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Abstract

Background: The purpose of the study, to determine whether exposure to nifedipine before delivery is associated with an increased risk
of postpartum blood loss in patients with preterm labor. Methods: This was a retrospective study screening a total of 486 patients who
were admitted due to preterm labor from 2012 to 2019. Patients who were given nifedipine for tocolysis before delivery were considered
as the study group (n: 240), and the patients who gave birth without getting tocolysis were considered as the control group (n: 246). The
dose of nifedipine used during the last 24 hours, 72 hours and 1 week before delivery, the total dose of nifedipine given and the duration
from the last dose to the delivery were recorded separately. Hemoglobin and hematocrit and platelet values measured before and 6 hours
after delivery were recorded and postpartum bleeding amount was calculated. Results: No significant difference is observed in terms of
mean difference between pre/postpartum hemoglobin and hematocrit levels between control group and nifedipine group (p > 0.05). But
when subgroups that are created according to the time of use of nifedipine before delivery, a positive correlation was observed between
difference in hemoglobin and hematocrit levels between prepartum and postpartum and nifedipine dosage for the last 24 hours (r = 0.176,
p =0.006), (r=0.139, p = 0.030), but not for 72 hours or one week. Conclusions: The use of nifedipine in patients with preterm labor
for tocolysis may be associated with increase in postpartum blood loss in the last 24 hours before delivery.
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to the minimal maternal adverse effects associated with its
use [4-6]. A Cochrane review including 12 randomized
controlled trials concluded that CCBs, particularly nifedip-
ine, reduce the risk of delivery within 7 days of treatment
and delivery before 34 weeks of gestation with reduced fe-
tal complications such as respiratory distress syndrome, in-
traventricular hemorrhage, necrotizing enterocolitis when

1. Introduction

Preterm birth is one of the major causes of perinatal
morbidity and mortality [1,2]. Despite the improvements in
neonatal intensive care, they are at increased risk of long-
term neurodevelopmental disabilities and major complica-
tions [3]. Because uterine contractions are the most fre-

quently recognized symptoms of preterm labor, inhibition
of contractions with tocolytic agents to prolong pregnancy
is the main target of the treatment in women with preterm
labor.

Common agents that are used for the inhibition of
uterine contractility are beta-agonists, prostaglandin syn-
thase inhibitors, magnesium sulfate, oxytocin receptor an-
tagonists and calcium channel blockers. Due to the ma-
jor side effects of beta-agonists, calcium channel blockers
(CCB) have been utilized as effective tocolytic agents ow-
ing to their safety profile. Among calcium channel block-
ers, nifedipine is the most frequently used agent due to the
availability of oral formulation, and lower cost in addition

compared to other tocolytic agents [7,8].

Nifedipine shows its effect by reducing uterine con-
tractility and causing vasodilatation on vascular smooth
muscles. From this point of view, we hypothesized that
nifedipine might have an adverse effect on the amount of
postpartum hemorrhage due to its vasodilatory and contrac-
tility properties. The objective of this study is to examine
whether or not the exposure to CCBs before delivery is as-
sociated with an increased risk of postpartum hemorrhage
(PPH) in patients presenting with preterm labor.
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2. Materials and Methods
Study Design and Patients

This single-center retrospective case-control study
was conducted at the Department of Maternal-Fetal
Medicine, Kanuni Sultan Siileyman Education and Re-
search Hospital from 2012 to 2019. The review board and
the Ethics Committee of the hospital approved the study.
All pregnant women between 24—34 weeks of gestation,
who were admitted to the emergency department of our hos-
pital with the diagnosis of threatened premature labor were
included in the study. Inclusion criteria for the study were:
singleton pregnancy, no known comorbidities (e.g., hyper-
tension, blood dyscrasia), in preterm labor (i.e., less than
37 weeks age of gestation with cervical dilatation <4 cm).
Exclusion criteria were the following: Patients with coagu-
lation disorder (e.g., low platelet count, deranged coagula-
tion factors such as prothrombin time, partial thromboplas-
tin time), patients taking aspirin, warfarin, or heparin for
any medical condition, patients given other tocolytics aside
from nifedipine, patients who refuse/withdraw consent and
those allergic to nifedipine. Women with chorioamnionitis,
oligohydramnios, polyhydramnios, grand multiparity, mul-
tiple gestations, macrosomia, fetal growth restriction, co-
agulopathy disorders, uterine anomalies, placenta localiza-
tion anomalies, maternal hypertension (>140/90 mmHg)
or hypotension (<90/60 mmHg) were excluded from the
study since they could influence the amount of bleeding.
Suspected intrauterine infection cases were assumed as
chorioamnionitis and were excluded as additional potential
confounders for PPH.

Subjects were divided into two groups according to
the administration of the nifedipine. The group of patients
who were admitted to the clinic for preterm labor and were
appropriate candidates for tocolysis was considered as the
study group (n = 240). Tocolysis was carried out to prevent
preterm delivery and to prolong pregnancy only in subjects
with cervical dilatation <4 cm, and with a risk of delivery
within 7 days. The standard protocol for the management of
preterm labor, premature prelabour rupture of membranes
(PPROM) and related treatment with nifedipine, antibiotics
and antenatal corticosteroids was performed in accordance
with the recommendations stated by the American College
of Obstetricians and Gynecologists (ACOG) practice bul-
letins [9-11]. A pregnancy-week matched group of patients
who were not appropriate candidates for tocolysis and un-
derwent delivery without tocolysis (cervical dilatation >4
cm, cervical effacement >80%) were selected as the control
group.

Potential complications, including postpartum atony,
and chorioamnionitis associated with PPROM or nifedip-
ine use, and laboratory measurements of hemoglobin and
hematocrit levels at pre- and postpartum 6th hour were
recorded. Subjects with chorioamnionitis were monitored
using C-reactive protein and leukocyte count in addition
to the clinical findings such as tachycardia, fever and fun-

dal tenderness. Chorioamnionitis was established clinically
in subjects with fever (>38 °C orally), vaginal discharge,
maternal tachycardia (>100 beats per minute), fetal tachy-
cardia (>160 beats per minute), abdominal pain, uterine
tenderness, and leukocytosis. Non-reassuring fetal status,
clinical chorioamnionitis, and persistent uterine contraction
leading to cervical dilatation >4 cm were accepted as the
indications for delivery.

In addition to the total dose of nifedipine given and
the duration from the last dose to the delivery, the dose of
nifedipine used during the last 24 hours, 72 hours and 1
week before delivery were recorded separately for all pa-
tients. Hemoglobin and hematocrit values measured before
and 6 hours after delivery were recorded. Pre/postpartum
hemogram and hematocrit, platelet changes were compared
in control and nifedipine groups taking into account the to-
tal duration of use of the drug, the dose and the time of use
before delivery.

Number Cruncher Statistical System (NCSS) 2007
Statistical Software (NCSS LLC, Kaysville, UT, USA) was
used for statistical analysis. Shapiro-Wilk test was used
to determine whether variables were distributed normally
or not. The homogeneity of variances was assessed with
the Levene test. Data are presented as mean + standard
deviation or median (minimum-maximum) for continuous
variables regarding the distribution and as frequency (per-
centage) for categorical variables. Paired samples ¢-test was
used in comparison of the change in the variables from pre-
to postpartum period. Independent samples ¢-test and Mann
Whitney U tests were used for group comparisons. Categor-
ical variables were compared using the Pearson chi-square
test. Correlation analysis was performed to identify the as-
sociation between the nifedipine duration or dose and the
change in hemoglobin and hematocrit levels. The p < 0.05
values were accepted as statistically significant.

3. Results

There were 246 patients in the control group and 240
patients in the study group. Demographic variables are
shown in Table 1. No significant difference was observed in
terms of age, BMI (body mass index), gravidity, parity, live
birth numbers, weeks of gestation and previous delivery
methods between the control group and nifedipine group.
However, the presence of PPROM in the nifedipine group
was significantly lower than that of the control group (p <
0.001). Related to PPROM, we had a chorioamnionitis in-
cidence of 11.2% (n = 31) in the control group and 10.8%
(n =29) in the nifedipine group (p = 0.888). There were no
significant differences between the groups in terms of ce-
sarean section indications, labor durations and mean new-
born weight. Besides, we had in both groups statistically
insignificant 2 cases complicated with atony, which were
managed medically or with Bakri balloon insertion.

Both pre- and postpartum hemoglobin and hematocrit
levels were similar in the two groups. However, both
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Table 1. Maternal baseline characteristics of patients with preterm birth with related demographics, delivery and neonatal

outcome.
. Control group Nifedipine group
Variables D
(n =246) (n =240)
Maternal characteristics
Age (years) 28.82 + 6.28 29.09 £+ 6.6 0.644*
Height (cm) 161.5 + 4.67 161.57 +£5.26 0.924*
Weight (kg) 75.86 + 14.26 76.97 + 17.85 0.628*
BMI (kg/m?) 29.09 4+ 4.98 29.21 +£5.53 0.874*
Gravidity (n, %) 2 (1-3) 2 (1-3.5) 0411%
Parity (n, %) 1(0-2) 1(0-2) 0.128%
Live births (n, %) 1(0-2) 1(0-2) 0.076%
Delivery and maternal outcome
Weeks of gestation at birth 30.49 £3.33 30.46 £ 3.53 0.911*
Previous delivery methods (n, %) none 83 36.89% 105 42.86% 0.288+
NSVD 75 33.33% 65 26.53%
C-section 56 24.89% 58 23.67%
NSVD + C-section 11 4.89% 17 6.94%
PPROM (n, %) no 10 4.42% 57 23.36%  <0.001+
yes 216 95.58% 187 76.64%
Delivery type (n, %) NSVD 83 33.74% 81 33.06% 0.873+
C-section 163 66.26% 164 66.94%
C-section indication (n, %) Previous C-section 66 40.24% 69 40.12% 0.792+
Fetal distress 32 19.51% 27 15.70%
Failed induction of labor 2.44% 4 2.33%
CPD 0 0.00% 2 1.16%
Breech position 15 9.15% 15 8.72%
Other maternal factors 46 28.05% 53 30.81%
Other fetal factors 1 0.61% 2 1.16%
Anesthesia type (n, %) General 163 100.00% 158 93.49% 0.001+
Regional 0 0.00% 11 6.51%
Time from inclusion to delivery (days) 4 (3-6) 4(2-7) 0.882%
Atony (n) 2 2 0.980
Neonatal outcome
Weight of newborn (g) 1657.08 & 695.1  1608.89 + 1029.01 0.544*
NICU (n) 71 (30%) 83 (34%) 0.331
Fetal mortality (n) 10 (4%) 10 (4%) 0.826

*Unpaired ¢ test; {Mann Whitney U test; + Chi Square Test.

BMI, body mass index; PPROM, premature rupture of membranes; NICU, neonatal intensive care unit; NSVD, normal spontaneous

vaginal delivery; CPD, cephalopelvic disproportion; C-section, cesarean section.

hemoglobin level and hematocrit decreased significantly in
the two groups from the pre- to postpartum period (Table 2).
Postpartum platelet count was significantly lower than the
prepartum platelet count in the nifedipine group, but was
still in normal range.

The nifedipine dose administered at the last 24 hours
of the treatment was significantly correlated with the
change in the hemoglobin (r=0.176, p = 0.006) and hema-
tocrit levels (r=0.139, p = 0.030) form the pre- to the post-
partum period (Table 3, Fig. 1).

No significant correlations were observed between the
duration of the labor and medication for 72 hours, medica-
tion for 1-week, total nifedipine dosage, nifedipine dosage
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for the last 24 hours, total nifedipine use in days and time
between nifedipine stop to birth (p > 0.05) (Table 4). The
only statistic that is different in Table 4 is the p value =
0.028.

As shown in Table 5, we conducted subgroup analyses
for various aspects of nifedipine medications, including the
sum of nifedipine medications taken over 72 hours, the sum
of medications taken over 1 week, the overall total nifedip-
ine dose, and the total nifedipine dose for the last 24 hours
before delivery.

Table 5 provides a comprehensive overview of the
measures of nifedipine use, including median values, in-
terquartile ranges (IQRs) and minimum—maximum ranges
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Table 2. Laboratory variables.

Control group Nifedipine group
(n=246) (n=240)
Hemoglobin (g/dL)  Prepartum 11.44 + 1.43 11.54 £ 1.45 0.433*
Postpartum 1061+ 1.5 10.76 £+ 1.56 0.279*
Vi 0.0001 0.0001
Difference between pre- and postpartum 0.8 (0.2-1.3) 0.7 (0-1.55) 0.510%
Hematocrit (%) Prepartum 33.14 £ 3.62 35.15+4.10 0.0001*
Postpartum 30.5 +3.91 32.70 +4.38 0.0001*
Dt 0.0001 0.0001
Difference between pre- and postpartum 2.6 (1-4.2) 2.2 (04.9) 0.411%
Platelets (mcl) Prepartum 247.59 + 86.44  228.82 £ 63.08 0.006*
Postpartum 230.55 £ 76.37  221.73 4+ 80.27 0.213*
pt 0.0001 0.131
Difference between pre- and postpartum 17 (—2-39) 12 (-13.5-37.5) 0.123%

*Unpaired ¢ test; YMann Whitney U test; tPaired ¢ test.

Table 3. Differences in laboratory values according to medication duration.

Difference between pre-

Difference between pre-  Difference between pre-

and postpartum Hgb and postpartum Htc and postpartum PLT
Medication for 72 hours r 0.078 0.011 0.047
P 0.226 0.863 0.465
Medication for 1-week r 0.029 0.015 0.043
p 0.655 0.813 0.506
Total nifedipine dosage r 0.119 0.091 0.022
p 0.064 0.154 0.728
Nifedipine dosage for the last 24 hours  r 0.176 0.139 —0.055
y4 0.006 0.030 0.387
Total nifedipine use in days r 0.087 0.099 0.052
)4 0.174 0.122 0.421
Time between nifedipine stop and birth —-0.119 —0.078 0.016
P 0.064 0.223 0.807

Pearson correlation test; Hgb, hemoglobin; Htc, hematocrit; PLT, platelet.

Table 4. Correlation analysis.

Duration of labor

Medication for 72 hours r —-0.029
P 0.81
Medication for 1-week r 0.129
P 0.286
Total nifedipine dosage r 0.138
P 0.253
Nifedipine dosage for the last 24 hours  r 0.127
14 0.296
Total nifedipine use in days r 0.111
P 0.361
Time between nifedipine stop and birth —0.042
p 0.028

for values for which min—max values were not available for
some values within the nifedipine group.

4. Discussion

Postpartum hemorrhage is one of the major causes of
maternal morbidity and mortality worldwide. That’s why
modern medicine tries to find out possible agents for the
treatment of postpartum hemorrhage to diminish the blood
loss used in the course of labor. Calcium channel blockers
are one of these agents frequently used during pregnancy
for tocolysis during preterm labor course, in addition to its
antihypertensive properties [12—16].

Calcium channel blockers show their effects by in-
hibiting the influx of calcium into peripheral arterial smooth
muscle cells and uterine smooth muscle cells, which further
leads to vasodilatation and relaxation in myometrium [12].
While this effect is beneficial in the management of preterm
labor or gestational hypertension; however, following de-
livery, this effect becomes dangerous as effective uterine
contractions are required to compress the uterine vascula-
ture [13]. In the absence of effective contractions, the uterus
becomes relaxed and excessive bleeding resulting in post-
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Fig. 1. Correlation graphic for related nifedipin use 24 hours before delivery.

partum hemorrhage and maternal mortality may occur. Be-
cause of the relaxation effect on smooth muscles and uter-
ine muscles, several authors have suggested that exposure
to CCBs before delivery may increase the risk of uterine
atony and PPH [17,18].

The use of CCB prior to delivery may theoretically
increase the risk of PPH by causing uterine relaxation has
not been studied thoroughly. The study by Yang et al.
[19] which investigated the amount of blood loss during la-
bor in hypertensive patients taking CCBs found a signifi-
cant increase in postpartum hemorrhage in patients receiv-
ing CCB’s during the active stages of labor compared to
subjects in whom CCBs were stopped before the labor. In
accordance with Yang’s study, we found a positive corre-
lation between the PPH and the nifedipine dosage received
24 hours before the labor, although there were no significant
correlations between the PPH and the nifedipine dosage re-
ceived 72 hours before the labor. In this cohort study, we
did not observe a significant difference in terms of pre- and
postpartum hemoglobin and hematocrit levels between con-
trol and nifedipine groups; however, when we analyzed the
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PPH risk according to the time of CCB use in subgroups,
usage before the last 24 hours of delivery is likely related to
an increase in PPH. A positive correlation is observed be-
tween difference in hemoglobin and hematocrit levels from
the pre- to the postpartum period and nifedipine dosage for
the last 24 hours but not for 72 hours or the dosage received
for the last 1 week.

A possible explanation for this might be that CCBs
have short half-life and the drug may have been cleared
from the blood quickly until delivery, so that their effect
easily dissolves in myometrium. However, when nifedip-
ine is received close to the labor, there is not enough time
for the drug to be cleared off. The risk of PPH associated
with CCBs may results from the direct action on the my-
ometrium. It appears that subjects are vulnerable to PPH
promoted by the nifedipine immediately before the deliv-
ery. Another large scaled study, which was conducted by
Bateman et al. [20] confirms our results. They compared
the risk of postpartum hemorrhage in hypertensive patients
receiving CCBs and other antihypertensive drugs (methyl-
dopa or labetalol). They found no differences in the risk
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Table 5. Nifedipine sum of the taken medication.

Nifedipine group  Median (IQR) Min—Max
Total medication for 72 hours (mg) (n =230) 114.13 £ 6548 90 (60-162.5) 20-380
Total medication for 1-week (mg) (n = 89) 186.85 + 141.23 120 (85-260) 10-630
Total nifedipine dosage (mg) 221.51 4+ 134.11 120 (60-210) 20-3330
Total nifedipine dosage for the last 24 hours (mg) 54.99 + 25.50 60 (30-60) 10-170
Total nifedipine use in days 3.71 £ 4.64
Time between nifedipine stop and delivery in days 13.31 £ 23.76

IQR, interquartile range.

of PPH between two groups. The possible explanation for
the lack of a difference in the PPH rate between the sub-
jects receiving CCBs and other antihypertensive drugs is
that Bateman and colleagues included outpatient subjects,
and CCBs were probably stopped long before the delivery
so that the unfavorable effects of the CCBs on the PPH was
not observed in that study.

The main difference of our study from the previous
studies is that the study population included in our study
was consisting of subjects with preterm labor in contrast
to the previous studies conducted on subjects with gesta-
tional hypertension. To the best of our knowledge, this is
the first study investigating the obstetric adverse effects of
(i.e., bleeding effect) CCBs when used for the management
of preterm delivery. According to preterm delivery proto-
cols, after loading dose, CCB’s may be given up to 8 times
a day in the first 24 hours, and then the dosage is decreased
gradually until corticosteroid medication is completed. Be-
cause the doses are higher than used in hypertensive states
(4 or 6 times a day), the uterine relaxation may be exagger-
ated because of higher plasma levels soon before delivery.

The lack of direct measurement of the bleeding during
and after the labor would provide more accurate informa-
tion regarding the impact of nifedipine on postpartum hem-
orrhage. However, data concerning the blood loss was not
available in many of the patients. Therefore, we had to use
the pre-and postpartum hemoglobin and hematocrit levels
to estimate the amount of the postpartum blood loss in the
two groups. These results therefore need to be interpreted
with caution.

5. Conclusions

In conclusion, our study showed that nifedipine use
for tocolytic purpose may increase hempglobin/hematocrit
levels and platelate counts during delivery among women
with preterm labor, but this was in an acceptable amount
and statistically insignificant. However, other studies may
have totally different results, which shows us that this topic
needs further investigation. Although not to conclude with
our study, obstetricians should be aware with the use of
nifedipin and be prepared for greater blood loss and post-
partum hemorrhage to prevent maternal morbidity and even
mortality [21].
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