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Abstract

Purpose Postpartum hemorrhage (PPH) is a leading

cause of maternal mortality worldwide. Although several

studies on the prophylactic use of tranexamic acid (TXA) in

parturients undergoing Cesarean delivery have been

published, conflicting results raise questions regarding its

use. Thus, we aimed to investigate the safety and efficacy of

PPH prophylaxis with TXA.

Source We searched PubMed�, Embase, Cochrane

Central, and ClinicalTrials.gov for randomized controlled

trials (RCTs) comparing prophylactic TXA with placebo or

no treatment in parturients undergoing Cesarean delivery.

Our main outcomes were PPH, any blood transfusion, need

for additional uterotonics, and adverse events.

We performed a trial sequential analysis (TSA) of all

outcomes to investigate the reliability and conclusiveness

of findings.

Principal findings We included 38 RCTs including 22,940

parturients, 11,535 (50%) of whom were randomized to

receive prophylactic TXA. Patients treated with TXA had

significantly fewer cases of PPH (risk ratio [RR], 0.51;

95% confidence interval [CI], 0.38 to 0.69; P \ 0.001);

less blood transfusion (RR, 0.43; 95% CI, 0.30 to 0.61;

P \ 0.001), and less use of additional uterotonics

(RR, 0.52; 95% CI, 0.40 to 0.68; P \ 0.001). No

significant differences were found between the groups in

terms of adverse effects and thromboembolic events.

Conclusion Prophylactic TXA administration for

parturients undergoing Cesarean delivery significantly

reduced blood loss, without increasing adverse events,

supporting its use as a safe and effective strategy for

reducing PPH in this population.

Study registration PROSPERO (CRD42023422188); first

submitted 27 April 2023.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s12630-
024-02715-3.
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Résumé

Objectif L’hémorragie du post-partum (HPP) est l’une

des principales causes de mortalité maternelle dans le

monde. Bien que plusieurs études sur l’utilisation

prophylactique d’acide tranexamique (TXA) chez les

personnes parturientes ayant accouché par césarienne

aient été publiées, des résultats contradictoires soulèvent

des questions quant à son utilisation. Ainsi, nous avons

cherché à étudier l’innocuité et l’efficacité de la

prophylaxie à base de TXA pour l’HPP.

Sources Nous avons fait une recherche sur PubMed�,

Embase, Cochrane Central et ClinicalTrials.gov pour en

tirer les études randomisées contrôlées (ERC) comparant

le TXA prophylactique à un placebo ou à l’absence de

traitement chez les personnes parturientes accouchant par

césarienne. Nos principaux critères d’évaluation étaient

l’HPP, toute transfusion sanguine, la nécessité d’un

utérotonique supplémentaire et les événements

indésirables. Nous avons effectué une analyse

séquentielle des études pour tous les résultats afin

d’examiner la fiabilité et le caractère concluant des

conclusions.

Constatations principales Nous avons inclus 38 ERC

comprenant 22 940 personnes parturientes, dont 11 535

(50 %) ont été randomisées pour recevoir du TXA

prophylactique. La patientèle traitée par TXA présentait

significativement moins de cas d’HPP (risque relatif [RR],

0,51; intervalle de confiance [IC] à 95 %, 0,38 à 0,69;

P \ 0,001); moins de transfusion sanguine (RR, 0,43;

IC 95 %, 0,30 à 0,61; P \ 0,001) et moins d’utilisation

d’utérotoniques supplémentaires (RR, 0,52; IC 95 %,

0,40 à 0,68; P\0,001). Aucune différence significative n’a

été constatée entre les groupes en termes d’effets

indésirables et d’événements thromboemboliques.

Conclusion L’administration prophylactique de TXA pour

les personnes parturientes accouchant par césarienne a

considérablement réduit les pertes de sang sans augmenter

les événements indésirables, ce qui soutient son utilisation

comme stratégie sécuritaire et efficace pour réduire l’HPP

dans cette population.

Enregistrement de l’étude PROSPERO

(CRD42023422188); première soumission le 27 avril 2023.

Keywords Cesarean delivery � postpartum hemorrhage �
tranexamic acid

Postpartum hemorrhage (PPH) is the leading cause of

maternal mortality in low-income countries and represents

26.4% of all maternal deaths worldwide.1 Its prevalence

varies across regions, ranging from 2.4% to 12.1%.2

The definition for PPH and severe PPH varies greatly

worldwide. While some societies define PPH as any blood

loss[500 mL and severe PPH as blood loss[1,000 mL,

others define PPH as blood loss [ 1,000 mL or even any

blood loss that causes hemodynamic instability.3 Despite

the introduction of novel approaches for early detection

and intervention of PPH, parturients undergoing Cesarean

delivery still face the risk of severe morbidity and

mortality, or may require high-risk interventions such as

hysterectomy that limit options for future fertility.4 Thus,

prophylactic measures, including the administration of

tranexamic acid (TXA), have been investigated in addition

to uterotonics for the management of this clinical entity.

Tranexamic acid is a synthetic derivative of lysine that acts

as an antifibrinolytic agent. It inhibits plasminogen activation,

which stabilizes the preformed fibrin meshwork generated

during secondary hemostasis. By preserving the integrity of the

fibrin clot, TXA effectively reduces bleeding and promotes

hemostasis.5 This pharmacologic property of TXA makes it an

essential tool in managing excessive bleeding and preventing

complications associated with fibrinolysis.

The prophylactic use of TXA involves its administration

in situations before the onset of PPH. This approach has

been investigated both prior to skin incision and after cord

clamping, and across parturients with varying risk profiles.

In fact, each parturient possesses their own individual risk

for PPH. Parturients are at low risk for bleeding in the

absence of prior uterine incisions, a singleton pregnancy,

fewer than four vaginal deliveries, absence of bleeding

disorders, and no history of postpartum bleeding. In

contrast, a high risk of bleeding is conveyed by the

presence of at least one of the following factors: 1) placenta

previa or low-lying placenta, 2) suspected placenta accreta

spectrum, 3) anemia, 4) active bleeding upon admission,

and 5) known coagulopathy.

Prior meta-analyses have shown a significant decrease in

the risk for PPH, the need of blood transfusion, and the

requirement of additional uterotonics in parturients

undergoing Cesarean delivery with prophylactic TXA.6–8

Nevertheless, the most recent and largest randomized

controlled trial (RCT) on this topic to date reported no

benefit of TXA in the prophylaxis of PPH, conflicting with

the results from previous studies.9 In addition, there are

limited data on the safety of TXA use in this patient

population. Clinical practice guidelines have generally not

recommended routine use of prophylactic TXA for the

prevention of PPH.3

Herein, we sought to conduct an updated systematic

review and meta-analysis of RCTs with a trial sequential

analysis (TSA) evaluating the safety and efficacy of TXA

in preventing PPH and related adverse events in parturients

undergoing Cesarean delivery. We also aimed to explore
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the role of TXA in the prophylaxis of PPH according to

strata of baseline bleeding risk.

Methods

This meta-analysis was conducted in accordance with the

Preferred Reporting Items for Systematic Review and Meta-

Analyses Statement and recommendations from Cochrane

Collaboration Handbook for Systematic Reviews of

Interventions.10,11 We prospectively registered our research

protocol (PROSPERO: CRD42023422188; first submitted

27 April 2023).

Eligibility criteria

We included in this meta-analysis studies that met all the

following eligibility criteria: 1) RCTs, 2) trials comparing

TXA with placebo or no treatment, and 3) trials in

parturients undergoing Cesarean delivery. We excluded

studies with 1) no control group; 2) TXA for treatment of

PPH; 3) different outcomes of interest; or 4) overlapping

populations, defined as trials recruiting from the same

institution over an overlapping period; we also excluded

5) conference abstracts.

Search strategy and data extraction

Two authors (H. P. and M. B.) independently and

systematically searched PubMed�, Embase, the Cochrane

Library, and ClinicalTrials.gov from inception to

9 May 2023. The following terms were used without

filters, publication date, or language restrictions:

(‘‘tranexamic acid’’ OR tranexamic OR TXA OR

antifibrinolytic) AND (‘‘cesarean section’’ OR ‘‘cesarean

delivery’’ OR cesarean OR ceasarean) AND (random OR

randomized OR randomized). The references from all

included studies and previous systematic reviews and

meta-analyses were also searched manually for any

additional studies. Eventual conflicts were resolved by

consensus among the authors. Two authors (P. C. and I. D.)

independently extracted the following data from selected

RCTs: 1) country, 2) number of patients, 3) timing of TXA,

4) control, 5) blinding, and 6) bleeding risk.

Endpoints and subgroup analyses

Hemorrhagic endpoints were analyzed as a binary endpoint

of PPH, defined as blood loss equal or greater than

1,000 mL within 24 to 48 hr after birth, as well as a

continuous outcome of total estimated blood loss.

Secondary endpoints included 1) any blood transfusion,

2) additional uterotonics (administration of a higher dosage

of oxytocin or use of other uterotonics than the standard

protocol of oxytocin outlined in the study centres),

3) hysterectomy, 4) side effects (nausea, vomiting,

dizziness, photopsia, diarrhea, and myalgia), 5) serious

adverse events (thromboembolic events, ischemic stroke,

myocardial infarction, seizure, and maternal death), and

6) thromboembolic events.

We performed subgroup analyses of data restricted to

1) high bleeding risk, 2) low bleeding risk, 3) TXA

administered before incision, 4) TXA administered after

delivery, and 5) RCTs with low risk of bias.

Quality assessment

We evaluated the risk of bias using version 2 of the

Cochrane Risk of Bias Assessment Tool (RoB-2) for RCTs,

wherein each study is scored as high, moderate, or low risk

of bias. The assessment was performed by two independent

authors (L. F. and M. S. B.) and disagreements were

resolved through consensus after discussing reasons for

discrepancy. We performed sensitivity analyses using

leave-one-out, Baujat and L’abbé analyses. Publication

bias was assessed for the outcome of PPH through the

generation of a funnel plot. Additionally, an exploratory

analysis was conducted excluding outliers.

To assess the certainty of evidence, we used the Grading

Recommendations, Assessment, Development, and

Evaluation (GRADE) tool. Using the GRADEpro

Guideline Development Tool, four independent authors

rated the strength of recommendations and another author

resolved disagreements.12

Statistical analysis

We computed risk ratios (RRs) using the Mantel–Haenszel

test for dichotomous outcomes and used 95% confidence

intervals (CIs) as a measure of effect size. We considered

P values of less than 0.05 to be statistically significant. We

used mean differences (MD) as the effect measure for

continuous outcomes, also with 95% CI.

To assess heterogeneity, we used Cochran’s Q test and

I2 statistics. We classified I2 values of \ 25%, 25–75%,

and [ 75% as representing low, moderate, and high

heterogeneity, respectively. To account for potential

disparities in both clinical and methodological aspects

across trials, we applied the restricted maximum-likelihood

estimator and random effects models for outcomes. We

also performed a funnel plot and Egger’s regression test as

needed to investigate heterogeneity between study-specific

estimates. Our meta-analysis was conducted using the meta

package for RStudio version 4.2.2 (R Foundation for

Statistical Computing, Vienna, Austria).
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Trial sequential analysis

We conducted a TSA to determine whether the cumulative

evidence was appropriately powered. An intervention effect

of a 20% RR reduction was established for the assessed

outcomes. Specifically, we focused our analysis only on

subgroups of studies with a low risk of bias. The outcomes

examined included PPH, the requirement for blood

transfusion, the use of additional uterotonics, and the

occurrence of thromboembolic events. We conducted two-

sided testing with a type I error of 5% and aimed to achieve a

type II error of 20% (power of 80%). To compare the

intervention and control groups, we constructed both

conventional boundaries (with an a of 5%) and trial

sequential monitoring boundaries. In the TSA, we applied a

variance-based heterogeneity correction and used the random

effects model. To evaluate the strength of the evidence, we

constructed a cumulative sequential z-score curve.13

Additionally, we calculated the diversity-adjusted

required information size (RIS), which represents the

number of participants needed in a meta-analysis to

detect or reject a specific intervention effect, using the

aforementioned modelling (TSA version 9.5.10,

Copenhagen, Denmark).14

Results

Study selection and characteristics

The initial search yielded 493 results. After removing

duplicate studies, 227 records were identified through

database searching and their summaries were screened for

eligibility. Of these, 95 remained and were fully reviewed

based on predefined eligibility criteria (Fig. 1). Thereafter,

38 RCTs were included comprising 22,940 parturients,

11,595 (50.3%) of whom were in the TXA group; 30 RCTs

compared TXA with placebo, and nine with no treatment.

Table 1 summarizes the individual trials’ characteristics.9,15–51

Postpartum hemorrhage and total blood loss

In a pooled analysis of 16 RCTs, TXA was associated with

a 49% relative reduction in the risk of PPH when compared

with the control group (RR, 0.51; 95% CI, 0.38 to 0.69;

P \ 0.001; I2 = 72%; 16 RCTs; 17,795 parturients;

Fig. 2A), representing 32 fewer parturients with PPH per

1,000 parturients when TXA is used. Postpartum

hemorrhage was reported within 24 hr after skin incision

in eight studies, and within 48 hr in three RCTs.

We also found a significant decrease in total blood

loss in the TXA group (MD, -197.7 mL; 95% CI,

-237.2 to -158.3; P \ 0.001; I2 = 96%; 25 RCTs,

9,882 parturients; Electronic Supplementary Material

[ESM] eFig. 1). Total blood loss encompassed blood lost

both during surgery and two to six hours after surgery.

Sensitivity analysis with removal of each individual

study did not change the overall conclusion in these

outcomes (ESM Fig. 2). The L’abbé test and Baujat plot

showed that two studies primarily elevated heterogeneity

(ESM eFigs 3A and 3B).17,27 Funnel plot analyses showed

an asymmetric distribution of studies of different weights

relative to their standard error, suggestive of nonreporting

(publication) bias (ESM eFig. 4).

Transfusion needs

Twenty-two RCTs reported the need for blood transfusion

and the pooled analysis showed a 57% relative reduction in

the risk in the TXA group compared with the control group

(RR, 0.43; 95% CI, 0.30 to 0.61; P \ 0.001; I2 = 57%;

22 RCTs; 20,393 parturients; Fig. 2B), consisting of one

event prevented for every 77 parturients treated.

Additional use of uterotonics and need for hysterectomy

The TXA group had a 48% relative reduction in the risk of

needing additional uterotonics when compared with the

control group (RR, 0.52; 95% CI, 0.40 to 0.68; P\0.001;

I2 = 84%; 17 RCTs; 19,072 parturients; Fig. 3).

Nevertheless, no significant effect of prophylactic TXA

was noted for the risk of hysterectomy (RR, 0.92; 95% CI,

0.51 to 1.67; P = 0.79; I2 = 0%; four RCTs;

7,962 parturients; ESM eFig. 5).

Adverse events and thromboembolic risk

Eleven RCTs reported side effects and four also reported

severe adverse events. There were no significant

differences between groups for either outcome (RR, 1.22;

95% CI, 1.00 to 1.48; P = 0.05; I2 = 77%; 11 RCTs;

16,637 parturients; ESM eFig. S6A and RR, 1.27; 95% CI,

0.72 to 2.22; P \ 0.41; I2 = 0%; four RCTs; 15,568

parturients; ESM eFig. 6B; respectively). There were no

significant differences between groups in the incidence of

thromboembolic events (RR, 1.20; 95% CI, 0.37 to 3.95;

P = 0.76; I2 = 54%; three RCTs; 14,344 parturients; Fig. 4).

Subgroup analyses

All subgroup analyses showed the effectiveness of TXA

when compared with control. There was a significant

interaction (Fig. 5) for the outcome of PPH (P \ 0.01)

between TXA after cord clamping (RR, 0.86; 95% CI,

0.80 to 0.93; P\ 0.01; I2 = 0%) and before incision (RR,

0.53; 95% CI, 0.40 to 0.72; P\ 0.01; I2 = 67%).
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There was no statistically significant interaction in the

risk for PPH (P = 0.06) between parturients with high risk

for bleeding (RR, 0.30; 95% CI, 0.21 to 0.43; P\ 0.01;

I2 = 0%) and low risk for bleeding (RR, 0.51; 95% CI,

0.34 to 0.75; P\ 0.01; I2 = 54%; ESM eFig. 7).

Upon examining the varying economic settings of the

RCTs and categorizing them into high, upper-middle, and

lower-middle income countries, we found that the

outcomes pertaining to our primary outcome continued to

exhibit statistical significance, favouring the preventive

administration of TXA. On the other hand, there was

variation in the decrease in relative risk across the

different groups. High-income countries had a

comparatively smaller fall in relative risk, amounting to

Fig. 1 PRISMA flow diagram

of study screening and selection
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Table 1 Baseline characteristics of included trials

First author, year Country Number of

parturients

Timing of TXA administration Dose of TXA Control Blinding Bleeding risk

Abdel-Aleem, 201315 Egypt 740 Before incision 1 g No treatment No Low

Ahmed, 201416 Egypt 124 Before incision 10 mg�kg-1 No treatment No Low

Bharati, 202217 India 150 Both 1 g/2 g Placebo Double High

Bhavana, 201618 India 200 Before incision 1 g Placebo No Low

Chaiyakarn, 202319 Thailand 60 Before incision 1 g Placebo Double High

El-Gaber, 201920 Egypt 500 Before incision 1 g Placebo Double Low

El-Sttar, 201921 Egypt 150 Before incision 1 g No treatment No Low

Gai, 200422 China 180 Before incision 1 g No treatment No Low

Goswami, 201323 India 90 Before incision 10–15 mg�kg-1 Placebo Double Both

Gungorduk, 201024 Turkey 660 Before incision 1 g Placebo Double Low

Gwanzura, 202325 Zimbabwe 1,224 Before incision 1 g Placebo Double Low

Halifa, 202126 Nigeria 154 Before incision 1 g Placebo Double Low

Ifunanya, 201927 Nigeria 168 Before incision 1 g Placebo Double High

Jafarbegloo, 202228 Iran 50 Before incision 1 g Placebo Double Low

Kafayat, 201829 Pakistan 62 Before incision 1 g No treatment No Low

Kamel, 201830 Egypt 300 Before incision 1 g No treatment Double Low

Lakshmi, 201631 India 120 Before incision 1 g No treatment No Low

Lee, 202332 Singapore 177 Before incision 1 g Placebo Double Both

Maged, 201533 Egypt 200 Before incision 1 g Placebo Single Low

Milani, 201934 Iran 60 Before incision 1 g Placebo Double Low

Naeji, 202135 Iran 200 Before incision 1 g Placebo Double Low

Nargis, 201836 Bangladesh 120 After cord clamping 1 g Placebo Double Low

Obi, 201937 Nigeria 115 Before incision 1 g Placebo Double Low

Ogunkua, 202238 USA 110 Before incision 1 g Placebo Double Low

Omawumi, 202339 Nigeria 143 Before incision 1 g Placebo Single Low

Oseni, 202140 Nigeria 244 Before incision 1 g Placebo Double Low

Pacheco, 20239 USA 10,995 After cord clamping 1 g Placebo Double Both

Ray, 201641 India 100 Before incision 1 g Placebo No Low

Sanad, 202042 Egypt 74 Before incision 1 g Placebo No Low

Sentilhes, 202143 France 4,439 After cord clamping 1 g Placebo Double Both

Senturk, 201244 Turkey 223 Before incision 1 g Placebo Double Both

Shabir, 201945 Pakistan 100 Before incision 1 g Placebo No Low

Shahid, 201346 Pakistan 74 Before incision 1 g Placebo Double Low

Shalaby, 202247 Egypt 160 Before incision 1 g Placebo Double High

Soliman, 202148 Egypt 100 Before incision 1 g No treatment Single -

Sujata, 201649 India 60 Before incision 10 mg�kg-1 Placebo No High

Xu, 201250 China 174 Before incision 10 mg�kg-1 Placebo Double Low

Yehia, 201451 Egypt 212 Before incision 1 g No treatment Double Both

TXA = tranexamic acid
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15% (RR, 0.85; 95% CI, 0.79 to 0.92; P\0.001; I2 = 26%;

ESM eFig. 11), while lower-middle income countries

observed the most substantial reduction in relative risk,

reaching 61% (RR, 0.39; 95% CI, 0.24 to 0.63; P\0.001;

I2 = 77%).

Finally, we performed a subgroup analysis for the

incidence of PPH by considering only RCTs with low risk

Fig. 2 Forest plots of the risks of (A) postpartum hemorrhage and (B) transfusion needs

CI = confidence interval; RR = risk ratio
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of bias and this analysis showed similar findings, with a

significant reduction in the incidence of PPH in the TXA

group (RR, 0.63; 95% CI, 0.45 to 0.90; P\0.01; I2 = 68%;

eFig. 9).

Quality assessment

Electronic Supplementary eFig. 10 summarizes the

individual evaluation of each RCT included in the meta-

analysis using the RoB-2 quality assessment tool. Fourteen

included studies were rated as having a low risk of bias,

24 as having some concerns of bias, and just one as having

high risk of bias. According to the GRADE tool, the overall

certainty of the evidence for the outcomes assessed was

high and was downgraded according to the judgement of

the risk of bias effect, inconsistency, imprecision, and

publication bias (Table 2).

Trial sequential analysis

The TSA for PPH and the need for blood transfusion

provided firm evidence of a relative risk reduction for the

TXA group. Moreover, for the primary outcome, the

cumulative sequential z-score curve not only reached but

also surpassed the RIS line (Fig. 6). Concerning the use of

additional uterotonics, the cumulative sequential z-curve

did not cross the RIS line (ESM eFig. 11A). Regarding the

need for blood transfusion, the cumulative sequential

z-curve crossed the conventional boundary for benefit,

suggesting a potential beneficial effect. Nevertheless, it did

Fig. 3 Forest plot of the need for additional uterotonics

CI = confidence interval; RR = risk ratio

Fig. 4 Forest plot of the incidence of thromboembolic events

CI = confidence interval
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not cross the trial sequential monitoring boundary for

benefit by a narrow margin (ESM eFig. 11B). In our TSA

examining the occurrence of thromboembolic events

following the use of TXA, we encountered a unique

situation. These events are rare, necessitating a substantial

number of cases to achieve an appropriate RIS for plotting

the cumulative sequential z-score graph. Because these

events are scarce, is it impractical to generate a graph that

accurately represents the trend. Consequently, no specific

results can be obtained for this particular outcome.

Exploratory analysis

We performed an exploratory (sensitivity) analysis

removing the studies identified as contributing the most

to overall heterogeneity.17,27 The results were consistent

with the overall analysis, favouring the use of TXA for the

reduction of PPH (RR, 0.62; 95% CI, 0.48 to 0.80;

P\0.001; I2 = 51%; ESM eFig. 13). We also performed a

sensitivity analysis restricted to studies with a low risk of

bias, which also favoured the TXA group (RR, 0.63;

95% CI, 0.45 to 0.90; P\ 0.001; I2 = 68%). Finally, to

minimize small-study effects and publication bias, we

performed a sensitivity analysis removing the studies in the

lower quartile of study weights (RR, 0.55; 95% CI,

0.41 to 0.73; P \ 0.001; I2 = 75%; ESM eFig. 14) and

the studies below the median of study weights (RR, 0.62;

95% CI, 0.44 to 0.86; P\0.001; I2 = 78%; ESM eFig. 15),

both of which consistently showed a benefit of TXA in the

prevention of PPH.

Discussion

In this systematic review and meta-analysis, we identified 38

RCTs with a total of 22,940 parturients that compared the use

of prophylactic TXA with placebo or no treatment in

parturients undergoing Cesarean delivery. Our main findings

were: 1) there was a significantly reduced risk of PPH, total

blood loss, need for blood transfusion, and use of additional

uterotonics with TXA use; 2) there were no statistical

differences in side effects, serious adverse events, or

Fig. 5 Forest plot of the risk of postpartum hemorrhage regardless of the timing of tranexamic acid administration (before surgical incision and

after cord clamping)

CI = confidence interval; PPH = postpartum hemorrhage; TXA = tranexamic acid
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thromboembolic events between TXA and control groups;

and 3) results were consistently in favour of TXA use across

subgroups, TSA, and exploratory analysis.

Our results provide compelling data supporting the

efficacy of prophylactic TXA in reducing the risk of PPH.

We observed a significant 49% reduction in the risk of PPH

with the use of TXA compared with the control group.

Additionally, TXA administration was associated with a

decrease in total blood loss. Importantly, the mean

difference in blood loss between groups was 197 mL,

favouring the TXA group. Although this difference may

not appear clinically relevant, it may be particularly

important in parturients with pre-existing anemia or

cardiovascular comorbidities. Moreover, a cost-

effectiveness analysis showed that implementing routine

prophylaxis with TXA is likely to yield significant cost

savings and a decrease in adverse maternal outcomes

within the context of PPH.52

Postpartum hemorrhage represents a substantial

contributor to maternal morbidity and mortality on a

global scale.1 Inadequate recognition and management of

PPH can lead to severe maternal complications, including

hypovolemic shock, organ failure, and mortality. For this

reason, implementing effective strategies for the prevention

and appropriate management of PPH is of paramount

importance in reducing maternal mortality rates and

improving overall maternal health outcomes.10

Previous meta-analyses on the role of TXA for

preventing PPH focused only on efficacy outcomes and

found highly heterogeneous results without performing

sensitivity analyses.6–8 Tranexamic acid is generally

considered safe. A meta-analysis of 125,500 patients in

nonpregnant patients found no increased risk of

thromboembolic events with TXA use.53 Nonetheless,

there remains a potential concern regarding the

association of TXA with thromboembolic events in this

specific population, considering the hypercoagulable state

during pregnancy and the postpartum period.

Our updated meta-analysis brings new insights

regarding the safety of TXA. For this purpose and to

verify its potential benefits for parturients with different

bleeding risks, we incorporated new data from

12,281 parturients. Our report also included safety

outcomes, while exploring relevant subgroups for clinical

practice, conducting sensitivity analyses for heterogeneity,

and performing TSA to determine whether additional

studies are needed or if there is conclusive evidence to

support prophylactic use of TXA.

The robustness of our findings was confirmed through

sensitivity analysis, which consistently supported the

overall conclusions regarding PPH risk reduction and

Table 2 Evidence profile: prophylactic tranexamic acid compared with control for postpartum hemorrhage in Cesarean delivery

Outcome Number

of studies

Study

design

Risk of

bias

Inconsistency Indirectness Imprecision Effect

(absolute 95% CI)

Quality or certainty

of the evidence

(GRADE)

Postpartum

hemorrhage

16 RCT Not serious Seriousb Not serious Not serious 32 fewer per 1,000 ����
Moderate

Total blood loss 24 RCT Seriousa Seriousb Not serious Not serious MD, 186.3 mL

(223.1 to 149.5)

����
Low

Blood transfusion 22 RCT Not serious Seriousc Not serious Not serious 13 fewer per 1,000 ����
Low

Additional uterotonics 17 RCT Not serious Seriousb Not serious Not serious 32 fewer per 1,000 ����
Low

Thromboembolic events 3 RCT Not serious Seriousb Not serious Not serious 0.1 more per 1,000 ����
Moderate

Serious adverse events 4 RCT Not serious Not serious Not serious Not serious 0.3 more per 1,000 ����
High

Any adverse events 11 RCT Not serious Seriousb Not serious Not serious 19 more per 1,000 ����
Moderate

Hysterectomy 4 RCT Not serious Not serious Not serious Not serious 0.2 fewer per 1,000 ����
High

aWe identified a substantial number of studies with some concerns of bias, increasing the overall risk of bias
bAlthough studies show similar direction of effect, the magnitude of the effect remains different, resulting in substantial heterogeneity
cAlthough studies show similar direction of effect, the magnitude of the effect remains different, resulting in moderate heterogeneity

MD = mean difference; RCT = randomized controlled trial; TXA = tranexamic acid
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total blood loss. The leave-one-out analysis further

emphasized the clear benefit of TXA. Our analysis of the

L’abbé and Baujat plots provided that only two studies

contributed to most of the observed heterogeneity.

Furthermore, the results were consistent among

subgroups and various exploratory (sensitivity) analyses,

strengthening the evidence supporting the use of TXA in

the prevention of PPH.

In contrast to our meta-analysis, a recent large RCT by

Pacheco et al. found no significant reduction in the

incidence of PPH or the need for blood transfusion with

prophylactic TXA in parturients who underwent Cesarean

deliveries.9 The potential mechanisms for this discrepancy

may be multifactorial. First, Pacheco et al. conducted a

multicentre trial in a high-income country, whereas the

majority of other RCTs were conducted in low-income

countries. In these low-resource settings, the shortage of

blood products or uterotonics may increase the severity of

PPH, potentially increasing the benefit of TXA. Second,

the prevalence of baseline anemia and other comorbidities

was also substantially higher in other studies compared

with the recent study by Pacheco et al., which had strict

exclusion criteria related to comorbidities. And, finally, the

RCT by Pacheco et al. administered TXA after cord

clamping, whereas most other RCTs administered TXA

before surgical incision. The latter approach may maximize

the benefit of TXA. Pharmacokinetic data indicates that

TXA has an onset of action of approximately three to five

minutes. Therefore, it may be preferred to initiate

prophylactic use prior to incision. This is corroborated by

our finding showing a higher magnitude of benefit in

studies with TXA administration prior to surgical incision

vs after cord clamping, with a significant test for subgroup

differences (P\ 0.01).

While our findings indicate a difference in TXA

administration timing, favouring the pre-incision period,

the results of Seifert et al. suggested a decrease in

therapeutic serum TXA concentration after one hour.54 In

light of this, further investigations should be conducted to

compare different administration times or to consider the

potential benefits of continuous infusion of TXA.

The TSA results align with the findings of the meta-

analysis and provide strong support for most of the

examined outcomes. For our primary outcome, the

analysis showed that the information size was sufficient

to yield robust evidence of a 20% RR reduction in PPH.

Fig. 6 Trial sequential analysis for postpartum hemorrhage incidence with the use of prophylactic tranxamic acid. Low risk-of-bias trials showed

benefit of tranxamic acid use with a sufficiently powered sample.

PPH = postpartum hemorrhage; RCTs = randomized controlled trials; TXA = tranexamic acid
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Moreover, the RIS line was significantly surpassed,

indicating that our sample size was adequately powered

to confidently assert that the prophylactic use of TXA

reduces the incidence of PPH. Consequently, based on

these results, it is unlikely that further studies in this topic

would be of any added value.

The present study has limitations. First, there were

methodological differences between the individual studies,

some of which included only parturients with low or high

risk of bleeding, or different timing of TXA administration.

For example, patients with previous anemia would be at a

higher risk of being transfused; however, most studies do

not report incidence of anemia among their patients and the

incidence of anemia may vary across different countries

and socioeconomic conditions. To address these

limitations, we conducted additional analyses, including

leave-one-out, Baujat, and L’abbé tests, as well as

subgroup analyses based on parturients’ bleeding risk,

timing of TXA administration, and risk of bias. Second, the

asymmetry in the funnel plots for PPH suggest publication

bias. To further explore this and to minimize the small-

study effects, we conducted an exploratory analysis by

removing the studies with lower weight (below median and

lower quartile). The results were consistent with the overall

analysis, suggesting that publication bias did not affect our

results.

Despite these limitations, the present study also has

important strengths. First, it represents the largest and most

updated review of TXA for the prevention of PPH in

parturients undergoing Cesarean delivery. Second, the

analysis was restricted to RCTs, which minimizes the

risk of any confounding factors. Third, we conducted a

comprehensive search for eligible RCTs, encompassing

studies published in any language, thus minimizing

potential language bias. And lastly, our meta-analysis is

the first to assess the safety of prophylactic TXA in terms

of serious adverse effects and thromboembolic events in

this population. These strengths contribute to the

robustness and novelty of our findings, enhancing the

overall value and significance of the study.

The findings of our meta-analysis carry important

implications for clinical practice. The favourable safety

profile of TXA, coupled with its shown effectiveness in

reducing the risk of PPH, the need for blood transfusion,

and the additional use of uterotonics, provides strong

justification for considering its widespread prophylactic use

in the context of Cesarean delivery. These results suggest

that incorporating TXA as a preventive measure may

contribute to improved parturient outcomes and potentially

reduce the burden on health care resources associated with

PPH management.

Conclusion

Our meta-analysis of 38 RCTs supports the prophylactic

use of TXA in Cesarean deliveries to reduce the risk of

PPH, except in cases of contraindication, and preferably

before surgical incision and in the presence of maternal

comorbidities. Tranexamic acid showed significant benefits

in terms of reduced PPH incidence, total blood loss, and the

need for blood transfusion and additional use of

uterotonics. Safety analysis indicated no significant

differences in serious adverse events or thromboembolic

events between TXA and control groups. These findings

highlight the potential of TXA to improve parturient

outcomes and justify its consideration as a preventive

measure in Cesarean deliveries.
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