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Abstract

Background: Vaginal pH is acidic in pregnancy, but there is no information about pH

changes in pregnancy, and contradictory results have been reported from the effec-

tiveness of Misoprostol at different vaginal pH. This study aimed to evaluate the

effect of vaginal washing before Misoprostol insertion on cervical ripening before

induction of labor in comparison with the control group.

Methods: This randomized single-blind clinical trial was performed on 148 pregnant

women who were candidates for induction of labor. Subjects were randomly divided

into two groups of intervention (vaginal washing with 20 cc of normal saline 0.9%

before Misoprostol insertion) and the control group (without vaginal washing). Vagi-

nal pH and Bishop scores were measured before and after the intervention. The two

groups were compared in demographic-obstetric variables, the success rate of induc-

tion of labor, maternal and neonatal outcomes, and Misoprostol dose.

Results: After the intervention, there was no statistically significant difference

between the pH before and after in the group with vaginal washing. There was no

significant difference between the two groups in the type and duration of labor, and

maternal and neonatal outcomes (P > .05). The frequency of normal delivery less than

12 hours in the intervention group was higher than in the control group. Although

this difference was not statistically significant due to the small number of subjects, it

is clinically significant.

Conclusion: The results of the present study showed that vaginal washing with nor-

mal saline before Misoprostol insertion for induction of labor did not affect the suc-

cess of induction and duration of labor.
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1 | INTRODUCTION

Induction of labor occurs in about 20% of pregnancies for a variety of

reasons.1 Various medical and surgical methods are used to induce

labor and cervical ripening. Prostaglandin E1 (Cytotech or Misopros-

tol) is more recommended for cervical ripening and induction of labor

than other prostaglandins because it's cheap and stable at room tem-

perature.1 Various clinical trials have shown that vaginal Misoprostol

can be effective in cervical ripening and promoting uterine contrac-

tions by reducing the interval between induction and delivery.2,3 In

general, induction of labor using prostaglandins improves the suc-

cess rate of normal delivery, reduces the rate of cesarean sections,

and is associated with greater maternal satisfaction.1 Misoprostol

cannot be completely dissolved in the vagina, and studies have

shown that the effectiveness of the drug is related to the plasma

level of the drug and reaching the highest level. Some studies have

examined the factors affecting the absorption of this drug and men-

tioned the role of vaginal pH,4,5 and others in the solubility and high

plasma level of the drug.6 Both of these items can be effective by a

similar mechanism.

It has been reported that vaginal Misoprostol absorption varies in

different patients and the effect of soaking vaginal pills in water or

saline in increasing its solubility has been observed.6 Recently, some

studies introduced vaginal pH as an effective factor on the prostaglan-

dins function for cervical ripening, which can affect drug ionization

and absorption.7,8 Some studies have reported higher efficacy of

Misoprostol in an acidic environment and some in an alkaline environ-

ment.9-11 Studies supporting the acidic pH of the vagina on the higher

efficiency of vaginal Misoprostol have reported that prostaglandins

are acidophil and Misoprostol dissolves better in an acidic environ-

ment.12,13 When the acidic environment in the vagina is created with

acetic acid, the success rate of induction with Misoprostol

increases.12,13 Other studies have found more efficacy for vaginal

Misoprostol in moderate acidity and refused the effect of an acidic

environment.14

In an in vitro study comparing Dinoprostone releasing at vaginal

pHs of 7.4, 5.4, and 3.4, it was found that prostaglandin releasing was

reduced in acidic pH, and an optimal pH for this purpose is 7.4.7 The

vaginal pH in pregnancy is acidic and vaginal washing reduces the nor-

mal flora of the vagina and changes the pH to alkaline, and it seems

that according to this hypothesis, Misoprostol can be more effective

in a thinner environment and higher pH.15 However, contradictory

results have been reported in other studies. Some studies have found

that high vaginal pH is effective in improving the function and bioac-

tivity of prostaglandins, which reduces the active phase of labor.15,16

Finally, other studies have not reported efficacy and the optimal pH

for achieving maximal Misoprostol efficacy. A need for more research

has been suggested determining the involved factors in this regard.17

So, due to the lack of sufficient information about pH changes during

pregnancy and contradictory results from the effectiveness of Miso-

prostol at different pH, the present study has been designed to inves-

tigate the effect of vaginal washing before Misoprostol insertion on

cervical ripening before induction of labor.

2 | PATIENTS AND METHODS

2.1 | Trial design

This study was a randomized single-blind clinical trial that was

registered in the Iranian Clinical Trials Registration Center

(IRCT20080826001096N7). This trial design was a parallel random-

ized clinical trial, and the allocation ratio was usually 1:1. The present

study was conducted in 2019-2020 at Al-Zahra Educational and Med-

ical Center, Rasht, Iran.

2.2 | Participants and sampling methods

This study was performed on term pregnant women who were candi-

dates for induction of labor referred to Al-Zahra Hospital, Rasht, Iran

during 2019-2020. All the participants signed a written informed con-

sent before the intervention. Inclusion criteria included 18-40 years-

old pregnant women with single pregnancy, term last menstrual

period (LMP)-approved pregnancy (first day of last menstrual period

and first-trimester ultrasound), cephalic presentation, normal fetal

heart rate (FHR), no prohibition of normal delivery (such as

cephalopelvic disproportion), no spontaneous and effective uterine

contractions (less than three contractions in 30 minutes), Bishop score

less than 6, fetal weight less than 4000 g. Indications of induction

include post-term pregnancy, oligohydramnios, reduced fetal move-

ment, abnormal biophysical profile score, maternal diabetes, fetal

growth restriction, and preeclampsia. Exclusion criteria included multi-

ple pregnancies, gestational age less than 37 weeks, rupture of mem-

branes, non-reassuring FHR, fetal anomaly, chorioamnionitis, known

prostaglandin allergy, a history of previous cesarean section or scar-

ring of the uterus, and vaginal bleeding.

The two groups of the study were matched in terms of the num-

ber of deliveries (primiparous and multiparous) before Misoprostol

insertion. The initial Bishop score was recorded by a gynecology resi-

dent and then the vaginal pH was determined with Nitrazine paper. In

both groups, the gynecological examination was performed with spec-

ulum and examined for infection. In the absence of clinical vul-

vovaginal infection, in the case group, vaginal washing with 0.9%

normal saline (20 cc) was performed before Misoprostol insertion

(25 μg in posterior vaginal fornix) and then vaginal pH was recorded.

In the control group, only Misoprostol suppositories were inserted.

When cervical ripening does not occur (Bishop score less than 6), the

Misoprostol insertion was repeated every 4 to 6 hours for a maximum

of four doses.1

Both groups received the same routine treatment at the begin-

ning of the active phase of labor. Uterine contractions and FHR were

monitored in all subjects. Labor stages and consequences were

recorded in labor by a gynecology resident. Before administration of

each dose of Misoprostol, uterine contractions and FHR were moni-

tored for 10 minutes using a fetal monitoring device and vaginal

examination was performed. If the number of contractions was more

than three times in 10 minutes, the next dose would not be
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prescribed. If regular uterine contractions did not occur despite cervi-

cal ripening, 4 hours after the last dose of Misoprostol, induction with

oxytocin was started according to routine protocol. Patients who

entered the active phase and experienced a secondary cessation of

labor (no change in dilatation for more than 2 hours) were stimulated

by intravenous oxytocin solution. Oxytocin was prescribed at least

4 hours after the last dose of Misoprostol, according to the American

College of Obstetricians and Gynecologists guideline. In case of

hyperstimulation, suppository remnants were removed from the

vagina, the maternal position changed to the left lateral, oxygen ther-

apy was performed with a face mask, oxytocin infusion was stopped.

FHR control was performed every half hour during the first phase of

labor and every 15 minutes during the second phase of labor. Labor

monitoring and other interventions, if necessary, were performed

routinely.

2.3 | Randomization, blinding, and concealment of
allocation

The study groups were matched in terms of the number of deliveries

(primiparous and multiparous) before Misoprostol insertion. Eligible

individuals (those with a Bishop score of less than 6) were randomly

assigned to the intervention group (vaginal washing) and the control

group (without vaginal washing) using four randomized blocks in

sealed envelopes. Random sequences were generated using computer

software. After generating the list, each person was assigned a unique

code and during the study, the person was identified with this code.

None of the participants in the study were aware of the randomiza-

tion list. Registration and random allocation sequence were done by

the gynecology resident. Sealed envelopes, numbered in order, were

used to conceal the randomization process, and the envelope for each

individual was opened only after the eligibility criteria were approved

and the individual signed the consent form.

2.4 | Study outcomes

The main outcome of the present study was the success of induction

of labor (the time interval from the start of induction to the entry into

the active phase of labor). The active phase of labor in this study was

defined as having effective and regular contractions simultaneously

with cervical effacement and dilatation of 5 cm or more.1 Secondary

outcomes in this study included the time from vaginal Misoprostol

insertion to the active phase, type of delivery (cesarean section or

normal vaginal delivery (NVD)), hyperstimulation (six or more uterine

contractions in 10 minutes), Uterine tachysystole (more than five con-

tractions in 10 minutes, or single contraction lasting longer than

2 minutes or when either condition leads to a non-reassuring FHR

pattern), FHR abnormality (tachycardia, late decelerations, bradycar-

dia), failure in the induction of labor, fetal distress, meconium passage,

and change in Bishop score after 6 hours, duration of labor, and the

dose of used Misoprostol, neonatal weight, 1 and 5 minutes Apgar

score and neonatal intensive care unit (NICU) admission rate.

2.5 | Statistical analysis

The sample size was determined based on Yayla Abide et al include

164 participants (two groups of 82 participants).15 The data were ana-

lyzed by SPSS software version 21. After examining the normality

distribution of quantitative data with the Kolmogorov-Smirnov test, a

t-test was used to compare data with normal distribution between

groups, and the Mann-Whitney test was used for variables without

normal distribution. Chi-square and Fisher tests were used to evaluate

the qualitative variables and the Wilcoxon test was used for compari-

son before and after the test. P-values less than .05 were considered

significant.

2.5.1 | Ethical consideration

The study was approved by the ethics committee of Guilan University

of Medical Sciences (IR.GUMS.REC.1398.107). All stages of this

research have been performed according to the Helsinki declaration.

All procedures of the study were explained clearly to the participants

who had the eligible inclusion criterion. Moreover, all participants vol-

untarily filled out the written informed consent form before they join

the study and they were free to decide whether or not to attend or

withdraw at any time and for any reason without changing the

medical care.

3 | RESULTS

In the present study, 148 people participated who were divided into

two groups of 74 people (Figure 1). The results showed that there

was no statistically significant difference between the two groups in

terms of maternal age, gestational age, number of pregnancies, initial

Bishop Score, and vaginal pH before intervention (Table 1).

Comparing the pH before and after the intervention in the group

with vaginal washing using the Wilcoxon sign test, no statistically sig-

nificant difference was observed (pH before the intervention: 5.25

± 0.66 and pH after the intervention: 5.39 ± 0.88; P = .279). Indica-

tions for induction of labor between the two groups are presented in

Table 2. No significant difference was observed between the two

groups.

There was no statistically significant difference between the two

groups in terms of induction of labor success variables (including the

interval between Misoprostol insertion and oxytocin prescription, the

time interval from induction to rupture of membranes, the time inter-

val from induction to the active phase, and interval from the beginning

of induction of labor to complete dilatation) and Bishop scores 6 hours

after vaginal washing (Table 3).
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There was no significant difference between the two groups in

terms of the type of delivery and maternal and neonatal outcomes.

Also, in none of the study groups, tachysystole, hyperstimulation, and

NICU admission were observed. Also, the 5-minute Apgar score was

above 7 in the neonates of both study groups (Table 4).

4 | DISCUSSION

The results of this study showed that vaginal washing with normal

saline before Misoprostol insertion had no effect on the success of

induction of labor and duration of labor (interval between Misoprostol

insertion to oxytocin prescription, the time interval from induction to

rupture membranes, time interval from induction to the active phase

beginning and the time interval from the onset of induction of labor

to complete dilatation). Considering that the pH of the vagina changed

slightly after the intervention (pH before the intervention: 5.25 ± 0.66

and pH after the intervention: 5.39 ± 0.88), no significant difference

between the two groups can be justified. However, the frequency of

normal delivery less than 12 hours in the intervention group was

higher than in the control group. Although this difference was not sta-

tistically significant due to the small number of subjects, it is clinically

F IGURE 1 Consort flow diagram

TABLE 1 Comparison of
demographic characteristics and vaginal
pH between the two study groups

Intervention group (n = 74) Control group (n = 74) P value

Age (year) (M ± SD) 27.99 ± 6.31 27.38 ± 6.17 .54a

Gestational age (wk) (M ± SD) 38.65 ± 1.60 39.01 ± 1.25 .12a

Gravidity (M ± SD) 1.57 ± 0.79 1.45 ± 0.81 .35a

Initial Bishop 2.65 ± 1.11 2.72 ± 0.91 .52b

Vaginal pH before intervention 5.25 ± 0.66 5.32 ± 0.78 .31b

aIndependent-t test.
bMann-Whitney.
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significant (29.6% vs 11.4%). Also, there was no statistically significant

difference between the two groups in terms of the indications of

induction of labor (25 μg in posterior vaginal fornix) type of delivery

and maternal and neonatal outcomes.

In recent studies, vaginal pH has been introduced as an effective

factor on prostaglandins function in cervical ripening, by an effect on

drug ionization, absorption, and ultimately the clinical response of

the drug,7,8 but contradictory results have also been reported in

some studies.9,10 Some studies have reported higher efficacy of

Misoprostol in an acidic environment and some in an alkaline envi-

ronment.10-13,18 Other studies suggest that when the acidic environ-

ment in the vagina is created with acetic acid, the success rate of

Misoprostol increases12,13 and some studies have considered the

effectiveness of vaginal Misoprostol in moderate acidity5 and refused

the effect of acidic environment.14 Other studies have found that

high vaginal pH is effective in improving the function and bioactivity

TABLE 2 Comparison of frequency
of induction of labor indication between
study groups

Intervention group, n (%) (n = 74) Control group, n (%) (n = 74) P

Postdate .62a

Yes 17 (22.97%) 26 (35.13%)

No 57 (77.03%) 48 (86.64%)

Fm + BPP .61b

Yes 29 (39.2%) 26 (35.1%)

No 45 (60.8%) 48 (64.9%)

IUGR .82b

Yes 11 (14.9%) 12 (16.2%)

No 63 (85.1%) 62 (83.8%)

DM .71a

Yes 5 (6.8%) 3 (4.1%)

No 69 (93.2%) 71 (95.9%)

Oligohydraminuos .99a

Yes 2 (2.7%) 2 (2.7%)

No 72 (97.3%) 72 (97.3%)

Preeclampsia .78b

Yes 8 (10.8%) 7 (9.5%)

No 66 (89.2%) 67 (90.5%)

aFisher exact test.
bChi-square test.

TABLE 3 Comparison of induction of labor success variables between the two groups

Intervention group (M ± SD) Control group (M ± SD) Pa

The time interval between Misoprostol insertion to

oxytocin prescription (h)

11.46 ± 6.79 13.85 ± 1.27 .40

The time interval from induction to rupture

membranes (h)

19.15 ± 2.02 19.17 ± 1.62 .62

The time interval from induction to the active phase

beginning (h)

20.37 ± 1.55 22.12 ± 1.09 .21

The time interval from the onset of induction of

labor to complete dilatation (h)

22.55 ± 1.48 24.72 ± 1.15 .17

The time interval from induction to delivery (h) 22.32 ± 1.92 23.34 ± 1.71 .49

Misoprostol dose (mg) 45.95 ± 29.84 54.73 ± 46.47 .38

Misoprostol dose (number) .61

1 39 (52.7) 34 (45.9)

2 18 (24.3) 21 (28.4)

3 11 (14.9) 19 (12.2)

4 6 (8.1) 10 (13.5)

aMann-Whitney.
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of prostaglandins, reducing the active phase of labor.15,16 Finally,

Chandra et al have reported no efficacy and the optimal pH for

achieving maximal Misoprostol efficacy has not yet been identified.17

So, it has been suggested that further studies determine the involving

factors.

To compare the results of the present study with other studies,

since similar studies in this field are limited, studies with different

insertion methods (the type of prostaglandin, type of vaginal washing

agent, pH classification into subgroups, and gestational age) is men-

tioned. Contrary to the findings of this study, Yayla Abide et al

reported that vaginal washing with 0.9% normal saline shortened the

duration of vaginal Dinoprostol retention, and the time from the onset

of vaginal Dinoprostone insertion to the onset of the active phase of

labor, and labor.15 Considering that in both studies, the groups were

matched in terms of age, the number of pregnancies, and Bishop score

before insertion and also the pH was the same in both groups before

the intervention to control the effect of confounders, it seems that

the only difference of these studies is the type of prostaglandin used,

drug dose and sample size. It should also be noted the slight differ-

ence in pH change before and after the intervention in the group with

vaginal washing (pH before the intervention: 5.25 ± 0.66 and pH after

the intervention: 5.39 ± 0.88).

On the other hand, conflicting results have been obtained in stud-

ies that the researcher's hypothesis was prostaglandins are effective

in acidic media. Some studies have reported that acidic vaginal pH in

the first and second trimesters has no effect on the induction of labor

with Misoprostol,14,19 while Rashwan et al reported positive and

effective results.12 According to the results of indirect studies, it is not

yet possible to make an accurate conclusion about the effect of pH on

the induction of the labor process.

Zanjani et al performed vaginal washing with 3% acetic acid

before vaginal Misoprostol insertion to terminate the second trimester

of pregnancy. The two groups were the same in terms of vaginal pH

before using vaginal acetic acid. However, in the acetic acid group,

vaginal pH was significantly lower after use compared to the control

group. Overall, 95% of pregnancies were successful in the acetic acid

group compared to 85% in the control group, but this difference was

not statistically significant. Success rates between 24 and 48 hours,

adverse effects and mean termination time, total Misoprostol con-

sumption, and the number of curettages was comparable between

groups, but it was observed that increased vaginal acidity did not

improve the effectiveness of vaginal Misoprostol for termination of

second-trimester pregnancy.14 Another study was conducted by

Najafian to evaluate the effectiveness of vaginal Misoprostol and vag-

inal washing with 3% acetic acid for termination of pregnancy in the

first trimester. Their results showed that vaginal washing with acetic

acid had no effect on induction of first-trimester abortion compared

to the control group.19 However, Rashwan et al reported that vaginal

washing with an acetic acid solution before induction of labor with

Misoprostol shortened the meantime to reach the active phase of

labor compared to the washing with normal saline and alkaline

groups.12 According to the results of these studies, it is not yet possi-

ble to draw an accurate conclusion about the effect of acidic pH on

the induction of labor, although the difference in gestational age at

the time of intervention should be noted.

On the other hand, in some studies without intervention, only the

effect of vaginal pH on induction of labor was examined and in these

studies, contradictory results were obtained and no agreement was

identified on the effectiveness and determination of pH affecting the

length of induction of labor. Basirat et al examined the effect of

TABLE 4 Comparison of type of
delivery and outcomes between the two
groups

Intervention, n (%) (n = 74) Control, n (%), (n = 74) P

Type of delivery .18a

NVD 27 (36.5%) 35 (47.3%)

C/S 47 (63.5%) 39 (52.7%)

Delivery <12 h 8 (29.6%) 4 (11.4%) .072a

Delivery in 12-25 h 19 (70.4%) 31 (88.6%)

Cause of cesarean section .06b

Fetal distress 21 (44.7%) 20 (51.3%)

Lack of progress 3 (6.4%) 0

Meconium excretion 19 (40.4%) 19 (48.7%)

Cause of cesarean section .06b

No 5 (10.6%) 0

Yes 42 (89.4%) 39 (100%)

1 min Apgar score .99b

<7 4 (5.4%) 3 (4/1%)

>7 70 (94.6%) 71 (95.9%)

Fetal weight (g) 3204.53 ± 518 3240.1 ± 373 .63

aChi-square test.
bFisher exact test.
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vaginal pH on the effectiveness of Dinoprostone in cervical ripening

and induction of labor, in contrast to the present study, it was

reported that the duration of the active phase of labor in patients with

high vaginal pH was significantly shorter than the low pH group. How-

ever, there was no difference between the two groups with high and

low vaginal pH in terms of Bishop score after 12 hours, duration of

latent phase and second stage of labor, and the number of cesarean

sections, as in the present study.16 However, unlike the present study,

no intervention was performed in Basirat et al study and only two

groups were compared based on the difference in pH and the effec-

tiveness of Dinoprostone. Chandra et al reported that vaginal pH less

than 5 had no effect on the length of induction of labor with vaginal

Misoprostol, and the frequency of cesarean section and pregnancy

outcomes did not differ between the two groups.17 Kurian et al found

that women with multiple parities had higher vaginal pH and conse-

quently higher Bishop scores and a higher number of normal deliver-

ies, but no correlation was found between pH and time to enter the

active phase. In this study, there was no intervention and only pH was

measured before induction with Dinoprostone and compared

between groups, also women were included in the study with multiple

parties.20

In an in vitro study, Dinoprostone releasing at vaginal pHs of 7.4,

5.4, and 3.4 were compared, and the results showed that prostaglan-

din releasing was reduced in acidic pH and the optimal pH for prosta-

glandin releasing was 7.4.7 Although the normal pH of the vagina is

acidic and vaginal washing reduces the normal vaginal flora and

changes the pH to alkaline, it seems that Misoprostol can be more

effective in a thinner environment and higher pH,15 which contradicts

the findings of the present study.

In the present study, there was no significant difference between

the two groups in terms of the type of delivery and maternal and neo-

natal outcomes. The rate of cesarean section in the present study was

higher than other studies, which is due to perform in a referral hospi-

tal, and the majority of patients were with underlying disease or

induction indication due to abnormal biophysical score, reduced fetal

movement, and so on. However, in Yayla Abide et al study the fre-

quency of hyperstimulation was significantly higher in the case group

compared to the control group, and in the control group, meconium

excretion, fetal infection and NICU admission rate were higher than

the intervention group. These results can be due to the heterogeneity

of the study population in the inclusion criteria.15 Chandra et al as the

present study reported no difference between the two groups of vagi-

nal pH less than and more than 5 in terms of frequency of cesarean

section and pregnancy outcomes. However, no intervention was per-

formed in their study and only vaginal pH was compared.17

The limitation of this study was that the presence of vaginal

infection was only examined clinically, and we did not examine sub-

clinical infections that may affect vaginal pH. Contradictory results

have been obtained due to the fact that studies in this field have been

different in the method of administration, type of prostaglandin used,

type of vaginal washing agent and pH classification into subgroups,

and gestational age of the intervention. In addition, other factors

appear to be involved in the effectiveness of prostaglandins, so it is

suggested that further studies be performed to identify other factors

affecting the effectiveness of prostaglandins on induction of labor.

5 | CONCLUSION

According to the results of the present study, although vaginal pH

increased slightly after vaginal washing, it had no effect on cervical

ripening, and the frequency of normal delivery less than 12 hours was

higher in the intervention group compared to the control group.

Therefore, this intervention may reduce the duration of labor.

Although this difference was not statistically significant due to the

small number of samples, it is clinically significant. So, future multicen-

ter studies with larger sample sizes are recommended to further verify

the results of this study.
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