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Abstract
Objective: To identify the high risk factors associated with postpartum hemorrhage (PPH) after selective
cesarean delivery of twins.
Methods: This retrospective cohort study included all women with twin gestations who choosed an
elective cesarean delivery after 28 weeks of gestation at Women's Hospital of Zhejiang University School
of m from September 2014 to April 2019. The Women with an intrauterine fetal demise one or both of
twins were excluded.A total of 532 wemen were analysed,they were classified as PPH group(n=70) and
No PPH group(n=462). Estimated blood loss greater than or equal to 1000 ml was defined as Postpartum
hemorrhage(PPH).Univariate and multivariate logistic regression analysis were performed to assess the
independent risk factors.
Results: Of the 532 twin pregnant women, PPH occurred in 13.2% (n=70). There were statistically
signifcant diferences in preeclampsia (P=0.005), premature rupture of membranes(P<0.001), placental
adhesion (P<0.001), placenta previa (P<0.001), hemoglobin (Hb)< 100 g/L（P=0.003)）, hematocrit (HCT)<
0.39（P=0.004）.However, the indepedent risk factors for PPH after selective cesarean delivery for twin
pregnancy were preeclampsia (OR3.538, p < 0.05), premature rupture of membranes (OR17.9, P < 0.05),
placental adhesion (OR5.71, p < 0.05) and placenta previa (OR10, p < 0.05).
Conclusions: preeclampsia , premature rupture of membranes , placental adhesion and placenta previa
were risk factors for postpartum hemorrhage after elective cesarean section for twin pregnancy. Risk
factor identification and prevention should be a priority.

Background
In recent years, the incidence of twin pregnancy has increased significantly because of the application
and development of assisted reproductive technology(ART)[1]. Twin pregnancy is known to be associated
with a higher risk of perinatal morbidity and mortality.Postpartum hemorrhage (PPH) is one of the
common complications associated with twin pregnancy, even the leading cause of maternal mortality
worldwide[2]. PPH was defined as a cumulative blood loss of greater than or equal to 1,000 mL or blood
loss accompanied by signs or symptoms of hypovolemia within 24 hours after the birth process.Uterine
atony is the most common cause of PPH, which accounted for nearly 80% of the cases [3]. Due to
hyperexpansion that damaged the myometrial contractility of uterine, resulting in uterine contraction
fatigue, PPH were twofold higher for twin pregnancy [4].
The safest delivery of twin pregnancy has been controversial at many countries.Some investigators have
reported risk factors of postpartum hemorrhage after Vaginal delivery of twins[5] .moreover,a report
pointed out PPH occurred more often after vaginal delivery than that after elective cesarean delivery for
twin pregnancy [6].However, selective cesarean delivery has been considered as relatively safe for twin
pregnancy, because the second fetus in vaginal delivery has a high probability of birth injury and death
[7,8]. But another report pointed out elective cesarean as a risk factor for transfusion after delivery of
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Twins[9].The rate of cesarean delivery for twin pregnancy has increased significantly in recent years,but
few studies have been carried out on factors of PPH in twin pregnancy.The primary goal of this study
was to evaluate high risk factors for PPH after elective cesarean section in twin pregnancy by analysis of
the clinical data, providing clinical basis for prevention and treatment of PPH.

Materials
This retrospective study was carried out at Women's Hospital, Zhejiang University School of Medicine
from September 2014 to April 2019(Fig. 1). Permission was taken from the Institutional Ethics Committee
before starting the study. Exclusion criteria of the study were as follows:1)an intrauterine fetal demise
one or both of twins ; 2) gestational weeks less than 28 weeks.
A total of 532 pregnant women were enrolled in the study. The women were divided into two groups
according the amount of postpartum hemorrhage:PPH and No PPH. Obstetric records were reviewed，
including maternal age, parity, uterine height（≥ 40 cm）， in vitro fertilization and embryo transfer(IVF-ET),
body mass index (BMI≥ 30), pregnancy diseases (gestational diabetes mellitus, intrahepatic cholestasis
during pregnancy, pregnancy hypertension, pre-eclampsia), immune system diseases, chronic
hypertension, placental factors (placental adhesion, placenta implantation, placenta previa, placental
abruption), scarred uterus， hysteromyoma, premature rupture of membranes, different chorionic
properties, neonatal sex, preoperative laboratory evaluation (hemoglobin, platelet, hematocrit), gestational
week (≥ 37 weeks), the sum of the maximum dark zone of amniotic fluid (MVP ≥ 9 cm), the sum of twin
weight (≥ 5000g), anesthesia methods.
All statistical procedures were performed using SPSS 19.0. Qualitative and quantitative variables were
described by central and distributive indexes and “Mean±SD” was used to explain them.Cases and
controls were compared by means of the t-test for continuous variables, and the χ2 or Fisherʼs exact test
for categorical variables. Differences with P<0.05 were considered significant. Logistic regression
analysis was subsequently used to identify the risk factors for postpartum hemorrhage after elective
cesarean delivery for twin pregnancy.

Results
Of the 532 women studied, Oxytocin (20 u) was injected into uterus routinely after delivery of twins
delivery during cesarean section. 70 （13.2%）women underwent postpartum hemorrhage,among which 43
cases were refractory postpartum hemorrhage.In the PPH group, the average amount of bleeding 1314.9
± 419.8 mL, of which 45 patients were treated with blood transfusion. Refractory postpartum hemorrhage
refers to the amount of postpartum haemorrhage reached to 1000 ml,which failed to stop bleeding with
using uterine contraction drugs, therefore required more aggressive treatment such as uterine packing,
external compression with uterine sutures, selective devascularization by ligation or embolization of the
uterine artery and/or hysterectomy[10].
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Among the Refractory PPH cases researched , one case underwent hysterectomy， one case treated with
ascending uterine artery ligation and 41cases used uterine cavity tamponade. In the non-PPH group, the
average amount of bleeding was 349.0 ± 124.6 mL. All of the women had good prognosis without
maternal death. There were no significant differences in maternal age, parity, gestational weeks, uterine
height, BMI, MVP and twin weight between the two groups (p < 0.05) (Table 1).

Table1 Analysis of continuous variables by the incidence of postpartum hemorrhage
No PPH

PPH

P-value

Number

462

70

Maternal age(years)

31.1+4.0

30.9±4.2

0.851

Parity

0.2±0.4

0.3±0.5

0.757

Gestational weeks at delivery

35.9±1.3

35.7±1.7

0.732

Twin weight （g）

5013±685

5021±813

0.746

Uterine heigh（cm）

39.8±3.2

39.9±3.9

0.866

BMI

28.3±10.4

27.9±2.5

0.668

MVP(CM)

10.2±2.2

10.8±3.2

0.314

Data are presented as median (interquartile range) or mean±standard deviation. PPH postpartum
hemorrhage, BMI body mass index, MVP ,P values in bold indicate signifcant diferences (P<0.05)
As show in Table2,the postpartum hemorrhage after elective cesarean delivery for twin pregnancy was
associated with preeclampsia(p=0.005), premature rupture of membranes（P＜0.001）, placental adhesion
（P＜0.001）, placenta previa,（P＜0.001） hemoglobin < 100 g/L（P=0.003）, hematocrit < 0.3（P=0.004）.

Table2 Analysis of dichotomous variables by the incidence of postpartum hemorrhage
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No
PPH

PPH

462

70

≥35 years

90

12

0.67

≥40 years

12

3

0.68

≥3

99

17

0.59

IVF

259

44

0.29

BMI≥30

113

16

0.77

gestational diabetes mellitus

71

9

0.58

Gestational hypertension

14

6

0.1

Preeclampsia

25

10

0.005*

intrahepatic cholestasis during
pregnancy

28

6

0.42

Chronic hypertension

3

0

1

Immune systemdiseases

3

0

1

placenta implantation

1

2

0.058

placental adhesion

12

10

＜
0.001*

placental abruption

1

2

0.058

placenta previa

8

10

＜
0.001*

Uterine height (> 40 cm)

254

36

0.58

Scarred uterus

41

8

0.49

Uterine fibroids

14

3

0.85

Pemature rupture of membranes

5

6

＜
0.001*

Dichorionic twins

370

53

0.079

Monochorionic twins

89

17

Monoamniotic twins

3

0

hemoglobin < 100 g/L

46

16

0.003*

hematocrit < 0.3

33

13

0.004*

Nubmer
Maternal age(years)

Parity

Pregnancy complications

Placental factors

Chorionicity and Amnionicity

Preoperative laboratory
evaluation

Page 5/12

P

platelet < 100×109/L

6

3

0.069

Fetal weight (≥ 5000 g)

247

40

0.57

MVP（≥9cm）

320

49

0.90

two boys

150

29

0.21

boy and girl

149

24

two girls

163

18

186

30

0.08

epidural anesthesia

435

56

0.07

Combined spinal-epidural
anesthesia

26

4

general anesthesia

1

2

Neonatal gender

Gestational week at delivery (≥
37 weeks)
Anesthesia

PPH postpartum hemorrhage, BMI body mass index,P values in bold indicate signifcant diferences
(*P<0.05)

Multivariate logstic regression analysis was used to analyze the risk factors of twin pregnancy
postpartum hemorrhage after elective cesarean delivery for twin pregnancy .
The results (Table3 )showed that preeclampsia (OR3.538, P < 0.05), premature rupture of membranes
(OR717.9, P < 0.05), placental adhesion (OR5.71, P < 0.05) and placenta previa (OR10, P < 0.05) were the
independent risk factors for postpartum hemorrhage after elective cesarean delivery for twin pregnancy.

Table3 Results of multivariable logistic regression model to predict Risk factors for after elective
cesarean delivery for twin pregnancy
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Characteristic

No PPH

PH

OR

P

Preeclampsia

25

10

3.53

0.011

Pemature rupture of Membranes

5

3

17.9

＜0.001

Placental adhesion

12

10

5.71

0.001

Placenta previa

8

10

10.0

＜0.001

Hemoglobin < 100 g/L

46

16

0.971

0.388

Hematocrit < 0.3

33

13

0.884

0.821

Discussion
The incidence rate and mortality of twin pregnancy in perinatal period are higher than that of single
pregnancy. Our study showed a similar PPH rate (13.2) of elective cesarean section in tiwn pregnancy
with that of some studies (14%) [7]. However, it is also reported this rate after elective cesarean section in
tiwn pregnancy could be as low as 5.1%, meanwhile this number after vaginal delivery in twin pregnancy
was 17.7% [9]. This may due to the different physical conditions of pregnant women in these studies.
Twin pregnancy also is a high risk factor for PPH[11]. Some scholars had compared different high risk
factors of PPH between singleton pregnancy and twin pregnancy, it was premature delivery, placenta
previa and placenta abruption for the former, while hypertension and gestational weeks (≥41) for the
latter [12].
Preeclampsia was shown to be an independent risk factor for PPH after elective cesarean section in twin
pregnancy in the present study, the reason has not yet been clearly understood. As suggested by
Minakami’s report [13], the reason of preeclampsia inducing PPH may be caused by gradual decrease of
the activity of antithrombin III or platelet during the second trimester of twin pregnancy. However, only one
case of PPH complicated by preeclampsia was accompanied by thrombocytopenia in our study, but the
activity of antithrombin III had neither been tested. Preeclampsia is a common complication of twin
pregnancy and a high risk factor of elective cesarean section in twin pregnancy. It also suggested that
women with preeclampsia in twin pregnancy should be early diagnosed and managed to prevent or
reduce the occurrence of PPH, and improve the prognosis of pregnant women. Moreover, our study
showed PPH after elective cesarean delivery in twin pregnancy had nothing to do with gestational weeks，
which is different from the present study. The reason of this difference might be that the maximum
termination time of twin pregnancy was only 38 weeks.
Because of the high pressure of uterine cavity in twin pregnancy, the probability of premature rupture of
membranes is 7-8 %[14-15] .After premature rupture of membranes, the role of membranes as a barrier
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disappears, so pathogens are more likely to invade the uterine cavity, leading to chorioamnionitis.
Chorioamnionitis is a high risk factor for postpartum hemorrhage [16]. Premature rupture of membranes
and chorioamnionitis are causal factors, which may also be a high risk factor for postpartum
hemorrhage. The results of retrospective analysis suggested premature rupture of membranes was an
independent risk factor for postpartum hemorrhage after selective cesarean section, which is consistent
with the previou conclusions. But in our study, 11 cases of premature rupture of membranes had no
clinical symptoms of chorioamnionitis. Only 3 cases of premature rupture of membranes supported
chorioamnionitis pathologically. Therefore, the cause of postpartum hemorrhage caused by premature
rupture of membranes in this study could not be completely determined as chorioamnionitis.
The retrospective analysis showed that placenta previa and placental adhesion were independent risk
factors for postpartum hemorrhage after elective cesarean delivery for twin pregnancy . Because
placental villi invade the superficial myometrium of the uterus, the adherent placenta can not be detached
when removing placenta, resulting in poor uterine contraction and bleeding of the detached placenta
sinus. Because of the low placenta position, large dissection surface, poor contraction of the lower
uterine segment and open blood sinus, placenta previa bleeds .In the PPH group，placenta previa and
placental adhesion have accounted for 14.2%, of which 27.9% were intractable postpartum hemorrhage.
Therefore, for twin pregnancy with placenta adhesions and placenta previa, if the bleeding is more
during surgery and the drug treatment is ineffective , We should as soon as possible take other forms of
treatment such as uterine packing, external compression with uterine sutures and selective
devascularization by ligation to avoid blood transfusion, disseminated intravascular coagulation(DIC), or
even hysterectomy.The retrospective analysis showed that placenta implantation and placental abruption
were not independent risk factors for postpartum hemorrhage after elective cesarean delivery for twin
pregnancy. The results may be related to fewer cases .
There are also reports about risk factors for postpartum hemorrhage after elective cesarean delivery
for twin pregnancy including advanced age, IVF, general anesthesia and so on[9.17.18]. However, in
the study，elderly pregnant women is account for 19%；Patients with PPH and NPPH in vitro infants
accounted for halfhalf ; caesarean section more use epidural anesthesia, general anesthesia less at
our hospital.Considering the possible reasons of sample size, the results of this retrospective
analysis are different from other studies, and need further research.
Twin pregnancy and selective cesarean section are high risk factors for postpartum hemorrhage, so the
rate of postpartum hemorrhage is very high for pregnant women with selective cesarean section in twin
pregnancy. The retrospective analysis showed that preeclampsia, placental adhesion, placenta previa and
premature rupture of membranes were high risk factors for postpartum hemorrhage after elective
cesarean delivery for twin pregnancy. Clinicians should fully assess，the multiple interventions, various
oxytocin drugs, preventive intrauterine tamponade, or local uterine suture for high risk factors for twin
pregnancies, and actively prevent postpartum hemorrhage. Reduce the incidence and mortality of
postpartum hemorrhage in twins.
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Conclusions
Clinicians should fully evaluate Risk factors for postpartum hemorrhage after elective cesarean delivery
for twin pregnancy, multiple interventions can be considered before the operation,such as a variety of
uterine contractions, preventive uterine tamponade, or local uterine sutures， to actively prevent
postpartum hemorrhage and reduce incidence and mortality of postpartum hemorrhage for twin
pregnancy.
At present, many scholars are trying to establish predictive models of PPH for for twin pregnancy. we
also hope to expand the number of samples future, develop and verify models for predicting postpartum
hemorrhage in twin pregnancy .
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Figure 1
Flow sheet for inclusion criteria
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