In
Table 1
Comparison of clinical and laboratory characteristics in the control and TXA groups.

Variables Control group (n =
102)

TXA acid group (n
=
102)

p

Age 31.5 (29.2–33.7) 31.4 (29.2–33.7) 0.90
Male; n (%) 91 (89.2) 98 (96.1) 0.06
Blunt trauma 96 (94.1%) 90 (88.2%) 0.13
Penetrating trauma 6 (5.9%) 12 (11.8%)
Pre-hospital

Systolic blood pressure
(SBP)

107.1
(101.9–112.3)

106.9 (101.9–111.8) 0.90

Diastolic blood pressure 68.2 (63.7–72.6) 69.3 (64.6–74.1) 0.50
Pulse rate 96.6 (90.9–102.2) 97.1 (92.4–101.8) 0.90
Glasgow coma scale 11.2 (10.1–12.2) 10.6 (9.6–11.6) 0.20
EMS time, min** 62 (22–249) 74 (16–163) 0.03
Mean shock index 0.96 ± 0.34 0.96 ± 0.33 0.95
Shock index ≥0.9 (%) 45 (50.6) 48 (52.2) 0.82

Trauma room
Systolic blood pressure 102.4 (97.1–107.8) 107.3 (100.9–113.7) 0.20
Diastolic blood pressure 65.1 (60.9–69.0) 69.0 (64.4–73.7) 0.20
Pulse rate 110.8

(106.1–115.4)
102.8 (97.4–108.2) 0.03

Mean shock index 1.17 ± 0.49 1.01 ± 0.41 0.03
Shock index ≥0.9 72.6% 53.8% 0.01
Glasgow coma scale 9.6 (8.5–10.7) 8.8 (7.7–10) 0.30
Lowest SBP 72.0 (65.2–78.9) 82 (72.7–91.3) 0.10
Head AIS 3.9 (3.6–4.2) 4 (3.7–4.3) 0.90
Chest AIS 3 (2.8–3.2) 2.8 (2.6–3) 0.30
Abdomen AIS 3 (2.8–3.2) 2.7 (2.4–3.1) 0.20
Pelvis AIS 2.8 (2.5–3.1) 2.6 (2.3–2.9) 0.40
Extremity AIS 2.6 (2.4–2.8) 2.7 (2.5–2.9) 0.60
Injury severity score 25.0 (22.3–27.6) 24.0 (21.4–26.5) 0.90
Initial hemoglobin level** 11.6 (3.8–16.6) 12.1 (4.7–18.9) 0.25
Initial serum lactate level** 4.1 (0.6–18.0) 3.0 (0.8–18.8) 0.001
Initial base deficit value** −7.3 (−26.9–0.20) −7.3 (−22.1–4.50) 0.18

AIS: abbreviated injury score, normal hemoglobin value (13–17 g/dl), *normal arterial lac-
tate value (0.5–1.6 mmol/l), data are presented as number and percent, mean and 95%
confidence interval or median and range (**).
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comparison to survivors, the deceased presented with significantly
higher serum lactate, lower base deficit, lower hemoglobin levels,
greater ISS, and lower SBP at ED. Furthermore, deceased cases had sig-
nificantly more MTP activation, more massive transfusion and greater
amount of transfused blood in the first 4 h post-admission compared
to the survivors (Table 4). In the control group, 15 patients died within
the first 48 h (14.7%), whereas 13 (12.7%) died from the TXA group dur-
ing the same period.

Multivariable logistic regression analysis for predictors of mortality
was performed after adjustment for age, sex, head AIS, ISS and
prehospital heart rate and systolic blood pressure (Table 5). Predictors
of mortality were massive transfusion (adjusted OR 4.2; 95% CI
1.33–13.18), serum lactate on arrival (aOR 1.32; 95% CI 1.07–1.69) and
GCS at ED (aOR 0.80; 95% CI 0.71–0.89).

4. Discussion

This study examined the effect of intravenous prehospital TXA use in
civilian trauma patients in comparison with a control group. The study
has several key findings. The age, sex, mechanism of injury, prehospital
HR, SBP, DBP and GCS, ISS, and head AIS were comparable in the two
groups. The study shows that administration of TXA on the way to the
trauma center is associatedwith significantly lower rates of MTP activa-
tion andmassive transfusion. Furthermore, the amount of blood compo-
nents used was lower in the TXA group.

TXA use also is associated with lower mortality and higher VTE;
however both outcomes were not statistically significant and unrelated
to each other. The mortality rate was significantly higher in those who
received TXA with high ISS in comparison with those who received
Table 3
Crude odds ratio for mortality and predictions of severity and other outcomes.

Odd ratio 95% confidence interval P

Prehospital shock index ≥0.90 1.07 0.59–1.91 0.83
Hospital shock index ≥0.90 0.44 0.23–0.84 0.01
MTP activation 0.26 0.14–0.47 0.001
Total in-hospital blood transfusion 0.63 0.41–0.95 0.02
Massive blood transfusion 0.35 0.19–0.67 0.001
Deep vein thrombosis 2.0 0.18–22.41 0.57
Pulmonary embolism 1.5 0.25–9.32 0.34
Venous thromboembolic events 2.0 0.37–11.40 0.21
Mortality 0.78 0.42–1.45 0.75
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Table 4
Comparison between survivors and deceased trauma patients.

Survivors Deceased P

Number 149 (73%) 55 (27%)
Age 31 ± 10 32 ± 10 0.85
Prehospital shock index 0.96 ± 0.32 0.92 ± 0.36 0.51
Prehospital tranexamic acid 52% 45.5% 0.43
Initial serum lactate 3.6 ± 2.2 6.9 ± 4.2 0.001
Initial hemoglobin 11.9 ± 2 10.6 ± 3 0.009
Initial base deficit −6 ± 4 −13 ± 6 0.001
Ed shock index 1.08 ± 0.46 1.12 ± 0.46 0.73
Lowest SBP at Ed 86 ± 20 51 ± 44 0.001
Injury severity score 22 ± 12 32 ± 12 0.001
MTP activation 32% 67% 0.001
Massive transfusion 23.5% 44% 0.005
1st 4 h blood transfused amount 3 ± 3 7 ± 6 0.001
Venous thromboembolism 4% 0.0% –

Ed: emergency department, mean ± standard deviation.
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TXA with lower ISS. Both group of patients had a highmean SI (N0.9) at
the field and on-admission (N1.0). The OR of having SI ≥0.9 after arrival
at the hospital was 0.44 for those who received prehospital TXA. Prior
studies showed that SI ≥0.8 at the ED in trauma patients was an inde-
pendent predictor of mortality (OR 2.5) and blood transfusion (OR
3.6) after adjusting for age, sex, ISS, and GCS [19,20].

Data from104 trials in non-trauma surgical patients showed that peri-
operative TXA administration reduced blood loss by 34% [21]. In the pres-
ent study, almost 50% of all patients required early operations and
transfer directly from the ED to the operating room for surgery. Among
the patients undergoing surgery, the requirement for blood transfusion
was significantly lower in patients who received prehospital TXA in com-
parison with the non-TXA group (6.4 ± 6 units vs 12.3 ± 6 units, p =
0.001). Also relatively fewer patients died early in the first 48 h in the
TXA group, indicating that TXAhas a beneficial effect in bleeding patients.

Non-fatal VTE occurred in 2.9% of patients in the present study pop-
ulation (3.9 in the TXA group and 2% in the control group). TXA might
cause VTE in trauma patients who presented within the phase of fibri-
nolysis shut-down [22]. Based on the rapid thromboelastography
(rTEG) testing in 106 patients, Boudreau et al. [23] found that
prehospital TXA patients (transported by air ambulance service) were
more likely to have fibrinolysis shutdown, whereas the ED group were
in a hyperfibrinolysis phase. The investigators found that prehospital
administration of TXA did not improve survival compared with ED
TXA use; however, treatment with TXA was associated with increased
risk of VTE [23].

The authors of the CRASH-2 trial admitted that they might have
under-reported the frequency of VTE [12]. In consistence with our
study, Morrison et al. reported that TXA was associated with a higher
rate of VTE [15]. Neeki et al. [24] andWafaisade et al. [25] found no dif-
ference in the rate of VTE. In a recent study, Myers et al. [26] found that
the ED use of TXA was not significantly associated with survival (aOR,
0.86; p = 0.83) whereas the risk of VTE was higher in the TXA cohort
(aOR, 3.3; p = 0.02). In a previous work, we have shown in a meta-
analysis that prehospital TXA had a pooled OR of 0.49 for 24-hour mor-
tality, OR of 0.86 for 30-day mortality, and OR of 0.74 for occurrence of
VTE [19]. However, the effect on VTE could be due to the sample size.
Table 5
Multivariable logistic regression analysis for predictors of mortality.

Variable Adjusted OR 95% CI interval P

⁎First serum lactate 1.32 1.07 1.62 0.009
⁎Prehospital tranexamic acid 0.63 0.20 1.96 0.427
⁎Shock index on arrival 0.51 0.12 2.13 0.357
Massive transfusion 4.20 1.33 13.18 0.014
⁎Glasgow coma scale at ED 0.80 0.71 0.89 0.001

Variables were adjusted for age, sex, head AIS, ISS and prehospital heart rate and systolic
blood pressure, * = continuous variable, OR = odd ratio, CI = confidence interval.
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Multivariate analysis in the current study showed that the need for
massive transfusion (OR 4.2), serum lactate (OR 1.3) and GCS (OR
0.80) were independent predictors of mortality. When we compared
the deceased and survivors, the deceased were more likely to have re-
ceived a greater amount of transfused blood, and to have elevated initial
serum lactate, lower hemoglobin level and lower SBP at the ED and
higher ISS.

The current European guidelines for management of bleeding and
coagulopathy following major trauma recommended considering the
prehospital administration of the first dose of TXA. It is adopted from
the CRASH-2 trial but graded “very week” due to limited evidence
[27]. However, until further evidence emerges from ongoing prospec-
tive randomized controlled trials [28-30], considering the existing evi-
dence from meta-analysis [19], the results of the present study
cautiously support the prehospital use of TXA in trauma patients. How-
ever, monitoring the fibrinolysis status (hyper vs shut down phase) be-
fore TXA administration could reduce the risk of the venous
thromboembolic complications.

5. Limitations

The present study has the inherent limitation of any retrospective
analysis. We used manual matching between the two groups instead
of propensity scorematching to increase the clinical relevance for better
matching. The sample size was adequate and the study power was 91%
for the reduction of blood use and 100% formassive transfusionwith the
TXA use, however, on post-hoc analysis the study was underpowered
for VTE and mortality.

The laboratory parameters with respect to hyperfibrinolysis, inflam-
mation, organ failure, and sepsis were not accounted for in the present
study. The exact timing of prehospital TXA administration was, how-
ever, and the EMS timing revealed a shorter journey for those who did
not receive TXA (62 min vs 74 min).

Overall blood transfusion rates were moderate, which might in-
dicate that TXA was also administered to non-coagulopathic pa-
tients or patients without signs of active bleeding. In our study
37% of TXA patients did not receive blood transfusion whereas
about 50% of patients in the CRASH-2 trial did not receive blood
transfusion. Further work is needed to evaluate the value of giving
the maintained dose of TXA after the first bolus dose; our data did
not show that these patients had received the second or main-
tained dose.

6. Conclusions

Prehospital TXA administration is associated with less MTP activa-
tion and in-hospital blood transfusion. However, the non-significant dif-
ferences in the thromboembolic events and mortality need further
evaluation in larger clinical trials.
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