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Introduction: Second-trimester pregnancy termination with live fetuses is an 
important issue in obstetric practice since it is more challenging than first- and 
third-trimester pregnancy termination. The present study aimed to compare the 
effectiveness of vaginal misoprostol moistened with normal saline and acetic acid in 
second-trimester pregnancy termination.
Methods: This clinical trial was conducted on 95 pregnant women with the 
gestational age of 14-26 weeks admitted for medical induced abortion. The subjects 
were randomly divided into two groups. The first group was administered with 
vaginal misoprostol moistened with acetic acid (n=47), and the second group 
received vaginal misoprostol moistened with normal saline (n=48). The abortion 
rate within the first 24 hours, induced abortion interval, length of hospital stay, and 
curettage and its complications were assessed in the study groups using statistical 
methods, and the P-value of less than 0.05 was considered significant.
Results: Abortion within the first 24 hours occurred in 100% of the patients in 
the acetic acid group and 75% of the subjects in the normal saline group, and the 
difference was considered statistically significant (P<0.001). The mean time for fetal 
delivery was significantly lower in the acetic acid group (12.3±4.8) compared to the 
normal saline group (17.5±6.6) (P<0.001). In addition, the length of hospital stay 
was significantly lower in the acetic acid group compared to the normal saline group 
(P=0.008). The rate of abortion following the second dose of misoprostol was 46.8% 
in the acetic acid group and 20.8% in the normal saline group. However, no significant 
differences were observed in curettage and its complications between the groups.
Conclusion: According to the results, high vaginal acidity was associated with the 
increased effectiveness of misoprostol in second-trimester pregnancy termination.
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Introduction
Termination of second-trimester pregnancy 

with live fetuses is an important issue in obstetric 
practice since it is considerably more complicated 
than first- and third-trimester pregnancy termina-
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participants, and written informed consent was 
obtained prior to enrollment. 

Inclusion and Exclusion Criteria
The inclusion criteria of the study were as fol-

lows: 1) gestational age of 14-26 weeks with live 
fetuses; 2) admission for induced abortion; 3) 
pregnancy termination due to the ultrasound di-
agnosis of fetal structural abnormalities, detec-
tion of chromosomal abnormalities, and maternal 
diseases; 4) counseling with a perinatologist or a 
genetic counselor and 5) legal permit or letter of 
satisfaction from the court of justice.

The exclusion criteria were as follows: 1) pres-
ence of allergies or increased sensitivity to pros-
taglandins and intrauterine device; 2) increased 
risk of uterine rupture (e.g., history of uterine rup-
ture, classic uterine incision or myomectomy) and 
coagulopathy; 3) hemodynamic instability and 
4) contraindication for medical termination (e.g., 
previa, uterine contractions or rupture of mem-
branes) before the intervention.

Prior to the treatment, blood samples were col-
lected from the patients in order to determine the 
complete blood count and BG-Rh and perform co-
agulative, renal, and hepatic tests. Afterwards, the 
vaginal pH was measured using a pH meter paper, 
which was attached to the upper vaginal wall. 

In the acetic acid group, misoprostol (400 μg) 
was moistened in three cc of 3% acetic acid, and 
in the normal saline group, misoprostol (400 μg) 
was moistened in three cc of normal saline. After-
wards, misoprostol was inserted into the poste-
rior fornix of the vagina, and the process was re-
peated every four hours if abortion did not occur 
or adequate uterine contraction was not achieved.

After abortion, 20 miliunits of oxytocin was 
infused in one liter normal saline. The patients 
were randomly assigned to two groups based on 
random access generated computer. This was a 
double-blind study, in which the patients were 
blinded to grouping (acetic acid or normal saline). 
Misoprostol was placed by a resident, and the 
assessment of the data and outcomes was per-
formed by an obstetrician who was also blinded 
to the grouping of the patients. The number of 
misoprostol doses, time of fetus delivery, and time 
of placenta delivery were also determined. Curet-
tage was carried out if necessary, and the side-ef-
fects of misoprostol (e.g., nausea and vomiting, 
diarrhea, and chills and fever) were recorded.

The primary outcome of the study was the com-
parison of the frequency of abortion within the 
first 24 hours between the groups. The second-
ary outcomes were abortion following the use of 
the first and second dose of misoprostol, induced 
abortion interval, length of hospital stay, frequen-

tion. The rate of second-trimester pregnancy ter-
mination is approximately 10-15%, which occurs 
in 42 million cases per year across the world (1). 

The complications of abortion have been on 
the rise due to increased gestational age. Induced 
abortion after week 14 of pregnancy is associated 
with a marked increase in the rate of complica-
tions and medical costs (2). Several methods have 
been proposed in this regard, and there is a world-
wide tendency toward terminating the second 
trimester of pregnancy by non-surgical methods 
rather than surgery (3). 

Misoprostol is a synthetic analogue of prosta-
glandin E1, which causes effacement and uter-
ine contractions in all gestational ages during 
pregnancy. This agent could be stored at room 
temperature, while it is relatively cost-efficient, 
associated with fewer side-effects, available, and 
easily applied (4,5). Misoprostol could be ab-
sorbed through the mucous membranes and ad-
ministered via oral, vaginal, rectal, sublingual, and 
buccal routes. The most common route of miso-
prostol administration is intravaginal (3). Howev-
er, misoprostol cannot be completely dissolved in 
the vagina, which is considered to be a significant 
concern. 

Some studies have indicated that decreased pH 
may enhance the absorption and effects of miso-
prostol (6). Therefore, some researchers have rec-
ommended that misoprostol be moistened with 
acetic acid and placed in the vaginal canal. Vari-
able findings have been reported in this regard, 
with some studies denoting no significant differ-
ences (7), and others demonstrating that vaginal 
misoprostol may be more effective if dissolved in 
an acidic medium (8).

The present study aimed to compare the effec-
tiveness of vaginal misoprostol when used in an 
acidic vaginal environment using 3% acetic acid 
solution with a control group (acetic acid group), 
in which misoprostol was moistened in normal 
saline prior to vaginal insertion for second-tri-
mester pregnancy termination in a homogenous 
Iranian population.

Methods
Study Design 

This randomized clinical trial was conducted 
at three hospitals affiliated to Mashhad Univer-
sity of Medical Sciences, Iran during 2016-2017. 
The study protocol was approved by the Ethics 
Committee of Mashhad University of Medical 
Sciences (code: 1394/255, registration code: 
IRCT2017082635898N1). Sample population 
consisted of the patients admitted for pregnancy 
termination in weeks 14-26 of pregnancy. The 
objectives of the research were explained to the 
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cy of complications (nausea and vomiting, chills 
and fever, and diarrhea), frequency of curettage, 
and frequency of the other methods used for the 
termination of pregnancy in the groups.

Sample Size and Statistical Analysis 
The sample size was calculated based on the ini-

tial outcome of the study (i.e., frequency of abor-
tion within the first 24 hours). The sample size 
values were extracted from the study by Bulent 
Yilmaz et al. (3), and the frequency of abortion 
within the first 24 hours in the acetic acid and con-
trol groups was estimated at 96.7% and 78.7%, 
respectively. Considering α=0.05 and β=0.2, the 
sample size of the study was calculated to be 84 
for each group using the PASS software. Finally, 95 
patients were enrolled in the study considering 
10% sample loss. 

Data analysis was performed using various sta-
tistical methods, and a P-value of less than 0.05 
was considered significant.

Results 
In total, 95 patients were enrolled in the study, 

including 47 patients in the acetic acid group and 
48 patients in the normal saline group, with no 
sample loss. The median age of the subjects was 
28.96±6.471 years in the acetic acid group and 
28.10±6.953 in the normal saline group, and no 
significant difference was observed between the 
groups in this regard (P=0.538). The median ges-
tational age was 18 weeks (minimum: 15, maxi-
mum: 20) (P=0.961), and the median vaginal pH 
before misoprostol administration was 6 (5-7) in 
the acetic acid group and 5.5 (5-7) in the normal 
saline group. No significant difference was ob-
served between the groups in this regard. 

Demographic characteristics of the patients in 
the two groups are presented in Table 1. Within 
the first 24 hours, abortion occurred in 100% of 
the patients in the acetic acid group, as well as 
75% of the patients (n=36) in the normal saline 
group, which was considered statistically signifi-
cant (P<0.001). However, no significant difference 
was observed between the groups in terms of re-
ceiving the first and second dose of misoprostol 
(P>0.05). In the acetic acid group, the number of 
the patients who received the third, fourth, fifth, 
and sixth dose of misoprostol was significantly 
lower compared to the normal saline group, which 
was considered statistically significant (P<0.05).

The rate of abortion following the first dose of 
misoprostol was 6.4% (n=3) in the acetic acid 
group. In the normal saline group, no cases of 
abortion were reported following the first dose 
of misoprostol, which was not considered statisti-
cally significant (P>0.05). The rate of abortion fol-

lowing the second dose of misoprostol was 46.8% 
(n=22) in the acetic acid group and 20.8% (n=10) 
in the normal saline group, which was considered 
statistically significant (P=0.009) (Table 2).

Table 1. Demographic Characteristics of Acetic Acid 
and Normal Saline Groups.

***P-valueNormal 
Saline

Acetic AcidGroups

Variables

0.538****28.10±6.95328.96±6.471Age (year)*

0.96118 (15-20)18 (15-20)Gestational 
Age (week)**

0.4251 (0-3)1 (0-5)Parity**

0.3040 (0-2)0 (0-2)Abortion**

0.5630 (0-2)0 (0-2)Dilatation**

0.7255.5 (5-7)6 (5-7)Vaginal pH**

*median±SD; **mean (minimum-maximum); ***Mann-Whit-
ney U test; ****t-test

Table 2. Comparison of Vaginal Misoprostol Moistened 
with Acetic Acid and Normal Saline in Second-trimester 
Pregnancy Termination.

***P-valueNormal 
Saline

Acetic 
Acid

Groups

Outcomes

0.11703 (6.4)*Abortion Follow-
ing First Dose*

0.00910 (20.8)22 (46.8)Abortion Follow-
ing Second Dose*

<0.00117.5±6.612.3±4.8Time of Fetus De-
livery (hour)**

<0.00117.9±6.612.6±4.8Time of Placental 
Delivery (hour)**

<0.001****36 (75)100Abortion within 
First 24 Hours*

0.0086 (12.5)11 (23.4)1Length of 
Hospital 

Stay (day)*
30 (62.5)34 (72.3)2

12 (25)2 (4.3)3

0.14917 (35.4)24 (51.1)Curettage*

*Frequency and percentage; **Median±SD; ***t-test; 
****Mann-Whitney U test

The mean time of fetal delivery in the acetic 
acid group (12.3±4.8) was significantly lower 
compared to the normal saline group (17.5±6.6), 
which was considered statistically significant 
(P<0.001). In addition, the length of hospital stay 
was significantly lower in the acetic acid group 
(P=0.008) (Table 2). However, no significant dif-
ference was observed in the incidence of curet-
tage and its complications, as well as the need for 
other methods (P>0.05) (Tables 2 & 3).
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Table 3. Comparison of Side-effects of Vaginal Miso-
prostol Moistened with Acetic Acid and Normal Saline 
in Second-trimester Pregnancy Termination.

P-valueNormal 
Saline

N (%)

Acetic 
Acid

N (%)

Groups

Side-effects

0.4863 (6.2)5 (10.6)Fever 

(temperature≥38°C)

0.46713 (27.1)9 (19.1)Chills

0.62212 (25)9 (19.1)Nausea

>0.991 (2.1)1 (2.1)Vomiting

0.0597 (14.6)1 (2.1)Diarrhea

Discussion
According to the results of the present study, 

high vaginal acidity increased the effectiveness of 
misoprostol in second-trimester pregnancy ter-
mination. The study groups were homogenous 
in terms of the demographic characteristics. The 
rate of abortion within the first 24 hours was 
also higher in the acetic acid group compared to 
the normal saline group. In addition, the rate of 
abortion following the administration of the first 
and second dose of misoprostol was higher in the 
acetic acid group compared to the normal saline 
group. On the other hand, induced abortion inter-
val and length of hospital stay were lower in the 
acetic acid group compared to the normal saline 
group. However, no significant differences were 
observed between the groups in terms of curet-
tage and its complications, as well as the use of 
other methods. 

The results of the present study were consistent 
with the findings of Tayba Jahed et al. (2014) (7), 
Abd-EI (2012), Maboud K. H. et al. (2008) (9,10), 
Yilmaz et al. (2005) (3), which denoted no signif-
icant differences in the side-effects of misopros-
tol between the groups. With the exception of the 
studies by Abd-EI and Maboud K. H. et al. (2008), 
the rate of complications has been reported to 
be lower in the acetic acid group due to the low-
er dosage of misoprostol (9). Tayebeh Jahed et al. 
(2014) and Yilmaz et al. (2005) investigated the 
need for curettage, reporting no significant differ-
ence between the groups, which is in line with the 
current research (3,7).  

The study by Tayebeh Jahed et al. (2014) was 
conducted on 91 patients using a similar meth-
od to the present study. In the mentioned study, 
induced abortion interval in the normal saline 
and acetic acid groups was 26.5 and 15.7 hours, 
respectively. The mean dose of misoprostol in the 
normal saline and acetic acid groups was 1,115 
and 775 micrograms, respectively, which was 

considered significant. Furthermore, the drug 
side-effects were similar in the groups, which is 
also in congruence with the present study. In the 
mentioned research, placental retention was also 
similar in the groups. In the current research, 
the number of the patients requiring curettage 
was higher in the acetic acid groups compared 
to the normal saline group, while the difference 
was not considered significant. The results of the 
mentioned study are consistent with the current 
research, which could be attributed to the similar 
methodology and sample size (7). 

Another study in this regard was conducted by 
Mansoureh Zanjani et al. (2017) on 40 pregnant 
women, with 20 patients in each group. According 
to the findings, vaginal acidity increased after us-
ing four cc of 3% acetic acid, which was inserted 
into the vagina every six hours in the acetic acid 
group. In addition, the induced abortion interval 
was shorter in the acetic acid group, while the dif-
ference was not considered significant. Few com-
plications were reported, with no significant dif-
ferences between the groups in this regard. In the 
mentioned research, no significant difference was 
observed in the vaginal pH between the groups 
before the administration of acetic acid (5.80 ver-
sus 5.89). After the administration of acetic acid, 
the vaginal pH was lower in the acetic acid group 
(5.80 versus 5.11). This discrepancy could be due 
to the different methodologies and lower sample 
size. The difference in the vaginal pH before and 
after the administration of acetic acid in the men-
tioned study confirmed the effects of acetic acid 
on the lowering of pH and increasing of acidity (8) 

Similar results have been reported in the study 
by Abd-EI et al. (2012) despite the difference in 
methodology. The researchers assigned 48 wom-
en with missed second-trimester abortion into 
two randomized groups. In 24 patients, 3% acetic 
acid gel was administered, and the other subjects 
received placebo gels. Those administered with 
acid gels showed better outcomes within 24 and 
48 hours. Despite the smaller sample size of the 
mentioned research, the results are consistent 
with the present study, which could be due to the 
similar procedure (10).  

Another research in this regard was performed 
by Bhattacharjee N. (2012) on 322 pregnant 
women with the gestational age of 13-20 weeks, 
while Saipin Pongsatha et al. (2011) examined 
179 pregnant women with the gestational age of 
14-28 weeks. The results of the mentioned stud-
ies were inconsistent with the current research 
as the researchers concluded that the misopros-
tol tablets moistened with acetic acid or normal 
saline or used as dry tablets had no significant 
difference in terms of the outcomes. Despite the 
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completely similar methodology to the present 
study, the discrepancy in the results could be at-
tributed to the larger sample size compared to the 
present study (11,12).  

In the study by Abd-EI and Maboud K. H. et al. 
(2008), the methodology differed from the cur-
rent research. The mentioned study was con-
ducted on 110 women with the gestational age of 
26-14 weeks, who were candidates for induced 
abortion. The patients were divided into two 
groups of A (pH<5; n=63) and B (pH≥5; n=47) 
and received 200 micrograms of vaginal miso-
prostol moistened with acetic acid every four 
hours. The findings indicated a significant asso-
ciation between the vaginal pH and interval of 
misoprostol administration for abortion, which 
was significantly lower in group A compared to 
group B. Moreover, the rate of successful abortion 
in group A was 100%, while it was 63.8% in group 
B. The results of the mentioned study are consis-
tent with our research, which could be attributed 
to the similar sample sizes since the patients in 
the mentioned research were not homogeneous 
(initially divided into different groups based on 
vaginal pH), indicating that there was no random-
ization, which is a research limitation. Due to the 
lower administered dose of misoprostol in group 
A, the incidence of complications was lower in this 
group. It is notable that this was the only study in 
which the complications had no differences in the 
groups, and this may justify the effects of the ini-
tial pH on the rapid termination of pregnancy (9). 

The study by Yilmaz et al. (2005) was conduct-
ed on 66 pregnant women, who were candidates 
for second-trimester pregnancy termination. The 
methodology of the mentioned research was simi-
lar to the present study. According to the findings, 
the time of pregnancy termination was signifi-
cantly lower in the acetic acid group compared to 
the second group. In addition, the rate of abortion 
following the first dose of misoprostol was signifi-
cantly higher in the acetic acid group. However, 
no significant differences were observed between 
the groups in terms of complications and placen-
tal retention. These findings are in line with the 
results of the present study, which could be at-
tributed to the similar methodology despite the 
smaller sample size (3). 

The Strengths and Limitations of the Study
One of the strengths of the present study was 

the homogeneity of the groups in terms of the 
demographic characteristics, pH factors, and pri-
mary dilatation. However, the induced abortions 
of live fetuses (causes of pregnancy termination: 
rupture of membranes or IUFD, requiring a lower 
dose of misoprostol for termination) was not tak-

en into account. The main strength of the research 
was the double-blind design, while it was not pos-
sible to blind the analyzer of the results.

Recommendations 
Since some of the previous studies with larger 

sample sizes have reported different results, it is 
recommended that similar investigations be con-
ducted on larger sample sizes. Furthermore, it is 
suggested that the pH of patients be evaluated 
after the administration of misoprostol in order 
to measure acetic acid and normal saline in anes-
thetized patients and compare the values with the 
primary pH.

Conclusion
According to the results, high vaginal acidity 

increases the effectiveness of misoprostol in sec-
ond-trimester pregnancy termination. In addi-
tion, the rate of abortion within the first 24 hours 
and with the lower doses of misoprostol was 
higher after increasing the vaginal acidity, while 
the length of hospital stay and induced abortion 
interval decreased. However, no significant differ-
ences were observed in the associated complica-
tions, requiring curettage and other methods of 
pregnancy termination. 

Considering the convenience, no need for train-
ing, and no differences in complications, miso-
prostol moistened with acetic acid could be used 
in the patients who are admitted for medical 
abortion in order to decrease the time of abortion 
and length of hospital stay, while accelerating the 
abortion process with lower doses of misoprostol.
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