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Abstract

Background: The cesarean section (CS)
rate globally is rising, particularly in Egypt,
where it increased from 20% in 2005 to 52%
in 2014. While CS can be lifesaving in com-
plicated deliveries, it poses risks such as
excessive blood loss and complications in
future pregnancies. Obstetric hemorrhage
accounts for 27% of maternal deaths world-
wide. Tranexamic acid (TXA), an antifibri-
nolytic agent, effectively reduces surgical
bleeding, but the efficacy of oral versus in-
travenous (IV) TXA in cesarean deliveries is
not well-studied.

Objective: This study compares the effec-
tiveness and safety of preoperative oral ver-
sus IV TXA in reducing intraoperative blood
loss during elective lower segment cesarean
sections (LSCS).

Patients and Methods: We randomly as-
signed 140 women scheduled for LSCS into
two groups: the IV TXA group received 1 g
of TXA intravenously at anesthesia induc-
tion, while the oral TXA group received 2 g
orally one hour before surgery. The primary
outcome was estimated blood loss (EBL),
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with secondary outcomes including exces-
sive blood loss (>1000 mL), blood transfu-
sion needs, uterotonic usage, and side effects.

Results: The oral TXA group experienced
significantly higher average blood loss than
the IV group, measured through surgical
towels, suction containers, and estimation
formulas. No significant differences in post-
partum hemorrhage rates or transfusion needs
were observed, and both TXA forms showed
no adverse maternal or fetal outcomes.

Conclusion: Oral TXA led to greater intra-
operative blood loss compared to IV TXA,
but both methods were equally effective in
preventing excessive postpartum bleeding.
TXA was safe for mothers and fetuses re-
gardless of administration route.

Keywords: Caesarean section- Postpartum
hemorrhage- Tranexamic acid.

Introduction

The global prevalence of cesarean section
(CS) is steadily increasing. By 2015, approx-
imately 29.7 million births were delivered
via CS, a significant rise from the estimated
16 million in 2000 (1). In Egypt, the rate of
CS has also seen a sharp increase, climbing
from 20% in 2005 to 52% in 2014, marking
the highest incidence in the Eastern Medi-
terranean Region (2). Cesarean section is a
life-saving surgical procedure for both the
fetus and the mother, particularly in cases of
complications during vaginal delivery. Ab-
solute indications for CS include conditions
such as pelvic deformity, abnormal fetal pre-
sentation, chorioamnionitis, uterine rupture,
placenta previa, umbilical cord prolapse, and
eclampsia (3). However, the World Health
Organization (WHO, 2015) advises that CS
should be limited to cases where it is medi-
cally necessary. When CS rates exceed 10%,
there is no corresponding improvement in
maternal or neonatal outcomes (4). Addition-
ally, CS is associated with various compli-
cations, including increased blood loss, or-

gan damage, anesthetic risks, hysterectomy,
thromboembolic events, adhesion formation,
and chronic pain. Subsequent pregnancies
after CS are also at higher risk for complica-
tions such as ectopic pregnancy, miscarriage,
preterm delivery, infertility, and placental
abnormalities (3). Obstetric hemorrhage re-
mains a leading cause of maternal morbidity
and mortality, accounting for roughly 27% of
all maternal deaths globally. Of these, post-
partum hemorrhage (PPH) alone contributes
to 19.7% of cases (5). Mortality rates from
PPH vary significantly between developed
and developing nations, with rates of 8%
and 19.7%, respectively (5). Emergency ce-
sarean sections further heighten the risk of
severe postpartum hemorrhage (6). The av-
erage blood loss during a cesarean section is
approximately double that of a vaginal de-
livery, which often necessitates blood trans-
fusions and exposes mothers to additional
risks (7). Effective management strategies
are critical to mitigate complications result-
ing from postpartum bleeding. During labor
and delivery, certain physiological mecha-
nisms help control bleeding. After placental
separation, the uterine wall undergoes signif-
icant changes, including intense uterine con-
tractions, platelet activation, and increased
release of coagulation factors, alongside
enhanced fibrinolysis. To further minimize
bleeding, uterotonic agents such as oxytocin,
ergometrine, prostaglandins (E1, F2a), and
carbetocin are routinely administered (8).
Other agents, such as tranexamic acid (TXA)
and ethamsylate, are also used to promote
hemostasis (9). Oxytocin stimulates uterine
contractions, with an intravenous dose of 5
IU often sufficient to reduce bleeding post-
partum. Tranexamic acid, a lysine analog, in-
hibits plasminogen activation by binding to
lysine receptors, thereby reducing fibrinoly-
sis and minimizing intraoperative and post-
operative blood loss (8). The World Maternal
Antifibrinolytic (WOMAN) trial, published
in The Lancet in 2017, provided robust evi-
dence of TXA’s safety and efficacy in reduc-
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ing maternal mortality due to PPH. However,
concerns persist regarding the potential risk
of thromboembolic events (10). While intra-
venous TXA has demonstrated efficacy in
treating PPH, its effectiveness in oral form
remains uncertain, with limited research ex-
ploring its use in this context.

Patients and methods

This study, conducted at Cairo University
Hospitals' Obstetrics and Gynecology De-
partment from June 2023 to January 2024,
was a double-blinded, randomized compara-
tive trial involving 140 pregnant women aged
18-40 years who were candidates for elective
cesarean sections. Women were included if
they had a BMI of 18.5-30, singleton preg-
nancies at >37 weeks of gestation, preopera-
tive hemoglobin levels >10 mg/dL, and were
undergoing cesarean sections under spinal
anesthesia. Exclusion criteria encompassed
known allergies to tranexamic acid (TXA) or
its excipients, comorbidities (e.g., diabetes
mellitus, hypertension, clotting disorders, or
renal/cardiac diseases), previous cesarean de-
liveries exceeding three, prolonged operative
time (>2 hours), emergency cesarean sec-
tions, high-risk obstetric hemorrhage cases,
and known fetal anomalies. Ethical approv-
al was obtained, and informed consent was
secured from all participants. Participants
were randomized into two groups: an intra-
venous (IV) TXA group (1 g TXA admin-
istered at anesthesia induction) and an oral
TXA group (2 g TXA administered 1 hour
preoperatively). We selected the 2-gram oral
dose of tranexamic acid (TXA) based on ev-
idence from previous studies demonstrating
its efficacy and safety in reducing blood loss
during surgical procedures, like knee arthro-
plasty. Research suggests that a 2-gram oral
dose achieves therapeutic plasma concentra-
tions comparable to a 1-gram intravenous
dose when administered approximately 1-2
hours preoperatively as oral route will pass
through hepatic metabolism so effective con-
centration will decrease. Specifically, studies

such as (Kayupov et al., 2017; Fillingham et
al., 2016) (11,12), the timing of 1 hour pri-
or to surgery was chosen to ensure adequate
systemic absorption and peak plasma levels
at the time of incision, optimizing its anti-
fibrinolytic effects during the critical period
of surgery. This timing aligns with pharma-
cokinetic data indicating that TXA achieves
maximum efficacy within this window when
administered orally (13). All procedures ad-
hered to a standardized cesarean protocol,
including Pfannenstiel incisions, immedi-
ate cord clamping (<30 seconds), controlled
placental cord traction, and uterine closure
in two layers. Blood loss was evaluated us-
ing the difference in towel weights, suction
contents, and pre- and postoperative hemo-
globin levels. Monitoring also included flu-
1d infusion rates, urine output, and complete
blood count testing 12 hours postoperatively.
The study’s primary outcome was estimated
blood loss during cesarean delivery. Sec-
ondary outcomes included excessive blood
loss (>1,000 mL), blood transfusion require-
ments, additional uterotonic use, and mater-
nal or fetal side effects. we employed stan-
dard prophylactic uterotonics in all cases.
Each participant received 10 IU of oxytocin
administered via intravenous infusion imme-
diately after delivery of the fetus, which is
in line with established guidelines for min-
imizing postpartum hemorrhage (PPH) risk
during cesarean sections. The parameters for
administering additional uterotonics includ-
ed: intraoperative blood loss, if as >500 mL,
Poor uterine tone, as assessed clinically by
the attending surgeon and anesthetist, and
hemodynamic instability, including hypo-
tension or tachycardia suggestive of ongoing
hemorrhage. In cases where these criteria
were met, additional uterotonics such as er-
gometrine or misoprostol were administered
per clinical judgment to ensure adequate
uterine contraction and hemostasis.

The calculation of sample size was based
on comparing the intraoperative (IO) total
blood loss during elective Cesarean sections
between women receiving oral tranexamic
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acid and those administered IV tranexamic
acid. According to earlier research by Wu et
al., (14), the average 10 blood loss for the
IV tranexamic acid group was reported as
886.1 £ 200 ml, while the oral tranexamic
acid group had an average of 863.3 £ 272 ml.
Assuming a minimal clinically significant
difference of 20% in IO total blood loss, and
taking the mean of the standard deviations
from both groups, a minimum of 70 partic-
ipants in each group was determined to be
necessary to achieve 80% power at a signif-
icance level of o = 0.05, utilizing Student’s
t-test for independent samples. The sample
size calculation was performed using Stats
Direct statistical software version 2.7.2, de-
veloped by StatsDirect Ltd. in Cheshire, UK.
References

Statistical analysis

Continuous variables that follow a normal
distribution are presented as means along
with their standard deviations, whereas data
that do not follow a normal distribution are
represented as medians with ranges or inter-
quartile ranges (IQRs). Categorical variables
are described in terms of frequencies and per-
centages. To assess the normality of numer-
ical data, the Kolmogorov-Smirnov test was
utilized. Group comparisons were conduct-
ed using Student’s t-test for variables with a
normal distribution and the Mann-Whitney
U test for those without. For categorical vari-
ables, the chi-square test was used, and Fish-
er's exact test was applied when the expected
frequencies were less than 5. A significance
level of P < 0.05 was established. All statisti-
cal analyses were performed using Microsoft
Excel 2016 and IBM SPSS Statistics soft-
ware (version 22 for Windows).

Results

Table 1: Demographic Characteristics and
Previous Cesarean Section Distribution. This
table outlines the demographic data and the
distribution of prior cesarean sections among

participants in the IV TXA and Oral TXA
groups, revealing no significant differences
in age, weight, or gestational age (P > 0.05).
Most participants in both groups had un-
dergone one prior cesarean section (52.9%
in the IV TXA group vs. 62.9% in the Oral
TXA group). Notably, while none of the Oral
TXA group had zero prior cesarean sections,
4.3% of the IV TXA group did. The distri-
bution of previous cesarean sections did not
differ significantly (P = 0.325), suggesting
that baseline obstetric histories were com-
parable across the groups. Table 2: Estimat-
ed Blood Loss (EBL) Between Groups. The
study evaluated blood loss in the IV TXA
and Oral TXA groups by measuring towel
weights and suction unit volumes. The IV
TXA group showed significantly lower mean
postoperative towel weight (555.71 g) com-
pared to the Oral TXA group (615.64 g, P =
0.04). Similarly, the towel weight difference
was smaller in the IV TXA group (356.50
g vs. 422.14 g, P = 0.002). Blood volume
in the suction unit was also reduced in the
IV TXA group (207.86 ml vs. 293 ml, P =
0.001). Preoperative hemoglobin (Hb) and
hematocrit (Hct) levels were similar between
groups; however, postoperative Hb (10.56 g/
dl vs. 10.15 g/dl, P < 0.001) and Hct (31.68
vs. 30.88, P=0.009) were significantly high-
er in the IV TXA group. The overall EBL
was lower in the IV TXA group, with a mean
of 564.36 ml (median 545 ml) compared to
the Oral TXA group, which had a mean of
715 ml (median 652.5 ml). These findings
indicate that IV TXA was more effective in
minimizing blood loss than oral TXA. Table
3: Ecbolic Use and Postpartum Hemorrhage
(PPH). This table demonstrates a significant
disparity in the need for additional ecbolic
agents between the groups. The Oral TXA
group had a substantially higher proportion
of participants requiring additional ecbol-
ic (54.3%) compared to the IV TXA group
(17.1%; P <0.001). However, the occurrence
of PPH > 1000 ml was low and similar across
both groups (1.4% in the IV TXA group vs.
2.9% in the Oral TXA group, P = 1). These
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results suggest that IV TXA is more effective
in reducing the need for additional uterotonic
agents, while both forms of TXA are equally
effective in preventing severe PPH. The find-
ings across the tables highlight that IV TXA
consistently outperformed oral TXA in min-
imizing blood loss and the requirement for
additional ecbolic, while maintaining similar
effectiveness in preventing significant post-
partum hemorrhage.

Discussion

Obstetric hemorrhage is a significant contrib-
utor to maternal mortality, accounting for ap-
proximately 25% of maternal deaths globally
(15). Despite routine prophylaxis, postpar-
tum hemorrhage (PPH) still occurs in 3—10%
of deliveries (8). Tranexamic acid (TXA), a
synthetic derivative of lysine, functions as an
anti-fibrinolytic agent by inhibiting the lysine
binding sites on plasminogen. TXA has been
shown to significantly reduce postoperative
bleeding and the need for blood transfusions
following surgery (16). The WOMAN trial
demonstrated that administering 1 g of intra-
venous TXA within three hours of delivery
substantially reduced mortality due to PPH,
leading to its recommendation by the WHO
as a standard treatment for PPH, irrespective
of its cause (17).

While the efficacy of intravenous TXA (IV
TXA) in managing PPH is well-established,
its effectiveness when administered orally
remains uncertain. There is currently no data
supporting the use of oral TXA as a therapeu-
tic option for PPH. However, studies suggest
that oral TXA could be effective in preventing
PPH, especially when combined with miso-
prostol (18). If proven effective, oral TXA
could be administered in resource-limited
settings by mid- or low-level healthcare pro-
viders during home deliveries or when intra-
venous access is unavailable. This approach
could enhance PPH management, particular-
ly in low-resource settings where most ma-
ternal deaths from PPH occur (19). One of
the challenges with TXA treatment lies in its

need for intravenous administration, which
requires trained personnel. Exploring alter-
native routes, such as intramuscular or oral
administration, could improve accessibility
and ease of use, especially in settings with
limited resources. However, more research
is needed to evaluate the pharmacokinetics,
pharmacodynamics, and safety of TXA ad-
ministered through these alternative routes
during pregnancy (20).

This randomized controlled trial assessed the
effectiveness of oral versus intravenous TXA
in reducing blood loss during cesarean sec-
tions. A total of 140 patients were enrolled,
with 70 receiving 1 g of IV TXA at the time
of anesthesia induction and 70 receiving 2 g
of oral TXA two hours before surgery. The
dosage for oral TXA was based on its previ-
ously established safety profile. Our findings
showed no significant differences between
the two groups in demographic character-
istics, such as age, weight, gestational age,
and number of previous cesarean sections,
indicating proper randomization. However,
blood loss was significantly lower in the IV
TXA group compared to the oral TXA group.
This was demonstrated by differences in tow-
el weight, suction volume, hemoglobin drop,
hematocrit drop, and the need for addition-
al uterotonics, all of which were statistically
significant (p <0.001). The incidence of PPH
and the requirement for blood transfusions
were lower in the IV TXA group, though
these differences were not statistically signif-
icant due to the small sample size. Reported
side effects of TXA, such as gastrointestinal
symptoms, were not observed in our study.
Serious complications, including thrombotic
events, were also not reported, likely due to
the low, safe doses used.

Our results align with the WOMAN trial,
which demonstrated that early administra-
tion of IV TXA effectively reduces mortal-
ity from PPH (21). Similarly, a systematic
review by Wang et al. (2015) confirmed that
IV TXA significantly decreases blood loss
and the need for transfusions during and af-
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ter cesarean sections. Shady et al. evaluated
oral TXA combined with buccal misoprostol
in vaginal deliveries and found it effective in
reducing blood loss compared to misoprostol
or oxytocin alone. In contrast, our study fo-
cused solely on oral TXA without additional
uterotonics, potentially explaining the lesser
efficacy compared to IV TXA (22).

Conclusion

intravenous TXA remains superior to oral
TXA in reducing blood loss during cesarean
sections, minimizing hemoglobin and hema-
tocrit drops, and lowering the need for blood
transfusions. Further research is required to
optimize the use of oral TXA in obstetrics,
particularly in resource-constrained settings,
to provide an accessible alternative to intra-
venous administration.
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Table 1: Demographic Data and Previous Cesarean Sections of Studied Groups

Parameter IV TXA Group Oral TXA Group P-Value
(Mean £+ SD / Count) | (Mean £ SD / Count)

Age (years) 28.60 +4.36 27.37+3.90 0.081*
Weight (kg) 90.49 +£9.98 89.73 £10.58 0.664*
Gestational Age (weeks) 38.3+0.80 38.03+£0.76 0.071*
Previous Cesarean Sections 0.325#
- 0 previous CS 3 (4.3%) 0 (0.0%)
- 1 previous CS 37 (52.9%) 44 (62.9%)
- 2 previous CS 24 (34.3%) 20 (28.6%)
- 3 previous CS 6 (8.6%) 6 (8.6%)

Values (continuous quantitative data) are given as the means£SDs, values (categorical) are
given as numbers (percentages). The Kolmogorov—Smirnov test was used to analyze the nor-
mality of the data distribution characteristics namely, age, BMI, and GA, or all the study
patients.

T test was used for normally distributed continuous quantitative data.
#Chi-square test was used for qualitative (categorical) data

A P value <0.05 was considered to indicate statistical significance, so the P value of the study
group was not significant.

Table 2: Blood Loss, Hemoglobin, Hematocrit, and Estimated Blood Loss (EBL) in the
IV TXA and Oral TXA Groups

Parameter IVTXA Oral TXA P-Value
Preoperative Towel Weight Mean: 199.21 £ 22.60 Mean: 193.50 +20.77 0122
(gm) (165-225) (180-225) '
Postoperative Towel Mean: 555.71 = 120.30 Mean: 615.64 +£121.36 0.004
Weight (gm) (390-1050) (325-900) ’

. Mean: 356.50 £ 125.87 Mean: 422.14 £ 116.00
Towel Difference (gm) (210-870) (145-715) 0.002
. Mean: 207.86 + 100.73 Mean: 293.71 £ 169.48
Suction Blood (ml) (100-690) (100-950) <0.001
Preoperative Hemoglobin Mean: 11.19 £ 0.82 Mean: 11.09 + 0.65 0.444
(Hb) (10.20-14.10) (10.20-13.00) ’
Preoperative Hematocrit Mean: 33.39 + 2.31 Mean: 33.06 + 1.59 0331
(HCT) (30.50-40.90) (30.00-39.40) ’
Postoperative Hemoglobin | Mean: 10.56 £ 0.67 (9.60— | Mean: 10.15+0.67 (9.10- <0.001
(Hb) 12.80) 12.20) ’
Postoperative Hematocrit Mean: 31.68 + 2.03 Mean: 30.88 + 1.51 0.009
(HCT) (28.80-38.50) (27.60-36.50) ’
Hemoglobin Difference (g/ | Mean: 0.63 +0.36 (0.10— | Mean: 0.94 + 0.31 (0.10— <0.001
dL) 2.00) 2.10) ’
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Mean: 1.70 + 0.53 (1.19—

Mean: 2.19 + 0.47 (1.40—

1013.75)

Hematocrit Difference (%) 4.11) 3.60) <0.001
. Median: 535; Mean: Median: 652.5; Mean:
ﬁflg“ (Towels + Suction) 56436+ 168.43 (370— | 715.86+ 19443 (465— | <0.001
1010) 1400)
Median: 379.07; Mean: Median: 506.71; Mean:
EBL Using Formula (ml) 412.11 £124.06 (284.81— | 541.36 +141.44 (378.53— | <0.001

1044.12)

Values (continuous quantitative data) are given as the means+SDs (range),

The Kolmogorov—Smirnov test was used to analyze the normality of the data distribution
characteristics of all the study patients.

T test was used for normally distributed continuous quantitative data.

A P value <0.05 was considered to indicate statistical significance, so the P value of the study

group was not significant.

Table 3: Ecbolic Use and Occurrence of Postpartum Hemorrhage (PPH) Between 1V
TXA and Oral TXA Groups

Variable | IVTXAM=70) | OralTXA(n=70) | P-Value
Use of Additional Ecbolics
Yes 12 (17.1%) 38 (54.3%) <0.001#
No 58 (82.9%) 32 (45.7%)
PPH > 1000 ml
Yes 1(1.4%) 2 (2.9%) 1#
No 69 (98.6%) 68 (97.1%)

values (categorical) are given as numbers (percentages).

#Chi-square test was used for qualitative (categorical) data

A P value <0.05 was considered to indicate statistical significance, so the P value of the study

group was not significant.
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