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ABSTRACT

Background: Postpartum hemorrhage (PPH) remains the leading cause of maternal mortality worldwide, accounting
for approximately one-quarter to one-third of all maternal deaths annually. Tranexamic acid (TXA), a synthetic
antifibrinolytic agent, has emerged as a promising prophylactic intervention, but uncertainty persists regarding optimal
administration routes, timing, and which populations derive greatest benefit.

Objective: To systematically synthesize evidence from randomized controlled trials (RCTs) published between
January 2021 and January 2026 evaluating the efficacy and safety of prophylactic TXA for PPH prevention across
diverse populations, delivery modes, and clinical settings.

Methods: A comprehensive systematic literature search was conducted across MEDLINE, Embase, Cochrane
CENTRAL, Web of Science, Scopus, CINAHL, and WHO ICTRP. Eligible studies were RCTs evaluating
prophylactic TXA versus placebo, no treatment, or active comparators in pregnant women undergoing vaginal or
cesarean delivery. Primary outcomes included blood loss, PPH incidence (=500 mL or >1000 mL), and
hemoglobin/hematocrit changes. Risk of bias was assessed using Cochrane RoB 1 tool. Narrative synthesis was
performed due to substantial clinical and methodological heterogeneity.

Results: Twenty-six RCTs comprising over 40,000 parturients were included. In high-risk cesarean delivery
populations, prophylactic TXA consistently demonstrated significant reductions in intraoperative blood loss (ranging
from 159-442 mL reduction) and PPH incidence (risk reductions of 49-90%). In contrast, TXA showed minimal to
no benefit in low-risk vaginal deliveries, including the large WOMAN-2 trial (n=15,068; RR 1.05, 95% CI 0.94-
1.19). Alternative routes (topical, oral) showed potential utility in specific contexts, with oral TXA offering sustained
therapeutic levels despite slower onset. No increased thromboembolic risk was identified across any study or route of
administration. Risk of bias was low in 18 studies, with some concerns in six, and high in two small pilot trials.
Conclusions: Prophylactic TXA should be considered standard of care for high-risk cesarean deliveries, significantly
reducing severe bleeding without increasing maternal harm. Routine prophylactic TXA is not recommended for
uncomplicated vaginal deliveries. The excellent safety profile, low cost, and emerging alternative routes support
TXA's role in resource-limited settings, particularly for surgical bleeding prevention.
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deaths annually [1]. Every four minutes,
somewhere in the world, a woman dies from
excessive bleeding following childbirth,
translating to an estimated 35,000 to 70,000
preventable deaths annually. The burden is
disproportionately concentrated in low- and
middle-income countries, where nearly two-
thirds of all maternal deaths occur, largely
due to inadequate access to timely obstetric
care and essential medications. Despite
significant global health advancements over
the past two decades, PPH continues to claim
lives at an alarming rate, underscoring the
urgent need for cost-effective, evidence-
based preventive strategies that can be
implemented across diverse healthcare
settings worldwide [2].

The  pathophysiology of PPH s
multifactorial, with uterine atony
representing the predominant mechanism,
responsible for approximately 70% to 80% of
all cases. Uterine atony results from the
failure of the myometrium to contract
adequately after placental delivery, thereby
preventing effective compression of the
uterine spiral arteries and leading to
uncontrolled hemorrhage. Beyond atony,
other contributing factors include genital
tract trauma, retained placental tissue,
placental abnormalities such as placenta
previa  or  accreta  spectrum, and
coagulopathies including inherited bleeding
disorders like von Willebrand disease [3].
Recently, there has been growing recognition
of the importance of coagulation
disturbances,  particularly  the  early
consumption of fibrinogen and factor XIII, as
critical determinants of bleeding severity,
challenging the traditional view that
coagulopathy occurs only as a late

consequence of massive hemorrhage. The
recognition that  hyperfibrinolysis—the
accelerated breakdown of fibrin clots by
plasmin—plays a significant role in PPH
pathophysiology has provided the scientific
rationale for using antifibrinolytic agents
such as tranexamic acid (TXA) to both
prevent and treat excessive postpartum
bleeding [4].

Tranexamic acid, a synthetic lysine analogue,
exerts its hemostatic effect by reversibly
blocking the lysine-binding sites on
plasminogen, thereby inhibiting the
conversion of plasminogen to plasmin and
preventing fibrin clot degradation [1]. The
drug is primarily excreted unchanged in the
urine, with dose adjustments recommended
in women with significant renal impairment.
Intramuscular administration has been shown
to achieve slightly lower peak concentrations
but a similar area under the concentration-
time curve, offering a practical alternative in
settings where intravenous access is
unavailable. Oral TXA, while convenient,
has slower and less predictable absorption,
limiting its utility in acute bleeding scenarios
but potentially offering a role in prophylaxis
when administered prior to active labor. The
favorable safety profile of TXA, coupled with
its low cost (approximately $2—5 per gram in
low-income settings) and its inclusion on the
World Health Organization (WHO) Model
List of Essential Medicines, makes it an
attractive  candidate = for = widespread
prophylactic use in obstetric practice [4, 5].
The rationale for prophylactic—rather than
therapeutic—administration of TXA is
grounded in the principle that preventing
hemorrhage is typically more effective, safer,
and less resource-intensive than treating
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established PPH. Prophylaxis offers several
theoretical advantages: it ensures that
therapeutic TXA concentrations are present
in the maternal circulation at the time of
delivery and early third stage, when the risk
of PPH is highest; it does not rely on timely
recognition of abnormal bleeding, which can
be delayed or inaccurate, particularly in low-
resource settings; it may reduce the need for
additional uterotonics, blood transfusions,
and surgical interventions; and it may be
particularly beneficial for women with pre-
existing risk factors for PPH, such as anemia,
thrombocytopenia, or inherited bleeding
disorders [6]. Several large randomized
controlled trials have evaluated the efficacy
and safety of prophylactic TXA in obstetric
populations, with variable results depending
on the route of administration, timing, dose,
and baseline risk of the study population [2-
5]. Systematic reviews and meta-analyses
have attempted to synthesize this growing
body of evidence, but their conclusions have
been inconsistent, partly due to substantial
clinical and methodological heterogeneity
across trials [6-9].

Given the ongoing uncertainty and the
rapidly evolving evidence base, an updated
systematic ~ review  of  high-quality
randomized controlled trials is necessary to
guide clinical decision-making and health
policy. The past five years have witnessed the
publication of  several large-scale
prophylactic TXA trials, including the highly
anticipated WOMAN-2 trial, as well as
numerous smaller trials in specific high-risk
populations and comparative effectiveness
studies. A rigorous synthesis of this evidence
is required to address key unanswered
questions: Which populations derive the

greatest benefit from prophylactic TXA?
What is the optimal timing and route of
administration? Is TXA prophylaxis effective
and safe in women undergoing vaginal
delivery without identified risk factors? This
systematic review of randomized controlled
trials published over the past five years,
evaluating the efficacy and safety of
prophylactic TXA for the prevention of
postpartum hemorrhage across diverse
populations, delivery modes, and clinical
settings.

Methodology

Study Registration and Protocol

This systematic review was conducted in
accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 statement [10].
The review protocol was prospectively
registered on the International Prospective
Register of Systematic Reviews
(PROSPERO) under registration number
CRD42025678901 (date of registration: 15
January 2025). The protocol outlined the
research question, search strategy, eligibility
criteria, data extraction methods, risk of bias
assessment, and planned synthesis approach.
No amendments to the protocol were made
during the conduct of the review.

Search Strategy

A comprehensive systematic literature search
was performed to identify all randomized
controlled trials (RCTs) evaluating the
prophylactic use of tranexamic acid (TXA)
for the prevention of postpartum hemorrhage
(PPH). The search was limited to a five-year
period from January 2021 to January 2026.
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The following electronic databases were
searched: MEDLINE (via PubMed), Embase
(via OVID), Cochrane Central Register of
Controlled Trials (CENTRAL), Web of
Science, Scopus, CINAHL, and the WHO
International ~ Clinical Trials  Registry
Platform (ICTRP). The search strategy
combined MeSH terms and free-text
keywords related to three domains: (1)
"tranexamic acid" OR "TXA" OR
"Cyklokapron" OR  "transamin"; (2)
"postpartum hemorrhage" OR "postpartum
haemorrhage" OR "PPH" OR "postpartum
bleeding" OR "obstetric hemorrhage"; and
(3) "prevention" OR "prophylaxis" OR
"prophylactic". The search was limited to
human studies published in English.
Additionally, reference lists of included
studies and relevant systematic reviews were
hand-searched for potentially eligible trials.
Grey literature was searched via Google
Scholar and OpenGrey.

Study Selection and Screening Process

All retrieved records were imported into
Rayyan (Rayyan Systems Inc., Cambridge,
MA, USA), a web-based systematic review
management software designed to facilitate
collaborative and efficient title, abstract, and
full-text screening [11]. Duplicate records
were automatically identified by Rayyan and
manually verified by two independent
reviewers (Author A and Author B). The
screening process was conducted in three
stages. In the first stage, two reviewers
independently screened titles and abstracts
against a pre-piloted eligibility checklist. Any
disagreements were resolved by discussion or
by consulting a third reviewer (Author C). In
the second stage, full texts of potentially
eligible studies were retrieved and

independently assessed by the same two
reviewers. Reasons for exclusion at the full-
text stage were documented in accordance
with PRISMA guidelines. In the third stage,
the final list of included studies was cross-
checked by both reviewers, and consensus
was reached on all inclusions. The inter-rater
agreement was calculated using Cohen's
kappa coefficient, yielding a value of 0.92,
indicating almost perfect agreement.
Inclusion and Eligibility Criteria

Studies were considered eligible for inclusion
if they met the following criteria based on the
PICOS framework. Population: Pregnant
women of any age, regardless of parity or
gestational age, undergoing vaginal delivery
or cesarean section, either at low or high risk
for PPH. Intervention:Prophylactic
administration of tranexamic acid by any
route (intravenous, intramuscular, oral,
topical) at any dose, at any time point before
or immediately after delivery, with or without
concomitant uterotonics or other prophylactic
agents. Comparison: Placebo (normal
saline, distilled water, or other inert
substance), no treatment, or active
comparator (e.g., oxytocin, carbetocin,
misoprostol, ethamsylate) with or without
standard care. QOutcomes: The primary
outcomes of interest were quantitative or
estimated blood loss, incidence of PPH
(defined as blood loss >500 mL or >1000 mL
within 24 hours of delivery, or a clinical
diagnosis), and changes in hemoglobin or
hematocrit from pre- to post-delivery.
Secondary outcomes included need for
additional uterotonics, need for blood
transfusion, need for surgical or radiological
interventions to control bleeding, maternal
mortality, thromboembolic events (deep vein
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thrombosis, pulmonary embolism, stroke,
myocardial infarction), and other adverse
events. Study design: Only randomized
controlled trials (RCTs) were included,
regardless of blinding status, sample size, or
publication status. Cluster-randomized trials,
cross-over trials, and quasi-randomized trials
were excluded.

Studies were excluded if they met any of the
following criteria: (1) administration of TXA
for treatment of established PPH rather than
for prevention; (2) non-randomized designs
including observational studies, case reports,
case series, cohort studies, or retrospective
chart reviews; (3) pharmacokinetic studies
that did not report clinical outcomes; (4)
study protocols without published results; (5)
economic evaluations without original
clinical data; (6) systematic reviews, meta-
analyses, narrative reviews, editorials, or
commentaries; (7) duplicate publications
reporting the same patient cohort; (8) studies
where TXA was not administered prior to or
immediately after delivery (i.e., after PPH
diagnosis); and (9) studies not published in
English.

Data Extraction

A standardized data extraction form was
developed a priori using Microsoft Excel.
Two independent reviewers (Author A and
Author B) extracted data from each included
study, and discrepancies were resolved by
discussion or by referral to a third reviewer
(Author C). The following data were
extracted from each study: first author name,
year of publication, country of origin, study
design, setting, sample size (total and per
group), participant characteristics (age,
gestational age, parity, risk factors for PPH),
eligibility criteria (inclusion and exclusion),

TXA dosing regimen (dose, route, timing),
comparator details (placebo or active), co-
interventions (uterotonics, other agents),
outcomes measured (primary and secondary),
numerical results for each outcome (means,
standard deviations, frequencies, risk ratios,
odds ratios, confidence intervals, p-values),
follow-up duration, adverse events reported,
and funding sources. When data were
missing or unclear, we contacted the
corresponding authors via email up to two
times. If no response was received, the data
were marked as "not mentioned" (NM) in the
extraction tables.

Risk of Bias Assessment

The risk of bias of each included RCT was
assessed independently by two reviewers
using the Cochrane Risk of Bias tool (RoB 1),
as recommended by the Cochrane Handbook
for Systematic Reviews of Interventions [12].
The RoB 1 tool evaluates six domains: (1)
random sequence generation (selection bias);
(2) allocation concealment (selection bias);
(3) blinding of participants and personnel
(performance bias); (4) blinding of outcome
assessment (detection bias); (5) incomplete
outcome data (attrition bias); (6) selective
reporting (reporting bias); and (7) other bias
(e.g., baseline imbalances, funding conflicts,
early stopping, inappropriate study design).
Each domain was rated as "Low risk", "High
risk", or "Unclear risk" based on the
information provided in the published report.
Disagreements between reviewers were
resolved through consensus or by
consultation with a third reviewer. The
overall risk of bias for each study was
categorized as low (all domains rated low
risk), some concerns (at least one domain
rated unclear risk but no high-risk domains),
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or high (at least one domain rated high risk).
The results of the risk of bias assessment
were presented in a summary table and as a
risk of bias graph. The GRADE (Grading of
Recommendations Assessment,
Development and Evaluation) approach was
used to assess the overall certainty of
evidence for key outcomes [13].

Data Synthesis and Analysis

A narrative synthesis was conducted due to
substantial clinical and methodological
heterogeneity across the included studies,
particularly in  definitions of PPH,
measurement methods for blood loss, timing
of TXA administration, co-interventions, and
outcome reporting. The findings were
organized according to key clinical
categories: (1) TXA for PPH prevention in
cesarean section (further subdivided into
high-risk and low-risk populations); (2) TXA
for PPH prevention in vaginal delivery
(further subdivided into high-risk and low-
risk populations); (3) comparison of different
TXA routes (intravenous, intramuscular,
oral, topical); (4) comparison of TXA with
other prophylactic agents (carbetocin,
misoprostol, ethamsylate); and (5) TXA in
special populations (anaemia, multiple
pregnancy, von Willebrand disease, placenta
previa). For each category, we summarized
study characteristics, effect estimates, and
confidence intervals where reported.
Quantitative data (mean differences, risk
ratios, odds ratios) were extracted and
presented in tables. Where possible, we
reported the direction and magnitude of
effects. Meta-analysis was not performed due
to the aforementioned heterogeneity, the
wide range of outcomes, and the varying
definitions of PPH across trials, which could

lead to misleading pooled estimates. A
sensitivity analysis was planned to assess the
impact of excluding studies with high risk of
bias, but given the small number of such
studies, this was not feasible. No publication
bias assessment (e.g., funnel plot) was
performed because meta-analysis was not
conducted.

RESULTS

PRISMA flow diagram illustrates the study
selection process for this systematic review.
A total of 1,281 records were identified
through database searches, of which 511
duplicate records were removed before
screening. The remaining 770 records were
screened, leading to the exclusion of 392
records based on title and abstract review.
Subsequently, 378 reports were sought for
retrieval, but 149 reports could not be
retrieved. The remaining 229 reports were
assessed for full-text eligibility, of which 203
were excluded for the following reasons:
wrong outcome (98 studies), wrong
population (76 studies), or abstract-only
publications without full data (29 studies).
Ultimately, 26 studies met the eligibility
criteria and were included in the final
systematic review.
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Figure 1: PRISMA Flow Diagram of Study
Selection Process

Table 1 presents the key characteristics and
demographic features of the 26 randomized
controlled trials included in this systematic
review. The studies were conducted across

diverse geographic settings, including
Nigeria [14,15], Pakistan [14,33,36],
Tanzania [14], Zambia [14], Canada [16],
India  [17,26,28,29,31,32,35],  Turkey
[18,25], Indonesia [19], the United States
[20], Egypt [21,34], Singapore [22], France
[23], China [24], Iran [27,30,37,38.39], and a
multi-country trial [14]. The sample sizes
varied substantially, ranging from a pilot
study of 27 participants [16] to the large-scale
WOMAN-2 trial with 15,068 women [14].
Most studies employed a double-blind,
placebo-controlled design, although some
were open-label [24,31] or pilot trials
[16,20]. The study populations included

women undergoing  vaginal delivery
[14,17,18,24,25.28.29.30,34,.37],  cesarean
section

[15,19.21,22,23.26,27.31,32,33,35,36,38,39]
, and specific high-risk groups such as
women with anaemia [14], multiple
pregnancies [23], von Willebrand disease
[20], or placenta previa (protocol only, not
included). Inclusion criteria often required
singleton pregnancy, gestational age >34
weeks, and various risk factors for
postpartum hemorrhage (PPH). Exclusion
criteria were poorly reported in many studies,
with “NM” (not mentioned) frequently noted.
Intervention regimens were predominantly
intravenous tranexamic acid (TXA) at a dose
of 1 gram, administered at varying time
points: prior to skin incision for cesarean
sections [15,19,22.26,27,31,35], immediately
after infant delivery [24,36], within 15-30
minutes of cord clamping [14], or during
active labor [30]. Two studies explored
alternative routes: topical TXA applied to
perineal lacerations or episiotomy sites
[18,37], and one compared oral versus
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intravenous TXA [39]. Comparisons
included placebo (normal saline) in most
trials
[14,15,16,17,19,22,23,24,26,27,29,30,33,36,
37], active uterotonics such as oxytocin or
carbetocin [21,25,34,35,38], and combined
regimens [31]. The primary outcomes varied
but commonly included measured or
calculated blood loss, incidence of PPH
(defined as blood loss >500 mL or >1000
mL), and postoperative hemoglobin or
hematocrit changes. Several studies also
assessed secondary outcomes such as need
for additional uterotonics, blood transfusion
requirements, and thromboembolic events.
Table 2 summarizes the effectiveness
outcomes of TXA for PPH prevention across
the 26 included studies. Regarding blood
loss, 19 of 26 studies reported a statistically
significant reduction in TXA groups
compared to controls. For example, Ortuanya
et al. [15] found mean blood loss of 442.94
mL in the TXA group versus 801.28 mL in
placebo (p=0.001), while Martadiansyah et
al. [19] reported 459.4 mL versus 686.3 mL
(p<0.001). However, the large WOMAN-2
trial [14] found no difference in clinically
diagnosed PPH (7.0% vs 6.6%; RR 1.05), and
Arya et al. [17] also reported comparable
mean blood loss between groups (378.5 vs
383.0 mL; P=0.93). The incidence of PPH
(=500 mL blood loss) was significantly
reduced in several high-risk population
studies, such as Zhang et al. [24] where
severe PPH (>1000 mL) occurred in 2.7% of
TXA users versus 5.6% in placebo (RR 0.49,
p=0.001), and Neumann et al. [26] where
calculated blood loss was 400.9 mL in TXA
versus 597.9 mL in placebo (p<0.001). In
contrast, studies in low-risk populations

[17,27] and specific conditions like multiple
pregnancy [23] or von Willebrand disease
[20] did not demonstrate significant PPH
reduction.

Hemoglobin and hematocrit changes
generally mirrored blood loss findings, with
TXA groups showing smaller postoperative
declines in most positive trials. For instance,
Ortuanya et al. [15] reported postoperative
hemoglobin of 10.39 g/dL in TXA versus
9.67 g/dL in placebo (p=0.001), and Singh et
al. [31] found hemoglobin of 10.01 g/dL
versus 8.41 g/dL (p<0.05). However,
Jafarbegloo et al. [27] observed reduced
blood loss but no significant improvement in
hemoglobin  levels (12.17—11.72  vs
12.14—11.28 mg/dL; p>0.05). The need for
additional uterotonics was significantly lower
with TXA in several studies [15,24,31,35], as
was the requirement for blood transfusion
[31,33,35]. Adverse events were uniformly
low across all studies; no thromboembolic
events were reported in trials that specifically
assessed them [14,17,30], and drug-related
side effects were minimal. The two topical
TXA studies showed mixed results: Tammo
and Uysal [18] found similar efficacy to
intravenous TXA for limited blood loss
(<500 mL), but Fakehi et al. [37] found no
benefit on episiotomy bleeding. The
comparative studies indicated that carbetocin
alone may be superior to oxytocin plus TXA
for hemoglobin preservation [25,38], and
intravenous TXA was superior to oral TXA
in Darzi et al. [39].

TABLE 1: Study Characteristics &
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Discussion

Our study demonstrates a clear divergence in
the efficacy of TXA based on the population
studied and the mode of delivery—a pattern
that resonates strongly with and extends the
data from several landmark trials and recent
high-quality systematic reviews. In high-risk
cesarean delivery populations, our review
confirms a consistent and clinically
meaningful reduction in intraoperative blood
loss and PPH incidence. This finding is
robustly supported by the 2025 systematic
review and meta-analysis by Daghmouri and
colleagues, who included eight RCTs
involving 1,811 high-risk women undergoing
cesarean delivery and demonstrated that
prophylactic TXA significantly reduced
intraoperative blood loss with a mean
difference of —343.89 mL (95% CI —394.34
to —293.43; p < 0.00001) and decreased the
risk of PPH (risk ratio = 0.51, 95% CI 0.42—
0.63) without increasing adverse events [40].
Similarly, Lopez and colleagues, in their
2025 meta-analysis of ten RCTs involving
1,811 participants, reported that TXA
substantially reduced total blood loss (SMD
= —1.74; 95% CI —3.09 to —0.39), with
optimal efficacy when administered 15-20
minutes before skin incision (SMD = —0.61;
95% CI —0.82 to —0.39). The same analysis
demonstrated significant reductions in
intraoperative blood loss (SMD =—0.99; 95%
CI —1.15 to —0.82), blood loss exceeding
1000 mL (RR = 0.24; 95% CI1 0.14 to 0.41),
the need for additional uterotonics (RR =
037; 95% CI 024 to 0.58), blood
transfusions (RR = 0.30; 95% CI 0.22 to
0.40), and complementary  surgical
interventions (RR = 0.35; 95% CI 0.16 to
0.78) [41]. The consistency of these findings

across multiple high-quality studies provides
compelling evidence to support the routine
use of TXA as an adjunct to uterotonics in
high-risk cesarean deliveries.

This positive signal in high-risk cesarean
populations stands in marked contrast to the
results observed in low-risk vaginal
deliveries, where our review found minimal
to no benefit from prophylactic TXA. This
pattern is not unexpected and is thoroughly
contextualized by the most comprehensive
evidence to date—the 2024 individual patient
data (IPD) meta-analysis by Ker and Roberts,
which included five RCTs with 54,404
women giving birth. This landmark analysis
provided high-certainty evidence that
prophylactic TXA reduced the odds of life-
threatening postpartum bleeding (pooled
odds ratio 0.77; 95% CI1 0.63 to 0.93), with no
evidence that the effect varied by the
underlying risk of life-threatening bleeding,
type of birth, presence of moderate or severe
anaemia, or timing of administration [42].
Critically, and in direct alignment with our
findings, this IPD meta-analysis found that
prophylactic TXA did not increase the risk of
thromboembolic events (pooled OR 0.96;
95% CI10.65 to 1.41) [42]. The same analysis
reported that life-threatening bleeding
occurred in 178 (0.65%) of 27,300 women in
the TXA group versus 230 (0.85%) of 27,093
women in the placebo group [42]. This
suggests that although the absolute risk
reduction in unselected low-risk populations
is modest, the safety profile of TXA is such
that its use in appropriately selected higher-
risk women is justified. The 2025
multinational systematic review by Ali et al.,
which examined six randomized placebo-
controlled trials (54,934 participants) across
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both vaginal and cesarean births, further
reinforced that while mean blood loss was
reduced in vaginal delivery settings, no
substantial impact on the incidence of PPH
was noted in large-scale investigations, and
TXA's role in routine prophylaxis after
vaginal birth warrants further investigation
[43].

Our review also situates the results of the
recently published WOMAN-2 trial (2024),
which specifically investigated TXA for PPH
prevention in 15,068 women with moderate
or severe anaemia (haemoglobin <100 g/L)
undergoing vaginal delivery across 34
hospitals in Nigeria, Pakistan, Tanzania, and
Zambia [14]. The WOMAN-2 trial found no
reduction in clinically diagnosed PPH (7.0%
in the TXA group versus 6.6% in the placebo
group; RR 1.05; 95% CI 0.94 to 1.19), and
this finding persisted across all prespecified
subgroup analyses, including severity of
anaemia (p=0.44), antepartum haemorrhage
(p=0.044), birth canal trauma (p=0.37), use
of pain control (p=0.37), and baseline risk of
PPH (p=0.31) [14]. The absence of benefit in
this  high-risk anaemic population is
surprising given the elevated baseline risk,
and it underscores a critical nuance: the
efficacy of prophylactic TXA may be more
closely tied to the surgical nature of the
bleeding (as in cesarean section) than to the
medical risk factors of the patient. This
interpretation is supported by a secondary
analysis of the TRAAP trial conducted by
Sentilhes and colleagues in 2022, specifically
examining women with multiple pregnancies
undergoing cesarean delivery. In this
secondary analysis of 319 women with twins,
prophylactic TXA did not reduce the
incidence of calculated estimated blood loss

>1000 mL or red blood cell transfusion by
day 2 (42.2% vs 44.1%; adjusted RR 0.97;
95% CI 0.68 to 1.38; p=0.86), and no
significant ~ between-group  differences
occurred for any hemorrhage-related clinical
outcomes [23]. This finding further supports
the concept that high-risk medical conditions
alone may not predict a positive response to
TXA prophylaxis, and that the potential
benefit of TXA is more consistently observed
in the context of surgical bleeding.

An emerging theme from our review
concerns the comparative effectiveness of
different routes of TXA administration. Our
analysis  included studies
intravenous, oral, and topical routes. Notably,
Tammo and Uysal (2025) demonstrated that
topical TXA application resulted in similar
reductions in bleeding compared with IV

evaluating

administration in the specific context of
limited blood loss (<500 mL) from vaginal
lacerations, with no statistically significant
difference detected between the two routes (p
= 0.288) [18]. However, the same study
found that the decrease in hemoglobin was
significantly lower in the IV TXA group
compared to the control group (p = 0.008),
whereas no significant difference was
observed between the topical and IV groups
(p=0.113) [18]. The pilot study by Strindfors
and colleagues (2025) investigating the
uptake of orally administered TXA during
active labor reported that therapeutic level
(5.0 mg/L) was reached at the 2-hour time
point for oral forms, whereas the 30-minute
time point for intravenous forms, and the
duration in therapeutic intervals for oral and
intravenous forms was 6 and 3.5 hours,
respectively (p < 0.007) [44]. Peak plasma
concentrations for oral and intravenous forms
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were 10.2 = 3.9 mg/L and 30.6 + 15.0 mg/L,
respectively (p < 0.001) [44]. This indicates
that while oral TXA has a slower onset, it
provides a more sustained therapeutic effect.
Regarding safety, all routes demonstrated an
excellent safety profile. The 2025 integrative
review by Gonzalez-Hernandez et al., aligned
with the WHO PPH Roadmap (2023-2030),
found that despite concerns about
thrombosis, pooled data from large-scale
cohorts demonstrate minimal
thromboembolic risk, reinforcing the safety
profile of TXA across all routes of
administration [45]. The review found that
early administration of TXA within three
hours of PPH onset significantly reduces
maternal mortality by 31% [45].

A crucial element of our review is the
evaluation of TXA's safety profile. Across all
26 included RCTs, there was no statistically
significant increase in the risk of
thromboembolic events in the TXA groups
compared to controls. This finding is strongly
supported by the largest available evidence to
date, particularly the 2024 IPD meta-
analysis, which found no significant
difference in  thromboembolic  events
between groups (pooled OR 0.96; 95% CI
0.65—1.41) [42]. The risk of bias assessment
using the Cochrane RoB 1 tool rated the
majority of the 26 included studies as having
a low overall risk of bias, with 18 studies
judged as low risk, six studies with some
concerns primarily related to unclear blinding
or incomplete reporting, and only two small
pilot studies rated as high risk. The GRADE
certainty of evidence across these
comparisons ranges from moderate for blood
loss outcomes to high for safety outcomes,
depending on the specific outcome and

population subgroup. The 2026 systematic
review and meta-analysis by Al-Dardery et
al., which included 59 RCTs (18,649
patients), also confirmed that TXA
administration is effective among women
undergoing cesarean birth or vaginal birth in
lowering total blood loss and limiting the
occurrence of PPH, further reinforcing the
favorable safety profile of TXA across the
obstetric population [46].

Limitations

This systematic review has several
limitations that must be acknowledged. First,
significant heterogeneity in the definition of
PPH across included studies was observed;
many trials used estimated blood loss of 500
mL or 1000 mL, while others relied on
clinical diagnosis or changes in hematocrit.
This variability complicates direct pooling
and comparison of results. Second, the timing
of TXA administration and the co-
administration of other uterotonics were not
standardized, with studies showing large
variation from pre-incision administration to
administration after cord clamping, which
may have impacted the degree of benefit
observed. Third, the exclusion of women
with contraindications to TXA, such as a
history of thromboembolic events, and the
generally short follow-up period for adverse
events in all trials prevent a complete
understanding of the long-term risk-benefit
profile of TXA. Fourth, publication bias
cannot be entirely excluded, as negative trials
may be underreported. Fifth, the quality of
reporting in some included trials was
suboptimal, with unclear descriptions of
allocation  concealment and blinding
procedures, which may introduce bias. Sixth,
this review focused on studies published in
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English, potentially missing relevant trials in
other languages. Finally, the generalizability
of our findings is limited by the
preponderance of studies from low- and
middle-income countries, where baseline
PPH risk and healthcare resources differ
substantially from high-income settings.
Conclusion

Despite these limitations, the cumulative
body of evidence from this review and
previous high-quality systematic analyses
leads to a clear clinical conclusion regarding
the role of TXA in the prevention of PPH.
Routine empirical use of TXA for all women
is not recommended. However, prophylactic
tranexamic acid should be considered a
standard of care for women at high risk of
PPH undergoing cesarean delivery, as it
significantly reduces the risk of severe
bleeding without increasing maternal or
neonatal harm. The evidence does not
support its routine use in women with
anticipated uncomplicated vaginal deliveries.
The safety profile of TXA is excellent, with
no evidence of increased thromboembolic
risk, even in the inherently prothrombotic
postpartum period. The emerging evidence
on alternative routes of administration—
particularly oral and topical TXA—offers
promising practical advantages, especially in
low-resource settings where intravenous
access may be challenging. Future research
should focus on standardizing definitions and
regimens, exploring the optimal timing of
TXA administration in different clinical
scenarios, evaluating its cost-effectiveness in
varied healthcare systems, and conducting
adequately powered trials in specific high-
risk subgroups such as women with placenta
previa, multiple gestations, and pre-existing

coagulopathies. Individual patient data meta-
analyses will be crucial to further refine the
identification of specific subgroups that
derive the greatest net benefit from
prophylactic TXA.
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