
Abstract
!

Termination of pregnancy after the first trimester
is generally carried out by medical induction.
Question: The aim of this study is to investigate
the effect of mifepristone before administration
of the prostaglandin derivative on induction time.
Material and Methods: We analysed 333 medi-
cally indicated terminations after the first trimes-
ter under the terms of § 218a Para. 2 of the Ger-
man Criminal Code, in which the prostaglandin
derivatives misoprostol, gemeprost or dinoprost-
one were administered with or without pre-
treatment with 600mg of mifepristone. The time
interval between the initial administration of
prostaglandin and delivery was investigated. Us-
ing uni- and multivariate regression analysis, the
effect of maternal age, body mass index, gravidity
and parity, previous Caesarean sections, gesta-
tional age and the induction regimen on the in-
duction time were analysed.
Results: The average induction time was signifi-
cantly shortened with mifepristone (15.1 ±
11.9 hours with mifepristone vs. 25.3 ± 24.2 hours
without mifepristone [p < 0.001]). The combina-
tion of mifepristone and misoprostol was most
frequently used and proved to be the most effec-
tive regimen, reducing the induction period to
13.6 ± 10.3 hours. Besides pre-treatment with
mifepristone, gestational age and a history of de-
livery without Caesarean section were significant
influencing factors in reducing the induction
time.
Conclusion: The induction interval can be signifi-
cantly shortened by the prior administration of
mifepristone. The combination of mifepristone
and misoprostol or gemeprost is the most effec-
tive regimen for the medical termination of preg-
nancy.

Zusammenfassung
!

Fragestellung: Schwangerschaftsabbrüche nach
dem 1. Trimenon erfolgen in der Regel medika-
mentös. Ziel der Arbeit ist es, den Einfluss von
Mifepriston vor der eigentlichen Prostaglandin-
derivatgabe auf die Einleitungszeit zu unter-
suchen.
Material und Methodik: Ausgewertet wurden
333 Schwangerschaftsabbrüche mit medizini-
scher Indikation gemäß § 218a Abs. 2 StGB nach
dem 1. Trimenon, bei denen die Prostaglandinde-
rivate Misoprostol, Gemeprost oder Dinoproston
mit oder ohne Vorbehandlung mit 600mg Mife-
priston zum Einsatz kamen. Untersucht wurde
das Zeitintervall zwischen 1. Prostaglandinappli-
kation und Entbindung. In einer uni- und multi-
variaten Regressionsanalyse wurden die Faktoren
mütterliches Alter, Body-Mass-Index, Gravidität
und Parität, Z.n. Sectio caesarea, das Gestations-
alter sowie das Einleitungsregime auf ihren Ein-
fluss auf die Einleitungszeit analysiert.
Ergebnisse: Mit Mifepriston verkürzte sich das
mittlere Einleitungsintervall signifikant auf 15,1
(± 11,9) Stunden im Vergleich zu 25,3 (± 24,4)
Stunden ohne Mifepriston (p < 0,001). Die Kombi-
nation mit Mifepriston und Misoprostol war das
am häufigsten angewandte Regime mit einer Ver-
kürzung der Einleitungszeit auf 13,6 ± 10,3 Stun-
den. Neben der Vorbehandlung mit Mifepriston
waren das Gestationsalter und der Z.n. Entbin-
dung ohne Sectio signifikante Einflussfaktoren
für eine Verkürzung der Einleitungszeit.
Schlussfolgerung: Das Einleitungsintervall konn-
te durch die vorangehende Gabe von Mifepriston
signifikant verkürzt werden. Die Kombination aus
Mifepriston und Misoprostol stellt ein effektives
Medikamentenregime für einen Schwanger-
schaftsabbruch nach dem 1. Trimester dar.
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Introduction
!

Termination of pregnancy is one of the most common surgical
procedures in gynaecology and obstetrics. Each year, 50 million
terminations are registered worldwide [1]. According to data
from the Federal Statistical Office, almost 107000 terminations
were carried out in Germany in 2012 [2]. The majority of these
were performed surgically using curettage or vacuum aspiration.
However, around 10–15% of the terminations were carried out
after the end of the first trimester, and medical termination was
the preferred method [3,4]. The higher morbidity and maternal
mortality rates of pregnancy terminations after the first trimes-
ter should be especially considered [5]. In a study carried out in
the USA, Bartlett et al. showed that the mortality rate of termina-
tions was 0.7 per 100000, and that this increased by 38% with
each week of pregnancy [5].
The prostaglandin derivatives misoprostol, gemeprost and dino-
prostone are primarily used for medically-induced terminations.
These substances exhibit a satisfactory level of safety and efficacy
for cervical ripening, induction of labour andmedical abortion [6,
7]. In a previous study by our working group, we observed that
90% of pregnancy terminations occurred within 24 hours of the
start of prostaglandin administration [8]. Consistent with other
study groups, gestational age and parity were shown to be deci-
sive influencing factors [9].
To shorten the induction time of pregnancy terminations, mife-
pristone can also be administered before the prostaglandin [7].
As a result of its anti-progestogenic effect as a competitive inhib-
itor of the progesterone receptor, mifepristone reduces the uter-
ine contraction threshold and promotes cervical ripening. Mife-
pristone is licensed for the medical termination of pregnancy up
to the 49th day of amenorrhoea in sequential use with a prosta-
glandin. However, the combination can also be used in more ad-
vanced weeks of pregnancy [10].
The aim of this retrospective study is to investigate the effective-
ness of the combination of mifepristone with various different
prostaglandin derivatives with regard to the induction interval,
and to identify factors which influence the duration of induction.
Materials and Methods
!

In this retrospective study, all abortions carried out at the Univer-
sity Hospital for Women in Tuebingen between 2005 and 2012 in
which prostaglandins were administered to terminate the preg-
nancy were evaluated. The termination had to be carried out ac-
cording to § 219a Para 2. of the German Criminal Code (StGB).
Terminations carried out after the legal termination period
(§ 218a Para 1. StGB) were not included. Fetocide was performed
in the event of non-lethal abnormalities after 24 completed
weeks of pregnancy.
Either misoprostol (Cytotec® 200 µg vaginally and 200 µg orally),
gemeprost (Cergem® 1mg vaginally) or dinoprostone (Minipros-
tin Gel® 2mg vaginally) were used for induction. Prostaglandin
administration was repeated at four to six hourly intervals until
regular contractions were observed. Patients who had a previous
history of Caesarean section received either dinoprostone or ge-
meprost. The induction was otherwise carried out using miso-
prostol or gemeprost.
The drug regimen used was chosen by the responsible gynaecol-
ogists. Since 2009, the progesterone receptor antagonist mife-
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pristone (Mifegyne® 600mg orally) has been administered 24 to
48 hours before the initial dose of prostaglandin.
All patients were informed about the off-label use of the drugs
and gave their consent for the procedure.
Partial results from 184 of the 333 pregnancy terminations eval-
uated in this study were published in 2011 [8]. However, this
study did not describe the cases where mifepristone was admin-
istered first.

Statistical evaluation
The maternal age (years), body mass index (kg/m2), gravidity and
parity (number of each), previous Caesarean section (yes/no),
previous vaginal deliveries (yes/no) and gestational age (weeks
of pregnancy) were recorded in a digital database for each pa-
tient.
In our previous study, wewere able to show that observed abnor-
malities (aneuploidy, heart defects, non-immune hydrops fetalis,
neural tube defects, neuromuscular or skeletal abnormalities,
CNS abnormalities and other abnormalities) and changes in the
volume of amniotic fluid do not have any effect on the induction
period [8]. These parameters were therefore not included in this
analysis.
The induction regimen (misoprostol, gemeprost or dinoprost-
one), previous administration of mifepristone (yes/no) and the
induction time (hours), defined as the time interval between the
first dose of prostaglandin and cutting of the umbilical cord, were
also recorded.
Terminations were excluded from further evaluation if the drug
regimen was altered during the course of a termination, if a bal-
loon catheter was inserted, or if the termination ended with a
Caesarean section.
Induction times with and without mifepristone were compared
using a Studentʼs t-test after normal distribution had been
checked using the Kolmogorov-Smirnov test. Significant parame-
ters which influenced induction time were investigated using
uni- andmultivariant regression analysis. A uni- andmultivariate
logistic regression analysis was used to determine the significant
factors which influenced the delivery within 12 hours after in-
duction.
The level of significance was set at a p-value of 0.05.
Results
!

Patient characteristics
The study population included 352 pregnancies. 19 (5.4%) preg-
nancies were excluded either because they were terminated sur-
gically using suction curettage, because they were terminated by
Caesarean section in the case of an advanced gestational age, be-
cause the medical induction regimen was altered during the
course of the termination, or because a balloon catheter was in-
serted. A total of 333 pregnancies were therefore available for
evaluation.
The median maternal age at induction was 33.0 (interquartile
range IQR 28.1–37.0) years, the median gestational age was 18.7
(IQR 15.4–21.6) weeks of pregnancy, the patientsʼ median BMI
was 23.8 (IQR 21.5–26.6) kg/m2, and the median gravidity and
parity were 2 (IQR 1–3) and 1 (IQR 0–1) respectively. A Caesarean
section was performed in 49 of the 177 patients with a history of
previous delivery. The observed fetal abnormalities are listed in
l" Table 1.
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Table 1 Foetal abnormalities observed in the study group.

Abnormality n %

Aneuploidy 142 42.7%

Heart defect 12 3.6%

P
ro

p
o

rt
io

n
o

f
te

rm
in

a
te

d
p

re
g

n
a

n
ci

e
s

(%
)

Time interval between first prostaglandin
administration and birth (h)

160140120100806040200

100

90

80

70

60

50

40

30

20

10

0

With mifepristone

Without mifepristone

Fig. 1 Time interval between initial prostaglandin administration and
birth.
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242 (72.7%) of pregnancies were terminated using misoprostol,
66 (19.8%) using gemeprost and 25 (7.5%) using dinoprostone.
81 (24.3%) patients initially received mifepristone (l" Table 2).

Induction times and their influencing factors
The mean induction time across the whole study group from ini-
tial drug administration to delivery was 22.8 (standard deviation
± 22.4) hours. In 123 (36.9%) patients, a maximum of 12.0 hours
elapsed between the first induction and delivery. This was amax-
imum of 18.0 hours in 190 (57.1%) patients, and more than
24.0 hours in 235 patients (70.6%).
With mifepristone, the average induction interval was reduced
significantly to 15.1 (± 11.9) hours compared to 25.3 (± 24.4)
hours without mifepristone (p < 0.001) (l" Fig. 1). In the sub-
groups which were induced with misoprostol (13.6 ± 10.3 vs.
22.0 ± 22.1 hours; p < 0.001), gemeprost (11.4 ± 6.5 vs. 23.6 ±
17.9 hours; p < 0.001) and dinoprostone (37.6 ± 11.3 vs. 61.1 ±
33.4 hours; p < 0.015), the average induction interval was signifi-
cantly shorter following prior mifepristone administration
(l" Table 2).
l" Table 3 shows the results of the uni- and multivariate regres-
sion analyses to determine the significant influencing factors on
induction time. Inductions in which dinoprostone was adminis-
tered showed significantly longer induction times. In contrast,
the use of mifepristone in combination with a previous history
of delivery without Caesarean section led to a significant reduc-
tion in the induction time.
Significant influencing parameters on delivery within 12 hours
were low gestational age, a history of delivery (deliveries) with-
out Caesarean section and prior mifepristone administration
(l" Table 4).
Non-immunological hydrops fetalis 18 5.4%

Neural tube defect 25 7.5%

Neuromuscular or skeletal abnormality 38 11.4%

Renal abnormality 27 8.1%

CNS abnormality 29 8.7%

Other abnormality 42 12.6%

Total 333 100%
Discussion
!

In the present study, we were able to show that the time interval
between induction and delivery in medical abortions can be sig-
nificantly reduced by the combined use ofmifepristone and pros-
taglandin derivatives. Irrespective of the choice of prostaglandin,
a reduction in the induction time by over 10 hours was recorded.
In addition to mifepristone administration, early gestational age
and higher parity without previous Caesarean section were sig-
nificant influencing factors which led to a reduction in the induc-
tion time.
Table 2 Induction time between initial prostaglandin administration and birth.

Induction protocol Number Indu

Mea

Misoprostol 242 19.7
" Withmifepristone 67 13.6
" Without mifepristone 175 22.0

Gemeprost 66 22.1
" Withmifepristone 8 11.4
" Without mifepristone 58 23.6

Dinoprostone 25 55.5
" Withmifepristone 6 37.6
" Without mifepristone 19 61.1

Total 333 22.4

Difference between induction with misoprostol with mifepristone vs. without mifepristone t

Difference between induction with gemeprost with mifepristone vs. without mifepristone t-

Difference between induction with dinoprostone with mifepristone vs. without mifepristone
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Our results are partially consistent with previous studies. Using
106 pregnancy terminations, Jannet et al. showed that induction
times were significantly shorter in multipara when using a drug
regimen similar to our induction regimen [11]. In our previous
ction time

n value (standard deviation) Median (25–75% quantile)

(19.9) 14.2 (10.0–23.0)

(10.3)* 10.7 (6.7–15.5)

(22.1) 16.0 (11.0–30.0)

(17.4) 17.7 (11.0–30.0)

(6.5)* 10.1 (6.0–15.0)

(17.9) 19.9 (11.0–30.0)

(31.1) 49.0 (32.0–69.0)

(11.3)* 39.1 (28.3–48.1)

(33.4) 61.3 (32.0–71.3)

(22.4) 16.0 (10.0–28.0)

-test p < 0.001

test p = 0.001

t-test p = 0.015
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Table 3 Uni- and multivariate regression analysis to determine the significant influencing factors on the induction time between initial prostaglandin administra-
tion and birth.

Parameter Induction time

Univariate regression Multivariate regression

OR [95% CI] p OR [95% CI] p

Age (years) − 0.097 (− 0.508–0.313) 0.641

BMI (kg/m2) 0.261 (− 0.275–0.797) 0.339

Gestational age (weeks of pregnancy) 0.918 (0.318–1.519) 0.003 0.386 (− 0.162–0.935) 0.167

Gravidity (n) − 1.184 (− 3.059–0.690) 0.215

Parity (n) − 1.336 (− 3.908–1.236) 0.308

Obstetrics medical history
" First-timemother 1
" Previous C-section 11.748 (4.539–18.957) 0.001 − 4.685 (− 13.112–3.741) 0.275
" Previous delivery (deliveries) without C-section − 8.582 (− 13.695 – − 3.469) 0.001 − 8.622 (− 13.338 – − 3.906) < 0.001

Mifepristone prior to induction
" No
" Yes − 10.183 (− 4.643 – − 15.723) < 0.001 − 10.052 (− 15.029 – − 5.074) < 0.001

Drug regimen
" Misoprostol 1
" Gemeprost 2.466 (− 3.124–8.056) 0.386
" Dinoprostone 35.815 (27.359–44.272) < 0.001 33.421 (22.546–44.296) < 0.001

Table 4 Uni- and multivariate logistic regression for predicting a delivery within 12 hours of the initial prostaglandin dose.

Parameter Delivery within 12 hours of first induction

Univariate logistic regression Multivariate logistic regression

OR [95% CI] p OR [95% CI] p

Age (years) 1.049 (1.009–1.090) 0.017 1.009 (0.962–1.057) 0.717

BMI (kg/m2) 0.955 (0.906–1.007) 0.086

Gestational age (weeks of pregnancy) 0.885 (0.830–0.943) < 0.001 0.886 (0.824–0.952) 0.001

Gravidity (n) 1.340 (1.123–1.599) 0.001 0.961 (0.707–1.305) 0.797

Parity (n) 1.561 (1.216–2.005) < 0.001 1.314 (0.896–1.928) 0.162

Obstetrics medical history
" First-timemother 1
" Previous C-section 0.738 (0.304–1.790) 0.502
" Previous delivery (deliveries) without C-section 4.147 (2.399–7.170) < 0.001 4.875 (2.745–8.658) < 0.001

Mifepristone prior to induction
" No 1
" Yes 2.653 (1.589–4.428) < 0.001 3.198 (1788–5.722) < 0.001

Drug regimen
" Misoprostol 1
" Gemeprost 0.710 (0.401–1.258) 0.241
" Dinoprostone 0 0.998
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study, we were able to show that the type of fetal abnormality
which led to the termination had no effect on the duration of
the abortion induction [8]. Due to conflicting results from other
study groups, this aspect must be considered as not yet definitely
resolved [12].
The shortest induction times were observed with the combined
use of mifepristone with gemeprost or misoprostol. The combi-
nation of mifepristone and misoprostol has been licensed in
France since 1988 [13]. The superiority of this combination over
regimens which use dinoprostone or gemeprost had been con-
firmed in several studies, some randomised [14,15]. In a current
Cochrane analysis, the use of misoprostol as a single agent was
confirmed to be an effective method; however its combination
with mifepristone appeared to significantly increase its effective-
ness [7]. No mandatory guideline can currently be derived from
the large number of randomised studies on dose, dosage interval
and routes of administration which were included in this meta-
Hoopman
analysis. Concerning the route of administration of misoprostol,
Akoury et al. observed a significant advantage for vaginal admin-
istration with regard to induction time. In a controlled-random-
ised study using 400 µg of misoprostol, they recorded an average
induction time of 30.5 (± 14.4) hours with oral and 18.3 (± 8.2)
hours with vaginal administration [16]. The vaginal administra-
tion of misoprostol at three-hourly intervals appears to be the
most effective option with an acceptable side effect profile. The
most frequently described side effect in this study was transient
diarrhoea. Our chosen dosage of 400 µg combined oral-vaginal
administration every 4 to 6 hours starting 24–48 hours after mif-
epristone administration corresponds with the spectrum of
treatment regimens to date and the recommendations of the
AWMFʼs S1-guideline no. 015/031 [17,18]. Regarding the time
interval between administration of mifepristone and misopro-
stol, a recent meta-analysis showed only moderate differences:
the induction interval between the initial dose of misoprostol
n M et al. Influence of Mifepristone… Geburtsh Frauenheilk 2014; 74: 350–354



354 GebFra Science
and delivery was only 1–2 hours shorter when mifepristone was
used 12–24 hours before compared to a 36–48 hours interval
[19]. Therefore, in a clinical setting, the start of prostaglandin ad-
ministration within 24 hours of mifepristone administration ap-
pears to be most favourable, as the total duration of the abortion
is effectively reduced and the variance of the possible abortion
duration is limited to the greatest extent.
Summary
!

In this study, wewere able to show that mifepristone followed by
misoprostol or gemeprost 24 to 48 hours later led to the most
rapid abortions in the 2nd and 3rd trimesters. In addition to the
preliminary administration of mifepristone, gestational age and
parity are significant influencing factors on the duration of in-
duction.
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