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Abstract
Purpose  The purpose of this study was to evaluate the effectiveness of intrauterine continuous running suture during cesarean 
section in pregnant women with placenta previa.
Methods  We enrolled 277 women and medical records were retrospectively reviewed. Pregnant women were grouped 
according to uterine bleeding control methods as follows: Group A, using intrauterine continuous running suture and Group 
B (control group) using figure-of-eight suture.
Results  Intrauterine continuous running sutures were used in 104 pregnant women. Mean total blood loss in Group A was 
significantly less than that in Group B (1332.70 ± 152.92 mL vs 1861.56 ± 157.74 mL, P = 0.029). Mean total transfusion 
unit of Group A was significantly less than that in Group B (1.74 ± 0.41 vs 3.52 ± 0.75, P = 0.037).
Conclusions  Intrauterine continuous running sutures can significantly reduce postpartum blood loss and transfusion units 
during cesarean section in pregnant women with placenta previa.
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Introduction

Postpartum hemorrhage is associated with 140,000 deaths 
in women annually worldwide [1, 2]. The Royal College 
of Obstetricians and Gynecologists (RCOG) defines life-
threatening bleeding as an estimated blood loss of 2.5 L, 
transfusion of more than five units, or coagulopathy requir-
ing treatment [3].

Placenta abnormality is one of the most important causes 
of obstetric hemorrhage [4]. Placenta abnormalities caus-
ing significant postpartum bleeding were placenta previa, 
placenta abruptio, placenta adherent, and remnant placenta 
[5, 6]. The incidence of placenta previa is approximately 
4 in 1000 pregnant women (0.3–0.5%) [7]. It is increasing 
associated with the increase of cesarean section rate [8–10].

The fetuses of women with placenta previa need to be 
delivered by cesarean section. Heavy bleeding during cesar-
ean section is still a challenging issue for obstetricians, 

because these women bleed more than those with a normally 
located placenta. Placenta previa has adverse outcomes for 
both the pregnant women and fetus and associated with the 
increase of morbidity and mortality [4].

To date, various surgical methods have been suggested 
to control hemorrhage of placenta previa. However, the 
safety and efficacy of these methods need further evaluation, 
because most studies were based on the experiences from 
a limited number of patients [11–16]. The purpose of this 
study was to evaluate the effectiveness of bleeding control 
using intrauterine continuous running suture during cesarean 
section in pregnant women with placenta previa.

Materials and methods

A total of 277 women with placenta previa delivered by 
cesarean section at Daegu Catholic University hospital 
between January 2007 and May 2017 were enrolled in 
this retrospective study. A retrospective review of medical 
records was conducted.

Patient characteristics, including age, body weight, body 
mass index (BMI), previous pregnancy frequency, previous 
Cesarean section frequency, neonatal body weight, Apgar 
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score (1 min/5 min), and previa type, were investigated. 
Total blood loss and total transfusion (T/F) unit, intra and 
post-operation transfusion unit (pack cell, platelet, and fresh 
frozen plasma), and duration of hospital stay were quanti-
tatively estimated for estimating clinical outcome. We also 
assessed whether heavy bleeding (more than 2000, 3000, or 
4000 mL), transfusion, intensive care unit (ICU) admission, 
disseminated intravascular coagulation (DIC), lower platelet 
(< 100,000/mm3), re-operation, hysterectomy, uterine artery 
embolization, and/or iliac artery ligation occurred. This 
study was approved by the Ethics committees of the hospital.

Calculation of blood loss

We used the following mathematical model to calculate the 
exact amount of blood loss [17].

IBL = EBV (mL) × ln (pre-Hct/post-Hct)
ABL = (RBCs unit × 200 mL)/post-Hct
TBL = IBL + ABL.
Abbreviations: IBL intraoperative estimated blood loss 

volume, EBV estimated blood loss volume, ln natural loga-
rithm, Hct hematocrit, ABL added a blood volume, RBC red 
blood cell, and TBL total blood loss volume

Intrauterine continuous running suture

Intrauterine continuous running sutures were defined as the 
bleeding control method with continuous running suturing 
in the inner surface of a lower segment or cervix. The details 
of the procedure are as follows.

After removal the placenta, the lower segment of the 
uterus was clamped with multiple sponge forceps to tempo-
rarily stop uterine incision edge bleeding. After exposure the 
intrauterine surface with adequate retraction, a continuous 
running suture of Vicryl 1–0 with an approximately 1-cm 
interval was placed at the bleeding site of the lower segment 
of the uterus. After a continuous running suture reached the 
end point in one direction, the returning running suture was 
continued until it reached the starting point. Multiple sutures 
of connected-alphabet-X shape were quickly obtained 
(Fig. 1a–c). The sutures could be repeatedly performed until 
adequate bleeding control was achieved.

The pregnant women were grouped into two groups based 
on intrauterine bleeding control methods: Group A, using 
intrauterine continuous running suture and Group B (or con-
trol group) using other methods, including figure-of-eight 
sutures.

Statistical analysis

The data were analyzed using IBM SPSS Statistics V25.0 
(IBM, Armonk, NY, USA).

Comparisons of variables between the groups were based 
on the Chi-square test and independent samples t test. P 
values were the result of two-sided tests, and P < 0.05 was 
considered statistically significant.

Fig. 1   a Lower segment of uterus was clamped with multiple sponge 
forceps for temporarily stopping the uterine incision edge bleeding. b 
Continuous running suture of Vicryl 1–0 with an approximately 1-cm 
interval was placed in the bleeding site of the lower segment of the 
uterus. After a continuous running suture in one direction reached the 
end point, the returning running suture was continued until it reached 
the starting point. c Multiple sutures of connected-alphabet-X shape 
could be obtained quickly
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Results

Of these 277 patients, 104 (38%) patients (Group A) 
received intrauterine running sutures, while 174 (62%) 
patients (Group B) received other bleeding control methods, 
including figure-of-eight sutures.

Patient characteristics were not different between groups 
(Table 1).

The amount of total blood loss and transfusion unit were 
significantly lower in Group A than those in Group B. The 
frequency of massive blood loss (above 4000 mL) was sig-
nificantly lower in Group A than that in Group B (P < 0.05) 
(Tables 2, 3).

Follow-up physical examinations and ultrasonography 
2–4 weeks postpartum showed no significant anatomical or 
physiological changes within the uterus. Furthermore, no 
complications such as obstruction of menstrual flow, endo-
metritis, uterine synechiae, or pelvic inflammation were 
observed.

Discussion

Massive postpartum bleeding during cesarean section in 
pregnant women with placenta previa is one of the most 
challenging adverse events obstetricians have to manage. 
Although there is a wide variety of conservative manage-
ment available, including bimanual uterine compression, 
intrauterine gauze packing, and uterotonics, they are not 
enough to prevent massive postpartum bleeding in this 
patient population. When ineffective, uterine compression 
suture, uterine artery embolization, uterine artery ligation, 

or hypogastric artery ligation can be used to preserve the 
uterus [18, 19].

Because the lower segment of the uterus contracts insuf-
ficiently compared to the uterine body, the lower segment in 
women with placenta previa is prone to bleeding after pla-
centa delivery. Therefore, massive transfusion or aggressive 
surgical management such as hysterectomy is sometimes 
required to save the life of the patient [20, 21].

Table 1   Characteristics of women with placenta previa in this study

C/S Cesarean section, BMI body mass index, Kg kilogram, g gram, 
min minute

Variables Group A Group B P value

Age (year) 33.72 ± 0.41 33.22 ± 0.32 0.332
Body weight (Kg) 66.49 ± 0.92 68.15 ± 0.73 0.163
BMI 25.94 ± 0.35 26.33 ± 0.25 0.345
Previous pregnancy 

frequency
0.61 ± 0.07 0.67 ± 0.06 0.506

Previous C/S frequency 0.27 ± 0.06 0.21 ± 0.04 0.419
Pregnancy period (day) 250.96 ± 2.45 254.3 ± 1.55 0.226
Neonatal body weight 

(g)
2610.18 ± 71.18 2733.44 ± 48.51 0.141

Apgar score (1 min) 7.75 ± 0.20 7.63 ± 0.13 0.593
Apgar score (5 min) 9.18 ± 0.17 9.16 ± 0.09 0.904
Previa type
 Totalis 36 60 0.991
 Partialis 68 113

Table 2   Clinical outcome by quantitative analysis

Statistic method: independent samples t test
T/F transfusion, OP operation (Cesarean section), P/C pack cell, Plt 
platelet, FFP fresh frozen plasma

Group A (n = 104) Group B (n = 173) P value

Total blood loss 
(mL)

1332.70 ± 152.92 1861.56 ± 157.74 0.017

Total T/F unit 1.74 ± 0.41 3.52 ± 0.75 0.037
Intra OP P/C T/F 

unit
0.78 ± 0.15 1.12 ± 0.14 0.118

Post OP P/C T/F 
unit

0.31 ± 0.11 0.66 ± 0.17 0.070

Total P/C T/F unit 1.09 ± 0.20 1.79 ± 0.26 0.063
Intra OP Plt T/F 

unit
0.00 ± 0.00 0.25 ± 0.11 0.029

Post OP Plt T/F 
unit

0.08 ± 0.08 0.51 ± 0.24 0.083

Intra OP FFP T/F 
unit

0.42 ± 0.11 0.34 ± 0.09 0.573

Post OP FFP T/F 
unit

0.15 ± 0.08 0.63 ± 0.20 0.027

Duration of hospi-
tal stay

5.04 ± 0.06 5.23 ± 0.08 0.062

Table 3   Clinical outcome by crossover analysis

Statistic method: Chi-square test
ICU intensive care unit, DIC disseminated intravascular coagulation

Group A 
(n = 104)

Group B 
(n = 173)

P value

Y N Y N

Blood loss > 4000 
(mL)

4 (3.8%) 100 19 (10.9%) 154 0.037

Transfusion 34 (32.7%) 70 79 (45.7%) 94 0.033
ICU admission 0 104 1 (0.6%) 172 1.0
DIC 0 104 4 (2.3%) 169 0.301
Plt < 100,000 (/mm3) 1 (0.9%) 103 5 (2.9%) 168 0.415
Re-operation 0 104 3 (1.7%) 170 0.294
Hysterectomy 4 (3.8%) 100 11 (6.4%) 162 0.371
Uterine artery embo-

lization
0 104 1 (0.6%) 172 1.0

Iliac artery ligation 2 (1.9%) 102 10 (5.8%) 163 0.221
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Researchers have evaluated ways to reduce postpartum 
hemorrhage and preserve fertility among women with pla-
centa previa undergoing a cesarean section. In particular, 
various uterine compression sutures have been recognized 
to reduce postpartum bleeding [11–16]. However, most 
of the studies that have been conducted were based on 
the experience gained from a few patients. Further studies 
are warranted to evaluate the safety and efficacy of the 
methods used to reduce postpartum hemorrhage. B-Lynch 
suture [12] and modified B-Lynch (e.g., Bhal [11], Hay-
man [15], and Hackethal suture [14]) are representative 
methods, and the suture technique involves penetrating the 
anterior and posterior uterine wall using a long needle.

As a result, because of the anterior and posterior uterine 
wall compression, these suturing methods can cause sev-
eral complications, including uterine synechiae, suture site 
erosion, Asherman’s syndrome, a localized or total area of 
uterine necrosis, hematometra, and pyometra [22–26]. In 
addition, compression sutures can lead to uterine outflow 
tract obstruction or uterine perfusion problem. Multiple 
longitudinal and transverse sutures (Pereira suture [16]) 
also lead to similar complications. Although multiple 
square sutures (Cho sutures [13]) were suggested, the 
study was based on the experiences from a limited number 
of patients. Furthermore, Cho sutures require experience 
and surgical skills, and it is a time-consuming process. 
Therefore, a new method to reduce postpartum hemor-
rhage that is simple, fast, and safe is necessary.

Our center has implemented intrauterine continuous 
running sutures in pregnant women with placenta pre-
via for the past 10 years with outstanding outcomes. In 
this study, we demonstrated that intrauterine continu-
ous running suture significantly decreased postpartum 
hemorrhage, total transfusion unit, and the frequency of 
massive blood loss (> 4000 mL) in women with placenta 
previa compared with other bleeding control methods. 
The frequency of ICU admission, DIC, hysterectomy, iliac 
artery ligation, and uterine artery embolization tended to 
decrease in Group A, but it did not reach a statistically sig-
nificant difference, because only a small number of women 
had a poor clinical course.

Intrauterine continuous sutures have several advantages. 
They are fast and less time-consuming than simple inter-
rupted sutures or figure-of-eight sutures. In effect, it cre-
ates multiple figure-of-eight sutures within a short time. In 
addition, these sutures can be performed without identifying 
the exact bleeding focus. This type of continuous suturing 
can be used to control bleeding, even though the sutures are 
applied around the bleeding focus.

Previous methods penetrate the anterior and posterior 
uterine wall may cause disturbance of uterine cavity drain-
age (infection, pyometra, and infertility), whereas intrauter-
ine continuous suture does not.

Table 4 shows the results of a sub-analysis from one of 
the surgeons in this study. The surgeon applied intrauter-
ine continuous running sutures during cesarean sections 
to control bleeding in patients with placenta previa, since 
2014. At that time, the author was a professional surgeon 
with more than 20 years of surgical experience.

Before 2014, the surgeon used other bleeding control 
methods during cesarean section, including figure-of-eight 
sutures, but after 2014, the surgeon performed 40 cesar-
ean sections using intrauterine continuous running sutures. 
The surgeon did not change any other surgical skill dur-
ing that time period. This sub-analysis demonstrates that 
bleeding control was not due to the difference in surgical 
skills among surgeons.

Altogether, these data suggest that intrauterine continu-
ous running suture can significantly reduce total postpar-
tum blood loss and total transfusion units during cesarean 
section in pregnant women with placenta previa.
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