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Abstract: Despite extensive knowledge of the mechanisms responsible for childbirth, the course of
labor induction is often unpredictable. Therefore, labor induction protocols using prostaglandin
analogs have been developed and tested to assess their effectiveness in labor induction unequivocally.
A total of 402 women were collected into two groups—receiving vaginal Misoprostol or vaginal
Dinoprostone for induction of labor (IOL). Then, the patients were compared in groups depending
on the agent they received and their gestational age. Most patients delivered within 48 h, and most
of these patients had vaginal parturition. Patients who received the Dinoprostone vaginal insert
required statistically significantly more oxytocin administration than patients who received the
Misoprostol vaginal insert. Patients who received the Misoprostol vaginal insert used anesthesia
during labor statistically more often. Patients who received Misoprostol vaginal inserts had a
statistically significantly shorter time to delivery than those with Dinoprostone vaginal inserts. The
prevalence of hyperstimulation was similar in all groups and remained low. Vaginal Misoprostol-
based IOL is characterized by a shortened time to delivery irrespective of the parturition type, and a
lower need for oxytocin augmentation, but also by an increased demand for intrapartum analgesia
administration. A vaginal Dinoprostone-based IOL protocol might be considered a more harmonious
and desirable option in modern perinatal care.

Keywords: induction of labor; patients’ clinical outcomes; real-world data; obstetrics; labor; delivery;
pregnancy outcome; Misoprostol; Dinoprostone

1. Introduction

Induction of labor is defined as an attempt to induce regular uterine contractions
that will result in vaginal delivery within 24–48 h [1]. This procedure is currently the
most frequently performed operation in modern obstetrics—over 20% of pregnant women
undergo IOL [2]. Furthermore, it is postulated that the percentage of labor induction
will increase in current obstetrical practice [3]. In current obstetrics worldwide, the gold
standard IOL protocol consists of intravenous oxytocin infusion. Additionally, due to
an unfavorable cervix, most women require prior cervical preparation with a cervical
ripening agent. Therefore, the typical IOL protocol most commonly involves the use
of a cervical ripening agent followed by intravenous oxytocin infusion as the next step.
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Mechanical devices, progesterone antagonists, and prostaglandins are widely used to ripen
the unprepared cervix with different efficacy and safety profile rates [4–7].

Considering prostaglandins (PGs) for IOL, the most commonly used substances are
Misoprostol (prostaglandin E1 analog) and Dinoprostone (prostaglandin E2 analog) [8].
Despite their similar action profiles, there are many pharmacokinetic differences between
them. Their effects are dose- and route-dependent, including cervical ripening and dila-
tion [9]. Misoprostol can induce systolic uterine activity, while Dinoprostone has only trace
effects on uterine contractions. Although Misoprostol is not licensed for labor induction, it
is widely used successfully off-label for IOL worldwide [3]. While Dinoprostone is avail-
able in two formulations (vaginal insert or vaginal gel), Misoprostol can be administered
via several possible routes (oral, rectal, sublingual, and vaginal) [7–10]. Misoprostol and
Dinoprostone are highly effective cervical ripening agents in women with an unfavorable
cervix [10,11]. However, it has not yet been established which prostaglandin analogs
are more effective in IOL and have a lower rate of side effects. The main side effect of
using PGs is uterine tachysystole accompanied by cardiotocographic abnormalities with
nonreassuring fetal heart rate patterns [12].

This study aims to analyze the effectiveness of intravaginal inserts containing the PG
analogs Misoprostol and Dinoprostone in IOL, with additional emphasis on perinatal care,
i.e., possible side effects and pain management. In this study, we analyze retrospective data
from actual patients from one of the biggest perinatology centers in this part of Poland,
which reflects the results of real-life obstetrical practice. An inherent feature of every
induction of labor is cervical ripening, which is why the study is called The RIPE Study,
referring to the matured cervix. This acronym incorporates the title’s first letters and evokes
thoughts of a ripened cervix. This dual meaning not only makes the title memorable but
also accurately reflects the focus and objectives of the study.

2. Results

A total of 402 pregnant women (34 to 42 weeks of gestation) who had induction of labor
were included in the study. Subsequently, the 402 initially selected patients were divided
into two groups according to the prostaglandin analog (Dinoprostone or Misoprostol) used
for induction of labor. A total of 190 patients in the study received a vaginal insert with
Misoprostol, and the remaining 212 pregnant women received an insert with Dinoprostone.
The patients were in full-term pregnancy (>37 weeks of gestation)—n = 162, preterm
pregnancy (below 37 weeks of gestation)—n = 95, and post-term pregnancy (>41 weeks of
gestation)—n = 145. All patients were adults.

In addition, in each of the two groups, the following subgroups were taken into
account: patients who gave birth after up to 37 weeks of gestation (preterm delivery)—
n = 42 and n = 53, patients who gave birth after between 37 and 41 weeks of gestation—
n = 76 and n = 86, and those who gave birth after 41 weeks of pregnancy—n = 72 and n = 73
(Figure 1). Then, analysis was performed in individual subgroups. The patients ranged
from 18 to 39 years old, with a median age of 27 years. In addition, 244 patients (62%) were
primiparas, and the remaining 158 (38%) were multiparous patients.
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Figure 1. Patients finally enrolled for the study were divided into groups depending on the vaginal
insert used and divided into subgroups depending on their gestational age.
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The mean gestational age in the Dinoprostone group, depending on the gestational
age, was 35.2 in the group of preterm labor patients (ranged from 34.0 to 36.0), 38.6 (ranged
from 37.0 to 40.0) in the group of patients who delivered after between 37 and 41 weeks of
gestation, and 41.2 (ranged from 41.0 to 42.0) in the group of overdue pregnancy patients.
The corresponding values in the Misoprostol group were 35.1 (ranged from 34.0 to 36.0),
38.5 (ranged from 37.0 to 40.0), and 41.1 (ranged from 41.0 to 42.0), respectively. No
statistically significant differences were found.

There were (Table 1) 34 (64.2%) vaginal deliveries (VDs) in the Dinoprostone group
in the preterm delivery group, 63 (73.3%) in the group with term delivery and 46 (63.0%)
in the group with post-term delivery. The corresponding values in the Misoprostol group
were 54.8% vs. 57.9% vs. 61.1%, respectively. Surprisingly, in the Dinoprostone vaginal
insert group, there were statistically significantly more VDs in the full-term subgroup (37
to 41 weeks of gestation)—p = 0.0394.

Table 1. Comparative analysis of two groups: Dinoprostone vs. Misoprostol (up to 37 weeks of
gestation, 37 to 41 weeks of gestation, and after 41 weeks of gestation): parturition type.

Dinoprostone
(n = 212)

Misoprostol
(n = 190)

All
(n = 402) p-Value 1

<37 weeks of gestation (n = 53/42) 0.3536
Vaginal delivery (VD) 34 (64.2%) 23 (54.8%) 57 (60.0%)
Cesarean section (CS) 19 (35.8%) 19 (45.2%) 38 (40.0%)

37 to 41 weeks of gestation (n = 86/76) 0.0394
Vaginal delivery (VD) 63 (73.3%) 44 (57.9%) 107 (66.0%)
Cesarean section (CS) 23 (26.7%) 32 (42.1%) 55 (34.0%)

>41 weeks of gestation (n = 73/72) 0.8134
Vaginal delivery (VD) 46 (63.0%) 44 (61.1%) 90 (62.1%)
Cesarean section (CS) 27 (37.0%) 28 (38.9%) 55 (37.9%)

1 Chi-square.

In the Dinoprostone group, of the total of 53 patients who had preterm delivery,
81.1% (n = 43) required oxytocin augmentation (Table 2). In the Misoprostol preterm
delivery group, 35.7% (n = 15) required oxytocin augmentation. The necessity for oxytocin
augmentation was statistically significantly more frequent in the Dinoprostone group in
terms of labor before 37 weeks of gestation (p < 0.0001). In the Dinoprostone term delivery
group (37 to 41 weeks of pregnancy), 66.3% (n = 57) required oxytocin administration, while
in the Misoprostol term delivery group, only 19.7% (n = 15) required it. The requirement of
oxytocin administration was statistically significantly more frequent in the Dinoprostone
term delivery group compared with the Misoprostol term delivery group (p < 0.0001). Of
the total of 73 patients in the post-term delivery group who had a Dinoprostone vaginal
insert, 58.9% (n = 43) required oxytocin augmentation. In the Misoprostol group, only
11.1% (n = 8) required oxytocin augmentation. Oxytocin administration was statistically
significantly more frequent in the Dinoprostone group compared with the Misoprostol
group (p < 0.0001).

Considering the need for intravenous analgesia in preterm labor, 75.5% (n = 40) of
the patients in the Dinoprostone group required Remifentanil, and in the Misoprostol
group 92.9% (n = 39) required it. Intravenous analgesia was statistically significantly more
frequent in the preterm labor group in which Misoprostol was used compared with the
Dinoprostone group (p = 0.0245).

Of the 86 in the Dinoprostone term delivery group, 70.9% (n = 61) required intrapartum
analgesia, and in the Misoprostol group, 92.1% (n = 70) required it. The need for intrapartum
analgesia was statistically significantly higher in the Misoprostol group compared with the
Dinoprostone group (p = 0.0006).

In the Dinoprostone post-term delivery group (>41 weeks of gestation), 68.5% (n = 50)
required intravenous analgesia. In the Misoprostol group, 88.9% (n = 64) required it. The
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need for intrapartum analgesia was statistically significantly higher in the Misoprostol
group compared with the Dinoprostone group (p = 0.0027).

The percentage of tachysystole remained at approximately similar levels in each group.
There were no significant differences between the groups in the incidence of tachysystole
(p > 0.05). A comparative analysis is visualized in Table 2.

Here we would like to present an analysis of the data in each individual gestational
age group.

Table 2. Comparative analysis of two groups: Dinoprostone vs. Misoprostol (up to 37 weeks of
gestation, 37 to 41 weeks of gestation, and after 41 weeks of gestation): oxytocin augmentation,
analgesia necessity, and occurrence of hyperstimulation.

Dinoprostone
(n = 212)

Misoprostol
(n = 190)

All
(n = 402) p-Value 1

OXT augmentation
<37 weeks (n = 53/42) 43 (81.1%) 15 (35.7%) 58 (61.1%) <0.0001

37 to 41 weeks (n = 86/76) 57 (66.3%) 15 (19.7%) 72 (44.4%) <0.0001
>41 weeks (n = 73/72) 43 (58.9%) 8 (11.1%) 51 (35.2%) <0.0001
Intrapartum analgesia
<37 weeks (n = 53/42) 40 (75.5%) 39 (92.9%) 79 (83.2%) 0.0245

37 to 41 weeks(n = 86/76) 61 (70.9%) 70 (92.1%) 131 (80.9%) 0.0006
>41 weeks (n = 73/72) 50 (68.5%) 64 (88.9%) 114 (78.6%) 0.0027

Hyperstimulation
<37 weeks (n = 53/42) 0 (0.0%) 2 (4.8%) 2 (2.1%) 0.1084

37 to 41 weeks (n = 86/76) 2 (2.3%) 6 (7.9%) 8 (4.9%) 0.1025
>41 weeks (n = 73/72) 1 (1.4%) 4 (5.6%) 5 (3.4%) 0.1672

1 Chi-square.

2.1. Before 37 Weeks (Table 3; Table 4; Table 5)

Of the 53 patients who delivered prematurely (VD and CS) and received the Dino-
prostone insert, 17.0% (n = 9) delivered within 24 h compared with the Misoprostol group,
for which this value was 64.3% (n = 27) (Table 3). A total of 60.4% (n = 32) had delivery
in 24–48 h in the Dinoprostone group, compared with the Misoprostol group, for which
this value was 14.3% (n = 6). Finally, 22.6% (n = 12) had a time to delivery >48 h in the
Dinoprostone group, as compared with the Misoprostol group, for which this value was
21.4% (n = 9). The time to delivery was statistically significantly shorter in the Misoprostol
group (p < 0.0001).

There were 34 vaginal deliveries (64.2%) in the Dinoprostone group, compared with
23 (54.8%) in the Misoprostol group. The respective cesarean section rates were 35.8% vs.
45.2%. However, no statistically significant differences for those variables were found
(p = 0.3536).

Of the total of 34 VDs in the Dinoprostone group, 14.7% (n = 5) delivered within
24 h, compared with the Misoprostol group, for which the corresponding value was 65.2%
(n = 15) (Table 4). In the Dinoprostone group, 64.7% (n = 22) had vaginal delivery in 24–48 h,
compared with 21.7% (n = 5) in the Misoprostol group. Only 20.6% (n = 7) had a time
to VD >48 h in the Dinoprostone group, while in the Misoprostol group, 13.0% (n = 3)
did. The time to VD labor was statistically significantly shorter in the Misoprostol group
(p = 0.0004).

Of the 19 cesarean deliveries in the Dinoprostone group, 21.1% (n = 4) delivered within
24 h, as compared with the Misoprostol group, for which this value was 63.2% (n = 12)
(Table 5). A total of 52.6% (n = 10) in the Dinoprostone group had time to CS delivery
of 24–48 h, compared with the Misoprostol group, for which this value was 5.3% (n = 1).
Finally, 26.3% (n = 5) delivered after 48 h in the Dinoprostone group, compared with the
Misoprostol group, for which this value was 31.6% (n = 6). The time to cesarean delivery
was statistically significantly shorter in the Misoprostol group (p = 0.0033).
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Table 3. Comparative analysis of two groups, Dinoprostone vs. Misoprostol, in terms of preterm
delivery (<37 weeks of gestation): time to delivery and parturition type.

Dinoprostone
(n = 53)

Misoprostol
(n = 42) p-Value 1

Time to delivery (VD and CS) <0.0001
24 h 9 (17.0%) 27 (64.3%)

24–48 h 32 (60.4%) 6 (14.3%)
>48 h 12 (22.6%) 9 (21.4%)

Parturition type 0.3536
Vaginal delivery (VD) 34 (64.2%) 23 (54.8%)
Cesarean section (CS) 19 (35.8%) 19 (45.2%)

1 Chi-square.

Table 4. Comparative analysis of two groups, Dinoprostone vs. Misoprostol, in terms of preterm
delivery (<37 weeks of gestation): time to vaginal delivery.

Dinoprostone
(n = 34)

Misoprostol
(n = 23) p-Value 1

Time to VD 0.0004
24 h 5 (14.7%) 15 (65.2%)

24–48 h 22 (64.7%) 5 (21.7%)
>48 h 7 (20.6%) 3 (13.0%)

1 Chi-square.

Table 5. Comparative analysis of two groups, Dinoprostone vs. Misoprostol, in terms of preterm
delivery (<37 weeks of gestation): time to cesarean delivery.

Dinoprostone
(n = 19)

Misoprostol
(n = 19) p-Value 1

Time to CS 0.0033
24 h 4 (21.1%) 12 (63.2%)

24–48 h 10 (52.6%) 1 (5.3%)
>48 h 5 (26.3%) 6 (31.6%)

1 Chi-square.

2.2. Between 37 and 41 Weeks of Gestation

There were 63 vaginal deliveries (73.3%) in the Dinoprostone group, compared with
44 (57.9%) in the Misoprostol group (Table 6). The respective cesarean section rates were
26.7% vs. 42.1%. The Dinoprostone group had statistically significantly more VDs than the
Misoprostol group regarding term labor (p = 0.0394).

Table 6. Comparative analysis of two groups, Dinoprostone vs. Misoprostol, in terms of term delivery
(37 to 41 weeks of gestation): time to delivery and parturition type.

Dinoprostone
(n = 86)

Misoprostol
(n = 76) p-Value 1

Time to delivery (VD and CS) <0.0001
24 h 29 (33.7%) 61 (80.3%)

24–48 h 46 (53.5%) 7 (9.2%)
>48 h 11 (12.8%) 8 (10.5%)

Parturition type 0.0394
Vaginal delivery (VD) 63 (73.3%) 44 (57.9%)
Cesarean section (CS) 23 (26.7%) 32 (42.1%)

1 Chi-square.
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Of the total of 86 term deliveries (both vaginal and cesarean) in the Dinoprostone
group, 33.7% (n = 29) delivered within 24 h, as compared with the Misoprostol group, for
which this value was 80.3% (n = 61). A total of 53.5% (n = 46) had a time to delivery of
24–48 h in the Dinoprostone group, as compared with the Misoprostol group, for which this
value was 9.2% (n = 7). Only 12.8% (n = 11) had time to delivery >48 h in the Dinoprostone
group, as compared with the Misoprostol group, for which this value was 10.5% (n = 8).

The time to delivery was statistically significantly shorter in the Misoprostol group
(p < 0.0001).

Of the total of 63 vaginal term deliveries in the Dinoprostone group, 31.7% (n = 20)
of patients delivered vaginally within 24 h, as compared with the Misoprostol group, for
which this value was 93.2% (n = 41) (Table 7). A total of 58.7% (n = 37) had a time to VD
of 24–48 h in the Dinoprostone group, while in the Misoprostol group, the corresponding
value was 2.3% (n = 1). Only 9.5% (n = 6) had time to VD >48 h in the Dinoprostone group,
as compared with the Misoprostol group, for which this value was 4.5% (n = 2). The time to
VD was statistically significantly shorter in the Misoprostol term delivery group compared
with the Dinoprostone group (p < 0.0001).

Table 7. Comparative analysis of two groups, Dinoprostone vs. Misoprostol, in terms of preterm
delivery (37 to 41 weeks of gestation): time to vaginal delivery.

Dinoprostone
(n = 63)

Misoprostol
(n = 44) p-Value 1

Time to VD <0.0001
24 h 20 (31.7%) 41 (93.2%)

24–48 h 37 (58.7%) 1 (2.3%)
>48 h 6 (9.5%) 2 (4.5%)

1 Chi-square.

Of the total of 23 CSs in the Dinoprostone term delivery group, 39.1% (n = 9) delivered
in 24 h, compared with the Misoprostol group, for which this value was 62.5% (n = 20)
(Table 8). Considering the time to CS of within 24–48 h, 39.1% (n = 9) delivered in the
Dinoprostone group, as compared with the Misoprostol group, for which this value was
18.8% (n = 6). A total of 21.7% (n = 5) delivered after 48 h in the Dinoprostone group,
as compared with the Misoprostol group, for which this value was 18.8% (n = 6). No
statistically significant differences were found for those variables (p = 0.1752).

Table 8. Comparative analysis of two groups, Dinoprostone vs. Misoprostol, in terms of term delivery
(37 to 41 weeks of gestation): time to cesarean delivery.

Dinoprostone
(n = 23)

Misoprostol
(n = 32) p-Value 1

Time to CS 0.1752
24 h 9 (39.1%) 20 (62.5%)

24–48 h 9 (39.1%) 6 (18.8%)
>48 h 5 (21.7%) 6 (18.8%)

1 Chi-square.

2.3. >41 Weeks of Gestation

There were 46 VDs (63.0%) in the Dinoprostone post-term delivery group, compared
with 44 (61.1%) in the Misoprostol group (Table 9). The CS rates were 37.0% and 38.0%,
respectively. No statistically significant differences were found (p = 0.8134).
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Table 9. Comparative analysis of two groups, Dinoprostone vs. Misoprostol, in terms of term delivery
(>41 weeks of gestation): time to delivery and parturition type.

Dinoprostone
(n = 73)

Misoprostol
(n = 72) p-Value 1

Time to delivery (VD and CS) <0.0001
24 h 30 (41.1%) 64 (88.9%)

24–48 h 33 (45.2%) 5 (6.9%)
>48 h 10 (13.7%) 3 (4.2%)

Parturition type 0.8134
Vaginal delivery (VD) 46 (63.0%) 44 (61.1%)
Cesarean delivery (CS) 27 (37.0%) 28 (38.9%)

1 Chi-square.

Of the total of 73 deliveries (both CS and VD) in the Dinoprostone group, 41.1% (n = 30)
delivered within 24 h, as compared with the Misoprostol group, for which this value was
88.9% (n = 64). A total of 45.2% (n = 33) delivered within 24–48 h in the Dinoprostone
group, compared with the Misoprostol group, for which this value was 6.9% (n = 5). A
total of 13.7% (n = 10) delivered after 48 h in the Dinoprostone group, as compared with
the Misoprostol group, for which this value was 4.2% (n = 3). The time to delivery was
statistically significantly shorter in the Misoprostol post-term delivery group (p < 0.0001).

Of the total of 46 post-term VDs in the Dinoprostone group, 41.3% (n = 19) had VD
within 24 h, compared with the Misoprostol group, for which this value was 97.7% (n = 43)
(Table 10). A total of 56.5% (n = 26) of patients delivered vaginally in 24–48 h in the
Dinoprostone group, compared with the Misoprostol group, for which this value was 2.3%
(n = 1). Surprisingly, 2.2% (n = 1) delivered after 48 h in the Dinoprostone group, compared
with the Misoprostol group, for which this value was 0.0% (n = 0). The time to VD was
statistically significantly shorter in the Misoprostol group (p < 0.0001) compared with the
Dinoprostone group.

Table 10. Comparative analysis of two groups, Dinoprostone vs. Misoprostol, in terms of term
delivery (>41 weeks of gestation): time to vaginal delivery.

Dinoprostone
(n = 46)

Misoprostol
(n = 44) p-Value 1

Time to VD <0.0001
24 h 19 (41.3%) 43 (97.7%)

24–48 h 26 (56.5%) 1 (2.3%)
>48 h 1 (2.2%) 0 (0.0%)

1 Chi-square.

Of the 27 cesarean deliveries in the post-term Dinoprostone group, 40.7% (n = 11)
delivered in up to 24 h, compared with the Misoprostol group, for which this value was
75.0% (n = 21) (Table 11). A total of 25.9% (n = 7) of patients delivered in 24–48 h in the
Dinoprostone group, compared with the Misoprostol group, for which this value was 14.3%
(n = 4). Only 33.3% (n = 9) delivered after >48 h in the Dinoprostone group, in comparison
with the Misoprostol group, for which this value was 10.7% (n = 3). The time to cesarean
delivery was statistically significantly shorter in the case of the post-term Misoprostol
cesarean deliveries (p = 0.0313).
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Table 11. Comparative analysis of two groups, Dinoprostone vs. Misoprostol, in terms of term
delivery (>41 weeks of gestation): time to cesarean delivery.

Dinoprostone
(n = 27)

Misoprostol
(n = 28) p-Value 1

Time to CS 0.0313
24 h 11 (40.7%) 21 (75.0%)

24–48 h 7 (25.9%) 4 (14.3%)
>48 h 9 (33.3%) 3 (10.7%)

1 Chi-square.

3. Discussion

One in five women (approximately 20%) undergo labor induction for both maternal
and fetal indications. Oxytocin, the gold standard in labor induction, has an insignificant
effect on cervical ripening despite its great effectiveness in triggering uterine contrac-
tions. Therefore, proper cervical preparation is the key to a correct and successful IOL.
Prostaglandin analogs appear to be excellent pharmacological agents for labor induction
due to their significant effect on cervical ripening and their ability to trigger uterine contrac-
tions [8,13–15]. However, it has not been possible to determine which prostaglandin analogs
dominate in effectiveness and efficiency. Data from various centers and publications often
show conflicting results and clinical practice does not always follow the data from the
professional literature. The rate of labor induction has been steadily increasing over the
last few decades, with an estimated further increase in the coming years [16]. Additional
burdens and severe pregnancy complications pose new challenges for medical staff, which
they must efficiently meet. A crucial issue is providing adequate perinatal care during
a pregnant patient’s stay and childbirth. In addition, the implementation of high-level
nursing care greatly contributes to a quick return to work, which has an additional positive
effect on psychological comfort and does not eliminate the patient from social life [17–19].

This study aimed to evaluate the efficacy of Misoprostol and Dinoprostone vaginal
inserts in achieving vaginal delivery. Efficacy was demonstrated for individual groups
because regardless of the IOL agent used, the vast majority of women delivered within
48 h, and most of these women had vaginal parturition (64.2%, 73.3%, and 63% for the
Dinoprostone vaginal insert vs. 54.8%, 57.9%, and 61.1% for the Misoprostol vaginal
insert). It is also worth noting that statistical significance was demonstrated for a greater
number of vaginal deliveries in the group of patients who gave birth at term after using the
Dinoprostone insert. These data are consistent with previously published studies [20–22].

What is extremely interesting is that our study showed that, regardless of gestational
age, patients who received the Dinoprostone insert required statistically more oxytocin
administration than patients who received the Misoprostol vaginal insert (81.1%, 66.3%,
and 58.9% vs. 35.7%, 19.7%, and 11.1%, respectively). In addition, it is worth noting
that even in the case of the need for oxytocin stimulation in the group of patients who
received Misoprostol, the percentage of patients requiring stimulation remained very low.
Misoprostol is a more potent agent and more often leads to the initiation of contractions
resulting in labor. This labor usually started, and the patients delivered, within 24 h
after insertion of the Misoprostol vaginal insert. In turn, patients with Dinoprostone
required additional oxytocin, which allowed them to achieve delivery. The definition of
labor induction, i.e., achieving labor within 48 h, was conducted with similar success in
both groups. However, in the Misoprostol group, the addition of oxytocin was mainly
unnecessary, and delivery occurred dynamically before 24 h. In the Dinoprostone group,
oxytocin was added, and delivery took place harmoniously, mainly after 24 h but still
within 48 h. The most significant demand for oxytocin occurred in the case of preterm
labor (regardless of the vaginal insert administered)—81.1% and 35.7%, respectively. The
above data may suggest that in preterm labor, both Misoprostol and Dinoprostone have
reduced potential to generate uterine contractions. We believe that a possible explanation
for this phenomenon lies in the histology and molecular biology of the uterine muscle.
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Prostaglandins act via membrane prostaglandin receptor isoforms (EP 1 to EP 4) [23,24].
During pregnancy, the concentration of prostaglandin receptors remains low, with a peak
increase at term [9,24]. Therefore, we suggest that during the course of preterm labor
(<37 weeks of gestation), the expression of prostaglandin receptors may not be sufficient to
ensure adequate generation of contractile activity by prostaglandin analogs. We believe it
is worth conducting additional studies to evaluate the effect of prostaglandin analogs in
the induction of preterm labor.

In each of the study groups, the majority of patients showed a willingness to use
intrapartum analgesia (intravenous Remifentanil). However, regardless of the gestational
age, patients who received the Misoprostol vaginal insert statistically more often used
anesthesia during labor (92.9%, 92.1%, and 88.9% vs. 75.5%, 70.9%, and 68.5%). These
data are consistent with previous studies. According to these studies, patients receiving
a vaginal insert with Misoprostol more often required intrapartum analgesia with opi-
oids [25–27]. However, due to the study design, these figures may be overestimated. The
differences in the results may also be due to the fact that no cut-off threshold for the use of
analgesia was adopted in our study. In addition, the multidimensional nature of the pain
experience renders pain assessment challenging. Therefore, objectively assessing the actual
severity of pain is highly problematic. It is also worth noting that the patients received
anesthesia based on their subjective pain evaluation. We suggest that pregnant patients
(especially in the Polish population) have insufficient information about nonpharmaco-
logical pain relief methods. Therefore, patients immediately reach for pharmacological
approaches (intravenous or epidural) in pain, omitting nonpharmacological, highly ef-
fective ways [28–33]. Increasing patients’ awareness about possible nonpharmacological
analgesia methods during childbirth is crucial. Midwives are vital in providing obstetric
services to women globally [34]. Besides pharmacological and nonpharmacological treat-
ment, midwives can also give support through praise, therapeutic touch, and explaining or
informing women of labor progress [35,36]. However, inadequate resources and stressful
work settings cause midwife burnout and hinder adequate labor pain management [37,38].
Therefore, it is crucial to maintain highly educated and devoted obstetrical staff to improve
labor pain management.

In our study protocol, patients received an intravenous infusion of Remifentanil. It
should also be remembered that IV anesthesia (Remifentanil) used during labor is off-label.
The gold standard in obstetrics worldwide is epidural anesthesia. Recent studies revealed
that, although intravenous anesthesia provides satisfactory pain relief, epidural analgesia
provides better analgesia and satisfaction than analgesia with Remifentanil [39,40]. This
type of anesthesia was used due to epidural anesthesia’s unavailability (during the study
period) due to procedural factors. Considering the above, we plan to conduct additional
studies on using vaginal inserts with prostaglandin analogs and epidural anesthesia to
evaluate their effectiveness. Since, in many hospitals in Poland, the availability of epidural
anesthesia is limited, we wanted to share actual data from our practice using Remifentanil.

Considering drug safety, hyperstimulation (tachysystole) occurred in each group with
a similar frequency and remained below 10%, regardless of the IOL agent used. The rate
of tachysystole was not statistically significant. The presented data indicate that in our
practice, both Dinoprostone and Misoprostol had a low rate of uterine hyperstimulation.
This is in contrast to published studies that suggest that prostaglandin analogs (especially
Misoprostol) may be associated with increased rates of hyperstimulation [26,41–43]. We
assume an explanation may be the practical fact that physicians paid more attention
to nonreassuring fetal heart rate patterns when diagnosing them as an indication for
emergency cesarean section for threatened asphyxia rather than hyperstimulation. We
believe that this exciting topic requires further research.

Considering the group of patients who gave birth prematurely (<37 weeks of gesta-
tion), statistical significance was demonstrated for shortening the time to delivery (both
vaginal and cesarean section) for patients who received intravaginal Misoprostol (p < 0.0001
and p = 0.0004, respectively). At the same time, no differences were found for the delivery
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route depending on the vaginal agent used. In addition, most patients who received Miso-
prostol delivered within 24 h (64.3%), while most patients who received Dinoprostone gave
birth within 24–48 h (60.4%).

In the group of patients who delivered at term (37–41 weeks of gestation), the statistical
significance of shortening the time to delivery was demonstrated in patients who received
intravaginal Misoprostol (p < 0.0001) regardless of the mode of delivery. Again, the vast
majority of patients who received Misoprostol delivered within 24 h (80.3%), while the
majority of patients who received Dinoprostone delivered within 24–48 h (53.5%).

In the group of patients who delivered after term (>41 weeks of gestation), the sta-
tistical significance of shortening the time to delivery (both vaginal and cesarean) was
demonstrated in patients who received intravaginal Misoprostol (p < 0.0001). At the same
time, no differences were found for the delivery route depending on the vaginal agent used.
In addition, most patients who received Misoprostol delivered within 24 h (88.9%), while
most patients who received Dinoprostone delivered within 24–48 h (45.2%).

No statistical differences were found for the delivery route depending on the vagi-
nal agent used, except for the group of patients at term who received Dinoprostone. This
group was characterized by a statistically significantly higher percentage of vaginal deliveries
(p < 0.0394).

The presented data are consistent with the studies conducted so far on the effectiveness
of the use of prostaglandins in labor induction [44–46].

Summing up all the above data, a noticeable pattern emerges. Using both Misopros-
tol and Dinoprostone (in the form of vaginal inserts) effectively achieves labor within
48 h. This is consistent with the accepted definition of successful labor induction [1,47,48].
However, the use of Misoprostol (regardless of the gestational age) is characterized by a
shortened time to delivery irrespective of the parturition type (most patients delivered
within 24 h). Comparing both protocols, Misoprostol-based protocols were associated with
less oxytocin augmentation but increased demand for intrapartum opioid analgesia on
demand. A possible explanation for the increased need for anesthesia in this group may
be that these patients deliver in a shorter period (up to 24 h) compared with those using
Dinoprostone, which makes labor more violent and tumultuous, which in turn causes an
increased need for anesthesia. On the other hand, the use of Dinoprostone (regardless of the
gestational age) resulted in most patients giving birth within 24–48 h. In addition, most of
the patients treated with Dinoprostone-based protocols had oxytocin augmentation. Finally,
using Dinoprostone was associated with a statistically lower demand for intrapartum
anesthesia. Considering both labor induction regimens—vaginal Dinoprostone vs. vaginal
Misoprostol—the use of a Misoprostol protocol is characterized by a significant shortening
of the time to delivery. However, considering the defining criterion of labor induction, a
more desirable management model for patients seems to be a regimen with Dinoprostone.
Using a regimen with Dinoprostone leads to results similar to those of Misoprostol of
delivery within 48 h, but with a lower need for anesthesia.

It is also worth noting that the route of administration of a given agent for labor
induction may have a significant impact on the course of labor. Our study evaluated only
Misoprostol and Dinoprostone vaginal inserts. Some studies additionally compare the
effectiveness of using Misoprostol orally or sublingually. Referring to these studies, the
application of oral or sublingual Misoprostol, with similar efficacy to vaginal Misoprostol,
seems to be associated with greater patient satisfaction. We believe that greater patient
satisfaction can translate into a less violent course of delivery despite the use of Misopros-
tol [49–51]. We believe this is an excellent starting point for further in-depth studies that
will compare the effectiveness of both Misoprostol in various forms and Dinoprostone
vaginal inserts.

The use of Dinoprostone in the group of full-term pregnant patients was characterized
by a higher percentage of vaginal deliveries. We believe that the use of Dinoprostone
(despite a slight extension of the time to delivery) determines a more peaceful and harmo-
nious course of childbirth, which undoubtedly translates into the patient’s well-being and
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satisfaction. Moreover, such a protocol is associated with an increase in the percentage
of vaginal deliveries, especially in full-term pregnancies. A more harmonious birth still
falls within the definition of successful labor induction but also leads to less need for
intrapartum anesthesia, less trauma, and a more positive birthing experience. In addition,
we believe that a more harmonious birth leads to faster postpartum recovery, significantly
affecting patients’ quality of life.

We believe that the differences between Dinoprostone and Misoprostol shown in our
study result strictly from their pharmacodynamics. The entire ripening process is complex,
consisting of an inflammatory reaction and enzymatic degradation [52].

Prostaglandins act through prostaglandin receptors—EP1, EP2, EP3, and EP4—which
are a G protein-coupled cell membrane receptor family.

EP2 and EP4 receptors are coupled with Gs protein, stimulating (via increased cAMP
production) muscle relaxation. On the other hand, EP1 and EP3 receptors are responsible
for muscle contraction. The EP1 receptor is associated with the Gq protein, while the
EP3 receptor is associated with the Gi protein—its stimulation causes a decrease in cAMP
concentration. During the perinatal period, the expression of COX-2 and prostaglandin
receptors is enhanced in the extracellular matrix of the cervix [53,54]. These receptors
(along with COX-2) are also expressed in fetal membranes, myometrial cells, cervical tissue,
and decidua [55]. Considering the above, we believe that the increase in the expression of
prostaglandin receptors in the myometrial cells and decidua in the perinatal period may be
significantly related to the triggering of contractile activity after the application of a vaginal
insert with prostaglandin analogs.

In addition, it has been shown that the receptor with the highest concentration in the
cervical tissue at term is the EP4 receptor [56,57]. Evidence shows that it is the activation of
this receptor that is responsible for the regulation of cervical ripening by prostaglandins.
Our study showed that both analogs are effective; however, after using Dinoprostone,
more patients delivered within 24–48 h, and in this group, there was a higher rate of
vaginal deliveries. Additionally, patients who received a Dinoprostone insert required
significantly more oxytocin augmentation than Misoprostol receivers. These differences
may be due to the distribution of prostaglandin receptors and the prostaglandin analog
itself. Studies have shown that the dominant prostaglandin in the cervical ripening process
is prostaglandin PGE2 [24]. In addition, the primary receptor involved in cervical ripening
is the EP4 receptor [57]. Dinoprostone (a PGE2 analog) shows the highest affinity to the
EP2 and EP4 receptors and slightly lower affinity to other prostaglandin receptors [58].

In comparison, Misoprostol shows great affinity for EP1 and EP3 receptors [8,12,58].
From the above data, it can be concluded that Dinoprostone, being an analog of PGE2
(the main prostaglandin responsible for cervical ripening) with the highest affinity for
the receptors that stimulate the relaxation of muscle cells and actively participate in the
ripening of the cervix (EP4 receptor), has a much more significant effect on the cervix than
Misoprostol (an analog of PGE1). Due to the low affinity for the EP1 and EP3 receptors and
high affinity for the EP2 and EP4 receptors, the use of Dinoprostone resulted in slightly
longer labor and a greater need for oxytocin augmentation. Therefore, we believe that the
use of Dinoprostone led to a much better preparation of the cervix, which translated into
more gentle and harmonious deliveries, most of which were vaginal deliveries. On the
other hand, using Misoprostol (which has a high affinity for the EP1 and EP3 receptors)
resulted in a shorter time to labor and a lower need for oxytocin augmentation. A possible
explanation for this phenomenon may be Misoprostol’s influence on specific receptors,
which contributed to a greater extent to triggering stronger contractions (due to which
patients required oxytocin stimulation in a smaller percentage), translating into a shorter
delivery time.

To the best of our knowledge, this is the first study to show an accurate timing
relationship between the two agents while highlighting the potential benefit of a slightly
longer time to delivery when using a labor induction protocol with a Dinoprostone vaginal
insert. Other studies in this field promote using Misoprostol as an agent that allows one
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to achieve labor in a shorter time [59]. We believe our study may help clinicians select a
more appropriate agent to induce labor based on their needs. Previous studies comparing
prostaglandin analogs contradict our results, showing that both prostaglandin analogs
have similar efficacy and cesarean section rates [59,60]. However, these studies do not
consider the exact grouping by week of gestation. Therefore, we believe that our study can
be an excellent starting point for further consideration in this area.

Our study has its limitations, such as the lack of division of patients into primiparas
and multiparous women and the lack of division into indications for cesarean delivery.
Additionally, due to the retrospective nature of our study, the results should be interpreted
cautiously, as there is no control group. Furthermore, birth safety in terms of neonatal
outcomes was not assessed. We believe that it is worth conducting further studies that,
apart from the effectiveness of prostaglandin analogs in labor induction, also assess the
birth status of newborns. Other labor induction methods and the assessment of additional
clinical parameters are subject to continuous analysis by the research team.

4. Materials and Methods

Medical staff recorded data on labor induction in a computer database of the hospital-
administered system during the patient’s stay. These data were collected and stored in
the hospital computer system, where they were archived, which ensured their cybersecu-
rity. Then, based on the stored data, analysis was performed. During the analysis of the
previously obtained documentation, the following information was obtained: duration of
pregnancy (determined based on the date of the last menstruation, confirmed using first-
trimester ultrasonography), type of cervical ripening agent used, course of the induction
of labor, duration of labor, route of delivery, previous obstetric history, and patient demo-
graphic data. In addition, the previously acquired dataset was checked for inconsistencies
and possible errors. The criteria for inclusion in the study group were the following: the
use of Misoprostol or Dinoprostone vaginal inserts as induction of labor agents, delivery
between 34 and 42 weeks of gestation, single live pregnancy, cephalic fetal presentation,
and no previous cesarean sections. The study included patients qualified for induction of
labor for maternal and fetal indications and with an unfavorable cervix (Bishop score <6
and >2). In addition, clinical indications for IOL followed the current recommendations of
the Polish Society of Gynecologists and Obstetricians [61].

The exclusion criteria were the following: the onset of spontaneous labor, previous
cesarean section, premature rupture of membranes, preterm premature rupture of mem-
branes, twin pregnancy, lack of critical information in medical documentation, and any
contraindications to vaginal delivery and induction of labor following the Polish guidelines.
An analysis of the documentation covering 3002 deliveries at the analyzed time was carried
out, of which, based on the adopted criteria, 402 cases were qualified for study (Figure 2).

Induction of labor protocol consisted of 200 micrograms of Misoprostol or 10 mil-
ligrams of Dinoprostone in the form of vaginal inserts in all included patients. In the
absence of labor, defined as regular contractions within 24 h of insertion of vaginal insert,
oxytocin augmentation was used in the local low-dose protocol. Tachysystole was diag-
nosed based on the following criteria: contraction lasting >2 min, no significant interval
between contractions, and >5 contractions in 10 min. In the event of hyperstimulation
(tachysystole), an intravenous infusion of 25 micrograms of Fenoterol was used, and the
previously administered vaginal insert was removed. During labor, the patients were given
intrapartum analgesia as an intravenous infusion of Remifentanil on demand.

We assessed the effectiveness of triggering uterine contraction activity after adminis-
tering a vaginal insert with Misoprostol and Dinoprostone. The primary outcome was to
evaluate the time from vaginal insert (with Dinoprostone or Misoprostol) administration
to delivery (both vaginal and cesarean) within 24–48 h. The secondary outcomes were
the proportion of women undergoing cesarean section, oxytocin augmentation, and the
necessity for intrapartum analgesia application. In addition, we compared the groups
regarding the percentage of vaginal births and the rate of cesarean sections. Finally, we also
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compared the groups regarding the occurrence of uterine hyperstimulation (tachysystole)
and the need for intravenous intrapartum analgesia.
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4.1. Ethical Review

In accordance with the decision of the Institutional Ethics Committee of Collegium
Medicum in Bydgoszcz, Nicolaus Copernicus University (KB 303/2020 and annexes),
retrospective anonymized medical data were analyzed. In this case, the patients’ informed
consent to participate in the retrospective data analysis was not required. Regardless, each
patient consented to the induction of labor procedure under local law.

4.2. Statistical Analysis

The statistical analysis was performed using Microsoft Excel software and the statisti-
cal suite StatSoft. Inc. (2014). STATISTICA (data analysis software system)—version 12.0
was used.

The quantitative variables were characterized by the arithmetic mean of standard
deviation or median or max/min (range) and 95% confidence interval. The qualitative
variables were presented with the use of count and percentage.

The W Shapiro–Wilk test was used to check if a quantitative variable derived from a
normal distribution population. To prove the hypotheses on the homogeneity of variances,
Leven (Brown–Forsythe) test was utilized. The statistical significance of differences between
the two groups was processed with the t-Student test or U Mann–Whitney test. The
significance of the difference between more than two groups was assessed with the F test
(ANOVA) or Kruskal–Wallis. Regarding statistically significant differences between the
two groups, post hoc tests were utilized (Tukey test for F or Dunn for Kruskal–Wallis).
Model t-Student or Wilcoxon signed-rank tests were used for two paired variables. The
significance of the difference between more than two variables in the paired variables
model was checked using analysis of variance with repeated measurements or using the
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Friedman test. Chi-squared tests for independence were used for qualitative variables.
Correlation analysis was used to determine dependence, strength, and direction between
variables by determining Pearson’s or Spearman’s correlation coefficients. The statistical
significance level of p = 0.05 was used in all the calculations.

5. Conclusions

The RIPE Study enhances our understanding of the effectiveness of vaginal inserts
containing PG analogs: Misoprostol and Dinoprostone. Our real-world data are based on
the results of actual patients and reflect the true meaning of pharmacological agents used
in obstetrical practice. Considering the pharmacodynamics of Misoprostol, with its strong
uterotonic effect, leading to dynamic labor progress, it can be assumed that the contractions
were so strong that patients more often required analgesics. Another essential element
of pain perception is the adaptation of the patient’s tissues and emotions to contractions
and the lack of time to accept them when labor progresses so dynamically. Patients in the
Dinoprostone group developed contractile function later, and oxytocin was administered
more often after 24 h, according to the schedule. Those patients had time to adapt to labor
signs and symptoms (including pain). At the same time, we assume that this time was
sufficient for cervical tissue changes during the cervical ripening process. Slow tissue
adaptation during cervical maturation and slow-progressing contractions resulted in a
longer time to delivery, but this time was still within the scheduled 48 hours. These patients
required the addition of oxytocin, but at the same time, in most cases, the patients requested
opioids less often, so we assume that delivery was less painful. We do not support the
pursuit of dynamic labor following induction. Trying to outdo each other with ever-shorter
times from the start of labor induction to birth is unnecessary. Therefore, as clinicians, we
find the regimen with Dinoprostone more harmonious and desirable.
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