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Summary

Aim: The study was to determine whether preeclampsia with superimposed chronic hypertension results in worse maternal and peri-
natal outcomes than preeclampsia alone. Materials and Methods: A retrospective study involving 850 pregnant women was conducted
and divided into two groups: preeclampsia superimposed on chronic hypertension (group A, n= 84) and preeclampsia alone (group B, n=
766). The maternal and fetal outcomes of all subjects were collected and analyzed. Results: There were no significant differences between
the two groups in baseline information. However, the systolic and diastolic blood pressures in group A were significantly higher than those
in group B (p <0.05). The average interval between the onset of preeclampsia and the termination of pregnancy was significantly longer
in group A as compared to group B. The incidence of serious maternal complications showed no differences between the two groups (p
> 0.05). It showed a higher rate of neonatal respiratory distress syndrome and intracranial hemorrhage in group A than in group B (p <
0.05). Conclusions: Women in group A had higher risks of maternal and perinatal outcomes as compared to women in group B.
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Introduction

Hypertensive disorders in pregnancy compose approxi-
mately 10% of pregnancies and are the leading causes of ma-
ternal, fetal and neonatal morbidity, and mortality worldwide
[1, 2]. In the USA, hypertensive disorders in pregnancy af-
fect 12%-22% of all pregnancies and 17.6% of maternal
deaths can be attributed directly to hypertension [3]. Among
the hypertensive disorders of pregnancy, chronic hyperten-
sion complicates 5% and because the recent increase in obe-
sity and gestational age among pregnant women, the rates
with chronic hypertension are expected gradually increased as
well [4]. Several studies have demonstrated a higher risk of
preterm birth, fetal death, and placental abruption among
women with chronic hypertension who developed superim-
posed preeclampsia compared with women who had pre-
eclampsia alone [5-7]. It has been speculated that the
underlying vascular abnormalities in women with chronic hy-
pertension cause an escalation of complications when
preeclampsia develops [8].

Although several studies have evaluated perinatal out-
comes among women with chronic hypertension in combi-
nation with or without superimposed preeclampsia [7, 9],
there are no large-scale, randomized, controlled trials com-
paring the outcomes of pregnancy between women with
preeclampsia superimposed on chronic hypertension and
those with preeclampsia alone. In the current study, mater-
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nal and neonatal outcomes between women with preeclamp-
sia superimposed on chronic hypertension and those with
preeclampsia alone were compared. The authors, therefore,
carried out a population-based study to determine whether
preeclampsia superimposed on chronic hypertension was
associated with increased adverse maternal and perinatal
outcomes. They anticipate that the results of our study will
provide a theoretical basis in the counseling and treatment
of pregnancies in women with preeclampsia superimposed
on chronic hypertension.

Materials and Methods

Between July 1, 2008 and June 30, 2012, 52,685 gravidas were
delivered at the Obstetrics and Gynecology Hospital of the Zhejiang
University School of Medicine. Among them, 850 (1.619%) had
preeclampsia. The women were separated into two groups such that
84 women with preeclampsia superimposed on chronic hyperten-
sion (0.167% of the total number of women and 9.88% of women
with preeclampsia) constituted group A and group B included 766
women with preeclampsia alone (1.45% of the total number of
women and 90.12% of women with preeclampsia). The diagnosis of
hypertension was made in accordance with international standards
used to determine hypertensive disorders in pregnancy [10].

Women with mild preeclampsia attended regular prenatal visits
where monitoring of symptoms and daily blood pressure and body
weight checks were conducted. Urine protein was checked every
two to three days. Fetal growth and development, as well as placen-
tal functioning, were monitored regularly. Commencing at 34 weeks
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Table 1. — Clinical data of the two groups.

Preeclampsia
superimposed

Preeclampsia  p value
(Group B)

Table 2. — Comparison of pregnancy outcomes between
the two groups.

i Preeclampsia Preeclampsia p value
on chronic superimposed (Group B)
hypertension on chronic
(Group A) hypertension
Case number 84 766 (Group A)
Age (years) 333 29.9 <0.001 Severe preeclampsia
BMI (kg/m?) 2801 3845 0526 (percentage) 66 (78.57%) 574 (74.93%) 0463
Blood pressure (mmHg) Early severe preeclampsia 0 0
Systolic blood pressure  167.9 156.6 0001  (percentage) 48(57.14%) 336 (43.86%) 0020
Diastolic blood pressure ~ 107.6 100.4 0.001 Operative delivery rate 0 0
Onset of illness (weeks) 31.5 33.6 0.008 (percentage) 82(97.62%) 689 (89.95%) 0.022
< 34 weeks gestation 43 136 Diabetes 4(4.76%) 53 (6.92%) 0.453
(case number) Maternal complications and
> 35 weeks gestation 36 430 0,020 co-morbidities (percentage) 26 (30.95%) 220 (28.72%) 0.669
(case number) ’ HELLP 2 7 0.212
Termination of pregnancy Eclampsia 0 4 0.507
(weeks) 348 357 0.118 Abruption 7 33 0.08
< 34 weeks (case number) 33 231 Postpartum hemorrhage 2 9 0.353
> 35 weeks (case number) 51 535 0.086 Oligohydramnios 2 53 0.108
Interval between onset ICP 9 70 0.637
of preeclampsia and Renal diseases 2 11 0.503
termination of 334 210 <0.001 Heart diseases 0 22 0.116
PO (e T T o
ota .

of gestation, the fetal heart rate was monitored on a weekly basis.
The treatment plan focused on additional rest, a low-salt diet, and an-
tihypertensive therapy. For those women with blood pressure levels
>160/110 mmHg, antihypertensive medications were administered.
Ideal systolic and diastolic blood pressures were considered to be
140 ~ 155 mmHg and 90 ~ 105 mmHg, respectively. Blood pressure
levels were checked to ensure that they did not decline sharply or
drop significantly below ideal pressure levels. Labetalol (50 ~ 100
mg, two to three times per day) was the preferred anti-hypertensive
therapy. If the condition was stable, the women could expect a full-
term pregnancy. If the women had a higher risk of serious maternal
complications, such as placental abruption, HELLP syndrome and
eclampsia, the pregnancy was terminated immediately.

Hospitalization was preferred for women with severe preeclamp-
sia. Magnesium anti-spasmodics and sedatives were prescribed
along with anti-hypertensive treatment, supplemented with diuretic
therapy if necessary. If the fetus was mature, women were treated for
24 to 48 hours, followed by termination of the pregnancy. In cases
where the fetus was immature, women were given glucocorticoids
to promote fetal lung maturation. For those showing an improve-
ment in their condition, pregnancy was continued and monitored
closely; however, if no improvement was noted after 48 hours of ac-
tive treatment, fetal lung maturity was promoted followed by termi-
nation of the pregnancy at 28 weeks of gestation.

All statistical analyses were conducted using SPSS16.0. A p-
value of < 0.05 was considered to represent a statistically signif-
icant difference between the groups.

Results

Comparisons of clinical data between the two groups
Pregnancy clinical characteristics for women are shown in

Table 1. A total of 898 women were found to have preeclamp-

sia between July 1, 2008 and June 30, 2012. Of the 898

women with preeclampsia, 84 (9.4%) women in group A had
chronic hypertension with superimposed preeclampsia, 850
(94.6%) women in group B had preeclampsia alone. Women
in group A were older than those in group B (33.3 years vs
29.9 years, p < 0.001). While two groups had a similar body
mass indexes (p = 0.526). Women in group A had higher sys-
tolic and diastolic blood pressures than those in group B (p =
0.001). Although the average gestational age in group A was
lower than the average gestational age in group B (p = 0.008),
the average gestational ages at which pregnancies were ter-
minated were similar between the two groups (p = 0.118).
The average interval between the onset of preeclampsia and
the termination of pregnancy was 3.34 weeks in group A and
2.1 weeks in group B (p < 0.001).

Comparison of pregnancy outcomes

Table 2 displays risk estimates of adverse maternal and
neonatal outcomes between the two groups. The ratio of
women with severe preeclampsia was not significantly dif-
ferent (p = 0.463); however, the ratio of women with severe
preeclampsia having early onset was significantly higher in
group A (p = 0.020). There were only two natural deliveries
in group A. The remaining 82 gravidas underwent cesarean
sections (operative delivery rate = 97.62%). In group B, 77
women had natural deliveries, seven gravidas had cesarean
sections, and 682 gravidas had lower uterine segment ce-
sarean sections (operative delivery rate = 89.95%). Thus, the
operative delivery rate in group A was significantly higher
than the rate in group B (p = 0.022). There were not signifi-
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Table 3. — Neonatal outcomes between the two groups.

Preeclampsia Preeclampsia p value
superimposed (Group B)
on chronic
hypertension
(Group A)
Total 84 766
FGR (percentage) 15(17.86%) 156 (20.37%) 0.002
Gestational age (weeks)
<28 0 18 (2.35%)
28~32 24 (28.51%) 121 (15.80%)
33~34 9 (10.71%) 92 (12.01%)
35~36 22(26.19%) 137 (17.89%)
>37 29 (34.52%) 398 (51.56%) 0.002
Perinatal death
Stillbirth 0 9
Induction 0 20
Neonatal death 2(2.38%) 2(0.26%) 0.007
Neonatal complications 33(39.29%) 103 (13.45%) <0.001
Hypoxic-ischemic
encephalopathy 0 2(0.26%) 0.639
Intracranial hemorrhage 18 (21.43%) 44 (5.74%) 0.001
Respiratory distress 11(13.10%)  55(7.18%)  0.054
syndrome
Retinopathy 2(2.38%) 2(0.26%) 0.007
Necrotizing enterocolitis 2 0 <0.001
Transfer to NICU 35(41.67%) 282 (36.81%) 0.383
NICU stay 20.8 17.7 0.522

cantly different in overall maternal complications or co-mor-
bidities such as HELLP syndrome, eclampsia, placental
abruption, postpartum hemorrhage, oligohydramnios, intra-
hepatic cholestasis of pregnancy (ICP), kidney disease, and
heart disease between the two groups. However, women in
group A were more likely to suffer serious complications
such as HELLP, eclampsia, placental abruption, and post-
partum hemorrhage, than those in group B (13.10% vs
6.92%; p=0.001).

Comparison of neonatal outcomes

Table 3 displays a comparison of neonatal outcomes be-
tween the two groups. In group A, there were 15 cases of
neonates with fetal growth restriction (FGR), all occurring
in pregnancies with early-onset severe preeclampsia. In
group B, there were 156 neonates with FGR, which occurred
in pregnancies with early-onset severe, late-onset severe or
mild preeclampsia. The women in group A had the lower in-
cidence incidence of FGR than those in group B (17.8% vs
18.3%, p = 0.002). Gestational age was directly related to
the prognosis of newborns, as the composition of the two
groups differed (p = 0.002). In the current study, women in
group A delivered after 28 weeks of gestation. In group B, 18
women delivered before 28 weeks of gestation, including
nine gravidas who underwent labor induction. The percent-
age of neonates delivered before 32 weeks of gestation was
higher in group A than in group B and this difference was

associated with an increase in adverse neonatal outcomes.
There were no stillbirths in group A, whereas there were nine
stillbirths in group B. Of 20 gravidas in group B who under-
went labor induction, nine were induced before 28 weeks of
gestation and 11 had umbilical blood flow after 28 weeks of
gestation with absent diastolic flow. Two neonatal deaths
were reported in both groups (the neonates died after family
withdrew treatment) and the incidence between the two
groups was significant (p = 0.007). The neonates of women
in group A were more likely to suffer adverse outcomes pre-
dominantly neonatal respiratory distress syndrome and in-
tracranial hemorrhage, than those in group B. There were no
differences in neonatal transfer rates to the neonatal inten-
sive care unit (NICU) or the average length of NICU stay
between the two groups (p = 0.383 and 0.522, respectively).

Discussion

The percentage of adults with chronic hypertension in de-
veloped countries is between 25% and 30%. In the past two
decades, the incidence of chronic hypertension has also in-
creased in China. In the current study, the incidence of
preeclampsia superimposed on chronic hypertension was
significantly lower than the previously reported rate [11]
and there are several possibilities to explain this observa-
tion. First, incidences lower than those reported in the US
and Europe may have been attributable to differences in ge-
ography, ethnicity, or reproductive ages. Second, the records
from the Chinese health care system may have been in-
complete due to the mobility of the Chinese population.
Therefore, hospital-based statistics may not be entirely rep-
resentative or generalizable.

Several studies have evaluated that pregnancies in women
with preeclampsia superimposed chronic hypertension are at
an increased risk of adverse perinatal outcomes that include
fetal growth, restriction, preterm birth, placental abruption,
and intrauterine growth [12-15]. Placental insufficiency is
recognized as the most common cause of fetal growth re-
striction among clinically healthy [16]. Ferrazzani et al. in-
dicated an association between chronic hypertension and
SGA only when superimposed with preeclampsia [17]. In
the current study, the authors evaluated maternal and neona-
tal outcomes in women with preeclampsia with or without
chronic hypertension and the data from the current study in-
dicated that pregnancies complicated by preeclampsia su-
perimposed on chronic hypertension represented a serious
threat to maternal and neonatal health and survival.

In the current study, the operative delivery rate was signif-
icantly higher in group A than in group B and may have been
associated with oligohydramnios, ICP, or other complications.
Oligohydramnios may be caused by poor placental erosion
closely associated with gestational hypertension and small
vessel disease. Whether or not small vessel disease is more se-
vere in women with preeclampsia superimposed on chronic
hypertension than in women with preeclampsia alone remains
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to be confirmed. There were no maternal deaths or differences
in overall maternal complications and co-morbidities between
the two groups; however, serious complications such as
HELLP, eclampsia, placental abruption, and postpartum hem-
orrhage, were higher in group A than in group B.

Results from the current study showed that women with
preeclampsia superimposed on chronic hypertension had a
significantly lower rate of FGR, suggesting chronic hyper-
tension itself does not increase the incidence of FGR. In-
deed, preeclampsia induces systemic small artery spasm
and ischemia resulting in decreased uteroplacental perfu-
sion and may be a key factor in the triggering of FGR.
Moreover, preeclampsia also induces various adverse out-
comes, including an infiltration barrier, shallow placental
implantation, endothelial dysfunction, immune imbalance,
placental vascular acute atherosclerosis, placental dys-
function, and drastically reduced blood flow. As a result,
the fetus develops chronic hypoxia and the incidence of
FGR is dramatically increased, further suggesting that
preeclampsia is a major risk factor for FGR.

The women in the current study were able to reach 35
weeks of gestation after active treatment and the majority of
neonatal outcomes were good; however, in comparing
neonatal complications, group A had higher incidences than
group B. Group A had a relatively earlier onset of preeclamp-
sia and the proportion of births before 32 weeks of gestation
was higher than in group B. The neonatal mortality and
growth rates in group A were associated with existing social
factors and the economic status of the parents.

As compared to preeclampsia alone, preeclampsia super-
imposed on chronic hypertension triggered early onset of
severe preeclampsia, early onset of severe illness, and high
blood pressure among women; however, there were no sig-
nificant differences in gestational ages between the two
groups. Results from the current study suggested that even
in women with preeclampsia superimposed on chronic hy-
pertension, systematic treatment, proper expectations, and
close monitoring of mother-infant conditions could improve
the prognosis. All women in the current study delivered after
28 weeks of gestation, with significant improvements ob-
served in newborn prognosis. Therefore, a profound health-
care system with proper prenatal care for pregnant women,
along with active treatment plans and strict control on the
termination of pregnancy, could ensure safety and improve
maternal neonatal outcomes for women with preeclampsia
superimposed on chronic hypertension.

In conclusion, the present data indicate that women with
chronic hypertension who developed superimposed
preeclampsia had a longer average interval between the onset
of preeclampsia and the termination of pregnancy, high sys-
tolic and diastolic blood pressures, and severe maternal com-
plications than women with superimposed preeclampsia alone
and also have a significantly increased risk of several adverse
neonatal outcomes. Women with preeclampsia superimposed
with hypertension have elevated risks of intervention-related

events compared with women with preeclampsia alone. This
may be the result of earlier disease onset, so consideration of
expectant management of early onset preeclampsia superim-
posed chronic hypertension is reasonable in the absence of
contraindications.
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