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Abstract

Background: One of the most serious complications of pregnancy is preterm labor (PTL) and delivery. Further, there are different tocolytic
agents available to enhance the time of delivery.

Objectives: The aim of this study was to compare the effectiveness of transdermal nitroglycerin (glyceryl trinitrate, GTN) and oral
nifedipine for managing preterm labor.

Patients and Methods: This was a randomized clinical trial involving women who were admitted to our hospital with a diagnosis of
PTL. Group one received transdermal GTN, whereas group two received oral nifedipine. All vital signs, fetal heart rate (FHR), contractions,
dilation, and effacement, as well as gestation age at the time of delivery, have been monitored and evaluated in both groups of patients.
Our main goal was the postponement of delivery so as to secure the most beneficial effect of primary corticosteroid administration for
the fetus.

Results: Both groups were matched regarding age, gestational age at the time of tocolytic therapy, height of fundus, history of pregnancy,
abortion, delivery, and stillbirth, primary body temperature, and systolic and diastolic blood pressure. Those who received GTN had a
more prolonged delay of delivery. Also, the GTN group had infants with better one- and five-minute Apgar scores. Although both groups
reported minimal side effects, tachycardia and nausea were reported more frequently in GTN patients.

Conclusions: Transdermal GTN was shown to be more effective in controlling PTL compared to oral nifedipine in terms of both maternal
and neonatal effects.
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1. Background

Delivery prior to a gestational age (GA) of 37 weeks occurs sulfate, (3-adrenergic receptor agonists, prostaglandin in-
in 6 to 7% of all pregnancies, although this rate is1to 2%  hibitors, calcium channel blockers, oxytocin antagonists,
for deliveries prior to a GA of 32 weeks, and the overall in-  and nitric oxide donors are the tocolytic agents that have
cidence is increasing (1). One of the most important etiolo-  typically been applied to control PTL, and each of them has
gies of perinatal morbidity and mortality is preterm labor  its own individual pros and cons in terms of maternal and
(PTL), which could result in neonatal death or permanent  fetal effects (4-6). Animal and human studies indicate that
sequela as well as additional costs to the healthcare sys-  nitric oxide donors have been effective in delaying labor,
tem (2). To manage this problem, tocolytic agents have ~ with little or no maternal and/or neonatal side effects. The
been used to reduce perinatal morbidity and mortality released nitric oxide causes smooth muscle relaxation as
by delaying the time of delivery. Such a delay has several ~ Well as similar effects to progesterone in the suppression
advantages, including allowing sufficient time for the op- ~ Of uterine contractions in the utero-placental unit. It has
timum effect of corticosteroids on the pulmonary system also been shown that a reduction in the level of nitric ox-
of the fetus, promoting increased consultation with peri- ide in the uterus can trigger labor and delivery.
natologists and pediatricians, and facilitating the trans-
fer of the neonate to a referral hospital or medical center
equipped with a neonatal intensive care unit (NICU), rel- The aim of the present study was to assess the effective-
evant trained staff, and special equipment (3). Magnesium  ness of transdermal nitroglycerin (glyceryl trinitrate,

2. Objectives
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GTN) and oral nifedipine for the treatment of PTL, their
maternal and fetal side effects, and their possible impacts
on the prognosis of neonates.

3. Patients and Methods

3.1. Study Population

This prospective randomized clinical trial study was
performed at Emam Reza hospital Mashhad University of
Medical Sciences, Mashhad, Iran, over a one-year period
from October 2013 to October 2014. All patients who were
over 18-years-old and diagnosed with PTL were evaluated
by experienced obstetricians for probable inclusion in
the study.

The inclusion criteria were a GA of between 24 and 34
weeks and signs of early-onset delivery ( > 4 uterine con-
tractions within 20 minutes, >1centimeter (cm) of dila-
tion, and effacement of over 80%).

The exclusion criteria were maternal or fetal life-threat-
ening conditions that require emergency termination,
multiple pregnancy, premature rupture of membrane,
fatal anomaly or intra-uterine fetal death, cervical dila-
tion > 4 cm, any tocolytic treatment on previous days,
and a positive allergy to GTN.

Complete matching of the two groups was performed
regarding age, previous obstetric history (number of
previous pregnancies, deliveries, abortions, and still-
birth), GA, height of fundus, temperature, and systolic
(SBP) and diastolic blood pressure (DBP) at the time of
admission (Table 1).

3.2. Study Protocol

Approval from the Institutional Review Board and the
Ethics Committee of Mashhad University of Medical Sci-
ences was obtained prior to the start of the study. This
study has been successfully registered with the clinical
trials service of the US National Institutes of Health (Clin-
icalTrials.gov Identifier: NCT02583633). All participants
provided written informed consent.

In the interests of randomization, a nurse who was
blinded to the study gave each patient in order of pre-
sentation a sealed envelope containing her admission
number. This admission number was assigned as the
medical profile number of the patient. A colleague of the
researchers opened the envelopes and categorized the
patients according to odd and even profile numbers (odd
numbers (n = 71) as the GIN group and even numbers (n
=68) as the nifedipine group) (Figure 1). In the nifedipine
group, nifedipine softgel was applied, while in the GTN
group, a GTN patch was applied. As the shapes of the two
medicines were completely different, blinding was not
performed, although those assessing the results were
blinded to the group assignment.

All eligible patients were given intravenous normal sa-
line (500 milliliters) for 30 minutes and then two doses

of intramuscular betamethasone every 24 hours (12 mil-
ligrams up to two doses). Next, for the GTN group, trans-
dermal GTN (Schwarz Pharma AG, Monheim am Rhien,
Germany) was prescribed and placed on the patient’s
forearm. Each patch contained 37.4 mg of glyceryl trini-
trate, which was released into the blood stream (10 mg/24
hours). One hour after application of the first patch, uter-
ine contractions were evaluated. If the contractions con-
tinued and/or any change in dilation and/or effacement
was observed, a second patch was applied. Again, after
one hour the contractions were assessed. In the case of
subsided contractions or the presence of no change in ef-
facement and dilation, the patch was left on for 48 hours.
On the other hand, if the progression of contractions was
observed and|or there was a change in effacement and/
or dilation, the patch was removed and another tocolytic
was prescribed to stop the contractions.

For the nifedipine group, nifedipine 5 mg softgel (Daa-
na Pharma Co., Tabriz, Iran) was prescribed. In this group,
the order of medicine prescription was:

1) One soft gel every 20 minutes (4 doses).

2) Two soft gel every 6 hours (4 doses).

3) One soft gel every 6 hours (4 doses).

4) One soft gel every 8 hours (3 doses).

Similar to the GTN group, the uterine contractions were
checked every hour, and if the contractions did not sub-
side or if there was any change in dilation and/or efface-
ment, the treatment was stopped and another tocolytic
was applied.

For both groups, the fetal heart rate (FHR) was moni-
tored continuously during the first four hours and then
it was checked periodically. Also, the blood pressure of all
patients was checked every 15 min for the first hour and
then every four hours.

The gestational age at the time of delivery and the num-
ber of women in whom contractions were stopped after
four hours of treatment were compared between the
two groups. Also, the duration of NICU stay, infant birth
weight, Apgar scores of minute one and minute five, and
incidence of neonatal respiratory distress syndrome
(RDS), patent ductus arteriosus (PDA), and necrotizing
enterocolitis (NEC) were documented and assessed. The
maternal adverse effects of the two medicines, including
hypotension, headache, tachycardia, nausea, and dermal
erythema, were compared between the two groups.

3.3. Statistical Analysis

All data analyses were performed using Statistical Pack-
age for the Social Sciences version 16 (SPSS Inc., Chicago, II-
linois, USA). Chi-squared or Fisher’s exact tests were used to
compare the qualitative variables between the two groups,
while independent t-tests were used for the parametric
variables. All data are reported as mean * standard devia-
tion (SD) or proportions, as appropriate. A two-tailed P val-
ue of less than 0.05 was considered statistically significant.
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4.Results

Finally, data concerning 139 patients were registered
and 112 patients were analyzed. No significant differ-
ences between the groups were found with regard to
aspects such as age, gestational age at the beginning
of study based on ultrasonography, previous obstetric
history (number of previous pregnancies, deliveries,
abortions, and stillbirth), height of fundus at the time
of admission, baseline temperature, and baseline SBP
and DBP (Table1).

The suppression of contractions 48 hours after start-
ing medication was significantly more common in the
GTN group than in the nifedipine group (44.64% (n =
25/56) vs n =10, P = 0.002). In addition, the delivery of

women treated with GTN was more prolonged in com-
parison to those treated with nifedipine (34 - 6 vs 33 - 5,
P =0.012), and their babies also had significantly higher
Apgar scores of minute one and minute five (7.6 + 0.88
vs 7.0 +0.71,P=0.001and 8.3 +1.05vs 7.6 +1.12, P= 0.001,
respectively) (Table 2).

Table 3 depicts the maternal side effects of the drugs
applied in the two groups. Although the occurrence of
headache was equal in both groups, tachycardia and nau-
sea were significantly more common in the GTN group
(both tachycardia and nausea; n =5; 8.92% vs n =0, P =
0.019). A local or systemic skin reaction (erythema) was
not detected in any patient in either group.

Table 1. Demographic and Medical Characteristics of the GTN Group and the Nifedipine Group?

GIN Group (n=56) Nifedipine Group (n=56) P ValueP
Age,y 27.4+3.23 26.7+3.46 274
Number of previous pregnancies 1.8+ 0.81 1.7+£0.93 517
Number of previous deliveries 0.6+0.78 0.4+0.68 123
Number of previous abortions 0.2+£0.39 03+0.57 177
Number of previous stillbirths 0.02+0.13 0.09+0.39 202
GA based on ultrasonography, weeks-days 31-4 32-4 408
Height of fundus, cm 31+£1.6 31+1.56 .952
Baseline temperature, centigrade 36.99+0.13 36.97+0.03 .922
Baseline systolic blood pressure, mmHg 108.3+5.2 108.7%5.5 .661
Baseline diastolic blood pressure,mmHg 69.4 £5.79 70.7£2.6 112
Abbreviations: GA, gestational age; GTN, glyceryl trinitrate.
4Dpata are reported as the mean + SD.
P value less than 0.05 is considered statistically significant.
Table 2. Treatment Outcomes in the GTN Group and the Nifedipine Group?
GTIN Group (n=56) Nifedipine Group (n=56) P ValueP
GA at the Time of Delivery, weeks-days 34-6 33-5 0.012
Suppression of contractions after 48 hours 25 (44.64) 10 (17.86) 0.002
ApgarScore, minute one 7.6+0.88 7.0+0.71 <0.001
ApgarScore, minute five 8311.05 7.6 £1.12 <0.001
Infant birth weight 2139.2 +511.1 2226.8+573.5 0396
Duration of NICU stay 3.4+4.69 2.84+4.38 0.520
Neonatal RDS 24 (42.86) 23 (41.7) 0.848
Neonatal PDA 0(0) 1(0.83) 0315
Neonatal NEC 0(0) 2(1.78) 0.154

Abbreviations: GA, gestational age; GTN, glyceryl trinitrate; NEC, necrotizing enterocolitis; NICU, neonatal intensive care unit; PDA, patent ductus

arteriosus; RDS, respiratory distress syndrome.
dData are reported as the mean + SD or frequency (%) as appropriate.
Pvalue less than 0.05 is considered statistically significant.
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Table 3. Maternal Adverse Effects in the GTN Group and the Nifedipine Group?

GIN Group (n=56) Nifedipine Group (n=56) P ValueP
Headache 16 (28.57) 16 (28.57) .999
Tachycardia 5(8.92) 0(0) .019
Nausea 5(8.92) 0(0) .019
Hypotension leading to cessation of the medication 14 (25) 16 (28.57) .615
Dermal erythema 0(0) 0(0) 999

Abbreviation: GTN, glyceryl trinitrate.
dData are reported as the frequency (%).
Pvalue less than 0.05 is considered statistically significant.

Consort Flow Diagram of the Study

Enrollment J
[ Assessed For Eligibility (n =250)
Excluded (n=111)
e Nor Meeting Inclusion Criteria (n = 32)
Declined to Participate (n=75)
Other Reasons (n=4)
Randomized (n =139)
v ( Allocation ] v
L J
Allocated to Intervention (n=71) Allocated to Intervention (n = 68)
(GIN Group) (Nifedipine Group)
v [ Follow-Up v
L8 J
Lost to Follow-up (n=3) Lost to Follow-up (n=3)
Discontinued Interverntion (n=9) Discontinued Interverntion (n=9)
v [ Analysis J v
Analysed (n=56) Analysed (n=56)

Figure 1. Flowchart of the Study Procedure
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5. Discussion

PTL and delivery could have devastating impacts on
both the mother and the infant. Yet, management of this
problem has always been a challenge for obstetricians. In
this study, we compared the effectiveness of transdermal
GTN and oral nifedipine for controlling PTL, and we dis-
covered that transdermal GTN is better able to cease the
uterine contractions and can thus slow the progress of
delivery more efficiently.

GTN, a nitric oxide donor, has been shown to produce a
significant decrease in the contractility of human myo-
metrium in pregnant and non-pregnant women in vitro
(7-10). In 1994, Lees et al. (11) reported that transdermal
nitroglycerin patches suppressed uterine contractions in
all 20 episodes of preterm labor that occurred in 13 con-
secutive women enrolled in a pilot study, and they hence
suggested that this nitric oxide donor could be an effec-
tive and safe tocolytic agent.

The actual introduction of transdermal nitroglycerin
for controlling preterm labor dates back to 1996, when it
was beneficial in ten women (12).

In1999, Lees et al. (13) compared the efficacy of ritodrine
and GTN, and they found that there was no significant
difference in acute tocolysis between these two medica-
tions; however, the overall preterm delivery rate was less
in GIN patients. Also, glyceryl trinitrate had less adverse
side effects. Black et al. (14) evaluated the maternal and fe-
tal cardiovascular effects of transdermal GTN compared
with ritodrine for acute tocolysis in a multicenter clini-
cal trial involving 60 women. They reported that trans-
dermal GIN had only trivial effects on maternal pulse
rate, blood pressure, and FHR, and, therefore, it had sig-
nificantly fewer adverse cardiovascular effects than in-
travenous ritodrine. As a consequence, transdermal GTN
could be a safer and more convenient treatment option
for women suffering from PTL.

In 2001, a study of 30 pregnant women of 27 to 34 weeks
of GA who were diagnosed with PTL reported a decrease
in uterine contractions in all women without any side ef-
fects on fetal cardiotocography and heart rate (15).

In 2010, Smith et al. (16) indicated that a reduction in
overall neonatal outcome with transdermal GTN com-
pared with a placebo was mainly due to a 23-day prolon-
gation of pregnancy and a trend toward ending a course
of corticosteroids in the subgroup randomized prior to
28 weeks’ gestation. Hence, transdermal GTN could pro-
long the time of delivery and, therefore, reduce neona-
tal morbidity and mortality. Another study, which was
a non-randomized clinical trial involving 65 pregnant
women conducted in Pakistan, reported that transder-
mal GTN was an effective and safe tocolytic medication
capable of prolonging the pregnancy and improving
the neonatal outcome (17).

From another point of view, Guo et al. (18) performed a
clinical trial on 153 pregnant women in Canada to assess
the cost-effectiveness of transdermal GTN versus a place-
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bo. They showed that the application of transdermal GTN
in the context of PTL could lessen NICU costs and signifi-
cantly improve neonatal outcomes.

In a systematic review and meta-analysis published in
2013, it was stated that compared with [32-adrenergic re-
ceptor agonists, transdermal GTN was associated with a
significant decrease in the risk of preterm birth, NICU ad-
mission, and maternal adverse effects. Nonetheless, there
were no significant differences between transdermal
GTN and magnesium sulfate and nifedipine in pregnancy
prolongation and delivery within 48 hours of treatment,
respectively (19).

In addition to the above-mentioned studies, some oth-
er surveys have been published that compared GIN to
ritodrine (14, 20, 21), magnesium sulfate (MgS0O,) (22),
fenoterol magnesium sulfate (23), or salbutamol magne-
sium sulfate (24), as well as one case series (25).

Despite these trials showing evidence of the probable
efficacy of transdermal GTN in controlling PTL, the most
recent update of the Cochrane Review included random-
ized controlled trials involving a total of 1227 patients and
declared that there was still insufficient evidence to sup-
port the routine administration of nitric oxide donors in
the treatment of preterm labor (26).

Calcium channel blockers, mainly nifedipine, gained
popularity as tocolytics due to the oral route of admis-
sion, the availability of immediate- and slow-release
preparations, and the adequate effects on prolongation
of pregnancy. However, there is growing concern regard-
ing the overall neonatal outcome as well as the possible
adverse maternal and fetal events (27, 28).

Nikolov et al. (29) published the results of their survey of
PTL women treated with oral nifedipine in 2007. In their
study, 32 out of 37 women completed their pregnancy un-
eventfully and, consequently, they suggested oral nifedip-
ine as a rational alternative to other tocolytics. In a simi-
lar study in 2010, it was indicated that nifedipine was an
effective, economical, and safe drug for tocolysis, and that
it might be used as a substitute for (3-adrenergic receptor
agonists in countries with limited resources (30). The find-
ings of this study were in accordance with our findings with
regard to the effects of nifedipine in pregnancy prolonga-
tion as well as babies with lower Apgar scores. In contrast to
these studies, Lyell et al.’s (31) prospective, randomized, dou-
ble-blind multicenter study involving 71 pregnant women
with PTL showed a different outcome. They indicated that
the maintenance of nifedipine as a tocolytic medication
did not result in a significant improvement in neonatal out-
comes or an acceptable decrease in preterm delivery.

The results of our study showed that the application
of transdermal GTN was not only efficient as a tocolytic
agent due to the suppression of contractions (P = 0.002),
but it was also effective in improving GA at the time of
delivery and the resultant prolonged pregnancy (P =
0.012). This time interval is noteworthy in relation to the
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administration and effectiveness of corticosteroids, and
the statistically significant Apgar scores of minute one
and minute five have been compatible with this result (P
< 0.001 for both scores).

In the present study, the most common complication
was headache and its incidence was equal in both groups.
Five patients in the GTN group complained of nausea af-
ter administration of the patch, and this was the same
rate for tachycardia in this group (P = 0.019). Despite the
fact that these adverse effects were significant from a sta-
tistical point of view, we detected only trivial discomfort
in our patients in the clinical setting.

We noted some limitations to our study. First, due to the
unavailability of placebo patches of the same size and
shape as the transdermal GTN, we were unable to arrange
double blinding. However, the research colleagues who
conducted the statistical analysis and data interpretation
were unaware of the groups. Second, on hospital admis-
sion we registered and documented the GA of pregnant
women based on the ultrasonography reports of various
ultrasonographists that the patient has brought with
them. As our hospital is the tertiary referral center in the
county, it was not feasible to provide ultrasonography for
all patients by the same ultrasonographist.

In summary, the potential effectiveness, economic
aspects, trivial side effects, and simplicity of adminis-
tration have led obstetricians to consider and evaluate
transdermal GTN in clinical decision making. Hence,
conducting further randomized, double-blind, placebo-
controlled clinical trials to explore the possible short-
term and long-term neonatal outcomes are highly rec-
ommended. These findings would be more practical in
cases of very premature neonates for whom the prolon-
gation of pregnancy is much more crucial to reducing
the likelihood of lifelong disabilities.
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