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Introduction. Assessment of the fetal heart rate become
a routine manner and was found to be helpful in making
important clinical decisions. In the available literature there
are no any information about fetal heart rate in twin pregnan-
cy and it usefulness in predicting pregnancy outcome.
Objective. The aim of our study was to evaluate a range of
heart rates in the first trimester in twin pregnancy and the
influence of the rate of fetal heart on the outcome of the
pregnancy.
Material and methods. The study included 89 twin pregnan-
cies between 6 and 11 weeks of pregnancy (78 pregnancies
finished with good outcome and 11 with unfavorable outco-
me).
Results. The date shows that the heart rate of embryos / fetuses
in the first trimester of an uncomplicated twin pregnancy
progressively increases between 6 and 8 weeks of pregnancy
and then slows down in week 11. Our data shows that the rate
of fetal death in the first trimester of twin pregnancy increases
progressively with decreasing of the heart rate. In our study
none of the twins survived when the observed rate of the fetal
heart was less than 110 beats per minute and half of them died
when heart rate was between 110 and 120 beats per min.
Furthermore, the significant difference in the heart rates of a
set of twins was connected with a poor prognosis. In mono-
chorionic pregnancies with a significant difference in heart rate
(20 beats/min or more) despite a normal fetal heart rate (120
beats/min or more) TTTS syndrome was confirmed later in
pregnancy.
Conclusions. The heart rate in twin pregnancy more than 120
beats per minute is connected with a good prognosis, whe-
reas below 110 beats per minute with a poor prognosis.
Furthermore, the significant difference in fetal heart rate (20
beats/min or more) can be a marker of developing TTTS syn-
drome later in pregnancy.
Key words: fetal heart rate; twin pregnancy; first trimester;
TTTS
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INTRODUCTION
In the past and nowadays the fetal heart rate
is being used as a confirmation of the embryo/
fetal life. Large group studies have reported
changes in the heart rate in early stage of pre-
gnancy [1-10]. Furthermore, miscarriages were
observed in pregnancies with abnormal fetal
heart rate [1-7,11]. Therefore assessment of the
fetal heart rate become a routine manner and
was found to be helpful in making important
clinical decisions. However in the available li-
terature there are no any information about
fetal heart rate in twin pregnancy.

AIM
The aim of our study was to evaluate range of
heart rate in first trimester in twin pregnancy
and influence of rate of fetal heart on pregnancy
outcome.

MATERIALS AND METHODS
The study was conducted in the Ultrasound Unit
in Healthcare Center in Kutno from 2010 to
2016. In the study were included 89 twin pre-
gnancies between 6 and 11 weeks of pregnan-
cy (78 pregnancies finished with good outco-
me and 11 with unfavorable outcome). All
pregnancies with risk factors (smoking, alcohol,
drug addiction) and complications (diabetes
mellitus, hypertension, anemia) were excluded
from the study

Measurements were obtained using ultraso-
und machine (B&K Medical 3535 and Voluson
730 PRO) with vaginal probe of 6.5 MHz fre-
quency. All pregnancies were calculated accor-
ding CRL measurement. The gestational age
was given in weeks according formula: 7 we-
eks = 7 weeks + 0/6 days. The heart rate was
performed using M-mode technique for each
twin separately.
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INTRODUCTION

Induction of labor (IOL) is a popular obstetrical procedure, 
accounting for about 20–30% of all deliveries [1]. In 
women with an unripe cervix, IOL helps to avoid possible 
complications for the mother and the fetus [2].

Although following IOL, vaginal delivery (VD) is 
expected, complications may hinder the delivery, and 
the labor may fail to progress, which is defined as an 
unsuccessful IOL; accordingly, cesarean section (CS) is 
the alternative option. Low Bishop score (<6), maternal 
obesity, nulliparity, and gestation age <41 weeks; are all 
considered as possible causes of unsuccessful IOL [3].

In clinical practice, the Bishop score [4] is the most 
commonly used way to evaluate the cervical condition [5]. 
However, some investigators concluded that Bishop score 
is a flawed method for predicting the success of IOL due 
to the imprecise nature of cervical assessment. Bishop score 
faces difficulties in evaluating the internal OS changes, 
especially while the external OS is closed. In addition, this 
is considered a subjective measurement influenced by the 
clinical experience of the physician [6]. 

Transvaginal ultrasound (TVUS) parameters have been 
shown superiority over the conventional Bishop score 
in evaluating the cervix before IOL. This superiority is 
explained by the reproducibility of TVUS data and learning 
feasibility [7]. Cervical length (CL) and posterior-cervical 
angle (PCA) are two ultrasound parameters that have been 
identified to evaluate the clinical functionality of the cervix 
that assess the quality of cervical integrity [8].

This study aimed to assess the reliability of measuring 
both PCA and CL using TVUS compared with Bishop 
score to predict the success of IOL.

MATERIALS AND METHODS

Study design: A prospective observational study 
(Accuracy of diagnostic test study) was carried out on 100 
pregnant women admitted for IOL at Ain Shams University 
Maternity Hospital during the period from October 2019 
to October 2020. 

Study population: All women included in the 
study were primigravida, with one live fetus in cephalic 
presentation. The candidates were not in active labor 
which is defined as (cervical dilatation >4-cm or cervical 
effacement  >80%) [9]. However, all pregnant women 
with confirmed fetal anomalies, amniotic fluid disorders, 
Bishop score >8, antepartum hemorrhage, cephalopelvic 
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Objective: “Bishop score has been used to predict successful labor 
induction; however, ultrasound detecting cervical parameters (cervical 
length and posterior-cervical angle) may be superior to Bishop score. 
The present study was an effort to determine which is better for 
predicting successful labor induction.

Methods: A prospective observational study has been performed on 
100 pregnant women with 37-41 weeks’ gestational age who had 
been acclaimed to undergo labor induction. Cervical length, posterior 
cervical angle, and Bishop Score were also assessed and their relations 
to successful induction of labor were evaluated.

Results: The posterior cervical angle sensitivity, specificity, and accuracy 
for predicting successful labor induction were 92%, 89%, and 89%, 
respectively, which were superior to those of Bishop Score as well as 
cervical length. Moreover, both posterior cervical angle and cervical 
length combined use for predicting the successful labor induction show 
sensitivity 94%, specificity 91% and accuracy 91%. Using ROC curve, our 
results showed that the best area under curve (AUC) is for combined 
ultra-sonographic parameters (0.940, 95% CI 0.823 – 0.901).

Conclusion: For predicting the labor induction outcome, the combined 
use of both cervical length and posterior cervical angle was superior to 
the Bishop score. 

Keywords: Induction of labor; Cervical length; Posterior cervical angle; 
Bishop score
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

disproportion, previous cervical operation, previous 
cesarean delivery and myomectomy (previous uterine 
scar), and those who are morbidly obese (Body Mass Index 
(BMI) over 40 calculated as weight in kilograms divided by 
square of height in meters), fetal macrosomia (fetal weight 
4 kg or more measured by ultrasonography), fetal distress, 
or uterine anomalies were excluded from the study.

Ethical approval: The study was presented for 
approval from the Ethical Committee of the Department 
of Obstetrics and Gynecology, Faculty of Medicine, Ain 
Shams University. Informed consent was received from 
all participants after counseling them on the nature of the 
study. 

METHODS

All women were subjected to full history taking, 
physical examination, ultrasonography examination by two 
ultrasound experts; 

a) Abdominal ultrasound was done by Samsung (Seoul, 
South Korea) ultrasound system by frequency 7 
MHZ to determine fetal viability, weight, number, 
amniotic fluid, and placental site.

b) Transvaginal ultrasound (TVUS) was performed 
with an empty bladder in the lithotomy position 
with a frequency 4 -9 MHZ by Samsung (Seoul, 
South Korea) ultrasonography machine. Gently, the 
vaginal probe was introduced into the vagina till 
the back of the fornix was reached to see the whole 
cervical length. A sagittal cervix plane has been 
obtained, ensuring proper visualization of the full 
length of the cervical canal. The calipers were put 
between both the inner and outer cervical openings 
for the CL measurement. We measured the angle 
between the line used in measuring the CL and the 
back of the uterine wall for the PCA measurement 
[10]. Finally, to calculate the Bishop score, a 
digital examination was done [11]. Measurements 
of both CL and PCA were kept blinded from the 
investigator who performed the Bishop scoring.

Induction of Labor: The protocol for IOL followed 
the local university hospital protocol. We gave cervical 
ripening agents in the form of a vaginal tablet containing 
25 μg misoprostol (Vagiprost; Adwia, Cairo, Egypt) to 
those with a firm or closed cervix to be repeated at least 
after 4 hours up to 5 doses. In comparison, women with 
a flexible cervix and others improved by misoprostol were 
given an intravenous oxytocin infusion (Syntocinon; 
Novartis, Basel, Switzerland). The initial dosage was 5 units 
(in 500 ml Ringer solution), an average of 12 drops per 
minute. Each half an hour, we doubled the dosage till we 
reach effective constrictions, the maximum dose up to 96 
drops per minute.

We compared the measured PCA and CL with bishop 
score for evaluation of successful IOL that was defined as 
the time interval for induction to active labor (according 
to ACOG [9] where cervical dilatation >4-cm or cervical 

effacement >80%). In comparison, unsuccessful IOL was 
defined as cesarean delivery because of failed progress of 
labor. Women who had a cesarean delivery for reasons 
other than failed IOL, such as prepartum hemorrhage, fetal 
distress, and cephalopelvic disproportion, were excluded 
from the data analysis.

Statistical analysis of the data: Data were fed to 
the computer using IBM SPSS software package version 
20.0. Qualitative data were described using numbers and 
percent [12]. Detailed information is explained in the 
supplementary materials (addendum).

RESULTS

The present study included 100 pregnant women 
aged 18-39 years with gestational age from 37-41 weeks. 
Demographic, clinical, and ultrasonography characteristics 
of the study group are illustrated in Tab. 1. 

Regarding induction of Labor, unsuccessful IOL was 
recorded in 17 women (17%), including eight women (8%) 
with fetal distress and nine women (9%) with failed IOL, 
Whereas successful IOL was reported in 83 women (83%). 
Regarding mode of delivery, 83 women (83%) were delivered 
via spontaneous vaginal delivery (SVD), and 17 (17%) were 
delivered via lower segment Cesarian section (LSCS). 

In the current study, induction time ranged from 
4-18 hours with a mean value of 8.44 ± 3.15 hours and 
induction to delivery time ranged from 6-24 hours with a 
mean value of 12.16 ± 4.06 hours. The time from induction 
to delivery was <24 hr in 79 women (95.2%) and >24 hr in 4 
women (4.8%). 

Bishop score, CL, and PCA values in women with 
failed and successful IOL are shown in Tab. 1. A significant 
statistical difference was recorded between failed vs. 
successful induction outcomes concerning Bishop score, 
CL, and PCA (P <0.001*) (Tab. 1.).

ROC curves of Bishop score, CL, and PCA for 
predicting successful IOL were performed. The AUC of 
PCA was the highest (AUC 0.905, 95% CI 0.80 – 0.96). 
Also, PCA showed the greatest sensitivity, specificity, and 
accuracy as it was 92.0, 89.0, and 89.0, respectively (Tab. 2.).

ROC curves for combined CL and PCA, combined 
Bishop score and CL, and combined Bishop score and 
PCA were performed to predict successful IOL. The best 
prognostic combination was CL and PCA, showing a 
sensitivity of 94.0, specificity of 91.0, and accuracy of 91.0 
(Tab. 2.).

DISCUSSION

IOL is indicated when labor is more beneficial than 
waiting for spontaneous labor [2]. Bishop score was 
introduced in practice as a predictor of successful IOL, 
and it is considered one of the most critical and valuable 
scoring systems [13]. However, as alternatives for the 
conventional Bishop score, some ultrasound parameters are 
recommended particularly, CL and PCA [14].
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

In the current study, PCA and the CL measurements 
were assessed using TVUS in comparison with the Bishop 
score to predict the effectiveness of IOL. 

This study was conducted at Ain Shams University 
Maternity Hospital on 100 pregnant women admitted for 
IOL, aged from 18-39 years, with a mean of 24.17 ± 3.94 
and with a gestational age of 37-41 weeks.

In this study, IOL failed in 17 cases (17%), out of which 

8 cases (8%) had fetal distress. After IOL, 83 cases (83%) 
delivered via SVD, while 17 cases (17%) were delivered by 
LSCS.

Jing's study included 475 cases indicated for IOL. 
Out of all cases, 393 (82.7%) delivered vaginally, and 82 
(17.3%) had CS. Forty women failed to access the active 
phase of labor, 20 had fetal hypoxia, additionally to other 
different causes [15].

Tab. 1. Demographic, clinical, and 
ultrasonography characteristics of 
study group.

Characteristics Successful IOL (n=83) Unsuccessful IOL (n=9) P Value

Age (year) 24.17 ± 3.94 24.67 ± 3.57 0.613

Body mass index b 26.10 ± 2.13 25.00 ± 1.58 0.569

Pregnancy duration (week) 38.77 ± 1.77 38.78 ± 1.20 0.831

Neonatal weight (gram) 3097 ± 447.2 3025 ± 456.1 0.550

Indication for IOL

Post date 39 1 -

other 44 8 -

Bishop score 5.64 ± 1.14 3.11 ± .93 0.001

Cervical length 28.76 ± 3.93 34.67 ± 2.40 0.001

Posterior cervical angle 108.35 ± 17.94 91.56 ± 9.96 0.001

Oxytocin use Yes No -

Tab. 2. Sensitivity, specificity, and ac-
curacy of Bishop score, CL, PCL, (CL 
and PCA), (Bishop score and CL), and 
(Bishop score and PCA) to predict 
successful IOL.

Area under the 
curve P-value

Asymptotic 95% Confidence 
Interval

Lower Bound Upper Bound

Bishop score (Cut off value= 5)

0.781 0.0001* 0.632 0.911

Sensitivity
Specificity 

PPV 
NPV 

Accuracy

61.0
83.0
64.0
83.0
78.0

CL (Cut off value = 34.0)

0.877 0.0001* 0.786 0.942

Sensitivity
Specificity 

PPV 
NPV 

Accuracy

91.0
83.0
86.0
80.0
86.0

PCA (Cut off value = 99.0)

0.905 0.0001* 0.800 0.960

Sensitivity
Specificity 

PPV 
NPV 

Accuracy

92.0
89.0
90.0
88.0
89.0

CL and PCA

0.940 0.0001* .823 .901

Sensitivity
Specificity 

PPV 
NPV 

Accuracy

94.0
91.0
94.0
95.0
91.0

Bishop score and CL

0.896 .001 .652 .817

Sensitivity
Specificity 

PPV 
NPV 

Accuracy

90.0
88.0
91.0
87.0
89.0

Bishop score and PCA

0.908 .0001* .632 .805

Sensitivity
Specificity 

PPV 
NPV 

Accuracy

92.0
89.0
91.0
88.0
90.0
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That vaginal dose of 50-μg of misoprostol was studied 
widely. Results demonstrated that such dose is more 
effective but not secure, unlike a 25-μg dosage [16]. In 
the present study, up to five tablets of 25-μg misoprostol 
tablets were used in the failed cases. While the successful 
cases used from 1-4 tablets. 

As the cervical status before labor was identified as the 
most significant indicator of successful IOL, several studies 
have assessed the relation between the Bishop score and 
sonographic cervical measurement with IOL consequence 
[17,18].

In the current study, CL in failed IOL cases ranged from 
29-37 with a mean value of 34.67 ± 2.40 while successful 
IOL cases ranged from 21-37 with a mean value of 28.76 
± 3.93. For the prediction of successful IOL at cut-off 34 
mm, the CL showed sensitivity, specificity, and accuracy of 
91.0, 83.0, and 86.0, respectively, with PPV of 86.0 and 
NPV of 80.0. 

The meta-analysis of Verhoeven's study involved 31 
analyses that reported both CL and delivery outcome. For 
cesarean deliveries, summary estimates of both sensitivity/
specificity for CL were 0.82/0.34, 0.64/0.74, and 0.13/0.95 
for different cut-offs 20, 30, and 40 mm, respectively. They 
concluded that CL and cervical wedging by TVUS at or 
near term could predict the outcome of delivery after IOL [5].

Anikwe CC, et al. [18] Study reported that the mean 
induction delivery time for all participants was 8.1 ± 3.0 
hours and a mean labor duration of 7.4 ± 2.9 hours. Pre-
induction CL is a good predictor of a short labor duration 
(P=0.001).

In the present study, Bishop score ranged from 2-4 
with a mean value of 3.11 ± 0.93 in failed cases, while in 
successful cases ranged from 3-8 with a mean value of 5.64 
± 1.14. For the prediction of successful IOL, Bishop score 
at the cut-off point 5 demonstrated sensitivity, specificity, 
and accuracy of 90.0, 88.0, and 89.0, respectively, with 
PPV of 91.0 and NPV of 87.0. Thus, our study showed 
that the CL has better sensitivity, specificity, and accuracy 
in predicting successful IOL over Bishop score. 

Kolkman's DG, et al. [19] study concluded that the 
Bishop score seems to be a weak predictor for IOL. In 
Bajpai N, et al. [20] study on 131 women who underwent 
IOL at term live fetuses, successful IOL was in 86.9% of 
patients. At cut-off values of ≥ 4, TVUS cervical parameters 
were better than Bishop score (Sensitivity 77% vs. 65%, 
Specificity 93% vs. 86%) in predicting successful IOL. 
ROC analysis illustrated that AUC was higher for TVUS 
Score (0.90, 95% CI 0.84 – 0.95) compared to Bishop 
score. Also, Kanwar's SN, et al. [21] concluded that within 
24 hours of IOL, CL is a powerful predictor of vaginal 
delivery in comparison to the modified Bishop score.

On the contrary to our results, Khandelwal R, et al. 
[22]  study on 62 nulliparous women who underwent IOL 

reported that the Bishop score had a higher significance 
(P-value <0.0001) than CL (P=0.004) in predicting the 
active phase of labor. Regarding Bishop score, the optimum 
cut-off point for predicting IOL through 6 hours was >4, 
with a sensitivity of 69% and specificity of 79%. At the 
same time, the best CL's cut-off point for IOL prediction 
in 6 hours was <25 mm by 51% sensitivity and 70% 
specificity. In addition, for predicting induction-to-delivery 
interval within 12 hr, Bishop scores (P=0.001) were also 
superior to CL (P=0.01). Also, Bahadori F, et al. [23] found 
a more significant correlation of Bishop (0.001) than of 
CL (0.04) for predicting cervical ripening within 12 hours. 
The cut-off value for Bishop score was ≥4, with a sensitivity 
and specificity of 57.9% and 28.7%, respectively, whereas 
the cut-off value for CL ≥ 19 mm had a sensitivity and a 
specificity of 66.7% and 65%, respectively. 

In the current study, PCA in failed IOL cases ranged 
from 78-110 with a mean value of 91.56 ± 9.96 and in 
success IOL cases ranged from 70-150 with a mean value 
of 108.35 ± 17.94. To predict the success of IOL at a cut-
off value of 99.0, PCA presented sensitivity, specificity, and 
accuracy of 92, 89.0, and 89.0, respectively, with PPV of 
90 and NPV of 88. In addition, PCA showed a significant 
negative correlation with induction time, induction to 
delivery and Vagiprost. 

PCA >99.5°, CL <34 mm, and a Bishop score >5 were 
suggested as cut-offs for the prediction of successful IOL 
by Al‐Adwy AM, et al. [24]. There was no significant 
difference among the AUC of those three measurements. 
However, the PCA >99.5° had the highest sensitivity 
(91.84%), specificity (90.48), PPV (95.7%), and NPV 
(82.6%) comparing to the other two indicators. 

The study conducted by Gokturk U, et al. [25] that 
included multi-variate regression analyses of variables 
showed that multiparity, CL, PCA, and Bishop score are 
good predictors for successful IOL.

Concerning the combination between parameters in 
our study, the combined CL and post PCA sensitivity, 
specificity, and accuracy to predict successful induction 
were 94.0, 91.0, 91.0, respectively. While Bishop score and 
CL sensitivity, specificity, and accuracy for predicting the 
success of induction were 90.0, 88.0, 89, respectively. In 
addition, the Bishop score and PCA’s sensitivity, specificity, 
and accuracy for the prediction of successful induction 
were 92.0, 89.0, and 90, respectively. 

Overall, PCA showed the best sensitivity and specificity 
as an indicator for IOL outcome, especially in combination 
with CL measurement.

CONCLUSION

Our data concluded that ultrasonographic cervical 
assessment and Bishop score are good indicators of 
successful IOL. Still, sonographic parameters including 
CL and PCA seemed to be better than the Bishop score in 
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

predicting the outcome of labor induction, especially when 
used combined. 
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