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Abstract
Objective To evaulate the efficacy of maintenance treatment with vaginal progesterone gel compared to
placebo in women after the onset of preterm labor.
Material and Methods A randomized controlled trial at a university hospital in Sweden in 2009 − 18.
Healthy women with singleton pregnancy and early preterm labor were randomized to daily progesterone
gel 90 mg (n = 29) or placebo (n = 29) after standard intravenous tocolysis. Women with intravenous
tocolysis alone (n = 29) served as a reference group.
Results The latency to delivery was 58 ± 34 days with progesterone, 64 ± 51 days with placebo and 2 ± 2
days in the reference group (p < 0.0001 respectively). The rate of preterm birth < 34 weeks was 34% after
progesterone, 38% after placebo and 100% in the reference group (progesterone vs reference p = 0.01 and
placebo vs reference p = 0.02). The composite neonatal morbidity and length of neonatal intensive care
were lower after progesterone and placebo compared to the reference group (p < 0.0001 respectively).
Conclusion Maintenance treatment with vaginal progesterone gel or placebo delayed preterm birth more
efficiently than intravenous tocolysis alone, suggesting an effect of the placebo gel rather than of
progesterone. We conclude, that the placebo gel reinforced the physiological barrier at the uterine cervix
which protects the pregnancy from pathogen invasion and uterine infection leading to preterm birth.

Plain English Summary
The global rate of preterm birth (PTB), the primary cause behind all neonatal, infant and child mortality
up to 5 years age, is still 10%. The multifactorial risk factors behind PTB include demographic and
socioeconomic factors such as psychosocial stress, malnutrition, low and high maternal age, decidual
bleeding, and in 30 – 60%. uterine infection. Current tocolytic treatments do not prevent PTB, and trials on
prophylactic progesterone (P) or progestin treatments to delay PTB are inconclusive. The objective of this
study was therefore to evaulate maintenance treatment with vaginal P gel compared to placebo in
women after the onset of preterm labor. Healthy women with singleton pregnancy and early preterm labor
were randomized to daily P gel 90 mg (n = 29) or placebo (n = 29) after standard intravenous tocolysis.
Women with intravenous tocolysis alone (n = 29) served as a reference group. The results showed that P
gel and placebo delayed PTB more effectivelythan intravenous tocolysis alone (p < 0.0001 respectively).
The composite neonatal morbidity and length of neonatal intensive care (NICU) were lower after P and
placebo compared to the reference group (p < 0.0001 respectively). We conclude, that maintenance
treatment with vaginal P gel or placebo delayed PTB more efficiently than intravenous tocolysis alone,
suggesting an effect of the placebo gel rather than of P. The acidic character of the placebo gel reinforced
the physiological acidic barrier at the uterine cervix which protects the pregnancy from pathogen invasion
and uterine infection leading to PTB.

Introduction
Page 2/12

The global rate of PTB before 37 gestational weeks, the main cause of all neonatal, infant and child
mortality up to 5 years age, is still 10% (1). The multifactorial risk factors behind PTB include
demographic and socioeconomic factors such as psychosocial stress, malnutrition, low and high
maternal age, multiple pregnancy, decidual bleeding, and uterine infection (2−7). Current tocolytic
treatments with an oxytocin receptor antagonist, a b2-adrenergic receptor agonist, magnesium sulfate, a
NSAID or a calcium blocker do not prevent PTB, but aim to delay delivery for 48 hours to optimize the
effect of antenatal corticosteroids for fetal lung maturation and allow for transport to a tertiary hospital
with NICU expertise (8). A cervical length (CL) ≤ 25 mm at midgestation is regarded as a primary
predictor for PTB (9).
Despite the multifactorial causes behind PTB, a cervical connective tissue remodeling precedes both
preterm and term labor. This remodeling is chacterized by an increased density of macrophages in the
cervical tissue, release of proinflammatory cytokines and prostaglandin E, a functional P withdrawal,
activation of metalloproteinase (MMP) enzymes, a changed proteoglycan composition, dispersion of
collagen fibrils and collagen degradation, that allow for cervical effacement and dilatation (4−7, 10).
Although P is regarded as the crucial hormone for pregnancy maintenance, the effect of prophylactic
treatments with progestagens, i e bioidentical P and synthetic progestins such as 17αhydroxyprogesterone caproate) to delay PTB are inconclusive (3). Bioidentical P has no androgenic
effects that might affect the lipid metabolism or harm the fetus. In clinical practice, oral P is poorly
absorbed because of the liver metabolism, daily P injections would be painful, a transdermal P
preparation has not been available in obstetrics, and vaginal treatments are therefore used (11).
Prophylactic treatment with P from the second trimester in asymptomatic women with CL ≤ 25 mm,
which is recommended by the International Federation of Gynecology and Obstetrics (FIGO), is effective
according to some but not the largest studies (2, 12, 13).
Extensive screening programmes are needed to evaluate prophylactic strategies since only 1% of
asymptomatic women have a CL ≤ 25 mm in the second trimester (14) and only 10 − 20% of women
with spontaneous PTB have a previous PTB (2, 9). The objective of this study was therefore to investigate
the efficacy of maintenance treatment with vaginal P gel or placebo in delaying PTB in women after the
onset of preterm labor (PTL).

Methods
This trial was conducted at the Department of Women´s and Children´s Health, Karolinska University
Hospital, Stockholm, Sweden between December 1, 2009 and January 31, 2018. Ethics approval was
obtained from the Regional Ethics Board for Medical Sciences in Stockholm September 5, 2007, No 2007311-31. It was approved by the European Union Drug Regulating Authorities Clinical Trials (EudraCT)
September 1, 2007, No 2007-003348-31and by the Swedish Medical Products Agency May 15, 2008, No
151:2008/30388.
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PTL was uterine contractions ≥ 2/10 min for > 30 min monitored by cardiotocography (CTG), recorded in
electronic obstetric records (Obstetrix® Cerner AB, Stockholm, Sweden) resulting in a short CL < 25 mm
determined sonographically by a specialist in obstetrics and gynecology due to standardized criteria. In
all years studied, intravenous tocolysis was a bolus dose of the oxytocin receptor antagonist atosiban
(Tractocile®, Ferring Pharmaceuticals, Sweden) 6.75 mg followed by infusion of 300 mg/min during 3
hours and thereafter 100 mg/min until 48 hours. Alternatively, the b2-adrenergic receptor agonist
terbutaline (Bricanyl®, AstraZeneca PLC, Great Britain) 5 mg/mL was given for 48 hours according to the
individual physician´s choice. All women received two doses of betamethasone (Betapred®, Swedish
Orphan Biovitrum AB) 12 mg intramuscularly 24 hours apart for fetal lung maturation. Prophylactic
antibiotics were not given to women with intact fetal membranes. Intrapartal prophylaxis with
benzylpenicillin 3 g every 6 hours was given during active labor before 37 gestational weeks.

Study participants
Progesterone and placebo groups
Healthy women with singleton pregnancy and PTL after 24 gestational weeks resulting in a CL < 25 mm
were included after oral and written consent. Exclusion critera were ruptured fetal membranes, cervical
dilatation, cervical cerclage, signs or symptoms of urogenital infection, previous uterine surgery,
prophylactic progesterone treatment, intercurrent diseases, pregnancy complications such as
preeclampsia or gestational diabetes, intrauterine fetal growth restriction or fetal malformations. The
participants were blindly randomised by a computerized system using closed envelopes to additional
treatment with daily vaginal P gel (Crinone® 90 mg/dose, Merck KGaA, Germany) or placebo gel
(Replens®, CampusPharma AB, Sweden) started after intravenous tocolysis. The maintenance treatment
with P (n = 29) or placebo (n = 29) continued until 34 weeks, rupture of the fetal membranes or delivery
whatever occurred first. It was not possible to blind the gel packages due to practical reasons. Thus, a
semi-blinded design was obtained where the randomization process was blinded but not the treatments.
All women were seen weekly by an obstetrician at the hospital after discharge.

Reference group
Healthy women (n = 29) with singleton pregnancy, intact fetal membranes and PTL after 24 gestational
weeks resulting in a CL < 25 mm with identical inclusion and exclusion criteria who received intravenous
tocolysis alone during the same years were identified retrospectively to serve as a reference group. Ethics
approval for this part of the study was obtained from the Regional Ethics Board for Medical Sciences in
Stockholm April 9, 2015, No 2014/255-31. Individual patient consent was not requested, since all data
were anonymized and presented on a group basis only.

Statistical analysis
Based on results from previous studies (15) we hypothesized that P would delay the latency to delivery by
30% compared to placebo. According to a power analysis, a sample size of n = 29 in each group would be
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needed when aiming at a significance of 5% and power of 80% (16). Continuous data were analyzed
using Mann Whitney U-test and General Linear Model when appropriate and categorical data with Chi2test and Fisher´s exact test when appropriate. Composite neonatal morbidity was analyzed with One way
ANOVA. Continuous data were presented as mean ± standard deviation (SD) and categorical data as
numbers and percentages. A two-tailed p value < 0.05 was considered significant.

Results
The randomization process is shown in Figure 1. The study character as a single center study with an
aim to include the limited rate of < 1% of all delivering women with early PTL between 24+0 – 27+6
weeks with the mentioned strict inclusion and exclusion criteria explains the duration of the study.
The primary outcome latency to delivery was calculated from the first P or placebo dose and from the
start of intravenous tocolysis in the reference group. Secondary outcomes were early PTB < 34 weeks,
late PTB < 37 weeks, birth weight (BW), composite neonatal morbidity and length of NICU stay.
Composite neonatal morbidity was Apgar score < 7 at 5 min, the incidence of neonatal respiratory
distress syndrome (RDS), intraventricular hemorrage (IVH), necrotizing enterocolitis (NEC), and sepsis ≤ 7
days, taken together with retinopathy of the newborn (ROP) and neonatal death during the NICU stay.
Neonatal RDS was defined by clinical diagnosis of type I respiratory distress syndrome and a requirement
of oxygen therapy for at least 24 hours. Maternal adverse effects such as fatigue, headache, or
intrahepatic cholestasis were monitored.
Maternal data are shown in Table 1. Demographic data were comparable between the groups. The
participants in all groups had a medical history of a previous PTB in 25% or a first or second trimester
miscarriage in 25%. The circulating level of the inflammatory marker C-reactive protein (CRP) at inclusion
was mean < 10 mg/L and comparable between the groups (data not shown). The mean gestational age
at inclusion in all groups was 26 weeks with 82% of women included between 24+0 – 27+6 weeks and
8% between 28+0 – 31+6 weeks. The CL (mean at inclusion was
The latency to delivery (mean ± SD) was 58 ± 34 days in the P group, 64 ± 51 days in the placebo group
(p = 0.83) and 2 ± 2 days in the reference group (P and placebo vs reference both p < 0.0001). The
compliance rates were high. One participant in the P and placebo groups had their treatments interrupted
before 34 weeks after referral to another hospital and gave birth after 37 weeks. One woman in the P
group who had an emergency cervical cerclage on maternal request after inclusion continued her P
treatment and gave birth at 34 weeks. No cases of severe maternal headache or intrahepatic cholestasis
were reported.
Neonatal data are shown in Table 2. The rate of early PTB < 34 weeks was 34% in the P group, 38% in the
placebo group (p = 0.32) and 100% in the reference group (P vs reference p = 0.01, placebo vs reference p
= 0.02). The rate of late PTB < 37 weeks was 52% in the P group, 45% in the placebo group (p = 0.65) and
100% in the reference group (P vs reference p = 0.06 and placebo vs reference p = 0.04). The BW mean ±
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SD) was 2471 ± 1078 g in the P group, 2452 ± 1054 in the placebo group (p = 0.84) and 1023 ± 409 g in
the reference group (P and placebo vs reference both p < 0.0001). The composite neonatal morbidity was
11% in the P group, 9% in the placebo group (p = 0.65) and 28% in the reference group (P and placebo vs
reference p < 0.0001). The mean length of NICU stay was 10 days in both P and placebo groups
compared to 70 days in the reference group (P and placebo vs reference p < 0.0001). During the NICU
stay two neonatal deaths occurred in the P group, one in the placebo group and two in the reference
group. These neonatal deaths were caused by postnatally diagnosed severe malformations and
chromosomal aberrations and were not associated with the different treatments.

Discussion
We have evaulated the efficacy of maintenance treatment with vaginal P gel or placebo in delaying PTB
in women after the onset of PTL. The maintenance treatments were initiated after standard intravenous
tocolysis, and women who received intravenous tocolysis alone served as a reference group.

Main findings
The main finding was that the latency to delivery was comparable after maintenance treatment with P gel
or placebo, but longer in these groups compared to the reference group. Likewise, the rate of early PTB <
34 weeks was lower after maintenance treatment with P or placebo compared to the reference group.
Furthermore, neonates in the P and placebo groups had higher BW, lower composite morbidity, and
shorter length of NICU stay compared to the reference group. The P and placebo treatments were safe
with regard to maternal, fetal and neonatal health in a short perspective, since no severe adverse effects
were recorded among the participating women or their neonates until discharge from the hospital.

Clinical implications
The comparable efficacy of maintenance treatment with P gel or placebo in delaying PTB suggested that
properties of the placebo rather than of P delayed PTB. The placebo gel is an acidic emulsion of oil and
water. An acidic milieu with a low pH < 4.5 at the uterine cervix constitutes a barrier against ascending
pathogen invasion from the skin and bowel microbiome, and the vaginal microbiome undergoes
signiﬁcant changes during pregnancy resulting in a decrease in the vaginal pH (17). Thus, the placebo
gel reinforced the physiological barrier at the uterine cervix which protects the pregnancy against
pathogen invasion and uterine infection. The present results were in accordance with reports on uterine
infection due to pathogen invasion from the skin and gastrointestinal microbiome as an ethiology behind
30 − 60% of all early PTB (2). The present results were also in agreement with results from an
experimental study showing that the placebo gel exerts anti-inflammatory effects, decreases MMP-13,
and delays PTB (18).
Randomized studies on maintenance treatment with vaginal P compared to placebo after intravenous
tocolysis are warranted (19). Of the few published reports on this topic, two trials report longer latency do
delivery after P compared to no treatment (15, 20), one trial reports longer latency to delivery after P
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compared to placebo (21), and one trial reports no reduction in PTB after vaginal P or intramuscular 17αhydroxyprogesterone caproate compared to no treatment (22). The discrepancies between the present
results and previous reports could be explained by the different study designs regarding gestational age
at inclusion, method for CL estimation and mode of treatment. Participants in the present trial were
included at mean 26 weeks in contrast to mean > 31 weeks (15, 20 − 21) and 63% ≥ 28 weeks (22).
Preterm labor was uterine contractions ≥ 2/10 min for more than 30 min resulting in a sonographically
determined CL < 25 mm without dilatation in the present trial and one previous report (22), in contrast to
cervical shortening and/or softening or dilatation (15), cervical softening, shortening at least by 50% and
dilatation < 2 cm (20) or cervical dilatation and/or effacement (21) as determined by digital examination.
Transvaginal sonography is recommended for CL assessment in women with PTL, and the accuracy of
digital estimation is questioned (23). Intravenous tocolysis in the present trial was an oxytocin receptor
antagonist or a b2-receptor agonist in contrast to magnesium sulfate in combination with ampicillin (15),
a b2-receptor agonist (20), magnesium sulfate in combination with pethidine and ampicillin (21), an
oxytocin receptor agonist, a calcium blocker or a NSAID (22) in previous reports. The P treatment in the
present trial was vaginal P gel 90 mg, in contrast to P suppositories 400 mg (15) or 200 mg (21− 23) in
previous reports.

Strengths And Limitations
Strengths of this study were its randomized controlled design, the single center character, the strict
inclusion and exclusion critería and that all data were retrieved from original obstetric records.
Limitations were the lack of double blinded design and the limited sample size, although it was adequate
according to a power analysis for the primary outcome. Also, the mere enrolment to the maintenance
treatment could have reduced the risk of PTB by reducing psychosocial stress (24, 25).

Research implications
The present results emphasize the importance of further studies not only on maintenance treatment with
P but also on treatment with non-hormonal agents that strengthen the physiological barrier at the uterine
cervix against pathogen invasion and uterine infection.

Conclusion
The present results showed that maintenance treatment with vaginal P gel or placebo delayed PTB more
efficiently than intravenous tocolysis alone in women after the onset of PTL, suggesting rhar this was an
effect of the placebo gel rather than of P. We conclude, that the placebo gel reinforced the physiological
acidic barrier at the uterine cervix which protects the pregnancy from pathogen invasion and uterine
infection leading to PTB.
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Figure 1
Patient enrolment between December 1, 2009 and January 31, 2018.
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