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Background: Pregnancy termination is the only effective treatment for preeclampsia. 
However, there are controversies on the selection of modes of delivery. The objective was 
to evaluate whether mode of delivery in labor differentially affected the rate of adverse 
maternal outcomes related to severe preeclampsia.
Objective: This study aimed to evaluate whether the modes and timings of delivery affects 
adverse maternal outcomes in pre-eclampsia.
Methods: Clinical data from 2516 singleton pregnant women with severe preeclampsia were 
collected in a multicenter, large-sample, cross-sectional study in mainland China. The patients were 
divided into cesarean-delivery (CD) and vaginal-delivery (VD) categories and then into Group 1 
(≤27+ 6 weeks), Group 2 (28–33+ 6 weeks), Group 3 (34–36+ 6 weeks), and Group 4 (≥37 weeks) 
according to the mode of delivery and gestational weeks. All data were exported into the SPSS 
software and analyzed by the Student’s t-tests or Mann–Whitney U-tests and the chi-squared test.
Results: A total of 2516 singleton pregnant women with severe preeclampsia were collected 
and the overall cesarean section rate was 84.9%. The vaginal delivery rates among the four 
groups were significantly different with 70%, 19.7%, 6.6%, 15.1% in groups 1, 2, 3, 4, 
respectively (P<0.05), while perinatal mortality was lower in the CD groups than VD groups 
(3.3% vs 50.4%, P<0.05). The neonatal asphyxia rate was significantly higher with CD than 
with VD in Group 2 (36.4% vs 12.9%, P<0.05). The perinatal mortality with CD, 3, and 4 
was significantly lower than with VD (10.0% vs 68.5% in Groups 2, 2.3% vs 28.3% in 
Groups 3, 0.8% vs 5.6% in Groups 4, all P<0.05).
Conclusion: Most pregnant women with severe preeclampsia opted for a cesarean section in 
China. The lower perinatal mortality was associated with cesarean section, but the rate of 
maternal PPH or mortality was not related with the mode of delivery. So cesarean section is 
the safer delivery mode for the pregnant women complicated with severe preeclampsia.
Keywords: cesarean section, complications, mode of delivery, severe preeclampsia, vaginal 
delivery

Introduction
Preeclampsia is a disease specifically related to pregnancy, with a reported incidence of 
3%; it greatly impairs both maternal and neonatal health.1 It is the largest contributor to 
adverse outcomes and complications including renal and liver failure, pulmonary edema, 
placental abruption, and eclampsia.2–4 These complications may occur in up to 30% of 
women with severe preeclampsia either before, during, or immediately after delivery.2,4,5
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Although the etiology and progression of preeclamp-
sia is not fully cleared, Silvia Fogacci reported that a call 
for action to definitively had addressed vitamin 
D supplementation as a possible intervention strategy in 
preventing preeclampsia in pregnancy.6 It is well 
accepted that delivery is the only definitive treatment.7,8 

However, there are several opinions on the selection of 
delivery mode.9 On the one hand, vaginal delivery may 
be more favorable for the long-term prognosis of preterm 
babies and result in shorter hospitalization periods for 
pregnant women, but the induction may increase the 
possibility of Cesarean section due to the unfavorable 
cervix.10,11 On the other hand, pregnancy termination 
through Cesarean section increases the risk of hemorrha-
gic complications owing to the low tolerance for blood 
loss, thus increasing maternal complications afterwards.12 

Therefore, no consensus has been obtained on the pre-
ferred delivery mode in pregnant women with severe 
preeclampsia.

The objective of this study was to evaluate whether the 
mode of delivery affected the rate of adverse maternal 
outcomes related to severe preeclampsia, such as the rate 
of postpartum hemorrhage or maternal death. 
A multicenter, large-sample, cross-sectional study in main-
land China retrospectively analyzed the relations between 
the delivery modes and the maternal and neonatal out-
comes to provide evidence for treating preeclampsia.

Materials and Methods
Ethics Approval
The study was conducted in accordance with the declara-
tion of Helsinki and approved by the Ethics Committee of 
the Beijing Obstetrics and Gynecology Hospital, Capital 
Medical University. Informed written consent was 
obtained by all participants.

Data Collection
Questionnaire
The researchers developed the questionnaire from 
a chart review focused on medical records including 
maternal age, gravidity, parity, body mass index (BMI) 
before pregnancy, weight gain during pregnancy, preg-
nancy complications, gestational age, mode of delivery, 
newborn gender, birth weight, neonatal Apgar score, 
and rate of neonatal intensive care unit (NICU) 
admission.

Data Collection
From May 2012 to June 2012, the data was collected and 
entered into the computer network database, and data qual-
ity control was carried out at the same time. The data 
includes the delivery results of various hospitals in 2011.

Diagnostic Criteria
Preeclampsia was defined as the occurrence of hypertension 
(systolic blood pressure ≥ 140 mmHg and diastolic blood 
pressure ≥90 mmHg) for the first time after 20 weeks with 
significant proteinuria (>300mg/dl in 24 hours urine or 
dipstick measurement of +1 or) or in association with any 
biochemical or hematological abnormality.13 Postpartum 
haemorrhage (PPH) is defined as a blood loss >500 mL 
more of blood from the genital tract within 24 hours of the 
birth of a baby.14 Maternal deaths included those occurring 
during pregnancy or in the first 42 days postpartum.15 Fetal 
distress refers to the comprehensive symptoms that endan-
ger the health and life of the fetus due to acute or chronic 
hypoxia in the uterus, which was mostly diagnosed when 
fetal tachycardia (fetal heart rate above 160 beats per min-
utes), fetal bradycardia (fetal rate below 100 beats per 
minutes), deceleration or lack of acceleration occurred.16 

Neonatal asphyxia is a general term for neonatal encephalo-
pathy resulting from events during labor, and delivery refers 
to fetal hypercarbia and hypoxemia and was diagnosed by 
the Apgar score in one minute less than seven and umbilical 
cord gas whose pH is less than 7.0 and/or BE≥12 mmol/L.17 

Stillbirth and perinatal death were defined as delivery of 
a baby in the perinatal period, which failed to show any 
signs of life after 20 weeks of gestational age.18

Cesarean section refers to the incision of the abdominal 
and uterine wall to remove the fetus weighing more than 
1000g and placenta after 28 weeks of pregnancy. Vaginal 
delivery is defined as the removal process of the fetal and 
placenta via vagina including operative vaginal delivery.

Data Analysis
The subjects were divided into a vaginal-delivery category 
(instrumental vaginal delivery, breech extraction, and 
assisted-breech delivery were included) and Cesarean- 
section category according to the mode of delivery. They 
were each further subdivided into four groups according to 
gestational age: ≤27 + 6 weeks, Group 1 (n = 70, 2.8% of the 
total); 28–33 + 6 weeks, Group 2 (n = 547, 21.7%); 34–36 + 6 

weeks, Group 3 (n = 695, 27.7%); and ≥37 weeks, Group 4 
(n = 1204, 47.8%).
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All data were exported into the SPSS software from the 
database (v.22.0; SPSS Inc., Chicago, IL, USA) for statisti-
cal analysis. Continuous variables were shown with the 
mean ± SD or the median (and interquartile range). 
Baseline characteristics between the two groups were ana-
lyzed by the Student’s t-tests for variables with normal 
distribution after the Levene’s test and the Mann–Whitney 
U-tests for variables with skewed distributions. Categorical 
data were expressed by frequency (percentage) and the 
differences in frequency between the two groups were ana-
lyzed by the chi-squared test. P<0.05 was considered statis-
tically significant in both unadjusted and adjusted analyses.

Results
The data were shown in Figure 1 by step-by-step descrip-
tion. The Demographic characteristics in preeclamptic 
women were shown in Table 1. Among the 2516 cases of 
pregnant women with severe preeclampsia, 380 cases deliv-
ered vaginally, accounting for 15.1% of the total; and 2136 
cases were Cesarean deliveries, accounting for 84.9%. As 
shown in Figure 2, the vaginal birth rates among the four 
groups were significantly different (χ2 = 212.88, P = 0.000), 
of which Groups 1 and 2 were significantly higher than the 
other two groups (χ2 

1–2 = 82.621, P = 0.000; χ2 
1–3 = 

234.892, P = 0.000; χ2 
1–4 = 138.631, P = 0.000; χ2 

2–3 = 
48.547, P = 0.000; χ2 

2–4 = 7.020, P = 0.008), while the 
vaginal delivery rate for Group 4 was significantly higher 
than that for Group 3 (χ2 

3–4 = 27.773, P = 0.000).
Our results showed that the perinatal mortality for 

Cesarean section was significantly lower than that for vaginal 
delivery (χ2 = 684.1, P = 0.000), whereas the incidence of 
either fetal distress or neonatal asphyxia was not significantly 
different (Table 2). The maternal postpartum hemorrhage and 

death rates for different modes of delivery did not show 
statistical differences. The incidence of postpartum hemor-
rhage in different gestational age groups was also not signifi-
cantly different (χ2 = 6.044, P = 0.110) (Table 3) but appeared 
to show a tendency to increase. Analysis of the effects of 
different modes of delivery for different gestational age groups 
(Groups 2, 3, and 4) showed no differences in the incidence of 
postpartum hemorrhage (P = 0.328, P = 1.000, and P = 0.277, 
respectively) (Figure 3).

Analysis of the perinatal outcomes of different delivery 
modes in different gestational age groups found that the inci-
dence of fetal distress with different delivery modes in each 
group was not significantly different. In Group 2, the neonatal 
asphyxia rate was significantly higher with Cesarean section 
than with vaginal delivery (P = 0.000). In Groups 2, 3, and 4, 
perinatal mortality was significantly lower with Cesarean sec-
tion relative to vaginal delivery (all P = 0.000) (Table 4).

Discussion
In the current study, we found that most pregnant women 
with severe preeclampsia terminated pregnancy by 
Cesarean section in mainland China, and the lower peri-
natal mortality was associated with Cesarean section but 
the rate maternal PPH and mortality were not related to the 
mode of delivery in severe preeclampsia. The reported 
Cesarean section rate currently varies widely. The majority 
of clinical reports shows a preference for Cesarean section 
for pregnancy termination, and the Cesarean section rate is 
therefore significantly higher than the rate of vaginal 
delivery.19 This study also confirmed that the Cesarean 
section rate in severe preeclampsia is as high as 84.9%, 
consistent with previous reports.20,21 Kim et al conducted 
a retrospective study of 3505 cases of women undergoing 

Figure 1 The step-by-step description of the analysis of data.
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singleton pregnancies at over 24 weeks of gestation who 
were diagnosed with preeclampsia, and their data show 
that, regardless of maternal age or parity, or whether the 
fetus was full-term or not, the Cesarean section rate was 
still higher in pregnant women with preeclampsia than in 
those without.22 Still, many investigators recommend 
induction of labor for pregnant women with 
preeclampsia.23,24 Researchers have confirmed that, for 
preeclamptic patients, the failure rate of labor induction 
increased more than four-fold, and the Cesarean section 
rate increased more than two-fold.25 Patients with severe 
preeclampsia are already in critical condition, and 
Cesarean section is always performed to save the life of 
the patient; therefore, Cesarean section does not reduce 
maternal mortality rate. In the current study, we report that 
the incidence of postpartum hemorrhage is similar for 
pregnant women with severe preeclampsia and for those 
who used different modes of delivery, which is at variance 
with other reports.20 Potential reasons for this include the 

fact that, in most of the pregnant women with preeclamp-
sia, epidural anesthesia was used, and active blood pres-
sure control measures were administered during the 
Cesarean section, so the blood loss is less than normal 
pregnancy; thus, the risk of postpartum hemorrhage was 
reduced.26 Due to the specific hemodynamic factors asso-
ciated with preeclampsia, blood exhibits a concentrated 
state, and the resulting hypertension increases the risk of 
cerebral hemorrhage and other cardiovascular diseases, 
and neonatal risks such as placental abruption also 
increase. All of these factors, then, need to be considered 
for the time period encompassing the second stage of 
labor. Thus, when pregnant women with severe pree-
clampsia fail to respond to initial therapy, clinicians tend 
to consider shortening the second stage of labor by using 
instrumental vaginal delivery or episiotomy, thus causing 
excessive bleeding during vaginal delivery.27 For pregnant 
women with severe preeclampsia, vaginal delivery may be 
attempted upon full assessment of the maternal and 

Figure 2 The delivery modes in the four groups (χ2 = 212.88, P = 0.000). 
Notes: Group 1 (≤27+ 6 weeks), Group 2 (28–33+ 6 weeks), Group 3 (34–36+ 6 weeks), and Group 4 (≥37 weeks). 
Abbreviations: CD, cesarean-section delivery; VD, vaginal delivery.

Table 1 Demographic Characteristics in Preeclamptic Women [(Mean, SD, (N, %)]

Vaginal Delivery  
(N = 380)

Cesarean Section  
(N = 2136)

χ2(T) 95% CI P

Age (year) 29.2±5.9 29.0±6.1 −0.821 −0.94–0.38 0.412

Parity 1.3±0.7 1.2±0.6 −2.218 −0.16-−0.009 0.027

BMI 22.15±3.5 22.62±3.5 1.575 −0.12–1.06 0.115

Maternal education higher than bachelor degree 212 1946 0.252 0.615

Gestational age at delivery 34.2±5.3 36.0±3.3 8.401 1.17–2.28 0.000

Birth weight (g) 2163.8 ± 1069.1 2442.7 ± 862.2 −4.631 −397.3–−160.5 0.000
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neonatal conditions, and complications should be closely 
monitored during the process; the pregnancy should then 
be terminated by emergent Cesarean section once maternal 
or neonatal health is found to be endangered.

Our study shows that lower perinatal mortality was 
associated with Cesarean section in patients with severe 
preeclampsia after 28 weeks of gestational age. Due to the 
pathophysiologic changes in preeclampsia, vascular 
spasms can lead to decreased placental perfusion, and, 

thus, a lengthy vaginal delivery may intensify fetal 
hypoxia. Cesarean section can instead deliver the baby 
rapidly and remove it from the adverse intrauterine envir-
onment as soon as possible. English et al reported that, for 
severe preeclampsia before 32 weeks, Cesarean section 
should be the preferred mode of delivery, and vaginal 
delivery should be attempted for patients over 34 
weeks.28 Chen et al retrospectively analyzed the delivery 
methods and pregnancy outcomes of low-birth-weight 

Figure 3 Maternal complications of different delivery modes among the four groups [N, %]. 
Notes: Group 1 (≤27+ 6 weeks), Group 2 (28–33+ 6 weeks), Group 3 (34–36+ 6 weeks), and Group 4 (≥37 weeks). 
Abbreviations: CD, cesarean-section delivery; VD, vaginal delivery; PPH, postpartum hemorrhage.

Table 2 Comparison of Maternal Complications in Different Groups [(Mean, SD, (N, %)]

Vaginal Delivery  
(N = 380)

Cesarean Section  
(N = 2136)

χ2(T) 95% CI P

Postpartum hemorrhage 20 (5.3%) 120 (5.6%) 0.077 0.57–1.52 0.781

Maternal death 2 (0.5%) 4 (0.2%) 0.459 0.52–15.4 0.498

Fetal distress 26 (6.8%) 203 (9.5%) 1.553 0.50–1.01 0.213
Neonatal asphyxia 2 (0.5%) 4 (0.2%) 1.559 0.52–15.5 0.212

Perinatal mortality 141 (50.4%) 71 (3.3%) 684.1 21.15–41.16 0.000

Table 3 Comparison of Maternal Complications Among Different Groups [N, %]

Group 1 (N = 70) Group 2 (N = 547) Group 3 (N = 695) Group 4 (N =1204) χ2 P

Postpartum hemorrhage 1 (1.4%) 22 (4.0%) 43 (6.2%) 74 (6.1%) 6.044 0.110

Maternal death 1 0 2 3 —– —–

Notes: Group 1 (≤27+ 6 weeks), Group 2 (28–33+ 6 weeks), Group 3 (34–36+ 6 weeks), and Group 4 (≥37 weeks).
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children in the Chinese mainland, and found that stillbirth 
and neonatal mortality rates of children designated as 
having low birth weight were significantly lower with 
Cesarean delivery than with vaginal delivery (0.5% vs 
5.2%; 1.0% vs 6.9%, respectively).29 Reddy et al retro-
spectively studied 4352 preterm neonates at gestational 
ages 24 to 31+ weeks, and found that, for preterm head- 
first pregnancies at a gestation age of 28–31+6 weeks, the 
perinatal mortality rate was significantly higher with elec-
tive vaginal delivery than with Caesarean section (6.0% vs 
1.5%, respectively).30 The possible cause for this may be 
that, during the process of vaginal delivery, increased 
uterine contractions cause reduced uterine blood flow, 
which, in turn, increases the possibility of fetal hypoxia 
and low-birth-weight babies. This is especially true for 
those severely preeclamptic mothers whose fetuses present 
with growth restriction and low birth weight due to pla-
cental vascular spasm. Cesarean section can instead avoid 
the escalating neonatal hypoxia caused by vaginal delivery 
and may preclude possible neonatal intracranial hemor-
rhage and infection caused by vaginal delivery.

In conclusion, for pregnancy termination in pregnant 
women with severe preeclampsia, the mode of delivery 
should be chosen after full assessment of the maternal and 
neonatal outcomes, and Cesarean section should be per-
formed in cases of emergency or when short-term vaginal 
delivery is impossible.

This study still has some deficiencies. For example, the 
data is from the survey ten years ago. With the progress of 
neonatal rescue technology, the choice of delivery mode 
may be more individualized. Especially, pregnant women 
with preeclampsia before 28 weeks may choose to actively 
rescue newborns. Due to regional differences, the medical 
level is different in different regions, which may affect the 
prognosis of pregnant women and newborns. In addition, 
this study is only a retrospective study, and a randomized 
controlled study is needed to evaluate the impact of delivery 
methods on maternal and infant outcomes of preeclampsia.

In summary, Most pregnancies among women with 
severe preeclampsia were terminated by Cesarean section 
in China. The lower perinatal mortality was associated 
with Cesarean section, but the rate of maternal PPH and 
mortality were not related with the mode of delivery in 
severe preeclampsia. We suggest the cesarean section is 
more suitable for the preeclampsia pregnant women for 
better neonatal outcome.
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