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Abstract

Background In modern obstetrical practice, incidence of

induction of labour is on rise for varied maternal and foetal

indications. Ultrasound can help obstetricians in coun-

selling patients before induction of labour and explain the

probability of successful induction.

Objectives To study the role of foetal head–perineum

distance in predicting successful vaginal delivery and to

correlate with other parameters such as cervical length and

Bishop score.

Design This study is a prospective case–control study in a

tertiary care teaching hospital.

Population There were 250 term patients between 37 and

40? weeks with singleton cephalic presentation with no

contraindications for vaginal delivery.

Methods Prior to induction of labour, transperineal ultra-

sound was performed to measure foetal head–perineum

distance. Simultaneously, cervical length was performed

using transvaginal ultrasound probe. Bishop score was

determined at the same time by clinical examination.

Main Outcome Measures Outcome of induction was con-

sidered successful when it resulted in vaginal delivery. It

was considered to be a failure if patient did not get into

active phase of labour or an operative intervention had to

be performed because of non-progress of labour in active
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phase of labour. Cases were excluded if caesarean delivery

had to be performed in the event of foetal distress.

Results It was observed that as the transperineal foetal

head–perineum distance decreased, the rate of vaginal

delivery increased. Similarly, when foetal head–perineum

distance increased, the rate of caesarean delivery increased.

At a cut-off B 5.5 cm, foetal head–perineum distance had

a maximum predictability (sensitivity 97%, specificity

88.1%).

Conclusion Transperineal foetal head–distance measured

by ultrasound can be used as an important tool to predict

vaginal delivery before induction of labour.

Keywords Induction of labour � Transperineal ultrasound �
Foetal head–perineum distance

Introduction

It is every obstetrician’s and patient’s desire to have not

only uneventful antenatal period, but also a natural vaginal

delivery during labour with no compromise with health of

mother and baby. However, not all women get into spon-

taneous labour and as many as 13–20% require induction

of labour for varied indications which include both

maternal and foetal causes [1]. Traditionally success of

induction is determined by Bishop score, but this score is

observer based and significant disagreements have been

observed between two resident doctors [2]. This influences

the outcome of women chosen for vaginal delivery by

induction; many of them end up in operative delivery

mainly due to non-progress of labour and foetal distress.

This contributes to increasing trend of caesarean deliveries

and complications associated with emergency caesareans

are well known [3]. There are added short-term and long-

term risks and also cost associated with operative delivery.

Many times, the patient ends up in second-stage emergency

caesarean delivery for a deeply impacted head in pelvis

which can result in substantial blood loss during surgery,

uterine extensions, bladder injuries, broad ligament hae-

matomas, and one should not forget the risk of foetal

injuries, especially after difficult extraction [4]. Even the

post-operative period can be morbid due to post-partum

fever and wound infection.

There are continuous efforts to standardise labour pre-

diction models using intrapartum ultrasound which nullifies

subjective errors of digital pelvic examination. All the

components of Bishop score such as cervical length,

dilatation, position, consistency and station of foetal head

can be studied by ultrasound, and in fact, there are several

ultrasound-based prediction systems for determining the

success of induction of labour [5]. In addition, new ultra-

sound parameters such as foetal head position with respect

to pelvic girdle, foetal spine position, angle of progression,

head to symphysis distance and head to perineum distance

have been extensively explored [6–8].

One of the important parameters in labour that deter-

mines the successful outcome is distance of the presenting

part from the outlet. Traditionally, this is determined by the

head distance either above or below the ischial spine,

which is determined by per vaginal examination. However,

digitally assessed head station during intrapartum period

many times is erroneous, inaccurate and not consistently

reproducible by different examiners [9]. In fact, intra-

partum ultrasound examination is more specific and cor-

relates well with different sonographers, and there is a

significant disagreement between vaginally performed

assessment and ultrasound assessment [10].

Ultrasound has been evolving as an important adjunct

tool for the practicing obstetricians to counsel the patients

before induction of labour and explain them the probability

of successful induction based on imaging findings.

The aim of the present study is to evaluate the role of

foetal head–perineum distance as a predictor of successful

vaginal delivery using transperineal ultrasound.

Materials and Methods

This is a prospective observational study carried out in the

Department of Obstetrics and Gynaecology, in a tertiary

care hospital. The project was approved by institutional

ethics committee. The study population included term

patients between 37 and 40? weeks, who were induced

for various reasons over a period of 2 years. Inclusion

criteria were age between 18 and 38 years, gestational age

37–40? weeks, live singleton pregnancy with cephalic

presentation. Patients in labour, previous LSCS, major

foetal anomaly were excluded from the study. Women

with pre-labour rupture of membranes (PROM) were not

considered as a contraindication for enrolment into the

study.

Calculated sensitivity of the foetal head to perineum

distance for predicting vaginal delivery in labouring

women is around 62% [11]. The minimum required sample

size is determined by Buderer’s formula:

N ¼ Z2
1 � a=2 � P� 1 � Pð Þ

� �
=L2

where N = number of patients, Z1 - a/2 = 1.96 (standard

normal deviate value that divides the central 95% of z dis-

tribution from 5% in the tails), p = the reported sensitivity

(62%, i.e. 0.62), L = absolute precision desired on either

side (half width of the confidence interval of the confidence

interval) of sensitivity (10% i.e. 0.1).

Accordingly, sample size required was 90, and we

enrolled 250 women that can potentially increase the power

123

Ali et al. The Journal of Obstetrics and Gynecology of India (March–April 2019) 69(2):129–135

130



of the study. As we wanted to compare multiple parameters

such as cervical length, Bishop score, birth weight, foetal

head position, etc., we recruited more number of cases

keeping in mind need for emergency caesarean deliveries

not related to foetal head distance (for example, dinopro-

stone-induced uterine hyperstimulation, foetal distress in

labour, sudden cord prolapse, worsening of hypertension,

etc.). Larger sample size also allowed subgroup analysis

for better interpretation of data and meaningful conclusion.

All eligible women admitted for delivery who were

planned for induction of labour underwent imaging pro-

cedure. A 3.5-MHz abdominal probe was covered with

sterile glove and was placed on the perineal area between

two ischial tuberosities and was directed towards the pre-

senting part. The shortest distance from the outer bony

limit of foetal skull to skin surface of the perineum in a

transverse view was measured to represent FHPD (Fig. 1).

Following transperineal scan, transvaginal ultrasound was

performed using 5.5-MHz ultrasound probe to measure

cervical length. After the scans, pervaginal examination

was performed to assess the various components of mod-

ified Bishop score (min 0, max 10). If cervix was found

unfavourable, induction of labour was using dinoprostone

gel 0.5 mg (6 hourly induction, maximum 3 doses, if

patient did not get into active labour, then induction was

considered unsuccessful) or else oxytocin drops in cases

where cervix was nicely favourable. The patients were

followed up till delivery.

Outcome of induction was considered as successful

when it resulted in a vaginal delivery. (Vacuum and for-

ceps delivery were also included.) Outcome was consid-

ered unsuccessful when it resulted in caesarean delivery

(for reasons like failed induction and non-progress of

labour). Caesarean section done for foetal distress was

excluded from the study as foetal distress is not related to

distance of head from perineum. Failed induction was

defined as inability to achieve active phase of labour (as

indicated by the cervical dilatation less than 4 cm).

Non-progress of labour was defined according to WHO

modified partograph with the following criteria:

1. Protracted active phase (dilatation line crossing alert

line and nearing the action line).

2. Secondary arrest of cervical dilatation

3. Secondary arrest of descent

4. Prolonged second stage

Statistical Package for the Social Science (SPSS-16)

was used for evaluation of the predictive factors for FHPD,

cervical length and Bishop score and was compared with

each other for their accuracy using receiver operating curve

(ROC). Sensitivity and specificity for best cut-offs for

FHPD, cervical length and Bishop score were also

calculated.

Results

Out of 250 patients enrolled for the study, 135 women

delivered successfully vaginally and 115 had to undergo

caesarean delivery. Of these 115 cases of caesarean

delivery, 31 cases were excluded as the operative proce-

dure was performed for indication not related to unsuc-

cessful induction such as occurrence of foetal distress in

labour, thick meconium-stained liquor with unfavourable

cervix. The final analysis was performed from 219 subjects

(135 vaginal births and 84 caesarean births) (Fig. 2).

Among these 219 patients, 164 women (74.9%) were

primigravida and 55 (25.1%) were multigravida. The

majority of the multigravidae had vaginal delivery

(83.6%). Nearly 45% of primigravidae required caesarean

delivery due to indications like failed induction (73%) and

for non-progress of labour (27%). Table 1 shows the

Fig. 1 Caliper placement to calculate FHPD Fig. 2 Consort statement
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maternal characteristics of these 219 women. The Bishop

score ranged between 1 and 8. Transcervically measured

cervical length spanned between 1.2 and 4 cm. FHPD

ranged from 3 to 7 cm.

Table 2 shows mode of delivery according to the FHPD

categories. With FHPD B 4 cm, everyone had vaginal

delivery, and when FHPD was more than 6.1 cm, practi-

cally all had caesarean delivery (p\ 0.001). ROC analysis

was performed to find out which cut-off determines the

best predictability. It was found that with FHPD B 5.5 cm

there were maximum sensitivity (93%) and specificity

(94.4%) (AUC—area under curve of 0.977, p\ 0.001).

Applying this cut-off, it was found that only 7.1% required

caesarean delivery with FHPD B 5.5 cm and that when it

was more than 5.5 cm, 95% required caesarean section,

and this finding too was found to be statistically significant

(p value\ 0.001).

Relationship between cervical length and mode of

delivery is also shown in Table 2. It was observed that with

minimum cervical length B 2 cm, vaginal delivery rates

were more (92%) and with higher cervical length, cae-

sarean delivery rates are more (73.6%), and this was sta-

tistically significant (p\ 0.001). Sensitivity and specificity

were calculated at different cut-offs ranging from 1 to 4 cm

of cervical length, and we found that around B 3 cm of

cervical length there were maximum sensitivity (80%) and

specificity (80.4%). Area under ROC for prediction of

vaginal delivery was 0.786 indicating a strong correlation.

It was found that only 15.7% required caesarean section

when cervical length was below or equal to 3 cm and when

cervical length was more than 3 cm, 76% required cae-

sarean section. This finding was statistically significant by

Chi-square test (p\ 0.001).

Similarly, Bishop’s score was compared with mode of

delivery (Table 2). It was observed that when the Bishop’s

score was more, the rate of vaginal delivery increased,

whereas when Bishop’s score was less than 3, rate of

caesarean section increased. Sensitivity and specificity

were calculated at different cut-offs ranging from 1 to 8,

and we found that around Bishop’s score of C 3, maximum

sensitivity (74%) and specificity (74.4%) could be

achieved. Area under ROC for prediction of vaginal

delivery was 0.786 and p value was observed to be\
0.001, which was highly significant.

In Table 3, it was observed that predictability of FHPD

was higher in all aspects compared to Bishop’s score and

cervical length. Multiple comparisons of ROCs (Fig. 3) too

proved the same.

Discussion

In modern obstetrics, induction of labour has become a

routine procedure in high-risk pregnant women, as imme-

diate delivery has potential benefits. Nearly 5–15% of

pregnant women undergo routine induction of labour for

various maternal and foetal indications [12]. One of the

important factors for failure of induction is improperly

chosen patient for vaginal delivery. When a case of undi-

agnosed cephalopelvic disproportion is tried for vaginal

delivery, labour may get complicated by failure of cervical

dilation and head descent and an emergency operative

delivery may be required. As the rate of abdominal deliv-

eries has increased over the period of years and the failure

of descent is the second most common indication for

Table 1 Patient profile (n = 219)

Parameters Mean ± SD (range)

Maternal age in years 26.95 ± 3.5 (18–38)

Gestation in weeks 38.82 ± 1.08 (37–40.4)

Height (cm) 156.26 ± 5.65 (140–177)

Weight (kg) 62.9 ± 8.76 (44–94)

Bishop’s score before IOL 3.92 ± 1.18 (1–8)

Cervical length (cm) 2.89 ± 0.56 (1.2–4)

Foetal head–perineum distance (cm) 5.19 ± 0.92 (3–7)

B.M.I (kg/m2) 25.78 ± 3.5 (16.94–40.16)

Baby birth weight (kg) 2.91 ± 0.41 (1.9–4.1)

Table 2 Correlation of foetal head–perineum distance (A), cervical

length (B) and pre-induction Bishop score (C) with mode of delivery

Vaginal delivery, n (%) L.S.C.S, n (%)

A. Foetal head–perineum distance (FHPD) in cm

3.1–4 19 (100) 0

4.1–5 100 (97.1) 3 (2.9)

5.1–6 16 (28.6) 40 (71.4)

6.1–7 0 41 (100)

B. Cervical length in cm

B 2 23 (92) 2 (8)

2.1–3 89 (83.2) 18 (16.8)

3.1–4 23 (26.4) 64 (73.6)

C. Pre-induction Bishop score

1 0 2 (100)

2 2 (12.5) 14 (87.5)

3 24 (36.9) 41 (63.1)

4 59 (74.7) 20 (25.3)

5 31 (83.8) 6 (16.2)

6 12 (92.3) 1 (7.7)

7 6 (100) 0

8 1 (100) 0

Chi-square test for correlation between modes of delivery. A. foetal

head–perineum distance (p\ 0.001), B. cervical length (p\ 0.001)

and C. Bishop score (p\ 0.001)
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performing caesarean section, it is important to evaluate a

method to predict successful vaginal delivery. Traditionally

success of induction was determined by Bishop score

which requires digital pelvic examination, but recent evi-

dence suggests that such an examination is highly erro-

neous and subjective and does not predict descent of the

foetal head during the first and second stages of labour.

Ultrasound examination prior to labour has proven to be

one of the important aids to the obstetrician in order to

decide proper plan of labour. In these days ultrasound

machines are easily available, and they are safe and non-

invasive, easy to learn and simple to use. The parameters

can be easily recorded and analysed. There is increasing

evidence that the estimation of FHPD (foetal head–per-

ineum distance) with transperineal ultrasound can predict

the success of labour induction. The procedure per say is

least time-consuming, has a quick learning curve and can

be easily mastered.

Table 4 shows various FHPD cut-offs that successfully

indicated vaginal birth by different authors in various

labour scenarios. Torkildsen et al. [13] conducted a study

in Stavanger university hospital in Norway in 2011 which

included 110 patients prior to induction of labour. The cut-

off for FHPD obtained in their study was\ 4 cm. The

sensitivity, specificity and negative predictive value were

62, 85 and 43%. In a study by Ali et al. [14], sensitivity,

specificity and negative predictive value of FHPD to pre-

dict successful vaginal birth at the cut-off value of\ 4.8

cm were 84.7, 84 and 61.8%, which was comparable with

our study. Another study in 2014 which involved singleton

primigravidae with prolonged first stage of labour by

Eggebo and Hassan et al. [15] reported that foetal head–

perineum distance measured ultrasonically predicted suc-

cessful vaginal delivery when the cut-off was B 4 cm. The

observed sensitivity and specificity for transperineal dis-

tance to predict successful vaginal birth were 69 and 72%.

Table 3 Diagnostic accuracy of predictive factors in determining successful vaginal delivery

Parameters Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) Area under curve

FHPD \ 5.5 cm 97 88.1 92.9 94.9 93.6 0.977

Cervical length \ 3 cm 83 76.2 84.8 73.6 80.4 0.855

Bishop’s score [ 3 80.7 67.9 80.1 68.7 75.8 0.786

FHPD foetal head–perineum distance

Fig. 3 ROC analysis

123

The Journal of Obstetrics and Gynecology of India (March–April 2019) 69(2):129–135 Ultrasound Assessment of Foetal Head–Perineum…

133



We too found that transperineally assessed foetal head

distance showed a better sensitivity of 97%, specificity of

88.1% and accuracy of 93.6% compared to other parame-

ters like cervical length and Bishop’s score.

FHPD has also been used prior to instrumental vaginal

delivery to assess difficult extraction. A study from

Indonesia proved that FHPD cut-off point of B 4.35 cm

had 98% of sensitivity and 80% of specificity and as much

as 89% subjects had successful vaginal delivery (AUC

0.825) [16]. In another study from Strasbourg University,

France, with FHPD more than 40 mm, incidence of diffi-

cult extraction was more even after adjusting for multi-

parity, foetal head position and foetal weight (odds ratio

2.38; 95% confidence interval 1.51–3.74; p = 0.0002) [17].

A recent review suggested that medico-legal problems

arising from difficult instrumental vaginal extraction can be

minimised by adopting ultrasound imaging that offers an

objective assessment of foetal pelvic relationships such as

foetal weight, foetal head station and foetal position prior

to attempted vaginal delivery [18].

In most of the quoted studies, the FHPD is less than

4–4.35 cm, because of the fact that they were conducted in

women who were already in labour, having conditions such

as prolonged first stage [13, 15], active phase of labour [16]

and those who had instrumental vaginal delivery in the

second stage of labour [17]. One study [14] had subjects

similar to our study who had FHPD measured before

induction of labour, and these patients are likely to have

relatively high station of head as labour process has not yet

begun. They had the FHPD cut-off of 4.8 cm which is

closer to our cut-off of 5.5 cm, and this slight difference is

maybe because of geographical variation (Egypt vs. India).

Though it appears that transperineal ultrasound assesses

head to perineum distance more objectively, it cannot

completely replace the role of vaginal examination in

labour. Adequacy of pelvis for vaginal delivery, assessment

of cephalopelvic disproportion, softness and stretchability

of cervix are till today well determined by digital exami-

nation. Ultrasound can determine cervical dilatation in

latent phase of labour (\ 4 cm of cervical dilatation), but

thereafter cervical dilatation can be better assessed only by

PV examination ([ 4–10 cm) in active phase of labour. It

is well known that partographic assessment of progress of

labour requires regular and periodic assessment of cervical

dilatation beyond 4 cm for diagnosis of abnormalities of

cervical dilatation, such as protracted active phase and

secondary arrest of cervical dilatation. However, many

mothers feel vaginal examination is more painful and

theoretically it can increase the risk of ascending bacterial

infection. By adopting intrapartum ultrasound, one can

minimise the number of vaginal examination and can

effectively determine the foetal head position in relation to

maternal pelvis (occipito-anterior or occipito-posteriorT
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positions). At present, it can only be said that ultrasound

can be a useful adjunct tool to add more information to

digital assessment and helps obstetrician to cross-check his

findings and improvise on findings of PV examination.

In this study, transperineal ultrasound examination was

performed with ease and in a short time. Pregnant women

well tolerated transperineal ultrasound without any dis-

comfort, and same observations have been made by all the

studies mentioned so far.

Limitations of the Study

Recently, many other ultrasound parameters such as angle

of head progression, head to internal os distance, head

position (occipito-anterior or occipito-posterior), foetal

head perimeter, public arch angle and posterior cervical

angle either as a single or multiple parameter/s have been

studied to determine successful labour. There should be

adjustment for these confounding variables before one can

say FHPD is the stand-alone parameter which influences

labour outcome. Further studies are required to know

whether incorporation of these parameters improves the

efficacy of intrapartum sonography in predicting successful

induction.

Conclusion

The foetal head–perineum distance measured by transper-

ineal ultrasound is an easy, simple, reliable, comfort-

able and non-invasive method for prediction of mode of

delivery in women before induction of labour and can be

used as an adjunct method for assessment of foetal head

descent during labour.
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18. Eser A, Köşüş A, Köşüş N. Intrapartum ultrasonography for

prediction of vaginal delivery: review. Turkiye Klinikleri J

Gynecol Obst. 2016;26(3):146–51.

123

The Journal of Obstetrics and Gynecology of India (March–April 2019) 69(2):129–135 Ultrasound Assessment of Foetal Head–Perineum…

135


	Ultrasound Assessment of Foetal Head--Perineum Distance Prior to Induction of Labour as a Predictor of Successful Vaginal Delivery
	Abstract
	Background
	Objectives
	Design
	Population
	Methods
	Main Outcome Measures
	Results
	Conclusion

	Introduction
	Materials and Methods
	Results
	Discussion
	Limitations of the Study
	Conclusion
	Acknowledgements
	References




