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Background: Antifibrinolytic agents such as tranexamic acid (TXA) are commonly used as adjunctive therapies to
prevent and treat excessive bleeding. In non-surgical settings, TXA is known to reduce bleeding related mor-
TXA tality. However, impact of TXA use on thrombosis is uncertain.

Bleeding Methods: We systematically searched the MEDLINE, EMBASE, and CENTRAL databases from January 1985 to
Hemostasis August 2018. Studies with the following characteristics were included: (i) RCT design; (ii) compared systemic
(oral or intravenous) TXA for prevention or treatment of bleeding for non-surgical indications and placebo or no
TXA, and (iii) reported thrombotic events or mortality. A Mantel-Haenzel, random-effects model was used to
calculate risk ratios, and risk of bias was assessed using the Cochrane risk of bias tool.

Results: Our search identified 22 studies representing 49,538 patients. Those receiving TXA had a significantly
lower risk of death from any cause (RR = 0.92; 95% CI = 0.87-0.98; I? = 0%). There was no significant increase
in the risk of stroke (RR = 1.10; 95% CI = 0.68-1.78; I? = 31%), myocardial infarction (RR = 0.88; 95%
CI = 0.43-1.84; 1> = 46%), pulmonary embolism (RR = 0.97; 95% CI = 0.75-1.26; I*> = 0%), or deep vein
thrombosis (RR = 0.99; 95% CI = 0.70-1.41; 1?2 = 0%) from use of TXA. The results were similar when re-
stricted to studies at low risk of bias.

Conclusions: In our systematic review and meta-analysis, the use of tranexamic acid reduced all-cause mortality

without increased risk of venous or arterial thrombotic complications.

1. Background

Tranexamic acid (TXA) is an antifibrinolytic drug used as an ad-
junctive therapy to prevent and treat excessive bleeding. TXA promotes
hemostasis by blocking the binding of plasmin to fibrin, thereby pre-
venting fibrin degradation. Based on its mechanism of action, there are
theoretical concerns about prothrombotic potential and increased risk
of thromboembolism.

TXA reduces bleeding and improves outcomes in patients under-
going surgical procedures [1]. TXA is also used as an adjunctive he-
mostatic therapy in patients at high risk of bleeding or those with un-
controlled bleeding. The CRASH-2 trial demonstrated that early
administration of TXA reduced bleeding related mortality in trauma
patients (4.9% vs. 5.7%; RR = 0.85; 95% CI = 0.76-0.96) compared to
later administration or no TXA. However, the impact of TXA use on
thrombosis risk is uncertain [1], particularly, in the non-surgical set-
ting. Previous meta-analyses have focused primarily on the effect of
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TXA on bleeding outcomes in patients undergoing surgery and included
studies using non systemic administration of TXA. We therefore un-
dertook the present systematic review to summarize the current evi-
dence regarding the effect of systemic TXA administration on all-cause
mortality and thrombotic events for non-surgical indications.

2. Methods

We developed a study protocol before data collection, which was
registered on PROSPERO and can be accessed at http://www.crd.york.
ac.uk/PROSPERO/display_record.php?ID = CRD42017074263.  After
study selection, we decided to conduct separate meta-analyses evalu-
ating the risk of thrombotic events and mortality with systemic TXA
compared to placebo or no treatment (i) as part of a planned surgical
protocol and (ii) for a high-risk of bleeding or uncontrolled bleeding
(i.e. not part of a planned surgical protocol). The meta-analysis of TXA
use in the non-surgical setting is presented here according to PRISMA
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guidelines [2].
2.1. Search strategy and study selection

We systematically searched the MEDLINE, EMBASE, and CENTRAL
databases from January 1985 to August 2018 (see Appendix 1 for
search strategy). Studies were eligible for inclusion if they were: (i)
randomized controlled trials; (ii) included adults with non-surgical in-
dications for TXA (e.g. prevention or treatment of bleeding not part of a
planned surgical protocol or as planned medical management), (iii)
compared systemic (oral or intravenous [IV]) TXA versus placebo or no
TXA (iv) reported thrombotic events (deep vein thrombosis, pulmonary
embolism, myocardial infarction, or stroke as defined in individual
studies) and/or mortality, and (v) were published in the English lan-
guage. Two reviewers independently reviewed titles and abstracts fol-
lowed by full text articles. Conflicts were resolved by discussion.

2.2. Data extraction and quality assessment

Data extraction and risk of bias assessments were conducted in-
dependently and in duplicate using a custom data collection form.
Disagreements were resolved by consensus. The Cochrane Risk of Bias
tool for randomized studies was used to classify the included studies as
low, unclear, or high risk of bias [3]. No attempts were made to contact
authors for missing data.

2.3. Statistical analysis

Risk ratios were calculated using the Mantel-Haenzel random-ef-
fects method [4]. Results are presented as risk ratio with corresponding
95% confidence interval. Heterogeneity was assessed using the I sta-
tistic. Statistical analysis was carried out using RevMan version 5 (The
Cochrane Collaboration, Copenhagen, Denmark). We did not attempt to
adjust statistically or otherwise account for differences in length of
follow-up time.

3. Results
3.1. Study characteristics
We identified 3866 unique references for title and abstract

screening after the removal of duplicates. After title and abstract
screening, 942 full-text articles were reviewed and 22 studies were
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included in the final analysis (Fig. 1). Overall, the 22 included studies
represented 49,538 patients [5-25]. Characteristics of the included
studies are shown in Table 1. The average (mean or median) age ranged
from 24 years to 69 years in the TXA group and 25 years to 68 years in
the non-TXA group. The route of TXA administration was IV in 12
studies [5,6,8,11,16,18,20-27], oral in 6 studies [9,10,12,14,17,19],
and combined oral and IV in 3 studies [7,13,26]. Indications for TXA
use were as follows: leukemia-related bleeding (n = 2) [6,18], GI
bleeding (n = 3) [12,13,19], heavy menstrual bleeding (n = 2) [9,14],
prevention or treatment of post-partum hemorrhage (n =4)
[5,11,15,22], intracranial bleeding or neurologic injury (n = 8)
[7,8,20,21,23-26], non-specific traumatic injury (n = 1) [16], heredi-
tary hemorrhagic telangiectasia (n = 1) [10], and melasma (n = 1)
[17]. The most common dosage regimen was intravenous administra-
tion of 1 g bolus followed by another 1g over 8h. IV dosage ranged
from 1 g given once to 9 g daily for four weeks. Oral dosage ranged from
0.65 g given three times daily for five days to 1.5 g given twice daily for
three months.

3.2. All-cause mortality

One or more deaths occurred  in 12 studies
[5,7,8,12,13,16,19-21,23-26], while no deaths occurred in in 10 stu-
dies. Compared to patients who did not receive TXA, those receiving
TXA had a significantly lower risk of death from any cause (RR = 0.92;
95% CI = 0.87-0.98; I? = 0%) (Fig. 2). Subgroup analyses by route of
administration showed significantly reduced mortality with IV admin-
istration (RR = 0.92, 95% CI = 0.87-0.97; I?> = 0%). Mortality was
reduced, but not significantly with oral (RR =0.98; 95%
CI = 0.32-3.02; I2 = 0%) and combined oral/IV TXA (RR = 0.60; 95%
CI = 0.25-1.47; I* = 0%).

3.3. Thrombotic events

Reporting of thrombotic complications in individual studies was
variable, and event rates were often low or did not occur despite pre-
specification. With respect to studies where one or more thrombotic
event occurred, there was no increase in the risk of stroke (5 studies,
RR = 1.10; 95% CI = 0.68-1.78; I*> = 31%) [5,16,21,23,24], myo-
cardial infarction (3 studies, RR = 0.88; 95% CI = 0.43-1.84;
I? = 46%) [5,16,21], pulmonary embolism (6 studies, RR = 0.97; 95%
CI = 0.75-1.26; I = 0%) [5,7,16,21,23,26] or deep vein thrombosis (8
studies, RR = 0.97; 95% CI = 0.69-1.37; I? = 0%) [5,13-16,20,21,23]

— I

Fig. 1. PRISMA flow diagram of included and excluded studies.
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Table 1
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Characteristics of Included Studies. Note: AML = acute myeloid leukemia, APL = Acute promyelocytic leukemia, GIB = Gastrointestinal bleed, HHT = hereditary
hemorrhagic telangiectasia, HMB = heavy menstrual bleeding, ICH = intracerebral hemorrhage, SAH = subarachnoid hemorrhage TBI = traumatic brain injury,

PPH = post-partum hemorrhage.

Study and year Patients  Route Dose Control (n) TXA patients Follow-up
Shpilberg 1995 AML I\ 1 g q6h until platelets above 20-10°/L Placebo (30) 26 Hospital stay
Avvisati 1989 APL I\ 2g q8h x 8days Placebo (6) 6 14 days

Holstein 1987 GIB 1V, oral 1gIV q4h X 3days, then 1.5g g6h x 3 days Placebo (82) 72 6 weeks

Hawkey 2001 GIB Oral 2 g then 1g QID Placebo (103) 103 30 days

Smith 2018 GIB Oral 1g q6h X 4days Placebo (47) 49 28 days

Gaillard 2014 HHT Oral 1.5 g BID for 3 months Placebo (61) 57 3 months

Freeman 2011 HMB Oral Either 0.65g or 1.3g TID x 5days Placebo (69) 235 3 menstrual cycles
Lukes 2010 HMB Oral 1.3 g TID for 5 days per cycle Placebo (72) 117 6 menstrual cycles
Sprigg 2014 ICH v 1gthen 1gover 8h Placebo (8) 16 90 days

Sprigg 2018 ICH Y 1g then 1g over 8h Placebo (1164) 1161 90 days

Shin 2013 Melasma Oral 50 mg per day for 8 weeks No TXA (21) 23 8 weeks
Chowdhary 1986 SAH IV, oral 1g q4h either IV or oral No TXA (64) 65 Hospital stay
Tsementzis 1990 SAH v 9 g a day in six doses for 4 weeks. Placebo (50) 50 6 months

Roos 2000 SAH IV, oral 1g q4h IV for one week, then two weeks 1.5g q6h PO Placebo (233) 229 3 months

Hillman 2002 SAH A% 1g IV then 1g IV 2h later then 1 g IV g6h up to 72h  No TXA (251) 254 6 months
Fakharian 2018 TBI v 1gthen 1gover 8h Placebo (75) 74 3 months
Yutthakasemsunt 2013  TBI v 1g then 1g over 8h Placebo (118) 120 Hospital stay
Shakur 2010 Trauma IV 1g then 1g over 8h Placebo (11067) 11,060 Discharge or day 28 if still hospitalized
Arulkumaran 2017 PPH v 1g Placebo (9985) 10,033 Discharge or day 42 if still hospitalized
Gungorduk 2013 PPH 1\ lg Placebo (219) 220 3 weeks

Sentilhes 2018 PPH v lg Placebo (1849) 1844 3 months

Syjita 2018 PPH v 1g Placebo (75) 75 Unclear

in patients receiving systemic TXA compared to placebo/no TXA
(Fig. 3). These findings were consistent regardless of route of admin-
istration.

3.4. Risk of bias

A risk of bias assessment was conducted using the Cochrane Risk of
Bias Tool (Fig. 4). Five studies were judged to be at high risk of bias, 9
studies were judged to be at unclear risk of bias and 7 studies were
judged low risk of bias. When the analysis was restricted to studies that
were at low risk of bias the significant effect of TXA on all-cause
mortality remained (RR = 0.92; 95% CI = 0.87-0.97; I? = 0%). Fur-
thermore, there was also no increased risk of myocardial infarction
(RR = 0.88; 95% CI = 0.43-1.84; I> = 46%), stroke (RR = 0.98; 95%
CI = 0.64-1.49; 1> = 19%), deep vein thrombosis (RR = 1.00; 95%
CI = 0.71-1.42; I> = 10%), or pulmonary embolism (RR = 0.96; 95%
CI = 0.74-1.25; 12 = 0%) when we only considered studies at low risk
of bias.

4. Discussion
In this study of almost 50,000 patients we showed that systemic

TXA administered for prevention or treatment of bleeding in patients
(i.e. not part of a planned surgical protocol) reduced all-cause mortality

by 8% without a concomitant increase in the rate of venous or arterial
thrombotic events. To our knowledge, this is the largest systematic
review and meta-analysis to date of TXA use in patients with non-sur-
gical indications for its use. We included only randomized controlled
trials and the risk estimates were associated with a low degree of sta-
tistical heterogeneity. The findings were similar when the analysis was
restricted to studies judged to be at low risk of bias.

However, the overall confidence in the estimates of effect is limited
by heterogeneity between studies such as indication for use, patient
population, and dosing strategy. The low rates of thrombotic compli-
cations may reflect outcome definitions and methods of ascertainment.
Patients with a history of thrombosis or other hemostatic comorbidities
were commonly excluded from the studies limiting generalizability
[5,16,21,27]. Nevertheless, in observational studies of patients with
malignancies who are at increased thrombotic risk, TXA did not in-
crease the risk of thrombosis suggesting this exclusion criteria is not a
barrier to generalizability [28,29].

Another limitation of our systematic review is that small numbers of
patients or studies for specific indications preclude meaningful sub-
group analysis by reason for administration. Additionally, differences in
the length of follow up time between studies adds a layer of hetero-
geneity to our data. Meaningful subgroup analysis may be possible in
the future when additional studies are completed. For example, there
are multiple ongoing studies of TXA in non-surgical patients; the A-

TXA No TXA Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Chowdhary 1986 5 65 8 64 0.3% 0.62[0.21, 1.78] 1986 —
Holstein 1987 2 72 4 82 0.1% 0.57[0.11, 3.02] 1987 —
Tsementzis 1990 22 50 14 50 1.0% 1.57[0.91, 2.71] 1990 —
Roos 2000 76 229 75 233 4.3% 1.03 [0.79, 1.34] 2000 ==
Hawkey 2001 4 103 5 103 0.2% 0.80[0.22, 2.89] 2001 ——
Hillman 2002 27 254 32 251 1.3% 0.83 [0.52, 1.35] 2002 =
Shakur 2010 1463 10060 1613 10067 70.1% 0.91[0.85, 0.97] 2010 N
Yutthakasemsunt 2013 12 120 17 118 0.6% 0.69[0.35, 1.39] 2013 —
Sprigg 2014 3 16 2 8 0.1% 0.75 [0.16, 3.62] 2014 R
Arulkumaran 2017 227 9985 256 10033 9.5% 0.89[0.75, 1.06] 2017 -
Sprigg 2018 250 1161 249 1164 12.3% 1.01[0.86, 1.18] 2018 T
Fakharian 2018 2 74 3 75 0.1% 0.68[0.12, 3.93] 2018
Smith 2018 2 49 1 47 0.1% 1.92 [0.18, 20.46] 2018 —
Total (95% CI) 22238 22295 100.0% 0.92 [0.87, 0.98] f|
Total events 2095 2279

i - J- . y - - - " - ! + + {
Heterogeneity. Tau’ = 0.00; Chi® = 8.29, df = 12 (P = 0.76); I° = 0% Bo1 o1 % 100"

Test for overall effect: Z = 2.86 (P = 0.004)

Favours TXA Favours no TXA

Fig. 2. Forest plot for mortality.
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TXA no TXA Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Holstein 1987 1 72 0 82 12% 3.41[0.14, 82.44] 1987

Tsementzis 1990 0 50 3 50 1.4% 0.14[0.01, 2.70] 1990 ¢

Lukes 2010 0 117 1 72 12% 0.21[0.01, 4.99] 2010 ¢

Shakur 2010 40 10060 41 10067 62.4% 0.98[0.63, 1.51] 2010 -

Sprigg 2014 1 16 0 8 12% 159[0.07, 35.15] 2014

Arulkumaran 2017 3 10033 7 9985 6.4% 0.43 [0.11, 1.65] 2017 ——r

Sprigg 2018 19 1161 14 1164 25.1% 1.36[0.69, 2.70] 2018 T

Sentilhes 2018 0 1844 1 1849 1.2% 0.33[0.01, 8.20] 2018

Total (95% CI) 23353 23277 100.0% 0.97 [0.69, 1.37]

Total events 64 67

Heterogeneity. Tau? = 0.00; Chi® = 6.04, df = 7 (P = 0.53); I = 0% E + + J

Test for overall effect: Z = 0.17 (P = 0.86) .01 2';”_,“,5 TXAiFavours ngt‘)I'XA S
TXA No TXA 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Chowdhary 1986 1 65 p B 64 0.9% 0.98 [0.06, 16.08] 1986

Tsementzis 1990 2 50 1 50 1.1% 2.04[0.18, 23.27] 1990 —

Roos 2000 1 229 0 233 0.7% 3.07 [0.12, 75.65] 2000

Shakur 2010 72 10060 71 10067 62.6% 1.01[0.73, 1.41] 2010

Arulkumaran 2017 17 10033 20 9985 16.2% 0.85 [0.44, 1.62] 2017

Sprigg 2018 20 1161 23 1164 185% 0.87 [0.47, 1.59] 2018

Total (95% CI) 21598 21563 100.0% 0.97 [0.75, 1.26]

Total events 113 116

Heterogeneity. Tau? = 0.00; Chi? = 1.23, df =5 (P = 0.94); = 0% k + t J

Test for overall effect: Z = 0.21 (P = 0.83) DL O, 100
TXA no TXA Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Shakur 2010 35 10060 55 10067 56.1% 0.64 [0.42, 0.97] 2010 -

Arulkumaran 2017 2 10033 3 9985 13.5% 0.66 [0.11, 3.97] 2017 =

Sprigg 2018 11 1161 6 1164 30.4% 1.84[0.68, 4.95] 2018 T

Total (95% CI) 21254 21216 100.0% 0.88 [0.43, 1.84]

Total events 48 64

Heterogeneity. Tau? = 0.20; Chi® = 3.73, df = 2 (P = 0.15); I? = 46% E + - J

Test for overall effect: Z = 0.33 (P = 0.74) 0.01 (l)fél\;ours TXAiFavours né?l’XA 100

TXA No TXA Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Rand 95% Cl Year M-H, Random, 95% CI

Tsementzis 1990 6 50 2 50 8.5% 3.00[0.64, 14.16] 1990

Shakur 2010 55 10067 66 10067 48.2% 0.83 [0.58, 1.19] 2010

Yutthakasemsunt 2013 0 120 3 118 2.6% 0.14[0.01, 2.69] 2013 ¢

Arulkumaran 2017 8 10033 6 9985 15.9% 1.33[0.46, 3.82] 2017 B

Sprigg 2018 16 1161 11 1164 24.9% 1.46 [0.68, 3.13] 2018 T

Total (95% CI) 21431 21384 100.0% 1.10 [0.68, 1.78]

Total events 85 88

i L - Chi? = N = - D ; : |
Heterogeneity. Tau? = 0.09; Chi 5.81,df =4 (P =0.21); I =31% ho1 o1 1 T 100

Test for overall effect: Z = 0.38 (P = 0.71)

Favours TXA Favours no TXA

Fig. 3. Forest plots for (A) deep vein thrombosis (B) pulmonary embolism (C) myocardial infarction (D) stroke.

TREAT [30] and TREATT trials [31] are two large RCTs underway
comparing TXA to placebo for patients with hematologic malignancies.
While beyond the scope of our review, given the shared mechanism of
action it is likely that the effect of other antifibrinolytic agents such as
aminocaproic acid is similar with respect to thrombotic outcomes.

Despite a large body of evidence supporting its use in patients with
disturbances of hemostasis (e.g. cardiac surgery, orthopedic surgery,
trauma, post-partum hemorrhage), fear about the risk of thromboem-
bolism with TXA use persists and adherence to recommended TXA
administration guidelines [32] appears to be poo [33]. Previous ex-
amination of barriers to TXA use suggests that lack of knowledge sur-
rounding evidence for use of TXA contributes to under-utilization,
while the degree to which concerns of thrombosis risk affects TXA
utilization is less certain [34]. However, these studies are limited in
geographical and jurisdictional scope and barriers to use of TXA is a
topic that needs further examination.
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5. Conclusion

In this systematic review and meta-analysis TXA significantly re-
duced all-cause mortality (by 8%) without an increased risk of venous
or arterial thrombotic complications when given for prevention or
treatment of non-surgical bleeding, although the optimal timing and
dosing strategy are uncertain. These results should be interpreted with
caution for patients with a history of thrombosis as they were excluded
from TXA trials. Uncertainty remains regarding the risk of thrombosis
in patients receiving systemic TXA prior to planned surgical procedures
who were not included in this analysis [1].
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Appendix 1
Search strategy for EMBASE

exp TRANEXAMIC ACID/ or TRANEXAMIC ACID.mp.
Antifibrynolytic agents/
(tranexamic adj3 acid$).ti,ab.
Antifibrinolytic.mb

or/1-4

randomized controlled trial/
controlled clinical trial/
randomi$.ti,ab

placebo.ti,ab.

10. trial.ti,ab.

11. Or/6-10

12. 5and 11

OONUT AW

The search syntax or MEDLINE was the same (via OVID)
Search Strategy for CENTRAL

. MeSH Descriptor: [Tranexamic Acid] explode all trees

. MeSH Descriptor: [Antifibrinolytic Agents] explode all trees

. (tranexamic near acid$):ti,kw,ab

. #1 or #2 or #3
5. MeSH Descriptor: [Randomized Controlled trials as Topic] ex-
plode all trees
6. MeSH Descriptor [Randomized Controlled Trial] explode all trees
7. MeSH Descriptor [Controlled Clinical Trial] explode all trees
8. MeSH Descriptor [Clinical Trials as Topic] explode all trees
9. MeSH Descriptor [Clinical Trials, Phase III as Topic] explode all
trees

A WN -

10 MeSH Descriptor [Pragmatic Clinical Trials as Topic] explode all
trees
11 MeSH Descriptor [Pragmatic Clinical Trial] explode all trees

13. #5 or #6 or #7 or #8 or #9 or #10 or #11
14. #4 and #12
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