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Abstract

Introduction Gastrointestinal bleeding results in significant morbidity, cost and mortality. TXA, an antifibrinolytic agent,
has been proposed to reduce mortality; however, many studies report conflicting results.

Methods The aim of the study was to perform the first systematic review and meta-analysis of RCTs to evaluate the efficacy
TXA for both upper and lower gastrointestinal bleeding. This was performed per PRISMA guidelines. PubMed, EMBASE,
Cochrane and Scopus databases were searched for RCTs. Dichotomous variables were pooled as risk ratios (RR) with 95%
confidence intervals (CI) using the MH method with random effects modelling.

Results Fourteen RCTs were identified with 14,338 patients and mean age of 58.4 years. 34.9% (n=5008) were female and
65.1% (n=9330) male. There was no significant difference in mortality between TXA and placebo (RR 0.86 95% CI (0.74
to 1.00), P: 0.05). The secondary outcomes, similarly, did not yield significant results. These included rebleeding, need for
surgical intervention (RR: 0.75 95% CI (0.53, 1.07)), endoscopic intervention (RR: 0.92 95% CI (0.70, 1.22)), transfusion
requirement (RR: 1.01 95% CI (0.94, 10.7)) and length of stay (RR: 0.03 95% CI (—0.03, 0.08)). There was no increased
risk of VTE, RR: 1.29 95% CI (0.53, 3.16). One trial (n=12,009) reported an increased risk of seizure in the TXA group,
RR: 1.73 95% CI (1.03-2.93).

Conclusion TXA does not reduce mortality in patients with acute upper or lower gastrointestinal bleeding and may confer
an increased risk of seizures. The authors do not recommend the use of TXA in acute gastrointestinal bleeding.
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Gastrointestinal (GI) bleeding is a common presenting com-
plaint of patients arriving to the Emergency Department
(ED). Upper gastrointestinal bleeding (UGIB) incidence
estimates range between 50 and 100 persons per 100,000
per year. Lower GI bleeding (LGIB) presents less frequently,
with approximately 20 per 100,000 per year requiring admis-
sion in the USA [1].

UGIB has a mortality rate of between 2 and 14% [2].
Although UGIB presents 2—5 times more frequently, LGIB
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Overall, the mortality rate in gastrointestinal bleeding has
remained static in the last 50 years, as per NICE guidelines
report in 2014, despite medical and surgical advances [4].
This is a concern.

Tranexamic acid (TXA) was developed by Shosuke and
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synthetic analogue of the amino acid lysine. It reversibly
binds lysine receptor sites on plasminogen, the precursor to
plasmin formation, an enzyme responsible for clot break-
down. The binding of TXA to plasminogen prevents its
conversion to plasmin and therefore reduces the fibrinolytic
effects of plasmin.

Both trauma and surgery trigger similar haemostatic
responses including fibrinolysis (clot degradation), and in
extreme cases, hyperfibrinolysis. Antifibrinolytic agents
counteract this by inhibiting clot breakdown by targeting
plasmin [6]. Additionally TXA is hypothesised to have an
anti-inflammatory effect to counteract the pro-inflammatory
properties of plasmin [6].

In 1967, Cox et al. hypothesised that gastric hyperfi-
brinolysis may be a key factor in inducing rebleeding in gas-
tric and duodenal ulcers. They suggested that antifibrinolytic
agents (epsilon-aminocaproic acid (EACA) and TXA) may
be theoretically useful in preventing rebleeding and there-
fore mortality [7]. Nilsson et al. further supported this with
a study on the gastric secretions of 39 patients in 1975. It
showed that patients with peptic ulcer disease and haem-
orrhagic gastro-duodenitis had higher levels of fibrinolytic
activity [8].

A number of large randomised control trials (RCTs),
including CRASH-2 [6], WOMAN [9] and CRASH-3 [10],
assessing the use of TXA have emerged as safe and benefi-
cial in reducing mortality in bleeding trauma, obstetric and
head injury patients, respectively. TXA is also commonly
used in surgery, particularly orthopaedic surgery to reduce
operative blood loss [11].

However, the literature in relation to the use of TXA in
gastrointestinal bleeding has not conclusively shown any
benefit. A 2014 Cochrane review by Bennett et al. found
that TXA appeared to have a beneficial effect on mortality in
patients with UGIB. However, in 2021, a large (n=12,009)
multicentre international double-blinded randomised control
trial (HALT-IT) found that TXA did not reduce mortality
and conferred an increased risk of VTE events. The recom-
mendation from the HALT-IT trial was that TXA should not
be used in management of GI bleeding [12].

Since the publication of HALT-IT, two notable systematic
reviews and meta-analyses looking into TXA in UGIB were
performed by Burke et al. and Kamal et al. They included
data from HALT-IT [13, 14]. Burke et al. included 8 RCTs
and concluded that while TXA did not have a beneficial
effect on mortality, it reduces rebleeding and need for surgery
[13]. Kamal et al. included 12 RCTs and concluded that TXA
did not improve mortality or other secondary outcomes and
conferred an increased risk of venous thromboembolism
(VTE). However, this increased risk of VTE only became
statistically significant when assessing the subgroup of high-
dose TXA vs placebo and the association between TXA at
any dose and VTE was not statistically significant [14].
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When it comes to complications associated with TXA,
specifically increased risk of VTE, there is contradicting
information in the literature. From a theoretical perspective,
studies in animal models have shown increased thrombus
formation in a dose-dependent manner with administration
of TXA [15]. However, large RCTs have shown that TXA
does not increase the risk of VTE [6], while others show new
evidence to dispute this [12].

The aim of this research was to systematically compile
and evaluate all of the available RCT data on TXA in GI
bleeding and ascertain whether it is safe and/or beneficial
in reducing mortality and to review other outcomes. Specifi-
cally the aim of this review was to build on previous system-
atic reviews and meta-analyses by Burke et al. and Kamal
et al. [13, 14] by including trials assessing TXA in lower
gastrointestinal bleeding along with UGIB, similar to the
approach taken in the HALT-IT trial. This review is the first
to incorporate both lower and upper gastrointestinal bleeding
into the same systematic review and meta-analysis. We also
wanted to evaluate whether the increased risk of VTE seen
in the HALT-IT trial would be confirmed by meta-analysis
including other trials assessing TXA in GI bleeding [12].

Methods

The systematic review and meta-analysis of published RCTs
was conducted in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [16]. As the research review pertains to previ-
ously published clinical trials, it does not require further
consent of patients involved, and, in-keeping with local
institution review board, does not require ethical approval.
All of the information in the trials was anonymised and, as
such, there will be no sensitive patient information requir-
ing storage and is therefore in compliance with General
Data Protection Regulation (GDPR) guidelines. All of the
aforementioned study authors have contributed to the for-
mulation of the study protocol which was subsequently reg-
istered on PROSPERO on 8th March 2022, Reference No.
CRD42022308878 [17].

PICO (Population, Intervention, Comparison
and Outcome) tool

The PICO tool [18] was utilised to formulate the clinical
research question, see Table 1.

Aim and outcomes
The aim of this review was to assess the efficacy and safety

of the use of TXA in acute gastrointestinal bleeding. The pri-
mary outcome was the effect of TXA on mortality in patients
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Table 1 Population, Intervention, Control and Outcome (PICO) table

Population/patients with condition  Adult patients with

gastrointestinal haemorrhage

Intervention Tranexamic acid by any route
Control Placebo
Outcome Mortality

with gastrointestinal haemorrhage when compared with pla-
cebo. The secondary outcomes are detailed in Table 2.

Search strategy

The detailed search criteria for the review was composed by
converting key words into Medical Subject Headings (MeSH)
terms. The search terms “Gastrointestinal Hemorrhage” [Mesh]
AND “Tranexamic Acid” [Mesh] were then used to perform
an electronic search of MEDLINE (PubMed), EMBASE,
Cochrane (CENTRAL) and Scopus databases on 31st March
2022. Searches of clinical trial registries, EU Clinical Trials
Register and ClinicalTrials.gov, were also performed. All pub-
lished studies regardless of publishing language were included,
provided an English translation was available. There were no
restrictions based on the year of publication. The retrieved stud-
ies had duplicates removed and then the titles, abstracts and full
texts were screened to identify the studies for review.

Inclusion and exclusion criteria
The identified studies were considered if the inclusion cri-

teria, see Table 3, was met. Studies were omitted based on
the exclusion criteria, see Table 3.

Quality assurance and quality control

The literature search was independently conducted by
two reviewers using the predetermined search strategy

Table 2 Table of secondary outcomes

Secondary outcomes

Need for intervention (endoscopic, surgical and radiological)
Need for therapeutic endoscopic intervention

Need for surgical intervention

Rebleeding rate

Transfusion requirement

Volume of transfusion

Overall length of stay (LOS)

ICU length of stay

Venous thromboembolic events (DVT, PE)

Arterial thromboembolic events (e.g. MI, stroke)

Other adverse effects of tranexamic acid

to identify the list of trials. Duplicates were excluded,
then screening of titles, abstracts and full texts was
performed and application of the inclusion and exclu-
sion criteria was assessed independently. This helped to
ensure compliance with systematic review process and
independent concordance of the relevant studies prior to
data extraction.

Data extraction

After independent identification of studies to be included,
14 suitable randomised control trials were identified. The
following data points were extracted, where available,
from the individual studies: 1. Manuscript title, 2. Lead
author, 3. Year of publication, 4. Country of research
facility, 5. Single/multicentre study, 6. Blinding imple-
mented, 7. Study methodology, 8. Number of participants,
9. Participants demographics, 10. Intervention protocol,
11. Primary outcome: mortality, 12. Secondary outcomes,
see Table 2. The data was input into a table on Microsoft
Excel (version 16.40).

Risk of bias analysis

The risk of bias analysis of included studies was performed
using the Cochrane risk-of-bias tool for randomised trials
(RoB 2) [19]. This tool is structured into a fixed set of types
of bias, each assessing different aspects of trial design, pro-
cedures and reporting. It is represented graphically with
each study classified as low, unclear and high risk of bias,
for each of the different types of biases. The risk of bias
analysis was performed independently by reviewers. The
modelling and graph was performed using Microsoft Excel
(version 16.40).

Data analysis

The primary and secondary outcomes were expressed as
dichotomous and continuous outcomes; the dichotomous
outcomes were reported as risk ratios (RR) with 95%
confidence intervals (CI) following estimation using the
Mantel-Haenszel method. Continuous variables were
expressed as mean differences (MD) with 95% confidence
intervals (CI) using the inverse variance method. Random
effects modelling were applied for all primary and secondary
outcomes, regardless of statistical heterogeneity (/%) value
due to significant qualitative heterogeneity of the studies.
All tests of significance were two tailed with P <0.05
utilised to determine statistical significance. Meta-analysis
was performed using Review Manager (RevMan) version
5.4.1 software, the Cochrane Collaboration 2020.
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Table 3 Inclusion and exclusion
criteria table

Inclusion criteria

Exclusion criteria

Randomised controlled clinical trials
Adult patients aged 18 years or older
Suspected, endoscopically, surgically or radiologically verified

gastrointestinal bleeding

Paediatric patients
Non-anonymised patient information

Non-randomised or crossover trials

Results
Literature search

The systematic search strategy identified a total of 1497 stud-
ies; 576 duplicate records were subsequently removed. The
remaining studies initially underwent title review, abstract
review and full text review with 921, 256 and 45 reviewed
respectively at each stage. Post full text review 19 studies were
assessed for eligibility. After further exclusion of 5 studies, 14
remaining studies were determined to have satisfied the inclu-
sion and exclusion criteria and were included in the systematic
review and meta-analysis [12, 20-33]. The details of this are
outlined in the PRISMA 2020 flowchart, see Table 4 [34].

Included study characteristics

Of the included 14 studies, there was marked geographical and
chronological variation. They include 7 European, 4 Asian,
2 Australian and one large multinational trial (HALT-IT)
with participants from 15 countries across the developed and
developing world. The 14 studies included data from 14,338
patients, 34.93% were female (n=5008), and 65.07% were
male (n=9330). The weighted mean age overall was 58.4 years
with the mean of the TXA group being 58.34 years and the
placebo group being 58.46 years. The year of publication of
the trials spanned 48 years from Cormack et al. in 1973 to
HALT-IT and Bashiri et al. in 2021 [12, 20-33]. While all 14
trials included placebo groups, there were significant variation
in the intervention groups. TXA was administered through a
variety of routes, at different doses and for different durations.
See Appendix for details of individual included study charac-
teristics. From the time of the first trial in 1973 to the last in
2021, there have been a number of notable changes to man-
agement of gastrointestinal bleeding, with the routine use of
proton pump inhibitors (PPI) and the emergence of therapeutic
endoscopic methods to control gastrointestinal bleeding [35].
For these reasons, it was decided that there was qualitatively
significant heterogeneity between the trials and that random
effect modelling should be used for meta-analysis calculation.

Risk of bias assessment

The risk of bias for the included studies was evaluated using
the Cochrane risk-of-bias tool for randomised trials (RoB 2)
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[19]. The evaluation of bias was independently carried out
by two reviewers. The results of the evaluation are graphi-
cally represented in Table 5.

Tabulated meta-analysis outcomes (Table 6)

Primary outcome: mortality

All 14 trials reported outcomes for analysis in relation to mor-
tality (100%). The meta-analysis included data from 14,338
patients. However, the results from Bashiri et al. (n=70)
were not estimable as there were no incidences of mortal-
ity in either the TXA or placebo groups [22]. Results of the
meta-analysis (Fig. 1) revealed a risk ratio of 0.86 with 95%
confidence interval ranged from 0.74 to 1.00 and P 0.05; as
such the result did not reach statistical significance. The />
value was 0%; however, random effects modelling was used
as described above, see “Included study characteristics”.

Secondary outcomes
Rebleeding rate

Twelve of the 14 trials reported outcomes for analysis in
relation to rebleeding rate (85.7%). The meta-analysis
included data from 13,968 patients. Results of the meta-
analysis (Fig. 2) revealed a risk of ratio of 0.85 with 95%
confidence interval from 0.71 to 1.03 and P 0.09; as such
the result did not reach statistical significance. The * value
was 21%; however, random effects modelling was used as
described above, see “Included study characteristics”.

Need for intervention

Eight of the 14 trials reported outcomes in relation to inter-
vention (57.1%). Where specific intervention data was pro-
vided (therapeutic endoscopic intervention and surgical
intervention), the data was analysed separately, see below
meta-analysis for need for therapeutic endoscopic interven-
tion and need for surgery. This meta-analysis includes data
from 13,195 patients. Results of the meta-analysis (Fig. 3)
reveal a risk ratio of 0.92 with a 95% confidence interval
from 0.76 to 1.11 and P 0.38; as such the result did not reach
statistical significance. The 1% value was 22%: however,
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Table 4 PRISMA 2020 flow diagram [34]

random effects modelling was used as described above, see
“Included study characteristics”.

Need for therapeutic endoscopic intervention

Six of the 14 trials reported outcomes in relation to
therapeutic endoscopic intervention (42.9%). The

Identification of studies via databases and registers }
c Records identified from: 1,497
.g MEDLINE (n = 108) Records removed before
i} Cochrane (n = 59) screening:
= EMBASE (n = 604) —> Duplicate records removed (n
s Scopus (n =717) =576)
° Registers (n = 9)
Record titles screened RBCRITiS axEidec
~ —»| Based on title review (n = 665)
(n=921) Based on abstract review (n = 211)
; Reports not retrieved
ﬁff c;ret_,s) SOUGHRIOr Ttre t——»| Systematic reviews (n = 12)
2 Other reviews (n = 4)
7= Case reports/series (n = 2)
8 Cohort Studies (n = 6)
@ Audit (n = 1)
Study not found (n = 1)
Reports assessed for eligibility
(=18 Reports excluded:
Non-randomised study (n = 3)
Paediatric study (n = 1)
Crossover study (n = 1)
\4
° Studies included in review
)
° (n=14)
3 Reports of included studies
£ (n=14)

meta-analysis included data from 12,905 patients. Results
of the meta-analysis (Fig. 4) reveal a risk ratio of 0.92
with a 95% confidence interval from 0.7 to 1.22 and P
0.57; as such the result did not reach statistical signifi-
cance. The I? value was 37%; however, random effects
modelling was used as described above, see “Included
study characteristics”.

@ Springer
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Table 5 Risk of bias assessment
table [19]

Study Description

Blinding of participants & personnel

(Performance bias)
Blinding of Outcome Assessment

(Detection bias)

Cormack 1973

J @ Incomplete Outcome data (Attrition bias)

Biggs 1976

Engqvist 1979

Bergqvist 1980

Barer 1983

Von Holstein 1987

Hawkey 2001

Bagnenko 2011

Saidi 2017

© 00000 0|

Smith 2018

@ @ @ « @ @ @ @ @ @Selective Reporting (Reporting bias)

000 ©O 0000080

Tavakoli 2018

@ @ @ @ @ @ @ @ @ @ @AIIocationConcealment(Selectionbias)

QO 0000000000

@ @ @ @ @ @ @ @ @ »‘_:» @ @ gRandomsequencegeneration(selectionbias)

&
Karadas 2020 @ @ ( : W) Legend
) ) B Low Risk
Bashiri 2021 ( @ i (D @ =
) ) ) Unclear Risk &
@ |©@|©|®| @ [Hnrx

Need for surgical intervention

Twelve of the 14 trials reported outcomes in relation to
surgical intervention (85.7%). The meta-analysis included
data from 13,944 patients. However, Saidi et al. (n=131)
and Bashiri et al. (n=70) were not estimable as there were
no incidences of surgical intervention in either the TXA or
placebo groups in either trial [22, 36]. Results of the meta-
analysis (Fig. 5) revealed a risk ratio of 0.75 with a 95%
confidence interval from 0.53 to 1.07 and P 0.11; as such
the result did not reach statistical significance. The I* value
was 52% and as such random effects modelling was used.

Transfusion requirement

Ten of the 14 trials reported outcomes in relation to trans-
fusion requirement (71.4%). The meta-analysis included

@ Springer

data from 13,343 patients. Results of the meta-analysis
(Fig. 6) revealed a risk ratio of 1.01 with a 95% confi-
dence interval from 0.94 to 1.07 and P 0.86; as such the
result did not reach statistical significance. The I* value
was 15%; however, random effects modelling was used
as described above, see “Included study characteristics”.

Transfusion volume

Five of the 14 trials reported outcomes in relation to
mean transfusion volume (35.7%), expressed as units
of packed red blood cells. The meta-analysis included
data from 12,352 patients. However, data from Bergqvist
et al. was not estimable as details of standard deviation or
other variances metrics were not provided [20]. Results
of the meta-analysis (Fig. 7) revealed a mean difference
of —0.68 with 95% confidence interval from —1.51 to



Irish Journal of Medical Science (1971 -) (2024) 193:705-719

71

Table 6 Tabulated meta-analysis outcomes

Outcome Studies # of participants Statistical method Effect estimate

Mortality 14 14,338 Risk ratio 0.86 [0.74, 1.00]
(M-H, random, 95% CI)

Rebleeding 12 13,968 Risk ratio 0.85[0.71, 1.03]
(M-H, random, 95% CI)

Need for intervention 8 13,195 Risk ratio 0.92[0.76, 1.11]
(M-H, random, 95% CI)

Therapeutic endoscopic intervention 6 12,905 Risk ratio 0.92 [0.70, 1.22]
(M-H, random, 95% CI)

Surgical intervention 12 13,944 Risk ratio 0.75[0.53, 1.07]
(M-H, random, 95% CI)

Transfusion requirement 10 13,343 Risk ratio 1.01 [0.94, 10.7]
(M-H, random, 95% CI)

Transfusion volume 5 12,352 Mean difference —0.68[1.51,0.14]
IV, random, 95%CI)

Length of stay 4 12,595 Mean difference 0.03 [-0.03, 0.08]
(IV, random, 95%CI)

ICU length of stay 2 12,341 Mean difference —-0.92 [-2.26, 0.43]
IV, random, 95%CI)

Venous thromboembolic events 7 13,209 Risk ratio 1.29 [0.53, 3.16]
(M-H, random, 95% CI)

Arterial thromboembolic events 5 12,777 Risk ratio 0.94 [0.63, 1.40]

(M-H, random, 95% CI)

0.14 and P 0.10; as such the result did not reach statisti-
cal significance. The I? value was 84%:; however, ran-
dom effects modelling was used as described above, see
“Included study characteristics”.

Overall length of stay

Four of the 14 trials reported outcomes in relation to
mean length of stay as hospital inpatient (33.3%). The
meta-analysis included data from 12,595 patients. Results
of the meta-analysis (Fig. 8) reveal a mean difference of
0.03 with 95% confidence interval from — 0.03 to 0.08
and P 0.31; as such the result did not reach statistical sig-
nificance. The I? value was 0%: however, random effects

Risk Ratio
M-H, Random, 95% CI

Tranexamic Acid  Placebo Risk Ratio

Study or Subgroup __Events __Total Events Total Weight M-H, Random, 95% CI _Year

Cormack 1973 3 76 3 74 Low 0.9710.20, 4.67] 1973
Biggs 1976 3 103 397 o 0.94(0.19, 4.55] 1976

Engavist 1979 1 76 12 73 41% 0.8810.41, 1.87] 1979 —t
Bergavist 1980 3 21 2 L% 0.63(0.17,2.31] 1980 —
Barer 1983 6 256 35 260  7.3% 0.46 (0.26, 0.82] 1983 _—

von Holstein 1987 2 72 4 82 08 0.57[0.11,3.02] 1987 —
Hawkey 2001 3 103 5 103 L% 0.60 (0.15, 2.45] 2001 —
Bagnenko 2011 1 22 3025 05w 0.38(0.04,3.38] 2011

Saidi 2017 4 67 9 64 Lex 0.42(0.14, 131) 2017 —

Tavakoli 2017 20 271 18 139 6ax 0.57[0.31, 1.04] 2017

Smith 2018 2 49 147 04%  1.92(0.18,2046] 2018

Karadas 2020 8 78 10 79 3% 0.81(0.34, 1.94] 2020 —
HALT-IT 2021 222 5994 226 6015 71.0% 0.990.82, 1.18] 2021 -

Bashiri 2021 o 35 o 35 Not estimable 2021

Total (95% CI) 7223 7115 100.0% 0.86 [0.74, 1.00]

Total events. 208 334

Heterogeneity: Tau® = 0.00; Chi’ = 11.77, df = 12 (¢ = 0.46); I* = 0%

modelling was used as described above, see “Included
study characteristics”.

ICU length of stay

Two of the 14 trials reported outcomes in relation to mean
length of ICU stay (16.7%). Hawkey et al. reported propor-
tion of patients requiring ICU stay but not the mean length
and as such have been omitted from this meta-analysis [27].
Results of the meta-analysis (Fig. 9) reveal a mean differ-
ence of —0.92 with 95% confidence interval from — 2.26 to
0.43 and P 0.18; as such the result did not reach statistical
significance. The I2 value was 100%, and as such random
effects modelling was used.

0.2 05 H H
Test for overall effect: Z = 1.92 (P = 0.05) Favours Tranexamic Acid Favours Placebo

Fig. 1 Meta-analysis forest plot assessing the effect of TXA versus
placebo on mortality

Tranexamic Acid _ Placebo Risk Ratio Risk Ratio
Study or Subgroup __Events __Total Events Total Weight M-H, Random, 95% CI_Year M-H, Random, 95% CI
‘Cormack 1973 7 76 17 74 45%  040(0.18,091] 1073
Engauist 1979 23 76 29 73 124% 0760049, 119] 1979 —
Bergavist 1980 1 21 2 22 0% 0520005536 1980 —
58 256 Sl 260 18.0% 1.16[0.83, 1.61] 1983 T

von Holstein 1987 10 72 19 8 60%  060030,120] 1987 —
Hawkey 2001 9 103 10 103 4%  090[038212] 2001 e
Bagnenko 2011 2 2 s 25 14 04500.0,211] 2011 e
Saidi 2017 4 67 12 64 27%  032(0.11,094) 2017 —_—
Tavakoli 2017 20 271 13 138 64 078(0.40,153] 2017 —
Karadas 2020 5 7 8 78 3% 1.13(0.46, 2.76] 2020 e
Bashiri 2021 8 35 s 35 30% 1600.58, 4.41] 2021 —_1
HALT-IT 2021 410 5956 448 5981 37.1%  0.92(0.81,1.05) 2021 L
Total (95% CI) 7033 6935 100.0% 0.85 [0.71, 1.03] <
Total events 561

Tau = 0.02; Chi* = 14.00, df = 11 (P = 0.23); I = 21% T
Test for overall effect: Z = 1.69 (P = 0.09)

1 0.1 10
Favours Tranexamic Acid Favours Placebo

Fig.2 Meta-analysis forest plot assessing the effect of TXA versus
placebo on rebleeding
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Tranexamic Acid  Placebo Risk Ratio Risk Ratio
Study or Subgroup __Events __Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% C1

Bashiri 2021 9 35 7 35 4dn 129054, 3.07] —F

Cormack 1973 15 76 20 74 87% 0.73(0.41, 1.31]

HALT-IT 2021 2762 5994 2905 5981 53.5% 0.95[0.91, 0.99]

Hawkey 2001 13 103 16 103 6.8% 0.8110.41, 1.60] —

Karadas 2020 14 78 10 79 57% 1.42[0.67,3.00] -+

Saidi 2017 6 67 14 64 41% 0.4110.17, 1.00] —

Smith 2018 7 49 13 47 48% 052[0.23, 1.18] T

Tavakoli 2017 47 271 20 139 12.0% 1.21(0.74, 1.95] T

Total (95% CI) 6673 6522 100.0% 092 [0.76, 1.11] L

Total events 2873 301

Heterogeneity: Tau? = 0.02; Chi’ = 8.96, df = 7 (P 0.26); 1 = 22% oo

0.1 10
Test for overall effect: Z = 0.88 (P = 0.38) Favours Tranexamic Acid Favours Placebo

Fig.3 Meta-analysis forest plot assessing the effect of TXA versus
placebo on the need for intervention

Tranexamic Acid  Placebo Risk Ratio Risk Ratio
Study or Subgroup __Events __ Total Events Total Weight M-H, Random. 95% CI _Year M-_H, Random, 95% CI
Hawkey 2001 8 103 16 103 9.6% 050 (0.22, 1.12] 2001 —
Saidi 2017 6 67 14 64 82% 0.41(0.17,1.00] 2017 —
Tavakoli 2017 39 271 18 139 18.1% 1.11(0.66, 1.87) 2017 -\
Karadas 2020 1 78 7 79 82% 1.59(0.65, 3.80] 2020 -
Bashiri 2021 9 35 735 86% 1.290.54,3.07] 2021 -1
HALT-IT 2021 2542 5053 2658 5978  47.1% 0.96 (092, 1.00] 2021
Total (95% CI) 6507 6398 100.0% 092[0.70, 1.22] <
Total events 2615
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Fig.4 Meta-analysis forest plot assessing the effect of TXA versus
placebo on the need for therapeutic endoscopic intervention
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Fig.5 Meta-analysis forest plot assessing the effect of TXA versus
placebo on the need for surgical intervention
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Fig.6 Meta-analysis forest plot assessing the effect of TXA versus
placebo on transfusion requirement
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Fig.7 Meta-analysis forest plot assessing the effect of TXA versus
placebo on transfusion volume

Venous thromboembolic events
Seven of the 14 trials reported outcomes in relation to

venous thromboembolic events (50%), including deep
venous thrombosis (DVT) and pulmonary embolism (PE).
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Fig.8 Meta-analysis forest plot assessing the effect of TXA versus
placebo on overall length of stay
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Fig. 9 Meta-analysis forest plot assessing the effect of TXA versus
placebo on ICU length of stay

The meta-analysis included data from 13,209 patients;
however, Saidi et al. (n=131) were not estimable as
there were no incidences of VTE in either TXA or pla-
cebo groups [36]. Results of the meta-analysis (Fig. 10)
revealed a risk ratio of 1.29 with a 95% confidence inter-
val from 0.53 to 3.16 and P 015; as such the result did
not reach statistical significance. The I? value was 39%;
however, random effects modelling was used as described
above, see “Included study characteristics”.

Arterial thromboembolic events

Five of the 14 trials reported outcomes in relation to arterial
thromboembolic events (35.7%), including cerebrovascu-
lar accidents (CVA), transient ischaemic attacks (TTA) and
myocardial infarctions (MI). The meta-analysis included
data from 12,777 patients. Results of the meta-analysis
(Fig. 11) revealed a risk ratio of 0.94 with a 95% confidence
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Fig. 10 Meta-analysis forest plot assessing the effect of TXA versus
placebo on venous thromboembolic events
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Fig. 11 Meta-analysis forest plot assessing the effect of tranexamic
acid versus placebo on arterial thromboembolic events
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interval from 0.63 to 1.4 and P 0.75; as such the result
did not reach statistical significance. The I* value was 0%;
however, random effects modelling was used as described
above, see “Included study characteristics”.

Other adverse effects

There were a number of other adverse effects discussed
in the 14 trials; however, there was insufficient data in
order to perform a meta-analysis. The most commonly
described adverse effect in the TXA group was GI upset.
The other finding of note comes from the large HALT-IT
trial which described a statistically significant increased
risk of seizure in the TXA group when compared with the
placebo group. HALT-IT detailed seizures in 38 patients
(0.6%) in the TXA group versus 22 patients (0.4%) in the
placebo group, with a risk ratio of 1.73 with 95% confi-
dence interval of 1.03 to 2.93 [12]. It was not possible to
perform a meta-analysis as the other trials had insufficient
data on seizures reported.

Subgroup analysis

TXA on mortality in upper Gl bleeding versus lower Gl
bleeding The majority of trials exclusively studied the
use of TXA in upper GI bleeding. HALT-IT and Smith
et al. were the only 2 trials that included patients with
lower GI bleeding. Subgroup analysis looking at mortality
in patients with lower GI bleeding showed no statistically
significant difference between TXA and placebo with a
risk ratio of 1.66 with 95% confidence interval of 0.66 to
4.19 and 0.28. However, the subgroup meta-analysis of
mortality in upper GI bleeding demonstrated a statistically
significant difference between TXA and placebo with a
risk ratio of 0.85 with 95% confidence interval of 0.72 to
0.99 and P 0.03 (Fig. 12).
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Fig. 12 Subgroup meta-analysis of TXA versus placebo on mortality
in upper and lower GI bleeding

TXA on mortality in variceal versus non-variceal bleed-
ing Variceal bleeding data was not included in enough
detail in many of the RCTs to facilitate adequate inclusion
in the meta-analysis. Trials such as Bashiri et al., Karadas
et al. and Saidi et al. excluded patients with variceal bleed-
ing during initial patient selection. A number of studies
(Bergqvist et al. and Hawkey et al.) included sufficient
detail to be included but there were insufficient num-
bers in the variceal bleeding groups to be included in the
meta-analysis. The subgroup meta-analysis of TXA versus
placebo of non-variceal bleeding included data from 13
RCTs and it demonstrated a statistically significant result
with a risk ratio of 0.75 with 95% confidence interval of
0.6 to 0.94 and P 0.01. Only 4 trials included sufficient
data to be included in the subgroup meta-analysis of TXA
versus placebo in variceal bleeding which did not show
a statistically significant result; risk ratio 0.98 with 95%
confidence interval of 0.79 to 1.21 and P 0.84 (Fig. 13).

Discussion

The primary outcome of this systematic review and meta-
analysis showed that tranexamic acid did not reduce
mortality in patients with gastrointestinal bleeding when
compared with placebo (RR: 0.86 95% CI (0.74-1.00),
P =0.05). This builds on the evidence detailed in previous
meta-analyses by Burke et al. and Kamal et al. [13, 14].
Similar to these reviews, this meta-analysis was heav-
ily influenced by the large HALT-IT trial (n=12,009)
which found no reduction in mortality with TXA when
compared with placebo. Prior to HALT-IT, a Cochrane
review by Bennett et al. in 2014 had concluded that TXA
appears to have a beneficial effect on mortality but this
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Fig. 13 Subgroup meta-analysis of TXA versus placebo on mortality
in non-variceal and variceal bleeding
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was uncertain due to a high dropout rate in a number of
the trials [37].

Rebleeding is important in the pathogenesis and natu-
ral history of gastrointestinal bleeding. It often marks the
transition from a stable to an unstable patient and precedes
terminal bleeding events resulting in mortality [38]. As
such, a medication that could prevent rebleeding could be
useful in reducing mortality, ICU admission and transfu-
sion requirements. However, despite this theoretical sup-
port for TXA in preventing rebleeding, this meta-analysis
found no statistically significant reduction in rebleeding
rates when TXA was compared with placebo (RR: 0.83
95% CI (0.71-1.03), P=0.09).

This meta-analysis also assessed the role of TXA in
reducing the need for intervention in gastrointestinal
bleeding. Where segregated data was available within the
trials, we divided intervention into therapeutic endoscopic
interventions and surgical intervention. Looking firstly at
overall intervention, there was no statistically significant
difference between TXA and placebo (RR: 0.92 95% CI
(0.76-1.11), P=0.038). Similarly there was no reduction
in therapeutic endoscopic interventions (RR: 0.92 95% CI
(0.7-1.22), P=0.57) or surgical intervention (RR: 0.75
95% CI (0.53-1.07), P=0.11) with TXA when compared
with placebo. We also looked at interventional radiol-
ogy (IR) guided embolisation but data on this was only
reported in the HALT-IT trial. Similar to other interven-
tions, there was no statistically significant risk reduction
with TXA when compared with placebo (RR: 0.83 95%
CI (0.61-1.13)).

From a theoretical perspective, TXA, as an antifibrino-
lytic agent, may prevent fibrinolysis and increase the risk
of propagation and embolisation of clots and therefore
increase the incidence of thromboembolic events (TE)
[15]. In 2021, Taeuber et al. [39] performed a more exten-
sive systematic review and meta-analysis which incorpo-
rated 216 trials and 125,550 patients. They found that
thromboembolic events occurred in 2.1% (n=1020) of the
intravenous TXA group versus 2.0% (n=900) in the con-
trol group. They found no association between intravenous
TXA and thromboembolic events (risk difference: 0.001
95% CI (- 0.001-0.002), P =0.49). Our meta-analysis
looked at both arterial thromboembolic events (MI, CVA,
TIA) and venous thromboembolic events (DVT, PE). Only
6 trials reported data on VTE, and 5 trials reported data
in relation to arterial thromboembolic events. Despite the
HALT-IT trial reporting increased risk of VTE [12], our
meta-analysis found that there was no statistical signifi-
cance between TXA with venous thromboembolic events
(RR: 1.20 95% CI (0.90-1.60), P =0.22) or arterial throm-
boembolic events (RR: 0.94 95% CI (0.63-1.40), P =0.75)
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when compared with placebo. Our meta-analysis finding
is consistent with the findings of Taeuber et al. in showing
no association between TXA and thromboembolic events.

Of other adverse effects mentioned throughout the tri-
als, nausea and vomiting was the most common. How-
ever, data in relation to this outcome was not provided
in sufficient detail to facilitate a meta-analysis. Many
trials included incidences of nausea and vomiting but
either did not specify the breakdown of cases between
TXA and placebo [20-23, 26, 27, 29, 31, 32, 36] groups
or provided data on events in the TXA group with no
comparative figures from the placebo group. The other
adverse effect of note was seizures. While the majority
of trials did not report incidence of seizures, HALT-IT
reported a statistically significant increase risk of sei-
zures in the TXA group when compared with placebo,
with 38 events occurring in the TXA group compared
with 22 in the placebo (0.6% vs 0.4%, RR 1.73 95% CI
(1.03-2.93)) [12]. However, as highlighted by Murao
et al. in their systematic review, the risk of seizures from
TXA is dose dependent [40]. They noted that specifically
doses of above 2 g of TXA per 24 h confer an increased
risk of seizure. The TXA doses used for GI bleeding
often exceeded this 2 g per 24 h, for example HALT-IT
used 1 g stat and a further 3 g over 24 h in a continuous
125 mg/h infusion. The doses used in TXA for GI bleed-
ing often exceeded the doses used in other large TXA
trials, such as CRASH-2 (1 g stat and 1 g infused over
24 h) and WOMAN (1 g stat and further 1 g if recur-
rent bleeding). Therefore, the contraindication of TXA
in patients with known seizure disorders may only be
applicable when using higher doses of TXA, specifically
when using fixed dose in patients suffering with renal
impairment or liver disease.

The aim of this systematic review was to build on pre-
vious reviews performed by Burke et al. and Kamal et al.
[13, 14] and to specifically include studies investigating
lower gastrointestinal bleeding, similar to the HALT-IT
trial [12]. However, this strategy only yielded 2 additional
trials Smith et al. (n=96) and Bashiri et al. (n=70) [22,
31]. The meta-analysis outcomes of this review have not
revealed any additional findings when compared with
Kamal et al. [14].

Subgroup analysis was performed looking into whether
TXA was beneficial in patients with upper GI bleeding,
lower GI bleeding and whether the bleed aetiology was
non-variceal or variceal bleeding. Subgroup analysis dem-
onstrated that when upper GI bleed cases were isolated
there was a statistically significant mortality risk reduc-
tion with TXA when compared with placebo, RR 0.85
95% CI (0.72-0.99). However, the weight of the HALT-IT
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RCT is diluted in this subgroup meta-analysis. HALT-IT
is responsible for 82.7% of patients in the overall meta-
analysis (10,681/12,914); however, its weighting in the
meta-analysis is 68.7%.

It must also be noted that the trial HALT-IT is more
rigorous in its methodology than the smaller, more biased
trials. These two facts combined and the proximity of
the upper margin of the confidence interval to 1 would
lend doubt to the true significance of the subgroup meta-
analysis findings. HALT-IT individually found no statisti-
cally significant difference in mortality in the upper GI
bleeding subgroup. It is possible the segregation of upper
and lower GI diluted the statistical power of HALT-IT
allowing smaller, less methodologically rigorous trials
to push the meta-analysis calculation towards statistical
significance. It must also be noted that the well designed
and conducted HALT-IT trial subgroup analysis clearly
showed no statistical difference between the TXA and
placebo groups both with a risk ratio close to 1 (0.97)
and a confidence interval sitting equally either side of 1
from 0.81 to 1.17.

Subgroup analysis assessing the effect of TXA ver-
sus placebo on mortality in patients with non-variceal
bleeding demonstrated a statistically significant risk
reduction, RR 0.75 95% CI (0.60-0.94). Similar to the
above criticism of the subgroup analysis for UGIB, the
non-variceal bleeding subgroup meta-analysis dilutes
the impact of the HALT-IT RCT. HALT-IT accounts for
74% (6576/8886) of patients but was only weighted at
19%. Also when looking at the subgroup analysis from
the HALT-IT trial individually, it clearly shows no differ-
ence between the subgroups with risk reduction of 1.01,
95% CI (0.71-1.43).

Subgroup analysis looking into dosing or route of
administration was not performed as part of this review.
However, a systematic review and meta-analysis by
Dionne et al. assessed the difference between high-dose
and low-dose TXA for both upper and lower GI bleeding
[41]. They found that high-dose IV TXA did not improve
outcomes and conferred an increased risk of VTE and sei-
zures. When looking at low-dose TXA, their meta-analysis
showed no effect on mortality but did show a statistically
significant risk reduction in rebleeding and need for sur-
gery. Their findings contradict the expected dose-response
relationship and, coupled with the somewhat arbitrary
delineation of “low” versus “high” dose, it is uncertain
whether there findings are of true significance.

Overall looking into the different subgroups, it is
uncertain whether the statistically significant meta-anal-
ysis results hold up as truly significant on closer analysis.
If anything can be taken from the subgroup analysis, it

may be that future research or trials should focus more
on the use of TXA in cases of non-variceal upper GI
bleeding. This also has some pathophysiological support,
through inhibition of gastric hyperfibrinolysis described
by Cox et al. [7]. Future research should potentially focus
on thromboelastography (TEG) to identify acute gastro-
intestinal bleeding patients with evidence of hyperfi-
brinolysis. TXA is likely to be more beneficial in this
subset of patients.

This systematic review and meta-analysis has a num-
ber of limitations. These include the high risk of bias
and high numbers of dropouts in a number of the older,
smaller RCTs. There are also significant differences in the
number of participants. The majority of the older, smaller
trials are eclipsed in terms of participants by HALT-IT
which accounts for 82.7% of the overall participants in
the review. The chronology of the trials is also a limiting
factor. The first trial included is Cormack et al. which was
performed in 1973 with the latest trial, HALT-IT being
performed in 2021. This duration, spanning 48 years,
results in bias due to the significant changes in medical
practice and the management of acute gastrointestinal
bleeding over the time period.

There are a significant amount of non-randomised cohort
studies, audits and case reports that looked at the use of
TXA in gastrointestinal bleeding. Many of these, due to poor
or biased study methodology or low participant numbers,
do not provide robust outcomes that challenge the RCTs
discussed in this systematic review. However, two studies
merit mention.

The first is a large retrospective cohort study
(n=10,254) from Taiwan by Ting et al. published in
2022 [42]. The retrospective study used data from Tai-
wan’s National Health Insurance Research Database
(NHIRD) to compare early administration of TXA
versus late administration of TXA for gastrointestinal
bleeding, with “early” being determined as within the
ED and “late” being after being admitted from the ED.
Multiple Cox regression analysis revealed significantly
lower mortality in the early TXA versus the late TXA
group (adjusted hazard ratio 0.64 95% CI (0.57-0.73)).
It also reported no significant increase in thromboem-
bolic events in early versus late TXA groups (adjusted
hazard ratio 1.03 95% CI (0.94-1.12)). However, it must
be noted that Ting et al. compared early versus late TXA
administration instead of TXA versus control or TXA
versus no TXA groups. Despite the number of partici-
pants in this cohort studies, due to the retrospective
approach and cohort study methodology, it is more sus-
ceptible to biases than an RCT. Given the limitations and
inherent biases of this type of study, it is uncertain that
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Table 7 Recruiting or unknown status RCTs from clinical trial registers

Title Status (country and year) Est. enrolment Status Reference

The Use of Hexacapron in Upper Gastrointestinal Incomplete RCT (Israel 2014) 300 Unknown NCT02071316
Bleeding (HEXUGI)

Precise Delivery of Tranexamic Acid to Enhance  Ongoing unreported RCT (Taiwan 2022) 60 Recruiting NCT05248321
Endoscopic Hemostasis for Peptic Ulcer Bleed-
ing

Tranexamic Acid for Acute Upper Gastrointesti- ~ Ongoing unreported RCT (India 2020) 600 Recruiting NCT04489108
nal Bleed in Cirrhosis

Efficacity and Safety of Tranexamic Acid in Cir-  Ongoing unreported RCT (France 2017) 500 Unknown NCT03023189
rhotic Patients Presenting With Acute Upper
Gastrointestinal Bleeding (EXARHOSE)

Efficacy of Tranexamic Acid in Upper Gastroin-  Ongoing unreported RCT (India 2021) 160 Recruiting NCT04788121

testinal Bleeding

Tranexamic Acid for Upper Gastrointestinal
Bleeding (TAUGIB)

Ongoing unreported RCT (South Korea 2012) 414

Unknown NCTO01713101

the results are sufficient to contradict the findings of the
more methodologically rigorous randomised control tri-
als, such as HALT-IT [12].

Another large Japanese retrospective observational
study (n=61,052) by Miyamoto et al. assessed the use
of TXA for diverticular lower gastrointestinal bleeding
and determined that there was no statistically significant
difference in in-hospital mortality between the TXA and
control group (OR: 1.07 95% CI (0.88-1.30)) [43]. They
did find that the TXA group were less likely to develop
severe bleeding (OR: 0.93 95% CI (0.89-0.99)) or require
blood transfusions (OR: 0.88 95% CI (0.84-0.92)). The
TXA group had shorter hospital stays —0.23 days 95%
CI (- 0.01-0.44) and cost of admission was also reduced
(=233 USD 95% CI (— 153 to—314)). This study does not
show a benefit in relation to mortality. When interpret-
ing the secondary outcomes (decreases in severe bleeding
and need for transfusion), again similar to Ting et al., it is
important to note this trial’s limitations and biases when
trying to compare with well conducted RCTs.

There are 6 ongoing trials assessing TXA in gastro-
intestinal bleeding with statuses of either unknown or
recruiting on the EU Clinical Trials Registry and Clini-
calTrials.gov registry, see Table 7. Two of these, EXAR-
HOSE [44], a French study with an estimated enrolment
of 500, and an Indian RCT with an enrolment target
of 600, are specifically looking at the use of TXA in
liver cirrhosis-related upper gastrointestinal bleeding.
The total estimated number of patients to be enrolled in
these upcoming trials is 2034. The status of some tri-
als is unknown on the trial registers and therefore their

@ Springer

outcomes may not be published. This includes HEXUGI,
an Israeli trial commenced in 2014 (est. n =300), and
TAUGTI, a South Korean trial commenced in 2012 (est.
n=414). It is difficult to ascertain the impact these
ongoing trials may have in the debate on the use of TXA
in gastrointestinal bleeding. It is unlikely that these trial
results would greatly influence the field given the low
enrolment numbers when compared with the already
published trials, especially that of the large HALT-IT
trial (n=12,009).

Conclusion

The primary outcome of this systematic review and
meta-analysis showed that tranexamic acid did not
reduce mortality in patients with upper or lower gastro-
intestinal bleeding when compared with placebo. Our
study, the first to incorporate both upper and lower gas-
trointestinal bleeding together, also found no improve-
ment in secondary outcomes (rebleeding, transfusion
requirement, need for intervention or length of stay)
when compared with placebo. We found no signifi-
cant association between tranexamic acid and venous
thromboembolic events. However, there appears to be an
increased risk of seizures with tranexamic acid. Given
the results of our meta-analysis, we would not recom-
mend the routine use of tranexamic acid for patients pre-
senting with acute gastrointestinal bleeding.
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Appendix

Table 8 Study characteristics table

Author (year) Country Method No Intervention Demographics Female (%) Mean age (years)
(centres)
Cormack UK (single)  Unblinded randomised 150 1.5 g TDS TCA Male 100 33.3% Not reported
1973) placebo-controlled trial (Cyklokapron) placebo Female 50
tablets
Biggs (1976) Australia Double blinded randomised 200 Single dose 1 g IV followed Intervention M 75 22.5% Not reported
(single) placebo-controlled trial by 1 g PO TDS for 5/7. F28
Placebo Control M 80 F 17
Engqvist Sweden Double blinded randomised 149 1 g IV 6 times daily X 3/7 then Intervention M 55 22.1% Intervention 59
1979) (single) placebo-controlled trial 1.5 g PO QDS x4/7 F21 Control 56
Control M 61 F 12
Bergqvist Sweden Double blinded randomised 43 2 g 6 times daily via NGx2/7 Intervention M 14 F7  20.9% Intervention 61
(1980) (single) placebo-controlled trial Control M 20 F 2 Control 58
Barer (1983) UK (two Double blinded randomised 516 1 gIV QDS x2/7then 1 gPO Intervention M 177 35.7% Intervention 60
centres) placebo-controlled trial QDS x5/7 F79 Control 63
Control M 155/105
Von Holstein ~ Sweden Double blinded randomised 154 1 g IV 6 times daily X 3/7 then Intervention M 50 29.9% Intervention 62
(1987) (single) placebo-controlled trial 1.5 g PO QDS x3/7 F22 Control 65
Control M 58 F 24
Hawkey UK (4 Double blinded randomised 414 2 gloading dose then 1 g TXAMG69F 34 33.8% Intervention 58
(2001) centres) placebo-controlled trial QDS =+ lansoprazole versus  Control M 67 F 36 Control 58
placebo
Bagnenko Russia Open randomised trial (TXA 47 10 mg/kg IV/PO TDS x 3/7 Male 29 38.3% Intervention 62
(2011) (single) Vs no intervention) Female 18 Control 64
Saidi (2017) Iran (single) Double blinded randomised 131 1 g single dose via NG Intervention M 41 37.4% Intervention 64
placebo-controlled trial F 26 Control 65
Control M 41 F23
Smith (2018)  Australia Double blinded randomised 96 1 g QDS PO x4/7 (renal Intervention M 32 34.4% Intervention 68
(single) placebo-controlled trial dosing PRN) F17 Control 68
Control M 31 F 16
Tavakoli Iran (single) Double blinded randomised 410 Regimen A: 1 g IV QDS Regimen A: M 85 33.2% Regimen A: 61
(2018) placebo-controlled trial RegimenB: 1 gIVQDS+1g  F43 Regimen B: 57
single dose via NG Regimen B: M 97 Control: 59
F36
Control: M 92 F 47
Karadas Turkey Double blinded randomised 157 Single dose 2 g 5% TXA in Male 106 32.5% Intervention 63
(2020) (single) placebo-controlled trial 100 ml NaCl via NG vs Female 51 Control 63
placebo 100 ml NaCl
Bashiri (2021) Iran (single) Double blinded randomised 70 1gIVTDS Intervention M 24 30.0% Intervention 54
placebo-controlled trial F11 Control 55
Control M 25 F 10
HALT-IT International  Double blinded randomised 12,009 1 g TXA in 100 ml NaCl IV Intervention M 3852 35.5% Intervention 58
(2021) (multi) placebo-controlled trial loading and 125 mg/h 24 h F 2142 Control 58

IV infusion

Control M 3891 F
2124
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Abbreviations CI: Confidence intervals; CVA: Cerebrovascular acci-
dent; DVT: Deep vein thrombosis; ED: Emergency Department; EACA
: Epsilon-aminocaproic acid; GI: Gastrointestinal; GDPR: General
Data Protection Regulation; LOS: Length of stay; LGIB: Lower GI
bleeding; MD: Mean differences; MeSH: Medical Subject Headings;
MH: Mantel-Haenszel; MI: Myocardial infarction; PE: Pulmonary
embolism; PICO: Population, Intervention, Comparison and Out-
come; PRISMA: Preferred Reporting Items for Systematic Reviews
and Meta-Analyses; RCT: Randomised control trials; RR: Risk ratio;
TIA: Transient ischemic attack; TXA: Tranexamic acid; UGIB: Upper
gastrointestinal bleeding; VTE: Venous thromboembolism
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