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Abstract

Background: Intrapartum ultrasound (ITU) techniques have been described only in maternal semi-recumbent position. However, other
birthing positions, such as side-lying, are more comfortable for many mothers. The present study aimed to test the hypothesis that ITU
measurements can be obtained in maternal lateral positions during the second stage of labor. Methods: A single-center, prospective
observational study was conducted. Women who preferred a side-lying position during the second stage of labor participated in the
study. The women were asked to grasp their upper knee and flex it to perform the ultrasound scan. The transducer was first placed
in the frontal plane and then rotated to the midsagittal plane (the probe was placed at the level of the fourchette). Results: 34 women
participated in the study. Position of the fetal head, angle of progression, and head-perineum distance with and without contraction were
obtained in all women. There was a moderate correlation between the head-perineum distance with contraction and the ITU to birth time
(r = 0.466; p = 0.009). Conclusions: ITU in maternal lateral position (side-lying) is a simple technique that avoids unnecessary changing
of position during the second stage of labor.

Keywords: intrapartum ultrasound; childbirth; labor; lateral position

1. Introduction
Obstetrics has developed from the digital examination

of the birth canal and fetal presentation [1]. However, digi-
tal vaginal examination is neither a highly reproducible nor
reliable technique to determine the fetal head station or po-
sition [2,3]. In addition, digital vaginal examinations are
poorly tolerated [4,5].

Given the poor reliability and pain of digital vagi-
nal examination, the alternative of using intrapartum ultra-
sound (ITU) for measuring fetal head station, fetal head po-
sition, caput, andmolding in a sonopartogram has been sug-
gested [6]. The most used ultrasound measurements for the
fetal head station are the angle of progression (AOP) and
the head-perineum distance (HPD). The AOP is the angle
between the long axis of the pubic bone and a line from
the anterior edge of the pubis drawn tangential to the deep-
est bony part of the fetal skull in the birth canal [7]. The
HPD is the shortest distance from the outer bony limit of
the fetal skull to the perineum [8]. Both measurements are
performed transperineally [9].

The position of the fetal head can be determined by
both transperineal and transabdominal ultrasound. The fe-
tal head position is classified based on the position of the
fetal occiput. In transperineal ultrasound, the observation
of the choroid plexuses reveals where the occiput is located.
In transabdominal ultrasound, the position of the fetal head
will be evaluated based on the observation of the orbits, the
cerebellum, or the interhemispheric line [9].

So far, ITU techniques have been described only in
semi-recumbent position [9]. However, in women with
epidurals, flexible sacrum birthing positions, compared to
semi-recumbent position, have resulted in a shorter second
stage of labor andmay bemore comfortable for manymoth-
ers [10,11]. Additionally, lateral birthing positions have
been associated with a higher rate of intact postpartum per-
ineum and a lower rate of episiotomies [12].

No study so far has evaluated amaternal position other
than semi-recumbent when performing ITU. The aim of the
present study was to test the hypothesis that ITU measure-
ments can be obtained in maternal lateral positions during
the second stage of labor.

2. Materials and Methods
2.1 Study Design

A single-center, prospective observational study was
conducted. Eligible pregnant women were monitored in the
birthing unit. They all gave informed consent. The eligi-
ble women met the following inclusion criteria: (1) women
who preferred a side-lying position in the second stage of la-
bor; (2) low-risk singleton pregnancies at term; (3) ruptured
membranes; (4) older than 18 years; (5) adequate epidu-
ral anesthesia with a standardized continuous-infusion tech-
nique; (6) no previous cesarean birth.
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The study was performed in the birthing unit. The
managing midwives reported when the women were in the
second stage of labor. The ultrasound was performed with
the women in a side-lying position with an empty bladder.

Clinical characteristics, including maternal age,
height, body mass index (BMI), gestational age, obstetric
history, time to birth, method of birth, neonatal weight,
Apgar score at 1 and 5 minutes, and umbilical artery pH
value, were recorded.

2.2 Intrapartum Ultrasound
To perform the ITU, the women were asked to grasp

their upper knee and flex it (Fig. 1). The transducer was first
placed in the frontal plane and then rotated to themidsagittal
plane (the probe was placed at the level of the fourchette).

Fig. 1. Maternal lateral position and placement of the probe.
(A) Transducer placed in the frontal plane. (B) Transducer placed
in the midsagittal plane.

First, the fetal head position was determined by ob-
serving the choroid plexus, which diverges toward the oc-
ciput. Classification of the position of the fetal head was
made based on the position of the occiput as if it were the
hour hand on a clock face. Positions ≥02:30 and ≤03:30
were recorded as left occiput transverse (LOT) and posi-
tions≥08:30 and≤09:30 as right occiput transverse (ROT).
Positions>03:30 and<08:30were recorded as occiput pos-
terior (OP) and positions>09:30 and<02:30were recorded
as occiput anterior (OA). The OA and OP positions were
subdivided into left, right, or direct.

Secondly, the measurement of the AOP in the mid-
sagittal plane was performed. Small lateral and anteropos-
terior movements of the probe were required for obtaining a
clear sagittal viewwith clear maternal pelvic (pubic symph-
ysis) and fetal (fetal skull) landmarks. The AOP was mea-
sured as the angle between the long axis of the pubic bone
and a line from the anterior border of the pubis drawn tan-
gentially to the deepest bony part of the fetal skull (Fig. 2).

Thirdly, back to the frontal plane, the HPD was mea-
sured. The HPD was measured as the shortest distance
from the outer bony limit of the fetal skull to the perineum
(Fig. 2).

ITU measurements were performed between contrac-
tions (AOP1 and HPD1) and with contraction (AOP2
and HPD2). The difference between AOP1 and AOP2
(dAOP), and HPD1 and HPD2 (dHPD) were calculated. A

Fig. 2. ITU measurements in maternal lateral position. (A)
Measurement of the AOP in the midsagittal plane (the AOP is the
angle between the long axis of the pubic bone and a line from the
anterior edge of the pubis drawn tangential to the deepest bony
part of the fetal skull). (B) Measurement of the HPD in the frontal
plane (the HPD is the shortest distance from the outer bony limit
of the fetal skull to the perineum).

curved array transducer (GE Voluson P6, General Electric,
Chicago, IL, USA) was used. The ITU images followed
the previously published recommendations except for the
maternal position [9].

2.3 Statistical Analysis
The sample size calculation was performed to show

that in at least 80% of women, it is possible to acquire ITU
measurements in a maternal lateral position. Using an alpha
value of 0.05 and a power (1 – beta) of 80% and considering
that digital vaginal examination can be performed in 100%
of women, 34 examinations were needed.

The distribution of the variables was verified by the
Kolmogorov-Smirnov test and by visual assessment of his-
tograms. Numerical variables were expressed as mean
(standard deviation) or median (interquartile range, IQR)
as appropriate and qualitative variables were expressed as
proportions (absolute and relative frequencies).

Correlations between AOP and HPD in maternal lat-
eral positions and between ITU parameters and time to birth
were analyzed using the Pearson correlation coefficient (r).

The level of significance was set at 95% (p < 0.05).
All analyses were performed in SPSS version 22.0 (SPSS
Inc., Chicago, IL, USA).

3. Results
A total of 34 women participated in the study. None

refused to participate in the study. ITU was performed, and
position of the fetal head, AOP, and HPD in maternal lateral
position with and without contraction were obtained in all
women (100%) (Table 1).
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Table 1. ITU Data.
N = 34

AOP1 (°) 142.2 (±12.2)
AOP2 (°) 151.8 (±12.8)
dAOP (°) 9.6 (±4.8)
HPD1 (mm) 19.4 (±7.3)
HPD2 (mm) 13.8 (±6.2)
dHPD (mm) 5.6 (±4.3)
dOA 11 (32.4%)
LOA 6 (17.6%)
ROA 2 (5.9%)
LOT 8 (23.5%)
ROT 3 (8.8%)
LOP 2 (5.9%)
ROP 2 (5.9%)
Data are presented as means± (standard deviations) for
normally distributed continuous variables and as abso-
lute and relative frequencies for qualitative variables.
dOA, direct occiput anterior; LOA, left occiput anterior;
ROA, right occiput anterior; LOT, left occiput trans-
verse; ROT, right occiput transverse; LOP, left occiput
posterior; ROP, right occiput posterior.

Maternal age was 34.00 (31.75 to 36) years, and BMI
was 23.95 (±3.58) kg/m2. There were 23 (67.6%) nulli-
parous and 11 (32.4%) parous women. The ITU to birth
time was 90.91 (±43.47) minutes. No baby was admitted
to the NICU (Table 2).

Table 2. Demographic and birth data.
N = 34

Maternal age 34.00 (31.75 to 36)
GA 39.97 (±1.2)
BMI (kg/m2) 23.95 (±3.58)
Height (m) 1.65 (±0.06)
European/American/Asian 30 (88.2%)/3 (8.8%)/1 (2.9%)
Nulliparous 23 (67.6%)
ITU to Birth time (min.) 90.91 (±43.47)
Weight (g) 3203 (±363)
Apgar 0´ 9 (9 to 9)
Apgar 5´ 10 (9 to 10)
Umb. Art. pH 7.29 (±0.07)
Instrumental 9 (26.5%)
Cesarean 1 (2.9%)
Data are presented as means ± (standard deviations) for nor-
mally distributed continuous variables, medians (interquartile
range) for not normally distributed continuous variables, and
absolute and relative frequencies for qualitative variables.
BMI, Body Mass Index; GA, Gestational age; Umb. Art. pH,
Umbilical artery pH.

There were 9 instrumental births and 1 cesarean birth.
The cesarean and 3 instrumental births were indicated due
to non-reassuring CTG. The other 6 instrumental births
were due to prolonged second stage of labor.

To analyze the time from ITU to birth in correlation
with ultrasound measurements, only births with reassuring
CTG were used. ITU to birth time was shorter in parous
women (61.56 ± 46.30 versus 104.43 ± 39.38 minutes; p
= 0.030). There was a moderate correlation between HPD2
and ITU to birth time (r = 0.466; p = 0.009) (Fig. 3). This
correlation remained significant after adjusting for con-
founders using an analysis of covariance.

Fig. 3. HPD2 and ITU to birth time. Correlation between HPD2
and ITU to birth time (r = 0.466; p = 0.009).

There was also a moderate correlation between dHPD
and ITU to birth time in nulliparous women (r = –0.473; p
= 0.035) (Fig. 4). The rest of correlations between sono-
graphic measurements and ITU to birth time were not sta-
tistically significant.

Fig. 4. dHPD and ITU to birth time in nulliparous women.
Correlation between dHPD and ITU to birth time in nulliparous
women (r = –0.473; p = 0.035).

There was a very high correlation between AOP and
HPD with and without contraction (r = –0.816; p < 0.001)
(Fig. 5).

3

https://www.imrpress.com


Fig. 5. AOP and HPD in maternal lateral position. Correlation
between AOP and HPD (r = –0.816; p < 0.001).

4. Discussion
Our results show that performing ITU in maternal

side-lying positions is possible in women during the second
stage of labor. This practice can lead to greater comfort for
women by avoiding unnecessary changes in their position
to perform labor progress examinations during the second
stage of labor.

In the second stage of labor, multiple digital vaginal
examinations are often performed to assess the descent and
rotation of the fetal head [13]. It is known that a high num-
ber of vaginal exams can increase adverse events such as
chorioamnionitis or febrile morbidity [14,15]. ITU makes
it possible to observe labor progression in a less invasive
and better-tolerated way [4]. In our study, it was possible
to obtain ultrasound measurements to assess the progres-
sion and position of the fetal head in 100% of the women.
None refused to participate in the study, which showed not
only the high capacity to obtain information, but the high
acceptability by women of intrapartum ultrasound.

Regarding maternal lateral positions in childbirth,
multiple benefits have been reported, especially in terms of
a lower rate of perineal tears [10,12]. Although it is widely
accepted that women have to be free to decide in which
position they feel most comfortable during childbirth, ob-
stetricians and midwives are not trained to perform vagi-
nal examinations in positions other than semi-recumbent
[11,16,17]. Currently, many women must modify their
position to perform examinations during childbirth, which
could be avoided using ITU techniques. In our study, we
were able to assess AOP, HPD, and fetal head position in all
women. But in the event that it is not possible to determine
the AOP or HPD in a woman, given the high correlation
between both measurements, obtaining one of them would
be sufficient to have reproducible and reliable information.

It is known that the AOP and HPD measured in semi-
recumbent position by ITU at the beginning of the second
stage of labor can predict spontaneous vaginal birth, al-
though no cut-off values have been established for these
predictors [18]. Our study was not designed to show
whether the values of the ITU measurements in lateral po-

sitions were a predictor of vaginal birth. Still, we found a
moderate correlation between HPD2 and ITU to birth time
in women with a reassuring CTG and between dHPD and
ITU to birth time in nulliparous women. This correlation
between ITU measurements and time to birth leads us to
believe that through determinations of ITU measurements
in maternal lateral positions, the progress of labor can be
monitored in the same way that can be performed in semi-
recumbent position [9].

With regard to maternal positions, not only during the
second stage of labor but also during the first stage, women
should be encouraged to adopt the positions in which they
aremost comfortable [19]. Position changes can favor labor
progression and be helpful in non-reassuring cardiotoco-
graphic monitoring [20]. Using ITU, it might be possible to
monitor labor progress regardless of the maternal position.
Therefore, we believe that it would be appropriate to study
intrapartum ultrasound in other maternal positions and the
relationship between ultrasound measurements in various
positions and at different stages of labor.

In case that ITU became the standard clinical practice,
it is possible that the rate of vaginal examinations, failed
instruments, and even the rate of cesarean births could be
reduced by studying the progression of labor with greater
accuracy. So far, studies have failed to show these bene-
fits, but no harm has been found either [18,21–23]. In ad-
dition, it is an examination that is well accepted, harmless,
and without contraindications [9].

Our study is the first to describe the ITU technique
in maternal side-lying position. The main strength of our
study is that it was conducted on women during the sec-
ond stage of labor and that it evaluated consecutive women
regardless of height and weight. Another strength of the
study is having studied the time until birth since it allows
showing the relation between the ITU measurements and
the birth progress.

The main weakness of our study is the lack of inter-
observer verification of ITU measurements. Even knowing
that sonographic measures are highly reproducible and re-
liable [24], it would have been convenient if two indepen-
dent operators had performed them. Another weakness is
the small sample size; since it was calculated only to show
if obtaining ITU measurements in maternal lateral position
was possible, it does not allow reaching other conclusions
regarding perinatal outcomes.

5. Conclusions
ITU in maternal lateral position (side-lying) is a sim-

ple technique that avoids unnecessary changing of position
during the second stage of labor. Our study shows that this
technique obtains results for measurements of the AOP and
HPD in addition to fetal head position in more than 80% of
cases. In fact, we obtained these results in all the women
who participated in the study. We believe that more studies
are necessary and that ITU could probably end up being a
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valuable tool in any maternal position.
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