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aBsTRacT
INTRODUCTION: Off-label use of the prostaglandin-E1  
analogue misoprostol has become standard practice when 
inducing labour. In Denmark, a low-dosage misoprostol 
regi men is common. The regimen consists of one 25 µg ap-
plication on the first day of induction. The registered pros-
taglandin-E2 analogue dinoprostone is used in three and 6 
mg doses. This study compared induction procedures with 
 dinoprostone and misoprostol in terms of induction time, 
foetal outcome and maternal outcome.
MATERIAL AND METHODS: This retrospective study included 
1,645 induced deliveries from two periods: 2003-2005, 
when dinoprostone was standard treatment (n = 635), and 
2008-2010, when misoprostol was standard treatment  
(n = 633). We evaluated the induction method, outcomes 
and confounders using Kaplan-Meier, Cox and logistic re-
gression analyses.
RESULTS: In the first 24 h, 38% and 59% of women de-
livered in the misoprostol and dinoprostone groups, re-
spect ively. Compared with dinoprostone, misoprostol was 
as sociated with a longer induction time (hazard ratio (HR) = 
0.79, 95% confidence interval (CI): 0.69–0.90). Both regi-
mens showed similar risks of caesarean section (odds ratio 
(OR) = 0.88, 95% CI: 0.64-1.12), rates of meconium-stained 
amniotic fluid (OR = 0.85, 95% CI: 0.63-1.15), 5-min Apgar 
scores < 7 (OR = 1.73, 95% CI: 0.34-8.75), and transfers to 
neonatal intensive care units (OR = 0.64, 95% CI: 0.38-1.08).
CONCLUSION: Low-dosage misoprostol required more time 
than dinoprostone to induce labour, but the two drugs 
were equally safe in terms of the risk of caesarean section 
and foetal outcomes.
FUNDING: The Danish Ministry of Research and Innovation 
(#10-093833).
TRIAL REGISTRATION: The Danish Data Protection Agency 
(#2011-41-5794).
 

The use of vaginal prostaglandins for induction of labour 
is well established [1]. The synthetic prostaglandin E1 
(PGE1) analogue misoprostol was originally developed 
for treatment or prevention of peptic ulcers. Later, mis-
oprostol was found to increase uterine contractions and 
accelerate cervical ripening [2]. Although widely used, 
misoprostol is not registered for labour induction; how-
ever, its use is currently approved by the Danish Medi-
cines Agency. 

A Cochrane review from 2010 [1] concluded that 
vaginal misoprostol was equally or more effective than 
vaginal dinoprostone; however, the difference was only 
evident in dosage regimens above 25 µg administered 
every 4 h and with a maximum daily dose of 100-150 µg. 
In Danish labour wards, misoprostol is used more cau-
tiously, possibly due to its off-label status. At the time of 
this study, the recommendation was a single dose of 25 
µg for the first day of induction, followed by either 25, 
50, 75 or 100 µg for the following days, based on the 
cervical ripening progress [3]. The Cochrane review only 
included two studies that used less than 50 µg in the 
first 6 h [4, 5]; consequently, those findings cannot be 
extrapolated to Danish practice.

The registered drug for induction of labour is the 
PGE2-analogue dinoprostone. This drug has shortcom-
ings, primarily its high price and specific storage de-
mands [6]. Due to these drawbacks, misoprostol has be-
come the standard choice of drug for induction in 
Denmark. Other methods are preferred only for twin 
pregnancies and women with previous uterine scars [7]. 

The primary aim of this study was to compare the 
times required from induction of labour to delivery be-
tween the two regimens. Furthermore, as secondary 
outcomes, we evaluated the risk of caesarean section, 
the occurrence of meconium-stained amniotic fluid, the 
5-min Apgar score and the number of transfers to neo-
natal units.

maTERial and mEThOds
In this retrospective study, we retrieved data from 2003 
to 2010 for women who had undergone labour induc-
tion at the Department of Obstetrics and Gynaecology at 
Hillerød Hospital. From the year 2000, the Department 
had used electronic registration for to record labour 
charts. We retrieved all data for women induced with 
vaginal prostaglandin. The coded records of vaginal mis-
oprostol or dinoprostone were verified in a manual chart 
review. Charts were grouped by year of delivery and list-
ed according to the Danish ten-digit central personal 
identification number system. 

Among the records of vaginal prostaglandin admin-
istration, records were excluded when prostaglandin 
had been used to induce a second-trimester abortion 
(misoprostol n = 4; dinoprostone n = 2), birth after an  
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intrauterine foetal death (n = 14; n = 19) and after a 
spontaneous primary rupture of membranes (n = 61;  
n = 98). 

From 2008 to 2010, misoprostol was the standard 
prostaglandin for induction of labour. Records from that 
period were excluded when dinoprostone had been 
used (n = 87). We reviewed 799 charts and 633 met the 
inclusion criteria. To obtain a comparable group size for 
the period from 2003 to 2005, we identified 846 records 
for women induced with dinoprostone. After exclusion 
of twin pregnancies (n = 34) and women with a previous 
cesarean section (n = 58), a total of 635 women were in-
cluded in the dinoprostone group. 

From each chart we obtained maternal age, body 
mass index (BMI), smoking status, parity and gestational 
age as determined by ultrasound. The exact time of in-
duction was defined as the time when the first prosta-
glandin dose was given. We recorded time of adminis-
tration, dose, cervical length, dilatation, additional use 
of oxytocin and epidural analgesia. We also evaluated 
artificial ruptures of membranes performed either  
before or after active labour (≥ 4 cm dilatation with 
regu lar contractions). Finally, we recorded the time and 
mode of delivery, including indications for assisted de-
livery. 

Induction failure was defined as an unsuccessful at-
tempt to induce active labour. Emergency caesarean 
sections for foetal asphyxia or bleeding were censored 
as failed inductions. 

The primary outcome was time elapsed from induc-
tion to delivery.  

The secondary outcomes were the rates of caesar-
ean sections, meconium-stained amniotic fluid, 5-min 
Apgar scores < 7, transfers to the neonatal intensive 
care unit, post-partum haemorrhages (> 500 ml, as-
sessed in a clinical evaluation by the midwife), maternal 
infections (endometritis, based on clinical evaluation at 
labour and in the postnatal ward) and perineal ruptures 
(grades 3-4). We also evaluated the mean birthweight.

The study was approved by The Danish Data 
Protection Agency (case 2011-41-5794) and the Danish 
Committee System on Health Research Ethics (case H-1-
2013-FSP-13).

statistical methods
The group characteristics were compared with the χ2-
test. Kaplan-Meier plots and log-rank tests were used to 
estimate the likelihood of birth in the two groups. A sub-
group analysis was carried out in primi- and multiparous 
women. Cox regression analyses were used to compare 
hazard ratios (HRs) of the time of induction to delivery 
between groups in univariate and multivariate analyses 
with adjustments for potential confounders. Interactions 
were tested between the induction time and confound-
ers. The proportional hazards assumption was tested for 
all Cox models. Logistic regressions were fitted to esti-
mate the odds ratios of maternal and foetal outcomes in 
univariate and multiple logistic regressions.

Statistical analyses were performed with the SPSS 
(PASW v. 18.0.0) software.

Trial registration: The Danish Data Protection Agency 
(#2011-41-5794).

REsUlTs
The analysis included 1,268 women; 633 in the mis-
oprostol group and 635 in the dinoprostone group. Indi-
cations for the induction of labour were defined as 
“post-date”: a gestation of 41 + 3 weeks or more; “PE/
hypertension”: preeclampsia or hypertensive distress; 
“other maternal health conditions”: physiological effects 
from pregnancy like cholestasis, pain, sleeping distur-
bances and itching; ”gestational diabetes or suspected 
macrosomic foetus”; “foetal distress”; and “other”: in-
cluding any remaining indications for induction. The 
“post-date” indication was less common in the mis-
oprostol than in the dinoprostone group (Table 1). 

The misoprostol group had higher BMIs, fewer 
smokers and lower gestational ages than the dinopros-
tone group. 

The prostaglandin administrations varied between 
the two groups on the first day of induction. In the mis-
oprostol group, 99% of women were induced with a sin-
gle dose of 25 µg on the first day; in the dinoprostone 
group, the dose varied from 3 mg to 6 mg. On the sec-
ond day of induction, a clinical estimation of progression 
dictated varying doses of misoprostol (Table 1). In both 
groups, 18 induction attempts were considered failures.

Cervical ripeness was more advanced in the mis-
oprostol than in the dinoprostone group (Table 1). The 
use of oxytocin was similar between groups, but addi-
tional induction methods, including balloon catheter, ar-
tificial rupture of membranes and epidural analgesia 

Induction of labour by 
prostaglandins is safe re-
garding both mother and 
infant. A traditional regi-
men of dinoprostone pro-
vided shorter induction 
times than a low dosage 
regimen of misoprostol.
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were more common in the misoprostol than in the dino-
prostone group.

Within the first 24 h, 38% delivered in the misopros-
tol group and 59% delivered in the dinoprostone group. 
This pattern was reversed over time; at the end of the 

third day, 7.9% in the dinoprostone group and 4.8% in 
the misoprostol group had not delivered (Figure 1 A). 
Similar results were found in analyses stratified by primi- 
and multiparity (Figure 1, B and C). Log-rank tests com-
pared the likelihood of birth in the entire cohort and the 
cohort stratified by parity. All analyses showed signifi-
cant differences between groups (p < 0.05). The mean 
induction times were 33 h for misoprostol and 26 h for 
dinoprostone. 

The HR of birth was 0.82 (95% confidence interval 
(CI) 0.72-0.92), which indicated a reduced rate in the 

TaBlE 1

Descriptive statistics of the study population at baseline by the type of 
prostaglandin used for labour induction. The values are n (%).

Prostaglandin used for induction

dinoprostone misoprostol

Dosagea  day one (pb < 0.05)

Single 226 (36.0) 629 (99.0)

Double 409 (64.0)   4 (1.0)

Dosagea day two (pb < 0.05)

None 135 (47.0) 126 (32.0)

Single   53 (19.0) 117 (29.0)

Double   96 (34.0)  69 (18.0)

More  86 (21.0)

Age, years (pb = 0.3)

≤ 25   88 (13.9)  94 (14.8)

26-30 203 (32.0) 187 (29.5)

31-35 229 (36.1) 210 (33.2)

≥ 36 115 (18.0) 142 (22.5)

BMI, kg/m2 (pb < 0.05)

< 25 307 (48.3) 309 (48.8)

25-30 215 (33.9) 179 (28.3)

≥ 30 113 (17.8) 145 (22.9)

Smoking (pb < 0.05)

No 513 (80.8) 550 (86.9)

Yes 122 (19.2)  83 (13.1)

Parity (pb = 0.5)

0 313 (49.3) 321 (50.7)

1 190 (29.9) 198 (31.3)

2 132 (20.8) 114 (18.0)

Indication for induction (pb < 0.05)

Post-date 303 (47.7) 219 (34.6)

PE/hypertension  93 (14.6) 108 (17.1)

Other maternal health conditions  78 (12.3) 105 (16.6)

Foetal distress  74 (11.7)  64 (10.1)

GDM/large foetus suspicion  53 (8.3)  93 (14.7)

Other  34 (5.4)  44 (7.0)

Gestational age, weeks (pb < 0.05) 

< 39 + 0 101 (15.9) 112 (17.7)

39 + 0 to 42 + 0 265 (41.7) 306 (48.3)

≥ 42 + 0 269 (42.4) 215 (34.0)

Dilatation of orifice, cm (pb < 0.05)

0 218 (34.3) 222 (35.1)

≤ 1.5 186 (29.3)  96 (15.2)

> 1.5 231 (36.4) 315 (49.8)

Cervical length, cm (pb = 0.7)

< 1 196 (30.9) 183 (28.9)

1-2 341 (53.7) 343 (54.2)

> 2  98 (15.4) 107 (16.9)

BMI = body mass index; GDM = gestational diabetes mellitus;  
PE = preeclampsia.
a) Dinoprostone 3 mg, misoprostol 25 µg.
b) p < 0.05 was considered significant. 

FiGURE 1

Kaplan-Meier plots depict the number of births by the induction times for the misoprostol regimen 
(brown) and the dinoprostone regimen (red). a. Entire cohort. B. Primiparous women. c. Multiparous 
women. Failures and acute caesarean sections were censored and marked in the plot.
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misoprostol groups compared to the dinoprostone 
group (Table 2). The misoprostol rate remained reduced 
after adjusting for covariates (HR = 0.79 (95% CI: 0.69-
0.90)). The same differences between induction regi-
mens were found when stratified by induction indication 
or by gestational age (Table 1). 

The groups had similar modes of delivery (Table 3) 
and indications for surgical interventions. Interventions 
were recorded as asphyxia, bleeding, disproportion, dys-
tocia, maternal request or other.

Logistic regressions showed no differences in rates 
of cesarean section in uni- and multivariate analyses 

(Table 2). Emergency caesarean sections were more 
common with dinoprostone than with misoprostol, but 
the difference was not significant (p > 0.05, n = 101 and 
n = 88, respectively). The groups had comparable cer-
vical dilatations before caesarean sections (0 cm, 0-1.5 
cm, or more than 1.5 cm; p > 0.05).

The numbers of Apgar scores < 7 were similar be-
tween groups. Meconium-staining and neonatal care 
unit transfers were significantly less frequent with mis-
oprostol than with dinoprostone in the univariate analy-
ses; however, the difference was not significant in multi-
ple logistic regression analyses (Table 2). 

Occurrences of post-partum infection, haemor-
rhage and perineal ruptures were comparable between 
the two groups. Mean birth weights were also compar-
able: 3,692 g (standard deviation (SD) = 609) with dino-
prostone and 3,635 g (SD = 529) with misoprostol.

No uterine rupture was observed in the entire co-
hort.

discUssiOn
The low-dosage misoprostol regimen appeared to be 
less effective than dinoprostone for induction of labour 
even after adjustment for covariates. This was evident 
for both primi- and multiparous women. In our setting, 
the dose of misoprostol was altered on the second day 
of induction to allow a range of 25 to 100 µg per day in 
the remaining induction period. Consequently, the likeli-
hood of delivery was more favourable with misoprostol 
at the end of the third day. In an earlier Danish study [3], 
administration of either 25 µg (n = 100) or 50 µg (n = 
112) misoprostol was compared with 3 mg (n = 108) di-
noprostone during the first 24 h in a retrospective co-
hort. The mean induction times were 38, 25 and 35 h, 
respectively, which is consistent with the findings ob-
served in our study.

Previous studies reported that the efficacy of mis-
oprostol by far exceeded that of dinoprostone [1], but 
most studies used higher dosages than those of the pre-
sent study. Typically, 25 to 50 µg of misoprostol is admin-
istered every 4-6 h [8-11]. Induction is ceased upon ac-
tive labour [10] or after a daily limit of 100-150 µg of 
misoprostol [12]. Consequently, we expected longer  
induction times with a low-dosage regimen in the first 24 
h. Tan et al [13] reported equivalent birth rates within 24 
h with dinoprostone 3 mg twice daily and misoprostol 50 
µg every 6 h with a limit of 100 µg. A third group report-
ed a significantly longer induction time during the first 24 
h with a single dose of 25 µg misoprostol [14].

The differences in BMI and smoking rates between 
groups were expected due to the different sampling  
periods. Furthermore, indications for induction varied; 
the “post-date” indication occurred more frequently 
during the period that dinoprostone was administered.

TaBlE 3

Hazard ratios of births in the misoprostol group compared with the dinoprostone group with and with-
out adjustment for covariatesa. Induction failures and acute cesarean sections were censored. Odds ra-
tios of risks in the misoprostol group compared to the dinoprostone group, adjusted for covariatesa. In-
duction failures were censored.

hR (95% ci) OR (95% ci)

Induction time

Misoprostol versus  
dinoprostone univariate

0.82 (0.72-0.92) –

Misoprostol versus  
dinoprostone multivariate

0.79 (0.69-0.90) –

Primary maternal and foetal outcomes

Caesarean section – 0.88 (0.64-1.21)

Apgar < 7 after five minutes – 1.73 (0.34-8.75)

Meconium-stained liquor - 0.85 (0.63-1.15)

Transfer to neonatal care unit – 0.64 (0.38-1.08)

CI = confidence interval; HR = hazard ratio; OR = odds ratio.
a) Age, body mass index, smoking, parity, indication for induction, gestational age, dilatation of orifice, 
cervical length.

TaBlE 2

Outcomes by types of prostaglandin used for induction of labour. Induction failures were censored. The 
values are n (%).

 Prostaglandin used for induction

dinoprostone misoprostol

Mode of delivery (pa = 0.7)

Vaginal 414 (67.1) 426 (69.3)

Vaginal assisted (vacuum)  73 (11.8)  69 (11.2)

Caesarean section 130 (21.1) 120 (19.5)

Apgar (5-min) (pa = 0.09)

≥ 7 613 (99.4) 612 (99.5)

< 7   4 (0.6)   3 (0.5)

Meconium-stained liquor  
(pa = 0.045)

No 474 (76.8) 501 (81.5)

Yes 143 (23.2) 114 (18.5)

Transfer to NICU (pa = 0.05)

No 569 (92.2) 584 (95.0)

Yes  48 (7.8)  31 (5.0)

NICU = neonatal intensive care unit.
a) p < 0.05 was considered significant.
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Caesarean section rates were comparable between 
groups, which is consistent with other studies [14, 15]. 
Overall, we found similar maternal adverse effects be-
tween groups, including caesarean sections, post- 
partum haemorrhages, perineal ruptures and post- 
partum infections.

Foetal outcomes were also comparable between 
groups which is consistent with most published studies 
[1, 13]. We found a tendency of less frequent meconi-
um-stained amniotic fluid and transfers to the neonatal 
intensive care unit in the misoprostol group than in the 
dinoprostone group. This  contrasted with findings cited 
in the Cochrane review [1]. However, higher doses were 
used in the Cochrane review than in our low-dosage 
regi men; this might explain our finding of a tendency to-
ward healthier neonates. After adjusting for covariates, 
however, no statistical difference was evident.

This retrospective study described everyday clinical 
practice. One limitation of the study was that we com-
pared women from different time periods; thus, some 
biases were unavoidable. Our use of multivariate and 
subgroup analyses contributed to minimizing the biases. 
The study did not allow for assessment of uterine hyper-
stimulation, a well-known complication associated with 
the use of misoprostol. However, the proportion of cae-
sarean sections performed due to indications of immi-
nent asphyxia was similar between groups; this sug-
gested no major differences in complications.

Only 25 µg of misoprostol was used in the initial 24 
h; we chose a cautious approach due to the current off-
label use. The off-label use may explain the large diver-
sity of regimens observed internationally. In addition, 
off-label use may reduce compliance and induce a sense 
of insecurity among women undergoing induction. The 
use of misoprostol for labour induction is currently  
undergoing formal approval in Denmark.

We found that labour induction with a low dosage of 
misoprostol was safe, but not as effective as the conven-
tional dinoprostone regimen as far as time to delivery is 
concerned. However, the Danish induction regimen with 
misoprostol may have been overly cautious. In interna-
tional studies, the administration of higher doses was 
shown to be more efficient without compromising ma-
ternal or foetal safety. Recently, the Danish Society of 
Obstetricians and Gynaecologists (DSOG) published an 
official guideline recommending the use of 50 µg on the 
first day of induction for vaginal misoprostol applications.
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