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Prevention of postpartum hemorrhage 
among women at risk using uterine 
artery ligation technique during 
cesarean section.

Abstract

OBJECTIVE: To evaluate the preventive benefit of bilateral uterine artery ligation in 
patients at risk of postpartum hemorrhage, after C-section.

MATERIALS AND METHODS: Prospective, experimental, randomized, case-control, 
longitudinal, comparative study, carried out during 2022, where patients at risk of 
postpartum hemorrhage after emergency C-section were included. Two groups were 
made: the experimental group who underwent bilateral ligature of uterine arteries, and 
the control group, who only had the C-section. Before and after the surgical procedure, 
blood loss, and hemoglobin and hematocrit parameters were measured, and compared 
between the two groups.

RESULTS: Ninety-one patients were studied, 45 in the experimental group, and 46 in 
the C-section group. Significant differences were found in blood loss of the experimental 
group (345.56 ± 64.69 mL), vs the control group (426.06 ± 125.49 mL; p = 0.000247), 
hemoglobin parameters (experimental group: 11:13 ± 1.62 g/dL; control group: 10.49 
± 1.32 g/dL, p = 0.037), and hematocrit parameters (experimental group: 33.86%; 
control group: 31.87%; p = 0.017).

CONCLUSION: The bilateral ligature of uterine arteries in patients at risk of post C-
section hemorrhage is an effective preventive measure which helps to reduce blood 
loss. Combined with uterotonics, it reduces the volume of bleeding. 

KEYWORDS: Uterine artery; Risk factors; Postpartum hemorrhage; Pregnancy; Hema-
tocrit; Hemoglobin.

Resumen

OBJETIVO: Evaluar la utilidad preventiva de la ligadura bilateral de las arterias uterinas 
en pacientes con factores de riesgo de hemorragia posparto, luego de cesárea .

MATERIALES Y MÉTODOS: Estudio prospectivo, experimental, con asignación al azar, 
de casos y controles, longitudinal, comparativo efectuado durante el 2022, en el que 
se incluyeron pacientes con factores de riesgo de hemorragia posparto que finalizaron 
el embarazo mediante cesárea de urgencia. Se integraron dos grupos: experimental, 
en quienes se aplicó la técnica de ligadura bilateral de arterias uterinas y el grupo de 
control, solo con  cesárea. Antes y después del procedimiento quirúrgico se estimaron 
la pérdida de sangre, los parámetros de hemoglobina y hematocrito y se compararon 
con el grupo de control.

RESULTADOS: Se estudiaron 91 pacientes: 45 en el grupo experimental y 46 de solo 
cesárea. Se observaron diferencias significativas en la pérdida de sangre del grupo 
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BACKGROUND

According to the World Health Organization 
(WHO), nearly 70,000 women in the world lose 
their lives every year because of postpartum 
hemorrhage. It is the second cause of maternal 
death In the American continent.1 Postpartum 
hemorrhage in Mexico was the first cause of ma-
ternal death, with 16.9% of deaths in 2022, for 
women between 28 and 35 years, while the state 
of Chiapas was fifth place of deaths by this cause.2

Postpartum hemorrhage is defined by the loss 
of 500 mL, or more, of blood during the 24 
hours after delivery, and serious postpartum 
hemorrhage is the loss of 1000 mL of blood, 
considering blood volume and hemoglobin pre-
vious levels.3,4,5 Uterotonics are recommended 
to reduce the risk of blood loss (oxytocin, heat-
stable carbetocin, misoprostol, ergometrine, 
among others), which have shown to reduce 
postpartum and post-surgery hemorrhage.6 Re-
cent evidence suggest that the permanent ligation 
of the uterine, or ovarian arteries, is an impor-
tant strategy to control postpartum hemorrhage, 
which in combination with other physical and 
pharmacological strategies, reduces bleeding 
significantly.6-9

Postpartum hemorrhage is a medical emergency, 
and as such, an adequate and immediate care 
represents the opportunity to reduce the risk 
of death. Uterine atony, lacerations, placenta 
previa, the anomalies in its insertion or reten-
tion, as well as disorders in coagulation times, 
are risk factors associated with bleeding.10,11,12 
Additionally, a history of previous postpartum 
hemorrhage, obesity, high parity, Asian or 
Hispanic ethnicity, precipitous labor, uterine 
overdistension (multiple gestation, polyhydram-
nios, macrosomia), chorioamnionitis, uterine 
inversion, leiomyoma, Couvelaire uterus, he-
reditary bleeding diathesis, acquired bleeding 
diathesis (amniotic fluid embolism, abruptio 
placentae, sepsis, fetal death), assisted reproduc-
tion technology, and some medication, such as 
uterine relaxants, and antithrombotic agents, are 
also risk factors.13-16

Treatments for patients with postpartum hemor-
rhage include uterotonics, compressive physical 
devices, and conservative or definitive surgical 
procedures. Said interventions have shown to 
reduce bleeding to varying degrees.17-23 Evidence 
related with the implementation of invasive 
surgical procedures to stop hemorrhage and 
preserve fertility, require the bilateral ligation of 

experimental (345.56 ± 64.69 mL) en comparación con el grupo control (426.06 ± 
125.49 mL; p = 0.000247), en los parámetros de hemoglobina (grupo experimental: 
11:13 ± 1.62 g/dL; grupo control: 10.49 ± 1.32 g/dL, p = 0.037) y hematocrito (grupo 
experimental: 33.86%; grupo control: 31.87%; p = 0.017).

CONCLUSIÓN: La ligadura bilateral de las arterias uterinas a pacientes con factores 
de riesgo de hemorragia poscesárea es una medida preventiva eficaz que ayuda a 
disminuir la pérdida sanguínea. Al complementarla con los uterotónicos reduce el 
volumen de sangrado. 

PALABRAS CLAVE: Arteria uterina; factores de riesgo; hemorragia posparto; embarazo; 
hematocrito; hemoglobina.
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bleeding volume measured. Both groups volun-
tarily agreed to participate in the study with a 
written informed consent. The Research Ethics 
Committee of the Regional Hospital Dr. Rafael 
Pascasio Gamboa reviewed the protocol and 
authorized its execution. All the patients had a 
full blood count made to evaluate hemoglobin 
and hematocrit values. 

The prophylactic application of the bilateral uter-
ine artery ligation for the experimental group was 
made with the Posadas technique.23 Upon the 
end of the surgery, the absence of bleeding was 
verified by intravaginal and suture exploration, 
confirming an effective procedure. The C-section 
in the control group was made with a classic 
uterine incision. In both groups, the procedures 
were made by the same surgical team. 

The evaluation of bleeding for both groups 
was made by weighing the compresses used 
during the intervention, and 24 hours after the 
C-section. The determination of hematocrit and 
hemoglobin was made by a full blood count.

Studio variables: age, gestation weeks, obstetric 
and perinatal history, pregnancy term, postpar-
tum hemorrhage risk factors, bleeding volume, 
uterotonics indication. Said information was 
gathered in an Excel spreadsheet for descriptive 
analysis, using the mean, as an approximation 
to normality measurement. To evaluate the sta-
tistical differences between the two groups, a t 
of Student test of two independent samples was 
used, with SPSS Statistics IBM® software, version 
25.0, and values of p < 0.5 were considered 
significant.

RESULTS 

Ninety-one patients were studied: 45 in the 
experimental group, and 46 in the C-section 
group. With average age of 28.5 ± 7.1 years, 
and 38 ± 2.71 gestation weeks, at the time of the 
intervention. Regarding obstetric history, 1% (n 

the internal iliac artery, and of the uterine arteries 
as well, among others. The B-Lynch and Hayman 
techniques have shown their effectiveness.18,24-29 
In Mexico, conservative surgical techniques, 
such as Posadas-Nava’s, which are oriented to 
a selective ligation of the uterine arteries, enter-
ing by the rear face of the uterus, have been 
shown to be safe and effective for postpartum 
hemorrhage control.22,23 However, there is no 
history of the prophylactic implementation of 
the uterine arteries ligation in patients at risk of 
post-cesarean hemorrhage.

Due to the afore mentioned, the goal of the 
study was to evaluate the preventive benefits of 
the bilateral uterine artery ligation in patients at 
risk of postpartum hemorrhage, after C-section.

MATERIALS AND METHODS

Prospective, experimental, non-probabilistic, 
randomized, convenience, case-control, lon-
gitudinal, comparative study, where pregnant 
patients at risk of postpartum hemorrhage, near 
end of pregnancy, were included. The study was 
conducted between January 1, and December 
31, 2022, at the Regional Hospital Dr. Rafael 
Pascasio Gamboa, in Tuxtla Gutiérrez, Chiapas. 
Inclusion Criteria: Patients aged 18 and older 
with C-section requirement, with one or more 
of the following risk factors: twin, or high order 
pregnancy, history of postpartum hemorrhage, 
fetal macrosomia, protracted labor, protracted 
expulsion stage, failed conduction of labor, mul-
tiparity, chorioamnionitis, or polyhydramnios. 
Exclusion criteria: Patients who didn’t meet the 
inclusion criteria, or with hereditary or acquired 
coagulopathy, prepartum hemorrhage, placenta 
previa, or abruptio placenta. Elimination criteria: 
Patients who did not follow the study through. 
The experimental group was made up of patients 
who underwent prophylactic bilateral uterine 
artery ligation. The control group was made up 
of patients who didn’t accept the prophylactic 
procedure, and only had their post-surgical 
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= 1) had vaginal birth history, 52% (n = 47) had 
a previous C-section, and 47% (n = 47), both.

Significant differences were found in the experi-
mental group’s blood loss (345.56 ± 64.69 mL) 
in comparison with the control group (426 ± 
125.49 mL; p = 0.000247), while hemoglobin 
was 11.13 ± 1.62 g/dL vs 10.49 ± 1.32 g/dL, p 
= 0.037, for experimental and control groups, 
respectively, and 33.86% vs 31.87%, p = 0.017, 
for hematocrit parameters in the experimental vs 
control groups.

The main probable causes for postpartum hemor-
rhage after C-section for both groups are shown 
in Table 1.10

The risk factors associated with post-cesarean 
hemorrhage were: multiparity 38% (n = 35), twin 
pregnancy 10% (n = 9), fetal macrosomia 10.9% 
(n = 11), protracted expulsion stage, identified 
as protracted labor 9% (n = 8), and failed con-
duction 3% (n = 3). Other factors found were: 
chorioamnionitis in 3% (n = 3), polyhydramnios 
3% (n = 3), and hemorrhage history 2% (n = 2). 

In the experimental group, 22 out of 45 patients 
had a history of multiple deliveries, with a range 
of 3 to 7 pregnancies. Of these patients, only 
3 reported having previous abortions. In the 
control group, only 11 of the 46 had a history of 
multiple deliveries, with a range of 3 to 8.

In general, the average volume of bleeding during 
the surgical intervention was 386.26 ± 107.51 
mL (CI 95.0%). Two out of 45 patients in the 
experimental group had blood loss of more than 
500 mL (600 mL), and 14 out of 46 patients in 
the control group had blood loss between 500 
and 800 mL. From these 14 patients, 11 received 
carbetocin, and 3 oxytocin, as an additional 
treatment to prevent postpartum hemorrhage.

Regarding the efficacy of the preventive applica-
tion of bilateral uterine ligation, measured by the 
volume of bleeding, hemoglobin, and hematocrit 
values, the experimental group showed signifi-
cant differences, in comparison to mean values 
of the control group. Table 2.

To prevent uterine atony, uterotonics of proven 
efficacy were used in both study groups, in equal 
proportions.

Bleeding greater than 500 mL was observed in 
patients with classic C-section, plus 100 mcg 
carbetocin (11 of 33 patients; p = 0.0060), in 
comparison with patients who only received 
20 IU oxytocin (3 of 15 patients; p = 0.0679) 
(Table 3). Postsurgical atony (1 of 45) was the 
only complication observed in the experimental 
group. For the control group, besides postsurgical 
atony (4 of 46), the most frequent complications 
were a tear in the hysterorrhaphy commissure (2 
of 46), and bladder injury (1 of 46).

DISCUSSION

For the present study, the bilateral uterine arter-
ies ligation was prophylactically performed after 
C-section to a group of primigravida and mul-
tipregnancy patients who presented risk factors 
for postpartum hemorrhage. The preliminary out-
comes point to an efficacy of the bilateral uterine 
arteries ligation, with a significant decrease in 
blood loss, and hematocrit and hemoglobin 
levels (p < 0.05). To our knowledge, there are 
no studies in Mexico about the application of a 

Table 1. Main probable causes of postpartum hemorrhage in 
participants of both groups with C-section indication

 Cause % Frequency

Multiparity 38 35

Macrosomia 11 11

Twin pregnancy 10 9

Protracted expulsion stage 9 8

Chorioamnionitis 3 3

Polyhydramnios 3 3

Failed conduction 3 3
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surgical technique which involves an early liga-
tion of uterine arteries as a preventive measure 
for postpartum hemorrhage in patients with risk 
factors to end pregnancy with a C-section.

While there are prophylactic procedures that use 
uterotonic agents, or other obstetric measures 
and strategies, the implementation of surgical 
techniques has shown to be efficacious at reduc-
ing significantly the average blood loss.28 The 
bilateral uterine artery ligation has also been 
shown to significantly decrease bleeding in pa-
tients with similar characteristics to the sample 
of the present study, such as risk of uterine atony 
due to multiparity, twin pregnancy, macrosomia, 
polyhydramnios, iron deficiency, or chorioam-
nionitis.29

The experimental group participants had lower 
average blood loss (345.56 ± 64.69 mL) in com-
parison to the control group (426.06 ± 125.49 
mL; p < 0.05). Other studies have reported 

similar outcomes, with blood loss volumes of 
569.3 ± 202.1 mL in the experimental group, 
and 805.1 ± 224.5 mL in the control group (p 
= 0.002), after bilateral uterine artery ligation, 
before C-section in a group of women with 
placenta previa. Significant differences in he-
moglobin and hematocrit values have also been 
reported, with values of p < 0.05, with 11.13 dL 
in the experimental group, and 10.49 dL in the 
control group, and 33.86% in the experimental 
group, and 31.87% in the control group, for 
hemoglobin and hematocrit, respectively.26,27 We 
found in the present study, that for patients at risk 
of postpartum hemorrhage, the bilateral uterine 
artery ligation reduced blood loss, maintained 
hemoglobin values, and slightly decreased the 
hematocrit percentage under the lower threshold 
(35.5%). 

The results of the present study are compared to 
those previously published for Mexican women 
with uterine artery selective ligation, with poste-

Table 2. Blood loss values, hemoglobin and hematocrit pre- and post-surgical parameters

Experimental 
group
(x̄/SD)

Confidence 
interval (95%)

Control group
(x̄/SD)

Confidence 
interval (95%)

P value

Bleeding (mL/DE) 345.56 / 64.69 19.43 426.09 / 125.49 37.27 0.000247

Hb (g/dL) Pre 11.93 / 1.34 0.4 11.93 / 1.32 0.39 0.937

Hb (g/dL) Pos 11.13 / 1.62 1.62 10.49 / 1.32 1.32 0.037

HTO (%) Pre 35.46 / 3.99 1.2 35.36 / 3.88 1.15 0.845

HTO (%) Pos 33.86 / 4.47 1.34 31.87 / 3.78 1.12 0.017

x̄: average, SD: standard deviation, Hb: hemoglobin, HTO: hematocrit PRE: pre-surgical, POS: post-surgical.

Table 3. Use of uterotonic agents with patients in the study

Uterotonic

Experimental group
(n = 45)

Control group
(n = 46)

Frequency/
Proportion (%)

Bleeding >500m L
Frequency/

Proportion (%)
Bleeding >500m L

Chi2 (p value) CI 
95%

Oxytocin 15/34 0/15 15/33 3/15 3.3 (0.0679)

Carbetocin 30/66 2/30 31/67 11/31 7.5 (0.0060)
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rior access as a preventive measure, with success 
rates that range from 80 to 100%, outcomes 
which are reflected in a decrease of hemorrhage 
and complications.22 There were complications 
in the control group (commissure tear and blad-
der injury). In general, these complications are 
not life threatening for the mother, and none 
of the patients required blood transfusion, or 
hemoderivatives.

A highlight among the strengths of the present 
study, is being the first in Mexico to prophylacti-
cally do the bilateral uterine artery ligature with 
posterior access, in women with risk factors for 
postpartum hemorrhage, showing an important 
decrease in blood loss during, and after C-
section. Also, we observed a heightened effect of 
the prophylactic uterine artery ligation in combi-
nation with uterotonics, to reduce post-surgical 
blood loss. Everything points to encouraging 
results upon the continuation of the present 
research. The limitations of the study were the 
sample size, and the lack of follow-up in the mid 
and long term of the participants.

CONCLUSION

The bilateral uterine artery ligation is an effica-
cious preventive measure to help reduce blood 
loss for patients at risk of post-C-section hemor-
rhage. In combination with uterotonics it reduces 
the bleeding volume.
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