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Abstract

OBJECTIVE—To evaluate the efficacy and safety of transdermal nitroglycerin as tocolytic agent
in women with preterm labor.

STUDY DESIGN—Systematic review and meta-analysis of randomized controlled trials.

RESULTS—Thirteen studies (1302 women) were included. Two studies evaluated transdermal
nitroglycerin versus placebo (N=186), 9 evaluated transdermal nitroglycerin versus po-adrenergic-
receptor agonists (N=1024), and 1 each evaluated transdermal nitroglycerin versus nifedipine
(N=50) and transdermal nitroglycerin versus magnesium sulfate (N=42). There were no significant
differences between transdermal nitroglycerin and placebo for delivery within 48 hours of
initiation of treatment or before 28, 34 or 37 weeks’ gestation, adverse neonatal outcomes, and
neurodevelopmental status at 24 months of age. Nevertheless, one study found a marginally
significant reduction in the risk of a composite outcome of significant neonatal morbidity and
perinatal mortality (3/74 [4.1%] versus 11/79 [13.9%]; relative risk 0.29, 95% confidence interval
0.08-1.00). When compared with pBo-adrenergic-receptor agonists, transdermal nitroglycerin was
associated with a significant reduction in the risk of preterm birth <34 and <37 weeks’ gestation,
admission to the neonatal intensive care unit, use of mechanical ventilation, and maternal side
effects. There were no significant differences between transdermal nitroglycerin and nifedipine
and magnesium sulfate in delivery within 48 hours of treatment and pregnancy prolongation,
respectively. Overall, women receiving transdermal nitroglycerin had a higher risk of headache.

CONCLUSION—AIthough transdermal nitroglycerin appears to be more effective than f§ ,-
adrenergic-receptor agonists, the current evidence does not support its routine use as tocolytic
agent for the treatment of preterm labor. Further additional double-blind placebo-controlled trials
are needed.
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INTRODUCTION

In 2010, an estimated 15 million babies (range, 12.3-18.1 million) were born preterm,
11.1% of all live births worldwide, ranging from about 5% in several European countries to
18% in some African countries.! In 2011, the preterm birth rate in the United States was
11.7%?2 and currently is one of the ten countries with the highest numbers of preterm births,
accounting for 42% of all preterm births in the developed world.! Preterm birth is now the
second most common cause of death in children younger than 5 years after pneumonia and
is the leading cause of neonatal death worldwide.3 In addition, preterm birth contributes to
long-term growth impairment and substantial long-term morbidity such as cognitive, visual,
and learning impairments.*>

About 40-45% of preterm births follow spontaneous preterm labor.® Tocolytic therapy
continues to be the focus of treatment of preterm labor to allow the administration of
antenatal corticosteroids for improving fetal lung maturity and to transfer the mother to a
tertiary care facility with a neonatal intensive care unit (NICU). The ideal tocolytic agent
should be specific to the common pathway of parturition (activated in the specific patient),
easy to administer, effective in preventing preterm birth, and able to improve neonatal
outcomes, with few maternal, fetal, and neonatal side effects and without long-term adverse
effects.” A wide variety of agents have been used to suppress uterine contractions, including
B,-adrenergic-receptor agonists,8-12 magnesium sulfate,13-16 cyclooxygenase
inhibitors,17-22 calcium channel blockers, 723-26 oxytocin-receptor antagonists?’~31 and
nitric oxide donors.32-35 Currently, there is no clear first-line tocolytic agent although a
recent meta-analysis suggested that nifedipine appears to meet several characteristics of an
ideal tocolytic agent.”

Nitric oxide, a potent relaxant of smooth muscle, is possibly involved in the maintenance of
uterine quiescence during pregnancy.36-38 Nitroglycerin, a nitric oxide donor, has been
shown to produce a significant decrease in the contractility of human myometrium from
pregnant and nonpregnant women in vitro.3%-42 In 1994, Lees et al3 reported that
transdermal nitroglycerin patches suppressed uterine contractions in all 20 episodes of
preterm labor that occurred in 13 consecutive women enrolled in a pilot study and suggested
that this nitric oxide donor could be an effective and safe tocolytic agent. Transdermal
nitroglycerin has the attraction of its simplicity of administration, potential effectiveness,
low cost, and few side effects. However, the use of transdermal nitroglycerin for the
management of preterm labor has been and continues being the subject of debate and
controversy.#4-49 The most recent update of the Cochrane review regarding transdermal
nitroglycerin for the treatment of preterm labor included 4 randomized controlled trials
involving a total of 436 patients.33 This review concluded that there was insufficient
evidence to support the routine administration of nitric oxide donors (mainly transdermal
nitroglycerin) in the treatment of preterm labor. However, the literature searches on which
this review was based were performed in 2002. Thenceforth, additional randomized
controlled trials evaluating transdermal nitroglycerin have been published; consequently, re-
assessment of the efficacy and safety of this agent is justified.

The objective of this systematic review and meta-analysis was to evaluate the efficacy and
safety of transdermal nitroglycerin as a tocolytic agent in patients with preterm labor.

MATERIALS AND METHODS

This study was conducted following a prospectively prepared protocol and reported using
the Preferred Reporting Items for Systematic reviews and Meta-analyses (PRISMA)
guidelines for meta-analysis of randomized controlled trials.50
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Literature search

Searches were performed in MEDLINE, EMBASE, CINAHL, and LILACS (all from
inception to June 24, 2013), the Cochrane Central Register of Controlled Trials (http://
www.mrw.interscience.wiley.com/cochrane/cochrane_clcentral_articles_fs.html) (1960 to
June 24, 2013), ISI Web of Science (http://www.isiknowledge.com) (1960 to June 24,
2013), Research Registers of ongoing trials (www.clinicaltrials.gov, www.controlled-
trials.com, www.centerwatch.com, www.anzctr.org.au, http://www.nihr.ac.uk, and
www.umin.ac.jp/ctr), and Google scholar using a combination of keywords and text words
related to nitroglycerin, pretermlabor and tocolysis. We also reviewed congress
proceedings of international society meetings of maternal-fetal and reproductive medicine
and international meetings on preterm birth and tocolysis, and bibliographies of identified
studies and review articles to locate additional publications. For studies with multiple
publications, the data from the most complete report were used and supplemented if
additional information appeared in other publications. The language of publication was not
restricted.

Study selection

We included randomized controlled trials in which transdermal nitroglycerin was used for
tocolysis in patients with preterm labor compared with placebo, no treatment, or alternative
tocolytic agents. Trials were excluded if they were quasi-randomized, if they evaluated
nitroglycerin for tocolysis administered intravenously, sublingually or orally, or if they
evaluated the use of transdermal nitroglycerin for other obstetric or medical conditions such
as improvement of implantation or pregnancy rates in women undergoing assisted
reproductive technologies, uterine relaxation in attempted external cephalic version or
inverted uterus, acute intrapartum fetal resuscitation, facilitation of fetal extraction of
preterm infants during cesarean section, and prevention or management of preeclampsia,
intrauterine growth restriction, placental abruption and angina during pregnancy, among
others. Published abstracts alone were excluded if additional information on methodological
issues and results could not be obtained. All published studies deemed suitable were
retrieved and reviewed independently by the two authors to determine inclusion.
Disagreements were resolved through discussion. Authors of selected studies were contacted
to complement data on trial methods and/or outcomes.

Outcome measures

The prespecified primary outcomes were delivery within 48 hours and 7 days of treatment,
delivery before 34 and 37 weeks of gestation, perinatal mortality, neonatal morbidity
(respiratory distress syndrome, intraventricular or intracerebral hemorrhage, necrotizing
enterocolitis, neonatal sepsis, and admission to neonatal intensive care unit [NICU]), and
neurodevelopmental status at =12 months of age. Secondary outcomes included interval
between trial entry and delivery, gestational age at birth, delivery before 32 and 28 weeks of
gestation, recurrent preterm labor, maternal adverse events, discontinuation of treatment
because of adverse events, birthweight, fetal bradycardia and tachycardia, other neonatal
morbidities, and use of mechanical ventilation.

Assessment of risk of bias in included studies

Study quality assessment was conducted according to a tool recommended by the Cochrane
Collaboration,>! which considers 7 items: (1) random sequence generation, (2) allocation
concealment, (3) blinding of participants and personnel, (4) blinding of outcome assessment,
(5) incomplete outcome data, (6) selective reporting, and (7) other bias. Review authors’
judgments were categorized as “low risk” of bias, “high risk” of bias or “unclear risk” of
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bias. The risk of bias in each included trial was assessed individually by the two
investigators, and discrepancies were resolved through discussion.

Data extraction

Using a standardized data abstraction form, the two authors independently extracted data
from each article on study characteristics (randomization procedure, concealment allocation
method, blinding of providers, patients and outcome assessors, completeness of outcome
data for each outcome, including attrition and exclusions from the analysis, and intention to
treat analysis), participants (inclusion and exclusion criteria, definition of preterm labor,
cervical dilatation and effacement at trial entry, gestational age at randomization, number of
women randomized, baseline characteristics, and country and date of recruitment), details of
intervention (aim, loading and maintenance dose, route, duration, retreatment, use of
alternative tocolytic therapy, and routine administration of antenatal corticosteroids), and
outcomes (number of outcome events and/or mean + standard deviation [SD] for each
outcome). In an attempt to obtain additional data, we contacted five authors by e-mail of
whom only one responded. Disagreements regarding extracted data were resolved by
discussion among the authors.

Statistical analysis

Statistical analyses were performed according to the guidelines of the Cochrane
Collaboration.52 Outcomes were analyzed on an intention-to-treat basis. If this was not clear
from the original article then we carried out re-analysis when possible. If we found no
evidence of a substantial difference in study populations, interventions, or outcome
measurements, we performed a meta-analysis. For dichotomous data, we calculated the
summary relative risk (RR) with 95% confidence interval (Cl). For continuous data, we used
the mean difference (MD) if outcomes were measured in the same way among trials, or
standardized mean difference if the same outcome was measured in a variety of ways, with
95% CI.

Four prespecified subgroup analyses were performed to compare transdermal nitroglycerin
with placebo, B,-adrenergic-receptor agonists, magnesium sulfate, and nifedipine. The
subgroup analyses comparing transdermal nitroglycerin versus cyclooxygenase inhibitors or
oxytocin-receptor antagonists were not performed because trials addressing these
comparisons were not identified. Additional subgroup analyses were planned to assess
primary outcomes according to several characteristics (definition of preterm labor, cervical
dilatation at trial entry, dose of transdermal nitroglycerin, membranes status, plurality,
gestational age at trial entry, study setting, maintenance therapy, use of alternative tocolytic
therapy, and antenatal corticosteroid therapy) but these were not undertaken due to the small
number of studies included in each comparison and insufficient data.

Heterogeneity of the results among studies was tested with the quantity 12, which describes
the percentage of total variation across studies that is due to heterogeneity rather than
chance.53 A value of 0% indicates no observed heterogeneity whereas |2 values of 50% or
more indicate a substantial level of heterogeneity.53 A fixed-effects model was used to pool
data across studies if substantial statistical heterogeneity was not present. If 12 values were
>50%, a random effects model was used to pool data across studies if causes of
heterogeneity could not be determined and the average treatment effect was considered
clinically meaningful. A sensitivity analysis was planned, by including only trials with
adequate concealment allocation and double masked, to explore the impact of study quality
on the effect size for the primary outcomes. This analysis was not performed because only 1
included study was truly double masked. However, we undertook a sensitivity analysis for
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the comparison transdermal nitroglycerin versus Pp-adrenergic-receptor agonists by
including only studies with adequate concealment of allocation.

The number needed to treat (NNT) for benefit or harm with 95% CI was calculated for the
outcomes for which there was a statistically significant reduction or increase in risk
difference based on control event rates in the included studies.>* We assessed publication
and related biases visually by examining the symmetry of funnel plots and statistically by
using the Egger test.%> A probability value of <.1 was considered to indicate significant
asymmetry.

Analyses were performed with the Review Manager (RevMan) version 5.1.7 (The Nordic
Cochrane Centre, Kgbenhavn, Denmark) and StatsDirect version 2.7.9 (StatsDirect Ltd,
Cheshire, United Kingdom).

We identified 431 studies in our literature search and considered 33 to be potentially eligible
(Figure 1). Thirteen studies,56-58 including 1302 women, met the inclusion criteria of which
2 evaluated transdermal nitroglycerin versus placebo,>%:57 9 evaluated transdermal
nitroglycerin versus Bo-adrenergic-receptor agonists (3 studies using ritodrine,59.63.64 2
studies using fenoterol,89-61 and one each using salbutamol,5 albuterol,58 isoxsuprine,5¢ and
ritodrine or salbutamol®2), and 1 each evaluated transdermal nitroglycerin versus
nifedipine®” and transdermal nitroglycerin versus magnesium sulfate.58 One study that
evaluated primarily transdermal nitroglycerine versus ritodrine also evaluated transdermal
nitroglycerine versus placebo in two hospitals that did not use any tocolytics routinely.>°
Data on child neurodevelopmental outcomes for 2 trials®”-%2 were reported in 2 additional
publications.89.70 Moreover, one author provided additional unpublished data for one trial.6

The main characteristics of the studies included in the review are summarized in Table 1.
Two studies were conducted in Canada,®6>7 2 in European countries,6%61 5 in Asian
countries,63-66:68 1 each in Australia® and Brazil,57 and the remaining 2 were multicenter
studies conducted in 9 countries.>%62 The sample size ranged from 26°8 to 23652 (median,
60). Preterm labor was defined as the presence of uterine contractions with evidence of
cervical changes in 9 trials,6:57.60.61,63,65-68 One stydy included patients with or without
cervical changes,® 2 studies did not include cervical changes in the diagnosis of preterm
labor,58:62 and 1 did not report on the definition of preterm labor.54 All but 1 study52 were
limited to women with intact membranes. Only 2 trials included women with multiple
gestations.>6:59 Standard maternal and fetal contraindications to tocolysis were reported as
exclusion criteria in the great majority of included studies. The gestational age at inclusion
varied from 23 to 36 weeks. The minimum gestational age at trial entry ranged from 23 to
28 weeks, and the maximum ranged from 32 to 36 weeks. Most studies included women
between 24 and 34 weeks of gestation.

Overall, nitroglycerin dosing regimens were similar across the trials. Ten studies used one
10 mg/24 h (0.4 mg/h) transdermal patch which was applied to the skin of the abdomen,
anterior chest wall, arm or forearm.56-60.62.64-67 One study used two 10 mg/24 h (0.8 mg/h)
transdermal patches®! and two used one 5 mg/24 (0.2 mg/h) transdermal patch.63.68 In 10
studies, one additional patch was placed if contractions persisted after 1 hour of application
of the first patch.56-60.62-66 |n one study, a second patch was applied if contractions
persisted after 6 hours.8” No additional patches were placed in the remaining two
studies.61:68 In six studies, one additional patch was placed at 24 hours after initiation of
treatment.56:57.60.61.64.66 One study used transdermal nitroglycerine for up to 5 days after
cessation of contractions.®4 Verapamil or metoprolol was used for suppressing the
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tachycardia caused by fenoterol in the 2 studies that compared transdermal nitroglycerin
with this B,-adrenergic-receptor agonist.5%:61 Moreover, magnesium sulfate was added to the
fenoterol infusion in one of these studies.61 Use of alternative tocolytic therapy was
explicitly mentioned in 5 studies.58:59.62.63.67 |n two studies, none of the subjects in either
arm received any other tocolytic at any time.?6:>7 The use of alternative tocolytic therapy
was not reported in the remaining 6 studies.60.61.64-66.68 iy trials reported administration of
antenatal corticosteroids for most women enrolled.56:57:61,64.66.67 The yse of antenatal
corticosteroids was not reported in the remaining 7 trials.58-60.62.63.65.68 The main primary
outcome measures were interval between trial entry and delivery (7 studies), delivery within
48 hours (5 studies) and 7 days of treatment (5 studies), and delivery before 37 weeks of
gestation(4 studies).

Figure 2 shows the risk of bias in each included study. Nine studies had adequate generation
of allocation sequence®6:57:59-62,65.67.68 anq g reported adequate concealment of
allocation,6-59.61.62.64.67 Bjinding of the intervention was not performed in any of the 11
studies that evaluated transdermal nitroglycerin versus any other tocolytic, and masking
assessment of outcomes was not reported in 10 of them. Of the 2 trials that evaluated
transdermal nitroglycerin versus placebo, only one was actually double-blinded placebo-
controlled.®’ In the remaining study,6 true placebo patches were not available and the
nursing staff who applied the patches were not blinded to the treatment. However, we
judged that assessment and measurement of most outcomes that were included in our review
are considered objective in nature and were not likely to be influenced by a lack of blinding.
All studies had an adequate handling of incomplete outcome data and 10 were free of
suggestion of selective outcome reporting. Eight studies appeared to be free of other sources
of bias. The study by Smith et al>” was stopped early because of feasibility issues after 158
women were recruited (26% of the original sample size calculated). Six trials met =5
criteria, 3 met four criteria and the remaining 4 met <3 criteria.

Transdermal nitroglycerin versus placebo

Two trials, with a total of 186 women, compared transdermal nitroglycerin with
placebo.56:57 There were no significant differences between transdermal nitroglycerin and
placebo for delivery within 48 hours of initiation of treatment or before 28, 34 or 37 weeks’
gestation, or gestational age at birth (Table 2). Maternal side effects secondary to study
medication were significantly more common among women allocated transdermal
nitroglycerin rather than placebo (67% vs 45%; RR 1.49, 95% CI 1.14-1.94; NNT for harm
5, 95% CI 2-16). In addition, 1 trial reported that headache and local irritation were
significantly more frequent among women in the transdermal nitroglycerin group than
among women in the placebo group.®’ No statistically significant differences were seen for
flushing, dizziness, hypotension and fetal bradycardia.

There were no significant differences between the groups in the risk of major adverse
perinatal/neonatal outcomes and neurodevelopmental status at 12 and 24 months of age.
Nevertheless, the study by Smith et al.5” found a marginally significant reduction in the risk
of a composite outcome (occurrence of 1 or more of chronic lung disease, necrotizing
enterocolitis, grade 3 or 4 intraventricular hemorrhage, periventricular leukomalacia, and
perinatal mortality) in the transdermal nitroglycerin group compared with the placebo group
(4% vs 14%; RR 0.29, 95% CI 0.08-1.00).

Transdermal nitroglycerin versus By-adrenergic-receptor agonists

This subgroup analysis included data from 9 trials with a total of 1024 women.58-66
Compared with women receiving po-adrenergic-receptor agonists, those using transdermal
nitroglycerin had a statistically significant reduction in the risk of preterm birth <34 weeks’
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gestation (20% vs 28%; RR 0.71, 95% CI 0.51-0.99; 12=47%; NNT for benefit 12, 95% CI
7-362) and preterm birth <37 weeks’ gestation (44% vs 57%; RR 0.76, 95% CI 0.60-0.96;
12=67%; NNT for benefit 7, 95% CI 4-44) (Table 3). A significant increase in the interval
between trial entry and delivery (MD 1.4 days, 95% CI 0.7-2.0; 12=49%) and birthweight
(MD 331 g, 95% CI 67-595; 12=53%) was also shown. No differences were seen in the risk
of delivery within 48 hours and 7 days of initiation of treatment.

Treatment with transdermal nitroglycerin was associated with a significant decrease in the
rates of maternal tachycardia, flushing, palpitations, nausea/vomiting, chest pain, dyspnea,
discontinuation of treatment because of adverse events and fetal tachycardia, and a
significant increase in the rates of headache and hypotension. There were no significant
differences between the groups in the risk of neonatal morbidity, although a significant
reduction was seen in the risk of admission to NICU (19% vs 34%; RR 0.57, 95% CI 0.40—
0.81; 12=0%; NNT for benefit 7, 95% CI 5-16), and use of mechanical ventilation (4% vs
9%; RR 0.38, 95% CI 0.15-0.95; 12=0%; NNT for benefit 17, 95% CI 13-216) in the
transdermal nitroglycerin group compared with the 3,-adrenergic-receptor agonists group.
Moreover, transdermal nitroglycerin was associated with a nonsignificant 56% reduction in
the risk of perinatal mortality (RR 0.44, 95% CI 0.16-1.18). One study reported that there
was no significant difference in the risk of neurodevelopmental delay at 18 months of age,
assessed by means of the Revised Griffiths Mental Development Scales, between infants in
the transdermal nitroglycerin group and infants in the [3,-adrenergic-receptor agonist
group.2.70 The same study found that treatment with transdermal nitroglycerin was
associated with a nonsignificant 71% reduction in the risk of patent ductus arteriosus (RR
0.29, 95% CI 0.08-1.03).

After the sensitivity analysis limited to trials with adequate allocation concealment, the
effect of transdermal nitroglycerin on reduction in the risk of preterm birth <37 weeks’
gestation and admission to NICU did not change (RR 0.71, 95% CI 0.51-0.99 and RR 0.58,
95% CI 0.41-0.83, respectively) whereas the reduction in the risk of preterm birth <34
weeks’ gestation and mechanical ventilation turned non-significant (RR 0.75, 95% CI 0.52—
1.10 and RR 0.39, 95% CI 0.14-1.06, respectively). However, it should be noted that the
sensitivity analyses yielded effect sizes similar in magnitude and direction to those obtained
in the overall analyses. The funnel plots of trials that compared transdermal nitroglycerin
and B,-adrenergic-receptor agonists showed no asymmetry, either visually or in terms of
statistical significance (P>.10 for all, by Egger test).

Transdermal nitroglycerin versus nifedipine and magnesium sulfate

The comparison of transdermal nitroglycerin versus nifedipine included only 1 trial
involving 50 women.%7 There were no significant differences between transdermal
nitroglycerin and nifedipine in the risk of delivery within 48 hours of treatment, recurrent
preterm labor, and maternal side effects (Table 4). There was only 1 study that compared
transdermal nitroglycerin and magnesium sulfate (42 women).58 No statistically significant
differences were found between these 2 agents in pregnancy prolongation. No other
outcomes were reported in this study.

COMMENT
Principal findings

The main findings of our study included the following: (1) there were no statistically
significant differences between transdermal nitroglycerin and placebo patches in delivery
within 48 hours of initiation of treatment, preterm birth <28, <34 and <37 weeks’ gestation,
gestational age at birth, adverse perinatal and neonatal outcomes, and neurodevelopmental
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status at 12 and 24 months of age. However, treatment with transdermal nitroglycerin was
associated with a marginally significant reduction in the risk of a composite of significant
neonatal morbidity and perinatal mortality; 2) maternal side effects, mainly headache and
local irritation, were significantly more common in women that used transdermal
nitroglycerin patches than in women that used placebo patches; (3) overall, transdermal
nitroglycerin appears to be more effective than py-adrenergic-receptor agonists because its
use was associated with a significant reduction in preterm birth <34 and <37 weeks’
gestation (approximately 25%), admission to NICU, and use of mechanical ventilation
despite there were no significant differences between the 2 tocolytic agents in the risk of
perinatal morbidity and mortality; (4) in general, transdermal nitroglycerin was less likely
than ,-adrenergic-receptor agonists to cause maternal side effects. Nevertheless, its use was
associated with a significant increase in headache and hypotension; (5) there were no
significant differences between children exposed in utero to either transdermal nitroglycerin
or pp-adrenergic-receptor agonists in neurodevelopmental status at 18 months of age; and (6)
the paucity of trials that evaluated transdermal nitroglycerin versus nifedipine or magnesium
sulfate precludes conclusions about the comparative effectiveness of these agents.

Strengths and limitations of the study

Strengths of the study include: (1) the use of the best available methods to perform a
systematic review and meta-analysis of randomized controlled trials; (2) the extensive
literature search using different databases, including sources of grey literature, and without
language restrictions, allowed us to find and include studies published in English, German,
Korean, Polish, and Portuguese in the systematic review; (3) the inclusion of a largest
number of studies in the review (n = 13) in comparison with those included in the Cochrane
review (n = 4)33; (4) the study quality assessment which was based on strict predetermined
criteria; (5) the performance of individual comparisons between transdermal nitroglycerin
and placebo, By-adrenergic-receptor agonists, nifedipine, and magnesium sulfate; (6) the
quantitative summary of the evidence; (7) the meta-analyses of the studies at low risk of bias
were consistent with and thus supportive of our overall findings in the comparison of
transdermal nitroglycerin versus B,-adrenergic-receptor agonists; and (8) the symmetrical
funnel plots of trials that compared transdermal nitroglycerin and p,-adrenergic-receptor
agonists suggesting absence of publication and related biases in the meta-analyses
performed.

Several limitations must be noted when interpreting the results of this review. First, only a
few trials, involving a small number of patients, evaluated transdermal nitroglycerin versus
placebo, nifedipine and magnesium sulfate. As a result, our analysis was limited in its power
to estimate effects within these subgroups and the Cls around estimates of differences were
often wide which may have resulted in a failure to detect clinically important differences. In
addition, we did not identify studies that compared transdermal nitroglycerin versus
cyclooxygenase inhibitors or oxytocin-receptor antagonists. Therefore, most of the evidence
generated in this systematic review is based on the comparison of transdermal nitroglycerin
versus Bp-adrenergic-receptor agonists. Second, about half of the trials included in the
review were considered to be at moderate to high risk of bias and just one was truly double-
blind. However, sensitivity analyses restricted to trials with adequate concealment of
allocation showed no significant differences in the results obtained with overall meta-
analyses. In addition, assessment and measurement of most outcomes included in our review
are considered objective in nature, and thereby, not likely to be influenced by lack of
blinding. Third, we were unable to explore reasons for the statistical heterogeneity found in
several of the meta-analyses performed which might be due to differences in study
population, definition of preterm labor used, cervical dilatation/effacement at trial entry,
dose of transdermal nitroglycerin, and use of alternative tocolytic agents and antenatal
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corticosteroid therapy, among others. We used random effects models to pool data across
studies in an attempt to minimize the effects of statistical heterogeneity. Fourth, 8 studies
did not report data on cervical dilatation and effacement, and frequency of uterine
contractions at trial entry which did not allow us to judge if participating women in such
trials were in true preterm labor. The inclusion of women who were not in true preterm labor
or at risk of preterm birth could have greatly hampered the assessment of transdermal
nitroglycerin as tocolytic agent. Fifth, we could not assess the potential effect of the use of
concomitant co-interventions on the tocolytic efficacy of transdermal nitroglycerin. The
difference in frequency of use and/or type of alternative tocolytic therapy between groups
could have increased the apparent benefit of transdermal nitroglycerin compared with ,-
adrenergic-receptor agonists. Finally, several trials did not report results for some outcome
measures assessed in our systematic review. It is possible that if these results were reported
more consistently, effect sizes might be different.

Currently, there is evidence that the use of a tocolytic agent, rather than placebo, is
associated with a successful delaying of delivery for at least 48 hours with no significant
effect on neonatal morbidity or mortality.” In contrast, in the present study we found that
there was no overall difference between transdermal nitroglycerin and placebo for delivery
within 48 hours of treatment. However, the study by Smith et al.>” reported a reduction in a
neonatal morbidity/perinatal mortality composite outcome, which was borderline for
statistical significance, despite no difference in overall gestational age at delivery or overall
corticosteroid use between the treatment groups. The authors of the study attributed this
reduction to a 23 day prolongation of pregnancy (P=.019) and a trend (P= .04) toward
completing a course of corticosteroids in the subgroup of women allocated to receive
transdermal nitroglycerin prior to 28 weeks’ gestation.3® It is also possible that the decrease
in the composite outcome was due to a gestational age-specific nontocolytic effect of
transdermal nitroglycerin on uterine blood flow, the placenta, or the fetus. Nevertheless, the
beneficial effect of transdermal nitroglycerin reported in this study could have been due to a
type | statistical error (incorrect rejection of a true null hypothesis). In addition, although
this study was not stopped early for benefit, there is evidence that randomized controlled
trials that are stopped early for benefit (whether or not as a result of a formal stopping rule)
are associated with greater effect sizes than randomized controlled trials that continue to the
end.”273 Moreover, differences in treatment effect size between truncated and non-truncated
randomized controlled trials are greatest in small trials that are stopped early.’2 Finally, it
should be stressed that the difference in the neonatal morbidity/perinatal mortality composite
outcome between the two groups (3/74 in the transdermal nitroglycerin group vs 11/79 in
the placebo group) was driven almost entirely by a reduction in chronic lung disease (1/74 in
the transdermal nitroglycerin group vs 7/79 in the placebo group) with minimal differences
in the other components of the composite outcome. Although the use of composite end
points is appropriate in some instances, they can potentially provide misleading impressions
about the nature and magnitude of treatment benefits. This occurs when the composite
outcome includes components of varying importance, but the less important components are
primarily responsible for the observed effect.”4-77

The results from our meta-analysis also suggest that transdermal nitroglycerin has a greater
beneficial effect than p,-adrenergic-receptor agonists. In fact, when compared with this class
of tocolytic agents, the use of transdermal nitroglycerin resulted in a statistically significant
decrease in preterm birth <34 and <37 weeks’ gestation, admission to NICU, use of
mechanical ventilation and maternal side effects. Nevertheless, there were no significant
differences between the groups in the risk of neonatal morbidity. Recently, we have
published a systematic review and meta-analysis that included 16 trials, with a total of 1278
women, comparing nifedipine versus Bo-adrenergic-receptor agonists.” We found that
nifedipine was clearly superior to po-adrenergic-receptor agonists because its use was
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associated with a significant reduction in preterm birth within 7 days of initiation of
treatment and <34 weeks’ gestation, respiratory distress syndrome, necrotizing enterocolitis,
intraventricular hemorrhage, neonatal jaundice, admission to NICU, length of stay in NICU,
and maternal side effects. Although the only trial that evaluated transdermal nitroglycerin
versus nifedipine (N=50)%7 showed no significant differences in delivery within 48 hours of
treatment or maternal adverse effects, the overall evidence from our two meta-analyses
suggests that nifedipine is superior to transdermal nitroglycerin as tocolytic agent.

The role of tocolysis in preventing preterm delivery—The inhibition of myometrial
contractions has been the focus of therapeutic approaches for managing preterm labor.
Nonetheless, the term “preterm labor” simply describes clinical manifestations (signs and
symptoms) without consideration of the specific etiology. Preterm labor is a syndrome in
which multiple pathological processes may lead to myometrial contractions, membrane/
decidual activation and cervical ripening.’8-83 Therefore it is unlikely that one treatment
will prevent all cases of preterm birth. In addition, the conceptual framework that has
justified the use of tocolysis needs to be revisited. Tocolysis is aimed at achieving
myometrial relaxation, which is only one of the components of the common pathway of
parturition. If activation of this pathway is the consequence of a pathologic process such as
infection or maternal anti-fetal rejection, it is easy to envision how tocolysis would be only
of temporary benefit. On the other hand, if a specific mechanism of disease was to be
identified in myometrium (e.g. an increase in oxytocin receptors or a primary disorder such
as apoptosis of myometrium) targeting this organ may have more success than it has been
reported thus far. It is also possible that tocolysis may assist in gaining time while other
pathologic processes responsible for the activation of the common pathway are being
treated. Preterm labor has a reversible and irreversible phase. In the reversible phase,
tocolytic agents may be effective, but not when administered to patients who have entered
the irreversible phase. It is possible that the discouraging results of tocolysis thus far, may
represent the inclusion of patients who are in the irreversible phase of preterm labor.
Therefore, the role for tocolysis in the management of preterm labor may be strengthened by
identifying biophysical and biochemical markers of preterm labor prior to the irreversible
phase of parturition. Some pathologic insults may be of such nature (e.g. intrauterine
infection) in that the onset of labor has survival value for the mother (to maintain
reproductive fitness) and/or fetus (e.g. to exit an intrauterine environment that is
hostile).84 85 In these cases tocolysis is likely to be ineffective.

Implications for practice and research

Based on the findings of this systematic review, currently, there is insufficient evidence to
recommend the use of transdermal nitroglycerin for the treatment of preterm labor. If
tocolysis is considered for women in preterm labor, the current available evidence suggests
indirectly (i.e. without direct comparison) that nifedipine is preferable to transdermal
nitroglycerin. Notwithstanding, the marginally significant reduction in the frequency of
neonatal morbidity/perinatal mortality reported in one trial®’ deserves further adequately
powered double-blind placebo-controlled trials focusing in women with preterm labor
before 28 weeks’ gestation. Information about the long-term growth and development of the
child exposed in utero to transdermal nitroglycerin is also needed.
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