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17Objective: To study the efficacy and safety of preoperative intravenous tranexamic acid to reduce blood loss
18during and after elective lower-segment cesarean delivery. Methods: A single-blind, randomized placebo-
19controlled study was undertaken of women undergoing elective lower-segment cesarean delivery of a full-
20term singleton pregnancy at a center in Cairo, Egypt, between November 2013 and November 2014. Patients
21were randomly assigned (1:1) using computer-generated random numbers to receive either 1 g tranexamic
22acid or 5% glucose 15 minutes before surgery. Preoperative and postoperative complete blood count, hematocrit
23values, and maternal weight were used to calculate the estimated blood loss (EBL) during cesarean, which was
24the primary outcome. Analyses included women who received their assigned treatment, whose surgery was
2590 minutes or less, and who completed follow-up. Results: Analyses included 100 women in each group. Mean
26EBL was significantly higher in the placebo group (700.3 ± 143.9 mL) than in the tranexamic acid group
27(459.4 ± 75.4 mL; P b 0.001). Only six women, all in the placebo group, experienced an EBL of more than
281000 mL. There were no reports of thromboembolic events up to 4 weeks postoperatively. Conclusion: Preopera-
29tive administration of tranexamic acid safely reduces blood loss during elective lower-segment cesarean delivery.
30Australian New Zealand Clinical Trials Registry: ACTRN12615000312549.
31© 2015 Published by Elsevier Ireland Ltd. on behalf of International Federation of Gynecology and Obstetrics.

36 1. Introduction

37 Worldwide, 15% of deliveries occur by cesarean [1]. In the USA, one
38 in three women deliver by cesarean [2]. Although cesarean delivery is
39 intended to be a lifesaving procedure, reducing both maternal and
40 fetal morbidity and mortality [3], blood loss during cesarean is twice
41 that of vaginal delivery (1000 mL vs 500 mL) [4]. Severe anemia after
42 postpartum bleeding is a leading contributor to maternal morbidity,
43 increasing the likelihood of fatal postpartum hemorrhage in future
44 pregnancies [5]. Therefore, medications such as oxytocin, ergometrine,
45 prostaglandin F2α, andmisoprostol are commonly used tominimize in-
46 traoperative and postoperative bleeding during cesarean delivery [6,7].
47 Tranexamic acid is a synthetic lysine derivative that inhibits fibrino-
48 lysis by preventing binding of plasminogen and plasmin to the fibrin
49 substrate through blockage of the lysine-binding sites [8]. Additionally,
50 the drug inhibits conversion of plasminogen to plasmin [9]. The drug
51 theoretically increases the risk of thromboembolic events, although a
52 systematic review of its use in surgery showed no significant increases

53in this risk [10]. In 2011, the CRASH-2 trial [11] showed that early
54administration of tranexamic acid significantly reduces mortality in
55trauma patients with hemorrhage. As a result of this trial, the drug
56was included in the WHO Model List of Essential Medicines [12].
57Tranexamic acid is routinely used to reduce intraoperative and post-
58operative blood loss in several surgical procedures, including coronary
59artery bypass, oral surgery, total hip or knee arthroplasty, and urinary
60tract surgery [13]. In obstetric and gynecologic practice, tranexamic acid
61is most commonly used in the management of pregnancy-associated
62bleeding (threatened abortion and placenta previa), postpartum hemor-
63rhage, and idiopathic menorrhagia [14,15].
64When the placenta separates from the uterine wall during delivery,
65strong myometrial contractions occur along with increased platelet
66activity and a release of coagulant factors. Fibrinolytic activity also
67increases during placental delivery and can continue for 6–10 hours
68after delivery [16]. Thus, antifibrinolytic agents such as tranexamic
69acid can be used to reduce bleeding. Randomized controlled studies
70have shown that tranexamic acid reduces blood loss during and after ce-
71sarean [9,17,18], indicating that its use effectively prevents and treats
72bleeding. Nevertheless, these studies are limited and have small sample
73sizes comparedwith those assessing efficacy of tranexamic acid in blood
74loss reduction during other surgical interventions.
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75 The aim of the present study was to evaluate the efficacy and safety
76 of preoperative intravenous tranexamic acid for the reduction of blood
77 loss during and after elective lower-segment cesarean delivery.

78 2. Materials and methods

79 A prospective, single-blind, randomized placebo-controlled study
80 was performed at the Obstetrics and Gynecology Department of Kasr
81 El Aini University Hospital, Cairo, Egypt, between November 1, 2013,
82 and November 30, 2014. Women with full-term singleton pregnancies
83 who were scheduled to undergo an elective lower-segment cesarean
84 delivery were eligible for inclusion. Exclusion criteria included anemia
85 (hemoglobin b90 g/L), maternal medical disorders (e.g. cardiac, renal,
86 and hepatic diseases, or coagulopathies), history of thromboembolic
87 events, or known allergy to tranexamic acid. Patients with an increased
88 risk of obstetric hemorrhage (e.g. prepartum hemorrhage, abnormal
89 placentation, previous history of uterine atony or postpartum hemor-
90 rhage, polyhydramnios, and uterine fibroids) were also excluded.
91 The study was approved by the Hospital Ethical Committee. All
92 participants provided informed written consent following a discussion
93 on the nature of the study as well as the expected value, outcome, and
94 possible adverse effects.
95 On the day of their scheduled surgery, participants were randomly
96 assigned in a 1:1 ratio to receive either intravenous tranexamic acid
97 or intravenous glucose before cesarean delivery. Randomization was
98 performed using computer-generated random numbers. Only the par-
99 ticipants were masked to the group allocation.
100 A full medical history was obtained from all participants. Obstetric
101 ultrasonography and laboratory tests were performed, including pro-
102 thrombin time, prothrombin concentration, complete blood count,
103 and liver and kidney function tests. Maternal body weight and vital
104 signs (heart rate, blood pressure, and respiratory rate) were checked
105 30 minutes before surgery. According to group assignment, either 1 g
106 (10 mL) tranexamic acid (Kapron, Amoun, Egypt; stored in a dry con-
107 tainer at 15 °C–30 °C) diluted in 20 mL of 5% glucose or 30 mL of 5%
108 glucose was slowly administered intravenously 15 minutes before
109 skin incision over a 5-minute period.
110 Following delivery, patients in both groups received an intravenous
111 bolus of 5 IU oxytocin (Syntocinon, Novartis, Basel, Switzerland), 1 mL
112 (0.2 mg) intramuscular ergometrine (Methergin, Novartis, Basel,
113 Switzerland), and 20 IU oxytocin in 500 mL lactated Ringer’s solution
114 (infused at a rate of 125 mL/h). Fluid monitoring was performed

115through rate of infusion and urine output. A complete blood count test
116was performed 24 hours after delivery.
117On discharge, patients who received tranexamic acid were given a
118brief orientation regarding symptoms and signs of a thromboembolic
119event and were instructed to contact the investigators immediately if
120any occurred. All patients were examined for thromboembolic events
121at the 1- and 4-week follow-up visits.
122The primary outcome measure was the estimated blood loss (EBL)
123during cesarean delivery. Secondary outcomemeasures were excessive
124blood loss (N1000mL), use of additional ecbolics denoting uterine atony
125(e.g. additional 5 IU intravenous bolus oxytocin and 1mL [0.2mg] intra-
126muscular ergometrinewith orwithout 600mg rectal prostaglandin E1),
127and the occurrence of any maternal thromboembolic event. EBL was
128calculated according to the formula:

EBL ¼ EBV� Preoperative hematocrit−Postoperative hematocrit
Preoperative hematocrit

130130where EBV is estimated blood volume (mL; weight in kg × 85).
For a two-tailed test at anα level of 0.05, the difference between the

131two groups regarding the primary outcomemeasure (EBL) had a power
132of 1.0 (100%) in a post hoc calculation. Data were analyzed using SPSS
133version 20.0 (IBM, Armonk, NY, USA). Analyses were per protocol:
134women with a cesarean delivery of more than 90 minutes and those
135lost to follow-up were excluded from analyses. Numerical data were
136expressed as mean and standard deviation or median and range, as
137appropriate. Categorical data were expressed as frequency and percent-
138age. The χ2 test was used to examine the relation between qualitative
139variables. For quantitative data, comparison between the two groups
140was performed using an independent sample t test or the Mann–
141Whitney test. P b 0.05 was considered significant. Power analysis was
142performed using G-Power package version 3.1.5.

1433. Results

144Overall, 214 patients underwent randomization (Fig. 1). Analyses in-
145cluded 200 patients (100 in each group). No differences between groups
146were noted inmaternal age,weight, gravidity, parity, number of previous
147spontaneous abortions, and number of previous cesareans (Table 1).
148EBL was significantly higher in the placebo group than in the
149tranexamic acid group (P b 0.001) (Table 2). Only 12% of women in
150the tranexamic acid group had an EBL of 500–1000 mL compared with

Assessed for eligibility (n=245)

Excluded (n=31)
Did not meet inclusion criteria (n=22)
Declined to participate (n=9)

Analyzed (n=100)

Allocated to and received tranexamic acid
(n=107)

Allocated to and received placebo (n=107)

Analyzed (n=100)

Randomization (n=214)

Excluded from analyses (n=7)
Lost to follow-up (n=2)
Delivery >90 min (n=5)

Excluded from analyses (n=7)
Lost to follow-up (n=3)
Delivery >90 min (n=4)

Fig. 1. Flow of patients through the study.
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