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theory have certain advantages over previous PGE2

formulations. For example, the vaginal insert may be
removed easily and rapidly from the vagina in the
event of complications such as undesired side effects9.
However, since the vaginal insert contains a reservoir
of 10 mg PGE2 on initial insertion, it has been suggested
that a potential problem with its use is the release of an
abnormally large amount of PGE2 over a short period of
time (so called `dose dumping')10, which may subse-
quently cause hyperstimulation of the uterus.

Previous studies of the controlled-release PGE2 vagi-
nal insert have generally documented PGE2 release over a
12-hour observation period after which the insert was
removed11±19. During this period, a total of 3±5 mg
PGE2 was released at a rate of 0.3±0.4 mg/h13,14. Analysis
of the residual PGE2 in the insert has shown that a
substantial amount of PGE2 remained in the insert after
12 h11 and, consequently, the vaginal insert may poten-
tially have been effective for a longer dosing period. Only
in one recent study has the controlled-release insert
remained in situ for up to 24 h20. It has also been demon-
strated that a change of pH can alter the release charac-
teristics of PGE2 from vaginal preparations in vitro21, but
this has not been addressed adequately in vivo, particu-
larly with respect to women with prelabour rupture of
membranes (PROM), which is a major indication for
labour induction.

The main aim of this exploratory study was to measure
the release rate of PGE2 in vivo from a controlled-release
PGE2 vaginal insert over 24 hours in women with an
unfavourable (unripe) cervix scheduled for labour induc-
tion at term with intact membranes or PROM. Secondary
objectives were to evaluate the in¯uence of increased
vaginal pH on the PGE2 release rate after PROM, to
assess the ef®cacy of the vaginal insert for inducing
labour, to measure maternal plasma concentrations of
PGE2 and a metabolite of PGE2. Correlation analyses
were also performed in order to evaluate any relationship
between neonatal safety and absorption rates of PGE2.

METHODS

This open-label, prospective study took place during
an eight-month period from July 1996 to February 1997
in the Department of Obstetrics and Gynecology,
Uppsala University Hospital, Uppsala, Sweden. The
investigation was approved by the local Ethics Commit-
tee and by the Swedish Medical Products Agency. Sixty-
eight pregnant women at term with unripe cervices and
scheduled for labour induction were enrolled in the study
after giving written, informed consent. Inclusion criteria
for the study were: maternal age $ 18 years; singleton,
cephalic pregnancy; gestational age $ 37 weeks; cervical
Bishop score22 # 6; and # 3 full term pregnancies.
Women who had entered spontaneous labour, had a

parity greater than two, a previous uterine scar or a
history of severe bronchial asthma were excluded.
Women with PROM were not excluded.

Groups of ®ve women were allocated to 13 predeter-
mined treatment time intervals of 0.5, 1, 1.5, 2, 3, 4, 6, 8,
10, 12, 16, 20 and 24 h.

Before insertion and directly after removal of the vagi-
nal insert, vaginal pH and cervical Bishop score were
recorded. A 30-minute cardiotocography (CTG) tracing
preceded insertion to exclude spontaneous labour.
Labour was de®ned as $ 3 (painful) regular uterine
contractions, each lasting . 45 s during a 10-minute
period. In women with PROM, C-reactive protein and
white blood cell counts were measured; pH was measured
immediately after PROM.

The controlled-release PGE2 vaginal insert was a 0.8-
mm thick, ¯at, semi-opaque polymeric insert connected
to a knitted polyester retrieval system (Propess, Ferring
AB, MalmoÈ, Sweden). The insert consisted of a non-
biodegradable polymeric drug delivery device containing
10 mg dinoprostone dispersed throughout a hydrogel
matrix, releasing approximately 4±5 mg PGE2 over 12
h or 0.3±0.4 mg PGE2 per hour11. Individual, foil-
wrapped vaginal inserts were stored frozen at 2108C to
2208C until required for use. One vaginal insert was
placed in the posterior fornix of the vagina in a transverse
position. Only one vaginal insert was used per woman.
The woman remained in bed for two hours following
insertion, after which the woman was allowed to move
about. CTG recording was continued during the ®rst hour
after insertion and thereafter when contractions occurred
or when it was considered necessary by the investigator.
The insert was removed at the end of the predetermined
treatment period or earlier if labour was induced, fetal
distress was detected or maternal complications occurred.
It was also obligatory for the vaginal insert to be removed
before administering either oxytocin or tocolytic drugs. If
further treatment was required for cervical ripening after
removal of the vaginal insert, additional doses of 1±2 mg
dinoprostone was applied as a vaginal gel (Minprostinw,
Pharmacia & Upjohn, Uppsala, Sweden). However, no
other prostaglandin formulation was allowed to be
given while the insert was in situ. For labour enhance-
ment, an infusion of 5IU oxytocin (Syntocinonw; Novar-
tis, Basel, Switzerland) per 500 mL 5% glucose was used.

According to local routine, terbutaline (Bricanylw;
Astra Draco, Lund, Sweden) was administered as a
bolus dose of 125 or 250 mg intravenously when uterine
tachysystole or hyperstimulation was identi®ed. Uterine
hyperstimulation was de®ned in the protocol when two of
the following three criteria were met: . 3 painful
contractions/10 minute; a contraction lasting . 1 minute;
fetal distress (abnormal fetal heart rate [FHR] record-
ings). Table 1 provides a more detailed de®nition of uter-
ine hyperstimulation and fetal distress.

Maternal blood samples were taken before insertion of

170 S. LYRENAÈ S ET AL.

q RCOG 2001 Br J Obstet Gynaecol 108, pp. 169±178



the vaginal insert and every 4 h until removal in order to
determine plasma concentrations of PGE2 and the major
PGE2 metabolite, 15-Keto-13, 14-dihydro-PGF2a

(PGEm). Vaginal pH was measured using a pH indicator
strip (Spezialindikatorw, pH 2.0±9.0, Merck, Darmstadt,
Germany) immediately before insertion and directly after
removal of the insert. The cervical Bishop score22 was
assessed prior to dosing and after 8 and 12 h and imme-
diately after removal of the insert. Throughout the study,
insertion and removal of the vaginal insert, pH measure-
ments and cervical Bishop score assessments were
performed by the same investigator (S.L.). Umbilical
cord pH and blood gases were assayed at delivery and
infants were examined within 24 h of birth.

After removal of the vaginal insert, it was immediately
placed in a plastic bag, frozen and stored at 2208C until
assessment of residual PGE2. Each plastic bag was
labelled with the number of the recruited woman, and
the date and time of insertion and retrieval. The insert
and its retrieval system were each analysed by high
performance liquid chromatography (Controlled Thera-
peutics Ltd, East Kilbride, Scotland). The amount of
released PGE2 was calculated by subtraction of the resi-
dual PGE2 in the insert and retrieval system at the time of
removal from the batch potency. Vaginal inserts from 66/
68 women were analysed; two inserts fell out during
voiding and were not analysed. For control purposes
and in order to calculate batch potency, two unused
inserts were also analysed after being stored in a refrig-
erator (148C) for two months.

Blood sampling was performed using specially
prepared syringes containing 475 mL EDTA pH 7.4 and
25 mL 0.04 M indomethacin solution. Plasma was sepa-
rated by centrifugation at 2000 g for 15 minute at 148C
and stored at 2208C until assaying. Plasma PGE2 was
assayed by Ferring AB, MalmoÈ, Sweden, using a radio-
immunoassay kit (Prostaglandin E2 [125I] assay system
with magnetic separation [RPA 530]; Amersham
[Biotrak]). Plasma PGEm (15-Keto-13, 14-dihydro-

PGF2a ) concentrations were measured by radio-immu-
noassay23 at the Department of Obstetrics and Gynecol-
ogy, Swedish University of Agricultural Studies,
Uppsala, Sweden.

Two populations were de®ned in the study protocol for
analysis. The `all patients treated' (APT) population
included all women who ful®lled the eligibility criteria
for study entry, were allocated to a speci®c time point and
received treatment. A subgroup of this population was
subsequently used for the `time to event' analysis.

Data were entered into the study database using a
double-entry procedure at Ferring AB, MalmoÈ, Sweden,
and then cleaned and validated for analysis. Statistical
analysis was performed using SAS (version 6.12 for
Microsoft Windows). Continuous data were analysed
using the Student's t test (paired or two-sample). Differ-
ences in time, pH and cervical Bishop score were analysed
using the Wilcoxon non-parametric test. In the correlation
analyses, the Pearson correlation coef®cient (rp), measur-
ing linear correlation, or the Spearman correlation coef®-
cient (rs), measuring general correlation, were used. PGE2

release was also calculated using a least-square linear
regression modelling with treatment time as the explana-
tory variable, yielding the PGE2 release rate estimates.
The following subgroups were investigated:

² nulliparous women
² multiparous women
² women with PROM
² women with intact membranes

Another subgroup of interest included women either
delivering vaginally or requiring a caesarean section.

Statistical signi®cance was determined at the P , 0.05
level. As this was an open trial, no sample size calcula-
tion was performed. However, in order to estimate the
release rate of PGE2, at least 65 women were allocated to
the 13 different treatment time points, with ®ve women
allocated to each individual time point.
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Table 1. De®nition of hyperstimulation and fetal distress.

Hyperstimulation Frequency of

painful uterine

contractions

Duration of

uterine contraction

Cardiography

Uterine tachysystole . 3 in 10 min # 1 min No signs of fetal distress

Uterine hypertonus # 3 in 10 min . 1 min No signs of fetal distress

Uterine hyperstimulation (when two of the three

criteria were met)

. 3 in 10 min . 1 min Signs of fetal distress

Fetal distress Base line heart

rate (bpm)

Accelerations Base line

variability (bpm)

Decelerations

Normal (reassuring) fetal heart rate (FHR) pattern 110-150 $ 2 in 20 min 5±25 Absence of decelerations

Fetal distress (or non-reassuring FHR pattern , 110 (bradycardia) or

.150 (tachycardia)

Absence of fetal

heart rate

accelerations

, 5 Variable decelerations

Late decelerations
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RESULTS

Demographic data for the APT population and the
indications for labour induction are shown in Table 2.
There was no signi®cant difference between nulliparous
and multiparous women regarding weight, height, mater-
nal or gestational age, or ethnic origin. The most common
indication for the induction of labour was PROM (30.9%)
followed by psychosocial (22.1%).

All 68 women were evaluable for the primary ef®cacy
parameter of the amount of PGE2 released and were
therefore included in the all patients treated ef®cacy
population (Fig. 1). Forty-seven (69.1%) women had
the insert removed due to the successful induction of
labour and consequently discontinued study treatment
before their allocated time period. These women were
included in the time to event population (Fig. 1). In a
further three (4.4%) women, the insert fell out before
the onset of labour, but one insert was salvaged and
subsequently analysed. Eighteen (26.5%) women
reached their predetermined time points. In only two of
these women were the allocated time point of 24 hours
reached without onset of labour. These two women
received additional PGE2 vaginal gel for further cervical
ripening. In total, 21 women (18 who reached their prede-
termined time points and 3 in whom the insert fell out)
were not evaluable for the time to event analysis.

Prostaglandin release between 0.5 hours and 24 hours

In women with intact membranes, there was a positive
linear relationship between the amount of PGE2 released
and the treatment time (rp� 0.95; P� 0.0001) over the
24-hour dosing period, which was not found in women
with PROM (rp� 0.37; P� 0.11) (Fig. 2).

Correlation analyses to evaluate the relationship
between the absorption rate of PGE2 (using PGEm

measurements) and uterine activity levels and fetal vari-
ables at birth were only statistically signi®cant between
Apgar scores after 1 minute vs the absorption rate
(rs� 0.359, P� 0.003) and umbilical artery pH vs the
absorption rate (rs� 0.307, P� 0.017). In both cases
the correlations were positive with the absorption rate
increasing with increasing pH of the umbilical artery
and increasing Apgar score respectively. Correlation
between Apgar score after 5 minutes and the absorption
rate was also positive although this was not signi®cant
(rs� 0.220, P� 0.074). The least positive correlation
was seen between absorption rate and CTG (rs� 0.114,
P� 0.355)

The overall mean PGE2 release rate (^SD) in women
with intact membranes was 0.52 ^ 0.33 mg/hour and
1.07 ^ 0.82 mg/hour in women with PROM (Table 3).
Using the regression model, the overall PGE2 release rate
was 0.28 ^ 0.09 mg/hour in women with intact
membranes. In women with PROM, there was no rela-
tionship between duration of treatment and the PGE2

release rate and, consequently, the regression model
was not useful for predicting the release rate after PROM.

In women with intact membranes who were delivered
by caesarean section, the PGE2 release rate (0.32 mg/h)
was similar to that in women with vaginal deliveries
(0.27 mg/h; P� 0.88).

Nine out of 68 (13.2%) women required supplemen-
tary dinoprostone gel applications after removal of the
PGE2 insert. However, ®ve of these women were allo-
cated to short treatment time intervals and therefore did
not receive the full treatment time or dose of the PGE2

insert. Furthermore, the insert fell out in one other woman
before labour was induced. Consequently, three women
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Table 2. Main characteristics of the ef®cacy (APT) population as mean (SD) and frequency (%) of indications for labour induction according to parity; PROM

� prelabour rupture of the membranes; PE� pre-eclampsia; IUGR � intrauterine growth retardation.

Nulliparous women Multiparous women Total

(n � 34) (n � 34) (n � 68)

Age (years) 27.6 (4.0) 30.5 (6.3) 29.1 (5.4)

Weight (kg) 88.2 (16.8) 83.4 (15.3) 85.7 (16.1)

Height (cm) 167.8 (6.9) 168.6 (6.4) 168.2 (6.6)

Gestational age (weeks) 40.5 (1.9) 39.0 (1.3) 39.8 (1.8)

Ethnic origin (%)

Caucasian 32 (94.1) 32 (94.1) 64 (94.1)

Black 1 (2.9) 1 (2.9) 2 (2.9)

Oriental 1 (2.9) 0 1 (1.5)

Other 0 1 (2.9) 1 (1.5)

Indication

PROM 12 (35.3) 9 (26.5) 21 (30.9)

Hypertension/PE 4 (11.8) 4 (11.8) 8 (11.8)

Post-term ($294 days) 7 (20.6) 1 (2.9) 8 (11.8)

Psychosocial 4 (11.8) 11 (32.3) 15 (22.1)

IUGR 3 (8.8) 1 (2.9) 4 (5.9)

Diabetes mellitus 0 1 (2.9) 1 (1.5)

Other 4 (11.8) 7 (20.6) 11 (16.2)

q RCOG 2001 Br J Obstet Gynaecol 108, pp. 169±178



required supplementary dinoprostone due to the cessation
or absence of uterine contractions over the following 12-
hour period after removal of the PGE2 insert. The two
analysed, unused inserts that served as controls contained
10.06 and 10.15 mg dinoprostone, respectively.

In¯uence of vaginal pH on prostaglandin release

Before insertion, women with PROM had a median
vaginal pH of 6 (range 4±7) while in women with intact
membranes, the median pH was 4 (range 3.5±6; P�
0.0001) (Table 3). On removal of the insert, the median
pH was 6 (range 4±7.5) and 4.5 (range 3.5±8), respec-
tively (P� 0.0001). There was a positive relationship
between vaginal pH before application of the insert and
the PGE2 release rate during treatment (rs � 0.37; P�
0.0001; Fig. 3). The rate of PGE2 release also correlated
with vaginal pH immediately after removal of the insert.
(rs � 0.41; P� 0.0008). The induction to delivery time
interval decreased linearly with increasing vaginal pH at
insertion (P� 0.044).

Plasma PGE2 and plasma PGEm

The mean concentration of PGE2 in maternal plasma
before insertion and after removal of the insert is shown
in Table 4. The overall plasma PGE2 concentration
increased signi®cantly during treatment (P� 0.045),
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Fig. 1. Flow chart of women through the study.

Fig. 2. Relationship between treatment time and amount of PGE2 released

in women with intact membranes and in women with PROM.

q RCOG 2001 Br J Obstet Gynaecol 108, pp. 169±178



but there was no signi®cant difference within the two
subgroups, i.e. in women with PROM (P� 0.35) or in
women with intact membranes (P� 0.08), or between
the two subgroups, (i.e. PROM vs intact membranes P�
0.27).

The concentrations of plasma PGEm increased signi®-
cantly during PGE2 treatment (P� 0.0001), both in
women with intact membranes (P� 0.0001) and in
women with PROM (P� 0.01; Table 5). However, the
difference between the two subgroups was not statisti-
cally signi®cant (P� 0.64).

At the time of removal of the insert, there was no
correlation between the PGE2 release rate, and the mater-
nal plasma concentrations of PGE2 and PGEm (Tables 4
and 5).

In women with intact membranes who delivered by
caesarean section, the mean concentration of plasma
PGE2 before insertion was 68.1 ^ 42.9 pg/mL compared
with 81.0 ^ 66.4 pg/mL in women who had a vaginal
delivery (P� 0.87), and the mean concentration of
plasma PGEm before treatment was 237.0 ^ 76.0
pmol/mL compared with 289.0 ^ 97.0 pmol/mL in
women who had a vaginal delivery (P� 0.16). In addi-
tion, there was no statistical difference between the mean
plasma concentrations of PGE2 and PGEm before induc-
tion in nulliparous women who, after onset of labour,
required a caesarean section compared with those
women delivering vaginally (P� 0.68 and 0.14, respec-
tively).

Plasma PGE2 concentrations before application of the
insert were signi®cantly higher in women who, after
induction of labour, needed tocolytic treatment
(117.0 ^ 67.8 pg/mL) compared with women who did
not require supplementary tocolysis (74.0 ^ 61.1 pg/
mL; P� 0.046), although plasma PGEm concentrations
were not signi®cantly different (322.0 ^ 96.8 pmol/mL vs
276.0 ^ 93.6 pmol/mL, respectively; P� 0.16).
However, both plasma PGE2 and PGEm concentrations
were statistically signi®cantly lower before insertion in
women who subsequently needed further treatment for
cervical ripening with dinoprostone vaginal gel compared

with women who did not require additional cervical ripen-
ing (P� 0.003 and 0.023, respectively).

Impact on labour induction

Forty-seven women (31 with intact membranes and 16
with PROM) were evaluable for the `time to event' analy-
sis (Fig. 1). As expected, the time interval from insertion
of the PGE2 insert to its removal, onset of labour or
delivery was longer in nulliparous women compared
with multiparous women, although the duration of each
variable was shorter in nulliparous women with PROM
(Table 6). Overall, the median number of hours from
insertion to delivery was 20.1 (range 4.3±41.6) and 8.7
(range 5.0±19.2) in nulliparous and multiparous women,
respectively.

Thirty-nine of 47 women (83.0%) were delivered
vaginally and 8/47 women (17.0%) were delivered by
caesarean section, all of which were performed in nulli-
parous women, 7/8 of whom had intact membranes at the
time of induction.

In nulliparous women, the median treatment time (time
from insertion to removal of PGE2 insert) for women
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Fig. 3. Relationship between vaginal pH before insertion of the controlled-

release PGE2 insert and the PGE2 release rate (mg/hour).

Table 3. Main characteristics of women from the ef®cacy (APT) population with intact membranes and PROM before insertion and after removal of a

controlled-release PGE2 insert. Values are given as median (range) or mean [SD].

Intact membranes PROM

Nulliparous women Multiparous women Total Nulliparous women Multiparous women Total

(n� 22) (n � 25) (n � 47) (n � 12) (n � 9) (n � 21)

Bishop score before insertion 3 (1±6) 4 (2±6) 3 (1±6) 3 (2±5) 4 (1±5) 4 (2±6)

Bishop score after removal 5 (1±8) 6 (2±10) 5 (1±9) 5 (4±13) 6 (1±9) 6 (2±13)

Vaginal pH before insertion 4 (3.5±5) 4 (3.5±6) 4 (3.5±6) 5.5 (4±6.5) 6.5 (4±7) 6 (4±7)

Vaginal pH after removal 4.5 (3.5±6.5) 4.5 (4±8) 4.5 (3.5±8) 6 (4.5±6.5) 6 (4±7.5) 6 (4±7.5)

Treatment time (h) 6.8 (1±24) 3.9 (0.5±24) 4.3 (0.5±24) 5.2 (0.75±12) 3.5 (2.1±12.5) 3.7 (0.75±12.5)

PGE2 released (mg) 2.9 [2.09] 1.8 [1.36] 2.4 [1.81] 4.5 [3.19] 3.2 [2.55] 3.9 [2.92]

PGE2 release rate (mg/h) 0.51 [0.29] 0.54 [0.37] 0.52 [0.33] 1.24 [0.85] 0.85 [0.76] 1.07 [0.82]
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delivered by caesarean section was 11.25 hours and 4.2
hours in women delivered vaginally (P� 0.056). Over-
all, the median induction to vaginal delivery time interval
was 17.0 hours (range 4±42) in nulliparous women and
8.7 hours (range 5±19) in multiparous women (P�
0.003).

Safety outcomes

No episodes of maternal vomiting or diarrhoea were
reported during study treatment, and no maternal, fetal or
neonatal deaths occurred during the study. In total, toco-
lysis (terbutaline 125mg or 250mg iv) was given to nine
women. Of these nine, one received tocolysis prior to a
caesarean section (the decision to perform a caesarean
section was taken after a failure in the progression of
labour after an otherwise normal induction with a fully
dilated cervix); one woman received tocolysis because of
uterine hyperstimulation; ®ve women received tocolysis
as a consequence of uterine tachysystole in the absence of
fetal distress; and two women received tocolysis due to
signs of fetal distress during normal labour induction and
a normal frequency of contractions.

According to local routine, tocolysis was given to ®ve
women who ful®lled the criteria for uterine tachysystole
(as de®ned in Table 1) in order to reduce the frequency of
uterine contractions. All of these cases were reversible
with tocolysis and all ®ve women delivered vaginally.
The acid±base statuses, as measured in the umbilical
artery, are given in Table 7.

Eight (17.0%) women in the time to event population
required tocolytic therapy in this study, but only one

woman received tocolysis while the insert was in situ.
The median treatment time was shorter in women who
needed tocolysis (3.5 hours) compared with women who
did not (6.25 hours; P� 0.042). In the overall APT
population, there was no signi®cant difference in Bishop
scores in women who had tocolytic treatment compared
with those who were not treated, either before adminis-
tration of the insert or after removal (P� 0.5 and 0.35,
respectively).

Fetal distress as de®ned by CTG (Table 1) (i.e. brady-
cardia, reduced variability and decelerations) was
reported in ®ve cases after removal of the insert.
However, no fetus required remedial action. None of
these cases were related to uterine hyperstimulation by
the investigator.

Infant assessments within 24 hour of birth were consid-
ered normal regarding mean umbilical cord pH (7.24),
blood gases (pCO2, 6.6), median Apgar scores (at 1
minute, 9; at 5 minutes, 10) and mean birthweight
(3584 g).

DISCUSSION

We found a linear relationship between the duration of
treatment and the released amount of PGE2 over a 24-
hour period in women with intact membranes, which is in
agreement with previous studies11. The amount of PGE2

released after 6 and 12 hours was 2.0 and 3.9 mg, respec-
tively, or similar to our dosage regimen with vaginal gel
(i.e. 2 mg PGE2 every six hours). In addition, the PGE2

release rate in women with intact membranes in our study
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Table 4. Mean (SD) concentration (pg/mL) of PGE2 in maternal plasma before insertion and after removal of a controlled-release PGE2 vaginal insert for the

induction of labour in women with intact membranes and PROM. Data for the ef®cacy (APT) population.

Before insertion At 4 h At 8 h At 12 h At 16 h At 20 h At 24 h After removal

Intact 77.5 (66.1) 81.3 (52.6) 89.7 (77.5) 47.2 (26.3) 38.1 (16.5) 37.3 (19.5) 30.5 (16.3) 84.9 (76.2)

membranes n � 47 n � 23 n � 13 n � 5 n � 4 n � 2 n � 2 n � 47

PROM 84.4 (57.6) 111.4 (62.1) 168.3 (103.7) 168.0 Ð Ð Ð 92.2 (61.8)

n � 21 n � 9 n� 4 n � 1 n � 20a

Total 79.6 (63.2) 89.8 (56.1) 108.2 (87.7) 67.3 (54.7) 38.1 (16.5) 37.3 (19.5) 30.5 (16.3) 87.1 (71.9)b

n � 68 n � 32 n � 17 n � 6 n � 4 n � 2 n � 2 n � 67a

a Data for one woman are missing.
b P , 0.05 versus before treatment, as measured by a paired Student's t-test.

Table 5. Mean (SD) concentration (pg/mL) of 15-Keto-13, 14-dihydro-PGF2a (PGEm) in maternal plasma before insertion and after removal of a controlled-

release PGE2 vaginal insert for the induction of labour in women with intact membranes and PROM. Data for the ef®cacy (APT) population.a

Before insertion At 4 hours At 8 hours At 12 hours At 16 hours At 20 hours At 24 hours After removal

Intact 268.1 (86.0) 334.3 (94.3)** 373.5 (109.3)** 388.8 (117.6) 341.3 (98.3) 378.5 (51.6) 336.0 486.2 (231.1)***

membranes n � 47 n � 23 n � 13 n � 5 n� 4 n � 2 n � 1 n � 47

PROM 314.3 (107.8) 349.8 (148.5) 488.3 (148.5) 942.0 ± ± ± 576.3 (419.0)**

n� 21 n � 9 n � 4 n � 1 n � 21

Total 282.4 (94.6) 338.7 (86.8)* 400.5 (124.9)** 481.0 (249.1) 341.3 (98.3) 378.5 (51.6) ± 514.0 (301.4)***

n� 68 n� 32 n � 17 n� 6 n � 4 n � 2 n � 68

a *P , 0.05, **P , 0.01, ***P , 0.001; versus before treatment, as measured by a paired Student's t-test.
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was higher (1.1 mm insert)11 and lower (0.8 mm insert)13

than previously reported over 12 and 8 hours, respec-
tively. In the study by Taylor et al.13, the vaginal insert
remained in situ after amniotomy in several cases and,
consequently, the higher release rate of PGE2 reported in
these women is compatible with our results in women
with PROM. However, Khouzan and Ledward10sug-
gested that dose dumping will occur in a high proportion
of women when sustained-release PGE2 pessaries are
used. Dose dumping is associated with a high maternal
accumulation of PGE2 and its metabolites during the ®rst
few hours of treatment. In the present study, prostaglan-
din was not found to accumulate in the maternal circula-
tion in either woman with intact or ruptured membranes
at the time of induction.

The PGE2 release rate was found to be dependent on
vaginal pH, with a faster release rate at higher vaginal
pH. In women with PROM, a large individual difference
was found in the PGE2 release rate from the insert. An
increased release of PGE2 at pH 6.5±7.5 has been
reported previously21,24. In this pH range, PGE2 will be
predominantly ionised and less available for absorption
into the maternal circulation. Therefore, a high PGE2

release rate after PROM will not equate to increased
plasma concentrations of PGE2 or its metabolites. This
was clearly demonstrated in our study. Women with high
PGE2 release rates had similar plasma concentrations of
PGE2 and prostaglandin metabolites compared with
women showing slower release rates. In four women
with PROM, . 8 mg of PGE2 was released within the
®rst six hours following treatment. In three of these
women, labour and delivery occurred uneventfully. In
the fourth woman, tocolysis was given because of
frequent uterine contractions. Moreover, four out of ®ve
women who were given tocolytic treatment because of
uterine tachysystole had intact membranes. Hence, our
data support the presence of higher basal concentrations
of prostaglandin before labour induction in women who
had a rapid response to PGE2 treatment and who subse-
quently developed a tachysystolic uterine contraction
pattern. These women would therefore appear to be
more sensitive to PGE2.

An effective way of studying the optimal route and
frequency of application of PGE2 would be to follow its
uptake into the maternal circulation and to record plasma
concentrations of PGE2 and the relevant prostaglandin
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Table 7. Frequency of uterine tachysystole, uterine hyperstimulation, umbilical artery acid-base values (medians, min-max) and the mode of delivery in nine

women given tocolytic treatment after removal of the vaginal insert.

No. of women pH PCO2 BEecf Delivery (n)

Caesarean section Vaginal

Uterine tachysystole 5 7.24 6.99 23.4 5

7.17±7.33 5.70±7.13 (2)8.0±(2)1.6

Hyperstimulation 1 7.33 6.0 21.4 1

Normal uterine contractions, 2 7.29 6.11 23.35 1 1

non-reassuring FHR pattern 7.29±7.30 5.70±6.53 (2)4.3±(2)2.4

Normal uterine contractions, 1 7.30 6.40 22.60 1

failure of descent

Table 6. Duration of the time-to-event variables (hours) and mode of delivery in women with intact membranes and PROM from the time-to-event population.

Time intervals are given as the median [range] and mode of delivery as n (%).

Intact membranes PROM Total

Nulliparous Multiparous Total Nulliparous Multiparous Total Nulliparous Multiparous Total

(n � 15) (n � 16) (n � 31) (n � 8) (n � 8) (n � 16) (n � 23) (n � 24) (n � 47)

Time from insertion to removal 10.0 5.1 6.3 5.4 3.6 4.0 7.3 4.2 5.3

of PGE2 insert [1.0±16.5] [2.8±12.3] [1.0±16.5] [0.7±12.0] [2.8±12.5] [0.7±12.5] [0.7±16.5] [2.8±12.5] [0.7±16.5]

Time from insertion to onset of 11.3 5.1 6.7 5.4 3.6 4.0 9.0 4.2 5.3

labour [0.9±34.0] [2.8±12.3] [0.9±34.0] [0.7±12.0] [2.8±12.0] [0.7±12.0] [0.7±34.0] [2.8±12.3] [0.7±34.0]

Time from insertion to onset of 18.0a 8.6 12.8a 12.2 7.4 8.6 16.8a 7.9 11.5a

2nd stage of labour [5.3±39.0] [5.4±18.5] [5.3±39.0] [3.8±40.5] [4.7±15.2] [3.8±40.5] [3.8±40.5] [4.7±18.5] [3.8±40.5]

Time from insertion to delivery 23.1a 8.7 14.1a 15.7a 8.5 10.5a 20.1a 8.7 12.5a

[5.4±39.7] [5.6±19.2] [5.4±39.7] [4.3±41.6] [5.0±15.2] [4.3±41.6] [4.3±41.6] [5.0±19.2] [4.3±41.6]

Vaginal delivery 8 (53.3) 16 (100) 24 (77.4) 7 (87.5) 8 (100) 15 (93.8) 15 (65.2) 24 (100) 39 (83.0)

Caesarean section 7 (46.7) 0 7 (22.6) 1 (12.5) 0 1 (6.2) 8 (34.8) 0 8 (17.0)

a Median taken from the Kaplan-Meier analysis due to removal of women undergoing caesarean section.
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metabolites. However, few reports exist in the literature
of prostaglandin metabolites in maternal plasma after
induction of labour25,26. This is not surprising considering
that plasma analyses of prostaglandin metabolites are
problematic because these metabolites rapidly disappear
from the circulation. This is especially true for PGE
metabolites. Previously marketed kits for PGE2 analysis
are no longer available, probably due to reproducibility
and reliability problems, and the limited number of tech-
nical reports on prostaglandin metabolites in maternal
plasma do not state exactly which metabolite was
assayed. In order to address this problem, the major
PGE metabolites have been identi®ed and assayed. The
major PGE2 metabolite in plasma is rapidly reduced to
the prostaglandin metabolite, 15-Keto-13, 14-dihydro-
PGF2a , (PGEm), which is more stable23. Analysis of this
metabolite allows an indirect measurement of the PGE2

turnover. In the present study we had the opportunity to
analyse both PGE2 and PGEm in maternal plasma. In
women with intact membranes, the mean plasma concen-
trations of PGE2 and PGEm after treatment were not
statistically different to those women with PROM.

A well recognised problem associated with prostaglan-
din treatment of the unripe cervix is the risk of inducing
myometrial hyperactivity. Repeated bolus doses of 1±2
mg PGE2 vaginal gel is a popular current method of local
prostaglandin application, which occasionally causes
tachysystole of the uterus. In some women, this will
occur within the ®rst hour following the application of
the PGE2 vaginal gel. Since the optimal dosing regimen
for a PGE2 gel is not known before the start of the induc-
tion process for the individual woman, the appropriate
amount and frequency of application of PGE2 has been
further investigated7,27,28. In a randomised study Nuutila
and Kajanoja27 reported that a 0.5 mg intracervical PGE2

gel and a 2 mg vaginal PGE2 gel were equally effective in
inducing labour and the caesarean section rate was also
similar. Repeated gel applications of more than three
doses did not increase the ef®cacy of either treatment.
Carlan et al28. used a 2.5 mg vaginal PGE2 gel every
hour or every six hours and found an equal frequency
of hyperstimulation in the two groups (5% and 8%,
respectively). The hourly dosing group received 4.5
(mean) doses of PGE2 each (11.25 mg in total) and
their mean induction to delivery interval was 42 hour.
MacKenzie and Burns7 found little clinical bene®t of
using two doses of 2 mg PGE2 compared with a single
dose.

It is dif®cult to distinguish uterine hyperactivity from
the normal onset of labour with certainty and, conse-
quently, the de®nition of uterine hyperstimulation varies
widely in the literature. This is also re¯ected in the
published hyperstimulation rates of between 0 and 16%
reported in clinical trials with prostaglandins1,6,12. In our
study a tachysystolic uterine contraction pattern (uterine
hyperactivity or hypertonus) was recorded in ®ve women

(7.4%), while frequent uterine contractions together with
an abnormal fetal heart rate recording (uterine hypersti-
mulation) was seen in one woman (1.5%). All of these
cases were reversible with tocolysis and all six women
delivered vaginally.

In two women, the insert remained in situ for 24 hours.
Although regular contractions were occasionally
recorded in both women, the contractions never became
painful and there was no signi®cant change in the Bishop
score. The total release of PGE2 was 8.4 and 6.4 mg and
the calculated PGE2 release rates were 0.35 and 0.27 mg/
hour, respectively. The maternal plasma concentrations
of PGE2 and prostaglandin metabolites did not increase
signi®cantly during the treatment period; hence these
women may be classi®ed as non-responders. However,
labour was induced in both women after application of an
additional PGE2 vaginal gel. A possible explanation may
be that the release rate from the insert was too low and
that these women may have bene®ted more from a 2 mg
PGE2 bolus dose from a vaginal gel. The observation that
the mean basal concentrations of PGE2 and PGEm were
lower at the time of induction in the group of women
subsequently requiring additional PGE2 gel potentially
supports this explanation.

In ®ve of seven women delivered by caesarean section,
the reason for performing a caesarean section was failure
to progress. In these women, the insert was removed at
the onset of labour but before ful®lment of the allocated
treatment period. In these cases, it was debatable whether
the inserts were removed too early. Interestingly, there
was no difference in the mean increase of prostaglandin
metabolites during PGE2 treatment between women who
were delivered vaginally or by caesarean section. These
data indicate that labour was also induced successfully in
women delivered by caesarean section.

CONCLUSION

The controlled release of PGE2 from a single, 0.8 mm
PGE2 vaginal insert was found to be a convenient, safe
and effective method for cervical ripening and the induc-
tion of labour in women with intact membranes as well as
in women with pre-labour rupture of the membranes. In
the event of PROM there is an increase in vaginal pH
which subsequently causes an increase in PGE2 release
from the insert. However, it is expected that any risk of
uterine hyperstimulation will be greatly reduced because
a change in the ionisation of the PGE2 molecule makes
absorption less favourable.

A single treatment may reduce the number of vaginal
examinations and a recent, as of yet unpublished, rando-
mised study has been performed which has investigated
this issue. Once the PGE2 dosage has been titrated for the
individual woman and she is in active labour, the vaginal
insert can be removed rapidly and easily.
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