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Abstract: The treatment of preeclampsia is delivering
women and extracting the placenta, but the Chinese
Society of Obstetrics and Gynecology guidelines do not
recommend the delivery of babies without severe features.
The objectives of the study were to compare the effectiveness
and safety of nifedipine and phytosterol in combination with
nicardipine for the management of severe preeclampsia.
Women (19-32 years; gestation age > 30 weeks) with the
complication of severe preeclampsia have received 10 mg
of oral nifedipine (pregnant women received 10 mg of
oralnifedipine, n = 112) or 1 mg/h intravenous nicardi-
pine (pregnant women received 1 mg/h intravenous
nicardipine (ND cohort), n = 115) or oral 10 mg nifedipine
and 500 mg phytosterol (pregnant women received oral
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10 mg nifedipine and 500 mg phytosterol (np cohort),
n = 111) until 150/100 mmHg blood pressure was achieved.
The time required to achieve the desired blood pressure
control was 13 minutes shorter in the NP cohort compared
to the NF (p < 0.0001, t = 11.605), and 3 minutes shorter
compared to the ND (p < 0.0001, t = 2.79) cohorts.
Stillbirths were reported in 14 (13%), 28 (24%), and
10 (9%) infants, and 13 (12%), 26 (23%), and 10 (9%)
infants died from the NF, ND, and NP cohorts, respectively.
The undesirable tocolytic effect was reported in 17 (15%)
women of the ND cohort. Phytosterol with nifedipine has
a synergistic or additive effect on the management of pre-
eclampsia with fewer adverse outcomes.

Keywords: blood pressure, gestational age, nicardipine,
nifedipine, phytosterol, preeclampsia, pregnancy

1 Introduction

Preeclampsia is the leading cause of maternal morbidity
and mortality [1] due to complications that have arisen
from severe hypertension in pregnant women [2]. There-
fore, in pregnant women with severe hypertension, blood
pressure is required to be controlled [3]. Preeclampsia is
reported in pregnancy after 20 weeks of gestation and
is characterized by high blood pressure (systolic blood
pressure >160 mmHg/diastolic blood pressure >110 mmHg)
and proteinuria (=300 mg/24 h) [2]. Preeclampsia leads
to the development of eclampsia [4]. The prevalence of
eclampsia in China is 0.2% [5].

The treatment of preeclampsia is delivering the patient
and extracting the placenta [6] but when the blood pres-
sure of a pregnant woman is higher (>160/110 mmHg),
antihypertensive agents are administered to stabilize the
patient [2]. However, these recommendations are not uni-
form with many recommended guidelines for a lower
threshold (the National Institute for Health and Care
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Guidelines, World Health Organization [7] HYPERTEN-
SION Canada, the International Society for the Study
of Hypertension in Pregnancy, and the International
Federation of Gynecology and Obstetrics guidelines [4]).
Chinese guidelines of the Chinese Society of Obstetrics
and Gynecology [8] have different diagnostic criteria for
preeclampsia than the other international guidelines and are
not recommending the delivery of babies in pregnant women
with preeclampsia without severe features. Women should
not give birth until 37 weeks gestation, which leads to
delayed delivery in women with preeclampsia. In severe pre-
eclampsia, termination of pregnancy is recommended at 34
weeks or even earlier depending on the maternal—fetal state.
Also, there is a lack of a detailed management plan for pre-
eclampsia in the guidelines of the Chinese Society of Obste-
trics and Gynecology [8].

The American College of Obstetricians and Gynecologists
2013 [9] and the National Institute for Health and Care Guide-
lines [10], are recommending oral nifedipine (a calcium
channel blocker), and intravenous labetalol (a combined
a- and B-adrenergic blocker), but do not recommend intra-
venous nicardipine (a calcium channel blocker) in severe
preeclampsia. Intravenous labetalol provides compara-
tively faster management of blood pressure and is suc-
cessful in delaying further hypertensive crises after its
administration in pregnant women with severe pree-
clampsia. However, it is expensive and has a higher
chance of neonatal death [2,6,11]. While, oral nifedipine
is comparatively less expensive and safe for neonates, and
convenient for women [12]. It achieves slower manage-
ment of high blood pressure [2,6,11]. Also, oral nifedipine
is not successful in delaying further hypertensive crises
after its administration in women with severe preeclampsia
[13]. Therefore, the total dose for preeclampsia management
is comparatively higher. The placebo-controlled, rando-
mized trial reported the safety and superior efficacy of the
combination of oral nifedipine and phytosterol (a natural
compound) than nifedipine alone for the management of
preeclampsia [14]. However, the mechanism of action
responsible for the antihypertensive effect of phytosterol
is unknown. For fast and adequate management of pree-
clampsia, intravenous nicardipine is used [15]. However,
there are no adequate studies on intravenous nicardipine
in pregnant females. It is used for the management of
preeclampsia but animal studies have reported the secre-
tion of nicardipine in breast milk [16]. Also, intravenous
nicardipine interferes with the spontaneous induction of
labor (undesirable tocolytic effect) before 34 weeks of
gestation [17] and is only used when no other suitable
option is available for preeclampsia and is not used in
multiple pregnancies [18].
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The objectives of the retrospective study were to compare
the time and the amount of calcium channel blocker required
to control the blood pressure to less than 150/100 mmHg,
the time required for further hypertensive crisis after inter-
vention(s), and the safety of the mother and fetus for oral
nifedipine and phytosterol combination and oral nifedipine
only with intravenous nicardipine in Chinese pregnant
women with severe preeclampsia.

2 Materials and methods

2.1 Ethics approval and consent to
participate

The designed protocol (TJMC220120 dated October 2, 2020)
of the established study was approved by the First People’s
Hospital of Lianyungang review board and the Chinese
Society of Obstetrics and Gynecology. The study reporting
adheres to the law of China and the V2008 the World
Medical Association Declaration of Helsinki. Informed
written consent was obtained from all subjects and/or
their legal guardian(s) (routine protocol of the institute)
before admission to hospitals regarding intervention(s),
pathology, and participation in the study.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies, and in accordance with the tenets
of the Helsinki Declaration, and has been approved by
the authors’ institutional review board or equivalent
committee.

2.2 Inclusion criteria

Women (age >18 years) with the complication of severe
preeclampsia diagnosed according to the report of the
American College of Obstetricians and Gynecologists Task
Force on Hypertension in Pregnancy [9] (gestation age >20
weeks, blood pressure >160/110 mmHg, and higher protei-
nuria > 300 mg/24 h) and who had needed to receive treat-
ment for the management of high blood pressure during
their pregnancy were included in the analysis after getting
written approval from the authorities.
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2.3 Exclusion criteria

Women who had HELLP syndrome (Hemolysis, elevated
liver enzymes, and low platelet count), diabetes, and a
history of heart disease(s) were excluded from the ana-
lysis. Women who had a history of using other relevant
drug therapies were excluded from the analysis.

2.4 Sample size calculation

The sample size (OpenEpi, Version 3, 01, Open-Source
Epidemiologic Statistics for Public Health, USA) was calculated
based on the assumption that 80 + 13% of women achieved
less than 150/100 mmHg blood pressure after intervention(s),
80% power (8 = 0.2), and two-sided 5% type-I error (a = 0.05),
and 95% confidence interval. This is a retrospective study of all
eligible cases between January 2017 and December 2019.
A “power analysis” i.e., what differences are achievable was
preferred for sample size calculation.

2.5 Cohort

The oral nifedipine (NF) cohort consisted of 112 women
who received immediate-release 10 mg tablet of oral nife-
dipine (Procardia, Pfizer, New York, NY, USA) at 15 min
time intervals until 150/100 mmHg blood pressure was
achieved or a maximum of up to five doses [2]. The nicar-
dipine infusion (ND) cohort consisted of 115 women who
received a continuous infusion of 1mg/h of nicardipine
(Cardene, PDL BioPharma, Inc., Redwood City, CA, USA)
and the dose was increased by 0.5 mg at every hour (max-
imum 4 mg/h) until 150/100 mmHg blood pressure was
achieved [16]. The oral nifedipine and phytosterol (NP)
cohort consisted of 111 women who received immediate-
release 10 mg of oral nifedipine tablet and oral 500 mg
phytosterol powder (Shanghai Fudan Fuhua Pharmaceu-
tical Co., Ltd, Shanghai, China; each 500 mg phytosterol
powder contains 450 mg [-sitosterol) at 15 min time interval
until 150/100 mmHg blood pressure was achieved or max-
imum up to five doses [14]. The different treatments for
the management of severe preeclampsia were decided as
per the preference of the concerned obstetrician(s). The
very structured dosing schedule is an institutional protocol
(not published yet). None of the women received magne-
sium sulfate. Once control was achieved, a maintenance
dose (10mg of oral nifedipine/8h) was initiated in all
women of all cohorts.
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2.6 Demographical and clinical parameters

Data regarding socioeconomic status, height, weight, and
blood pressure at the time of admission to the hospital
were retrospectively collected from institutional records
of women. Blood pressure was measured using the
Sphygmomanometer (MDF® Calibra®, MDF Instruments
Direct, Inc., Rincon, PR, USA) during treatment and at
the time of admission.

2.7 Outcome measures

Time and amount of the calcium channel blocker required
to control blood pressure to less than 150/100 mmHg and
time required for further hypertensive crisis (blood pressure
>160/110 mmHg, and higher proteinuria >300 mg/24 h)
after intervention(s) were retrospectively collected from
the institutional records of women (the primary outcomes).
All women have graphs that report differences in blood pres-
sure per minute. Also, adverse effects and the infant
dose of medication were retrospectively collected from
the institutional records of women (the secondary out-
comes). Proteinuria was measured in terms of mg/24 h
from the urine sample.

2.8 Adverse effects

Treatment-emergent adverse effects for women and their
infants were retrospectively collected from the institu-
tional records of women and infants.

2.9 Relative infant dose of calcium channel
blocker

Data on the concentration of calcium channel blockers in
breast milk was collected from institutional records of
women. The relative infant dose of calcium channel
blocker was calculated as per equation (1). It was esti-
mated that the maximum milk consumed by the infant
was 150 + 10 mL/day. Less than 10% of the relative infant
dose of calcium channels was considered safe [16]. The
milk samples were taken as soon as they started secreting
from the breast of the women.
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% Relative infant dose of calcium channel blocker
The concentration of calcium channel blocker in breast milk(%) x Volume of milk ingested(mL) €))
= x 100.

Maternal dose of calcium channel blocker(mg)

2.10 Statistical analysis

InStat® 3.01, GraphPad Software, San Diego, CA, USA
was used for statistical analysis purposes. Categorical
variables are presented as frequency (percentages) and
continuous variables are presented as mean value + stan-
dard deviation (SD). Histograms and plots of normality
were used to check for a normal distribution of the data.
One-way analysis of variance (ANOVA) was performed
for continuous variables and the Chi-square test for inde-
pendence (y’-test) was performed for categorical data.
The Bonferroni multiple comparisons test was used for
post hoc analysis (if the value of t is greater than 2.4, then
the p-value is less than 0.050). Univariate followed by
multivariate analyses were performed between the demo-
graphical and clinical conditions of women and treat-
ment received by women for adverse infant outcomes
[19]. All results were considered significant if the p-value
was reported as less than 0.050.

3 Results

3.1 Study population

From 15 January 2017 to 19 December 2019, a total of 394
pregnant women (age >18 years) were diagnosed with
the complication of severe preeclampsia and needed to
receive treatment for the management of high blood pres-
sure at the Department of Obstetrics and Gynecology of
the First People’s Hospital of Lianyungang, Lianyungang,
Jiangsu, China, and the referring hospital. Among 394
pregnant women, one woman had a history of heart
failure, 13 women had HELLP syndrome, and 42 women
had diabetes. Therefore, data of these women (n = 56) were
excluded from the analysis.

Data of the demographical and clinical parameters of
women at the time of admission, the time and amount of
the calcium channel blocker required to control blood
pressure to less than 150/100 mmHg, the time required
for further hypertensive crisis after admiration of drug(s),
and treatment-emergent adverse effects for women and
their infants for a total of 338 women and their infants

were collected from the institutional records of women
and infants and were analyzed.

3.2 Demographical and clinical parameters

The age range of the included women was 19-32 years.
All the included women had a gestation age of 30 weeks or
more, a singleton pregnancy, higher blood pressure (>160/
110 mmHg), and higher proteinuria (=300 mg/24 h) at the
time of hospital admission. A total of 19 (17%), 16 (14%),
and 28 (25%) women in the pregnant women received
10 mg of oral nifedipine (NF cohort), pregnant women
received 1 mg/h intravenous nicardipine (ND cohort), and
pregnant women received oral 10 mg nifedipine and
500 mg phytosterol (NP cohort), respectively, had gesta-
tion age <32 weeks at the time of hospital admission. A
total of 48 (43%), 49 (43%), and 55 (50%) women in the
NF cohort, ND cohort, and NP cohort, respectively, had
gestation age <34 weeks at the time of hospital admis-
sion. There were no significant differences in the demo-
graphical and clinical parameters of women (p > 0.050
for all, Xz-test, or ANOVA) at the time of hospital admis-
sion. None of these women had aspirin prophylaxis
before hospital admission. The details of the demogra-
phical and clinical parameters of women at the time of
hospital admission are presented in Table 1.

3.3 Outcome measures

3.3.1 Time required to control blood pressure to less
than 150/100 mmHg

All women had responded to the treatment. The time required
to control blood pressure to less than 150/100 mmHg for
women of the NP cohort was shorter than those of the NF
(47.42 + 6.99 min/woman vs 60.83 + 9.07 min/woman, p <
0.0001, t = 11.6, ANOVA/Bonferroni test) and the ND (47.42 +
6.99 min/woman vs 50.63 + 9.56 min/woman, p < 0.0001, t =
2.8, ANOVA/Bonferroni test) cohorts. Also, the time required
to control blood pressure to less than 150/100 mmHg
for women of the ND cohort was shorter than those of
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Figure 1: The time required to control blood pressure to less than
150/100 mmHg. * indicates shorter values than those of the NF and
the ND cohorts. # indicates shorter values than those of the NF
cohort. Box represents mean value.

the NF cohort (p < 0.0001, ¢t = 8.9, ANOVA/Bonferroni
test; Figure 1).

3.3.2 Amount of calcium channel blocker required to
control blood pressure to less than 150/100 mmHg

The amount of calcium channel blocker required to con-
trol blood pressure to less than 150/100 mmHg was fewer
for women of the NP cohort than those of the NF (22.52 +
8.36 mg/woman vs 26.16 + 10.68 mg/woman, p < 0.0001,
t = 2.7, ANOVA/Bonferroni test) and the ND (22.52 + 8.36
mg/woman vs 51.05 + 10.75 mg/woman, p < 0.0001, t = 21.4,
ANOVA/Bonferroni test) cohorts. The amount of calcium
channel blocker required to control blood pressure to less
than 150/100 mmHg was fewer for women of the NF cohort
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than those of the ND cohort (p < 0.0001, t = 18.7, ANOVA/
Bonferroni test, Figure 2).

3.3.3 Time required for further hypertensive crisis

The time required for further hypertensive crisis (the time
until the next hypertensive crisis) in women after admin-
istration of the drug(s) was longer for the NP cohort than
those of the NF (8.90 + 2.07 h/woman vs 6.13 + 0.87
h/woman, p < 0.0001, t = 13.8, ANOVA/Bonferroni test)
and ND (8.90 + 2.07 h/woman vs 7.03 + 1.30 h/woman,
p <0.0001, t = 4.6, ANOVA/Bonferroni test) cohorts. Also,
the time required for the further hypertensive crisis in
women after administration of drug(s) was longer for
the ND cohort than those of the NF cohort (p < 0.0001,
q = 9.4, ANOVA/Bonferroni test, Figure 3).

3.4 Adverse effects

There were no significant differences in results of maternal
vomiting, tachycardia, headache, dizziness, shortness of
breath, and frequencies of intensive care unit admission
for the infants among cohorts (p > 0.050 for all, ANOVA/
Bonferroni test or y’-test). The undesirable tocolytic effect
was reported in 2 (2%), 17 (15%), and 1 (1%) women of the
NF, ND, and NP cohorts, respectively. Induction of labor
was attempted in all women who had faced the tocolytic
effect. Stillbirths were reported in 14 (13%), 28 (24%), and
10 (9%) infants of the NF, ND, and NP cohorts, respec-
tively. Death was reported in 13 (12%), 26 (23%), and 10

> 50 mg/ woman associated with adverse neonatal outcomes

40

S

mmHg (mg)

The amount of calcium channel blocker
required to control blood pressure < 150/ 100

> 40 mg/ woman associated with adverse neonatal outcomes

NF cohort (n=112) ND cohort (n=115)

Cobhorts

NP cohort (n=111)

Figure 2: The amount of calcium channel blocker required to control blood pressure to less than 150/100 mmHg. * indicates shorter values
than those of the NF and the ND cohorts. # indicates shorter values than those of the ND cohort. Box represents mean value.
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NF cohort (n=112)

ND cohort (n = 115)

NP cohort (n =111)
Cohorts

Figure 3: The time required for further hypertensive crisis after administration of the drug(s). * indicates longer values than those of the NF
and the ND cohorts. # indicates longer values than those of the NF cohort. Box represents mean value.

(9%) infants of the NF, ND, and NP cohorts, respectively
(Table 2).

3.5 Risk of adverse infant outcomes

A dosage amount of total of 50 mg/woman or more of
intravenous nicardipine required to control the blood
pressure to less than 150/100 mmHg (p = 0.045, multi-
variate analysis) and 40 mg/woman or more of oral nife-
dipine required to control the blood pressure to less than
150/100 mmHg (p = 0.048, multivariate analysis) in women
with less than 32 weeks of gestation age (p = 0.021, multi-
variate analysis) was associated with adverse infants’ out-
comes. While this dosage amount in women with less than
34 weeks of gestation age was not associated with adverse
infant outcomes (p = 0.502, multivariate analysis).

3.6 Relative infant dose of calcium channel
blocker

The relative infant dose of calcium channel blocker in
infants born to women in the NF cohort was 5.95 +
1.74%, in the ND cohort was 10.07 + 2.04%, and in the
NP cohort was 4.64 + 2.25%.

4 Discussion

This is a retrospective study comparing three cohorts of
preeclamptic mothers treated with nifedipine alone, nifedipine

plus phytosterol, and nicardipine infusion. Phytosterol was
found to have a synergistic effect on the action of nifedipine
in the time and amount of calcium channel blocker required to
control blood pressure to less than 150/100 mmHg, the time
until a further hypertensive crisis, and maternal and infants’
treatment-emergent adverse effects compared to oral nifedi-
pine alone or intravenous nicardipine. The results of the pre-
eclampsia management of the current study agreed with those
of randomized clinical trials [13,14]. Oral nifedipine and intra-
venous nicardipine are common drugs used for the manage-
ment of preeclampsia [3]. Phytosterol has a plant origin and it
is proven to be safe during pregnancy [20]. Also, the additive
or synergistic effect can delay further hypertensive crisis after
the control of hypertension [21]. Phytosterol has been evalu-
ated in a meta-analysis and was shown to reduce both
systolic and diastolic blood pressure by an average of
1.55 and 0.84 mmHg, respectively, in data pooled from
19 randomized clinical trials [21]. It has been supported
as a food supplement to reduce cardiovascular risks by
organizations such as the United States Food and Drug
Administration. This is still insufficient to recommend it
to pregnant women since its safety profile has not been
thoroughly investigated. Oral phytosterol with nifedipine
provides a synergistic effect to control hypertension for
the management of severe preeclampsia and advantages
of a delay crisis in preeclampsia women.

The time required to control blood pressure to less than
150/100 mmHg for women suffering from preeclampsia was
shorter and the time until a further hypertensive crisis
occurred was longer in the case of intravenous nicardipine
than oral nifedipine. Nifedipine is a very short-acting drug
so the efficiency of lowering the blood pressure within a few
minutes of administration relative to nicardipine is not very
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important, but once the blood pressure is down, the drug is
so short-acting that keeping the blood pressure down will
require other medications with a longer duration of action.

The amount of calcium channel blocker required to
control blood pressure to less than 150/100 mmHg was
less in the case of oral nifedipine than intravenous nicar-
dipine. Moreover, controlled intravenous nicardipine was
associated with undesirable tocolytic effects, stillbirths,
and infant death. Women with severe preeclampsia have
a higher risk of adverse pregnancy outcomes than women
with chronic/gestational hypertension [22]. Severe intrau-
terine growth restriction and placental abruption are respon-
sible for stillbirths and infant death [6]. The antihypertensive
agent can reduce uteroplacental blood flow in women with
less than 32 weeks of gestation age, which can in turn
result in severe intrauterine growth restriction and pla-
cental abruption [23]. The reason for different outcome
results for oral nifedipine and intravenous nicardipine is
that different mechanisms of action for reduction in blood
pressure i.e., oral nifedipine gradually decreases blood
pressure while intravenous nicardipine reduces blood pres-
sure by rapid onset of action [16]. Neonatal outcomes are
better with oral nifedipine in the management of pree-
clampsia [22]. It is well known that a fast reduction in
increased blood pressure may be associated with cardioto-
cographic signs of fetal distress. Intravenous nicardipine is
superiorly effective compared to oral nifedipine in the man-
agement of preeclampsia but this treatment has associated
risk for infants’ health, especially in women with less than
32 weeks of gestation age, and undesirable tocolytic effect.

The study reported that oral nifedipine, oral phytos-
terol, and intravenous nicardipine did not significantly
affect maternal health. These results indicated that oral
nifedipine, intravenous nicardipine, and oral phytosterol
are safe for women suffering from severe preeclampsia. In
the context of perinatal mortality, the other infants’ out-
comes are also required to be considered to reach this
conclusion.

The time required to control blood pressure for NP
was the shortest among the three cohorts. The use of oral
medications in severe preeclampsia is potentially proble-
matic as some women may have altered sensorium or
nausea/vomiting and be unable to safely swallow pills;
also, oral medications such as short-acting nifedipine
cause unpredictable reductions in blood pressure which
at times can be very precipitous. Oral nifedipine plus
phytosterol gradually and precipitously lower blood pres-
sure than nicardipine and other medications that are
recommended for use in severe preeclampsia such as
hydralazine and labetalol. Further research is required
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to find out the paradoxical results of the current study
with expected outcomes.

Relative infant dose of calcium channel blockers of
infants of women who received intravenous nicardipine
was reported higher than 10%. A total of 10% or more
of the relative infant dose of any drug is not recom-
mended because of the lower drug clearance capacity
of infants [16]. The intravenous administration of nicar-
dipine is the likely explanation for the higher relative
infant dose. Nicardipine clearance in the placenta cannot
be ruled out.

The absolute incidence of 9-24% stillbirth is very
high. The ND cohort presented a very-high frequency of
stillbirths and neonatal deaths (summing both, almost
half of the women who received this medication lost their
babies). The neonatal death rate was also so high among
all women. This was not near zero. Although fetal mon-
itoring is a normal policy in China, the setting has no fetal
monitoring (this is a resource issue locally). This is an
unacceptable fetal and infant death rate. It raises ques-
tions on possible unsafe management of pregnant women
with preeclampsia especially in the average gestational
age of 33-34 weeks. Intravenous nicardipine should not
be a standard choice for the management of severe pre-
eclampsia in pregnant women. Also, clear Chinese guide-
lines are required from the Chinese Society of Obstetrics
and Gynecology for severe preeclampsia management.

None of the women received magnesium sulfate.
Administration of magnesium sulfate is a clear recom-
mendation, especially for severe preeclampsia before 32
weeks of gestation (the current study had 63 pregnant
women with gestation less than 32 weeks) because its
neuroprotective role for the newborn and anticonvulsant
for pregnant women have been scientifically proven. This
is a wrong approach, both ethically and methodologically.
The worse perceptions and experiences of healthcare
providers related to the administration of magnesium
sulfate to the parent and the referring institutes restrict
the use of magnesium sulfate for severe preeclampsia.
Clear Chinese guidelines are required from the Chinese
Society of Obstetrics and Gynecology for the use of magne-
sium sulfate for severe preeclampsia.

The starting dose of nicardipine used in the available
research [16] cited by the current study was 0.5 mg/h,
not 1mg/h as described in the methods section of the
current study. However, the time required to achieve
blood pressure less than 150/100 mmHg for women of
the ND cohort was 50.63 + 9.56 min/woman. Previous
studies demonstrated that nicardipine has a fast onset
of action (within 10 min) and a short elimination half-
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life (2-5 min), resulting in a fast and controllable antihy-
pertensive effect. Sufficient reduction in blood pressure
occurs most of the time within 20 min if the initial infusion
rate is set at 2-3 mg/h of nicardipine with increments of
0.5-1mg/h. A relatively low initial dose (continuous infu-
sion of 1 mg/h) may be the potential reason for the same.
However, the dosage of nicardipine used (1mg/h) in
the current study differed from the majority of previous
studies for the fast action of nicardipine due to severe
preeclampsia.

The use of phytosterols with calcium channel blockers is
an interesting idea and is worthy of investigation. However,
the study was a retrospective study. The other limitations
of the study, for example, the underlying mechanism for
the synergistic effect of oral phytosterol with nifedipine is
still not clear. It is hypothesized that oral phytosterol can
decrease the production of matrix metalloproteinase-3 and
matrix metalloproteinase-13 [24], which are responsible
for preeclampsia [25]. A placebo-controlled trial is required
to elucidate the mechanism of action responsible for the
synergistic effect of oral phytosterol with nifedipine to con-
trol hypertension for the management of preeclampsia.
The long-term effects of treatments on maternal and infant
outcomes were not evaluated. The perinatal mortality rate
for a cohort with a mean gestational age of 34 weeks
(3.0kg) seems high. The conditions of fetal surveillance,
the utilization of c-sections, and the infants’ nursery capa-
city for respiratory support were not discussed. With data
on phytosterol alone, it is inaccurate to state that the
effects of nifedipine and phytosterol are truly synergistic
as suggested or merely additive. Neither the dose of nife-
dipine or nicardipine was increased nor other drugs were
added to avoid hypertensive crises. The possible justifica-
tion is that the dose of the drug and intervention(s) were
kept less to avoid any fetal effect. Importantly, in 2020, The
American College of Obstetrics and Gynecology [26] pub-
lished evidence-based clinical guidelines for the diagnosis
and management of gestational hypertension and pree-
clampsia and recommended prophylactic aspirin between
12 and 28 weeks of gestation age. However, the current
study data were from before the publication of these
guidelines.

5 Conclusion

Intravenous nicardipine is superiorly effective to oral
nifedipine for the management of preeclampsia but is
associated with stillbirth, infant death, especially with
less than 32 weeks of gestation age, and undesirable
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tocolytic effect. Oral nifedipine is generally used by phy-
sicians for the management of high blood pressure in
severe preeclampsia but it has slower management of
high blood pressure and risk of further hypertensive
crisis after the control of hypertension. Also, oral nifedi-
pine has the risk of adverse infant outcomes if 40 mg or
more amount is used to control blood pressure to less
than 150/100 mmHg. The current study provides evidence
that oral phytosterol with nifedipine combination has a
synergistic or additive effect to control hypertension for
the management of preeclampsia with fewer risks of
maternal and infant adverse outcomes, especially with
less than 32 weeks of gestation age. Also, oral phytosterol
appears safe for women and infants. The current study
recommended clear Chinese guidelines to the Chinese
Society of Obstetrics and Gynecology for severe pree-
clampsia management. The study is recommending
a diet other than the mother’s milk to the infants if
delivery is done under intravenous nicardipine to rule
out nicardipine clearance in the placenta. There is already
evidence of the effects of various antihypertensive medica-
tions on preeclampsia. Most of the available evidence is
limited by the lack of controlled randomized trials, but
over recent years some large series have been published
that illustrate the advantages and disadvantages of the
main available drugs concerning the main phenotypes
of preeclampsia (i.e., early vs late forms). The current
study contains information of interest but the retrospec-
tive design and the relatively small numbers limit the
interpretations of the results. However, it adds substan-
tially novel information to what is already known on the
subject.
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