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Abstract Introduction: Current obstetric practice strives to avoid difficult vaginal deliveries. The
clinician’s skill residing mainly in digital transvaginal examination is a subjective evaluation with
several limitations. In recent years many reports have proposed a role for ultrasound in the evalu-
ation of laboring patients.

Aim of the work: The aim of this work was to assess the ability of intrapartum ultrasound to accu-
rately and objectively monitor the progress of normal labor as well as to predict successful vaginal
birth.

Material and methods: The current work included 200 full term singleton pregnant women in the
active phase of the first stage of labor. All cases were in cephalic presentation and in occipitoante-
rior position. Per vaginum examination (PV) was first performed followed by transabdominal then
translabial ultrasound visualizing the infrapubic plane. Ultrasound parameters were tested for the
ability to detect the engagement of fetal head and for the occurrence of vaginal delivery. Several
parameters were measured at rest and during the peak of uterine contraction.

Results: 70.5% of patients considered PV worse than translabial ultrasound. For a cut-off of
22.3 mm, the dynamic progression distance correctly identified cases that will deliver vaginally with
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a sensitivity of 74.4% and a specificity of nearly 82.9%. The dynamic angle of progression showed a
sensitivity of 85.4% and a specificity of 88.7% at a cut-off of 112° to detect fetal head engagement.
A statistically significant correlation was found between cervical diameter assessed using PV exam-
ination and using TLUS (r = 0.75, p < 0.001), as well as for the presence of caput and molding of

the fetal skull.

Conclusion: Intrapartum ultrasound enabled the objective measurement of birth progress, provid-
ing a more scientific basis for assessing labor. This study has demonstrated the feasibility of defining
a group of women at high risk of operative delivery.

© 2012 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights

reserved.

1. Introduction

Birth represents one of the most important of all the experi-
ences of the human kind. Despite the complexity and sophisti-
cation of modern obstetrics it is important to remember the
simple objective of every pregnancy, namely the delivery of a
healthy baby to a healthy mother. The fullest possible under-
standing of the birth process, its perturbations and appropriate
management policies is central to that objective.! Current
obstetric practice strives to avoid difficult vaginal deliveries.
Although being the ‘gold standard’ for obstetric practice, the
clinician’s skill residing mainly in digital transvaginal examina-
tion is a subjective evaluation with several limitations.”

Throughout the last decade, compact, mobile, high-resolu-
tion real-time ultrasound machines designed to enable service
at the patient’s bedside, have become increasingly available.
As a result, most labor and delivery services can provide con-
tinuous ultrasound availabilities. This technology has become
so user friendly that non-ultrasound-trained professionals, can
provide high-quality basic ultrasound services.*

In recent years many reports have proposed a role for ultra-
sound in the evaluation of laboring patients. A growing body
of knowledge is accumulating regarding true intrapartum
ultrasound, a relatively new application of ultrasound.* Intra-
partum ultrasonography has enabled further understanding of
the complex physiology of childbirth. It has been shown to
provide objective information on the dynamics of different
stages of labor, and may also be used to assess the prognosis
for operative vaginal delivery.>®

Engagement of the fetal head can be used as an ‘internal
pelvimeter’ to determine whether the bony birth canal is suffi-
ciently wide for an individual fetus. Assessment of fetal head
station with regard to the narrowest part of the maternal bony
pelvis is of crucial importance for vaginal delivery to occur.
Recent studies have shown that ultrasound imaging might al-
low dynamic and objective quantification of the level of fetal
head descent in the birth canal.? Various sonographic modali-
ties have been employed in the intrapartum determination of
fetal head engagement.>’ ' Translabial sonography allows a
diagnosis of fetal station with an accuracy comparable to that
of digital examination and may provide useful information for
diagnosing obstructed labor in the second stage as well as
assisting in the choice of instrumental delivery.'"

Several studies have developed ultrasound based parame-
ters and have studied their evolution over the course of labor
both individually and in combination to provide an objective
measure of labor progression.>>'" Translabial ultrasound
imaging might allow the objective quantification of the level
of fetal head descent in the birth canal. A “progression dis-

tance” of the fetal head was described as the minimal distance
from a line through the infero-posterior symphyseal margin
(parallel to the main transducer axis) and the leading edge of
the fetal skull. The authors provided evidence that this method
was highly reproducible and the progression distance corre-
lated well with the station of the fetal head by a combination
of abdominal palpation and vaginal digital examination. This
measurement may also be of value in determining the progress
of the head in the second stage of labor.” Another of the intra-
partum ultrasound based parameters is the ‘angle of progres-
sion’ of the fetal head, described as the angle between a line
through the midline of the pubic symphysis and a line from
the inferior apex of the symphysis to the leading part of the fe-
tal skull.'? Evaluation of this angle showed a good intra- and
inter-observer variability for the measurement that was less
than 3°."* Some authors concluded that the measurement of
the angle of progression on intrapartum ultrasound imaging
is reliable regardless of fetal head station or the clinician’s level
of ultrasound experience.” Intrapartum ultrasound imaging
might allow the dynamic assessment of the progress of labor
with prognostic potentials, and provides a more scientific basis
for assessing labor.'

2. Aim of the work

The aim of this work was to assess the ability of intrapartum
ultrasound to accurately and objectively monitor the progress
of normal labor as well as to predict successful vaginal birth.

3. Material and methods

The current work included 200 pregnant women admitted to
the labor ward in the El-Shatby Maternity University hospital,
Alexandria, Egypt during the period from May 2010 to May
2011. The patients included 100 primigravidae and 100 multi-
gravidae, all of which were in the active phase of the first stage
of labor. The same operator performed all ultrasound studies.
Intrapartum ultrasound was always done after the transvagi-
nal examination (by the obstetrician in charge). The managing
obstetricians were blinded to the results of the intrapartum
ultrasound.
The inclusion criteria were:

Full term singleton pregnancy (37 to 41 full menstrual
weeks).

Spontaneous onset of the active phase of labor, as
evidenced by the onset of regular rhythmic uterine contrac-
tions and dilatation of the internal cervical of beyond 4 cm,
as evidenced by clinical examination.
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The exclusion criteria were:

Abnormal  presentations and
occipitoposterior.

Congenital fetal malformations.
Abnormalities of the amniotic fluid and/or placenta.
Maternal spine and/or pelvic disease and/or fractures.
Complicated pregnancies.

Patients attempting vaginal birth after cesarian section
(VBAC).

positions  including

Full history taking and complete clinical examination were
undertaken for all participants. Maternal, fetal and birth
characteristics of the study group were collected for statistical
analysis, including mode and time of delivery. For intrapartum
ultrasound as well as for the transvaginal digital examination,
the laboring women were placed in a dorsal lithotomy position
with their knees and hips flexed. Digital per vaginum examina-
tion was first performed by either a senior resident or an
attending physician followed immediately by ultrasound done
by one of the authors who was aware of the result of the digital
exam. A 3.5 MHz curved array ultrasound transducer (Tellus
UF-810XTD, FUKUDA company, Tokyo, JAPAN) was used.

A conventional abdominal obstetrical ultrasound was first
performed for fetal well-being and biometry; Biparietal diam-
eter (BPD), head circumference (HC), abdominal circumfer-
ence (AC), and femur length (FL) and expected fetal weight
(EFW) using Hadlock’s formula'’: Then, the probe was posi-
tioned translabially’ along the sagittal plane (Fig. 1). Using
this approach revealed the following anatomical structures:
(1) The pubic symphysis joint. For standardization, the trans-
ducer was placed so that the symphysis was in a horizontal po-
sition. (2) The fetal skull, of which the anterior and lowermost
parts were clearly depicted. (3) The dorsal part of the birth ca-
nal: soft tissue and sacrococcygeal bones. These structures
could not be resolved individually nor with precision because
of the acoustic shadowing from the fetal skull.’> The plane
encompassing these anatomical structures was referred to as
the ‘infrapubic plane’ (Fig. 2).

In the infrapubic plane, station of the fetal head within the
maternal pelvis was determined by measuring the progression
distance described as the minimal distance (in mm) from a line
through the infero-posterior symphyseal margin (parallel to
the main transducer axis) and the leading edge of the fetal
skull.” In the same plane, the angle of progression of the fetal
head, described as the angle between a line through the midline
of the pubic symphysis and a line from the inferior apex of the
symphysis to the leading part of the fetal skull is measured.'?
Lastly, while still in the same plane, the presence of either ca-
put succedaneum, molding of fetal skull bones and the status
of the fetal membranes were all noted.® Turning the probe in
a transverse position, a trial was made to depict and measure
the cervical diameter as the mean of two orthogonal maximal
diameters. Vaginal examinations, as well as translabial ultra-
sound parameters were taken both at resting and, during a nat-
urally occurring contraction, encompassing one voluntary
pushing and gentle fundal pressure.

Data were analyzed using the Statistical Package for Social
Sciences (SPSS ver.18 Chicago, IL, USA). Quantitative data
were described using mean and standard deviation (SD).
Qualitative data were described using number and percent.

Figure 1  Diagram showing translabial ultrasound.'!
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Figure 2 Infrapubic plane by translabial ultrasound.

Comparison of quantitative variables in two groups was con-
ducted using independent z-tests. Association between two
qualitative variables (2 x2) was done using Chi square test
and by Fisher’s Exact test when less than 25% of cells had ex-
pected cell count less than 5 and by Monte carlo significance
test if more than 25% of cells had expected cell count less than
5 or more than 2 X2 categories. Correlation between two
quantitative variables was done using Pearson correlation test.
ROC curve analysis was done to test the diagnostic perfor-
mance of certain markers to predict the onset of vaginal birth.
Sensitivity was defined as the fraction of parturients who deliv-
ered vaginally that the marker correctly identified as positive.
On the other hand, specificity was defined as the fraction of
people who delivered by cesarean section that the test correctly
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identified as negative. The area under a ROC curve (AUC)
quantifies the overall ability of the test to discriminate between
those individuals destined to deliver vaginally and those who
did not. In all statistical tests, a level of significance of .05
was used, below which the results were considered to be statis-
tically significant.

4. Results
4.1. Patient characteristics

The mean patient age in the studied population was
24.8 £ 5.1 years. The median gravidity was 2, ranging from
G1 to G7. The mean gestational age based on the last menstrual
period was 39.3 weeks ranging from 37 to 41 weeks of amenor-
rhea. The mean fetal birth weight was 3223.2 + 423.5 g with a
mean BPD of 9 £ 0.5cm and only 1% of newborns were
admitted to the neonatal intensive care unit (NICU) all follow-
ing vaginal delivery. The mean cervical dilatation among the
studied population — using PV — was nearly 6 cm ranging from
4 to 9 cm dilatation and 62% of patients had their membranes
spontaneously ruptured at the time of the first examination.
Also, 28.4% of parturients had the fetal head engaged during
their first examination. The majority of patients expressed their
discomfort toward per vaginum examination (PV) and consid-
ered it worse than translabial ultrasound (U/S) as compared to
only 4% who felt the opposite. However, around a quarter of
patients found both, U/S and PV exam, to be equivocal,
Fig. 3. Nearly 82% of patients delivered vaginally as compared
to 17% who delivered by CS, and only a single case delivered
vaginally using obstetric forceps, Fig. 4.

4.2. Correlations & associations

Using transabdominal ultrasound, 62.1% of all fetuses were in
the left dorsoanterior position (LDA). The identification of fe-
tal head position by PV was not possible in 18.5% of all ex-
ams, whereas ultrasound was capable of describing fetal
position at all times. No significant correlation was found be-
tween ultrasound and PV findings regarding fetal position
(r = 0.09, p = 0.16). Concerning the fetal membrane status,
TLUS showed a sensitivity of around 70.5% in detecting intact
membranes with a very high specificity (>95%). The correla-
tion between TLUS and PV in determining the status of fetal
membranes was found to be statistically significant
(X* = 1223, p < 0.001). As regards cervical diameter, a statis-
tically significant correlation was found between the diameter
assessed using PV examination and using TLUS (r = 0.75,
p < 0.001). Also, clinically assessed cervical dilatation posi-
tively correlated with fetal head station assessed by TLUS dur-
ing the peak of a uterine contraction (+ = 0.36, p < 0.001).
Caput succedaneum of the fetal head was found in around
47.3% of all PV examinations and was not accessible in 2%
of them. Using TLUS, a sensitivity of nearly 97.9% and a very
high specificity (> 95%) were found. The statistical correlation
between PV and TLUS was found to be highly significant
(X* = 193.1, p < 0.00). While assessing the ability of TLUS
in determining the presence of molding of fetal skull bones, a
sensitivity of only 41.4% but a high specificity of 99.3% were
depicted. Moreover, TLUS was well correlated with PV exam
reaching a statistically significant level (X7 = 68.786,
p < 0.001).

Equivocal

U/S worse
M Patient
PV worse 50% discomfort
No comment

0% 50%  100%

Figure 3  Patient discomfort toward different modalities.

17%

mCs
mAVD
VD

Figure 4 Mode of delivery.

The mean value of the ‘dynamic progression distance’ of
the fetal head (= during uterine contraction &/or fundal pres-
sure) was 26.2 £ 17.7 mm. The ROC curve produced showed
an AUC = 0.93 at a high level of statistical significance
(p < 0.001). The sensitivity and specificity of such a measure
would be around 92% and 76.1% respectively for a cut-off
of 20.4 mm in detecting fetal head engagement (Fig. 5).

Dynamic angle of progression measurements revealed a mean
value of 114.98 £ 19.35°. The corresponding ROC curve
showed an AUC of 0.94 reaching a statistically significant level
(p < 0.001). Applying this measurement to test the engagement
of the fetal head would have a sensitivity of 85.4% and a specific-
ity of 88.7% for a cut-off angle of 112° (Fig. 6). Testing the ‘dy-
namic progression distance’ of the fetal head to identify patients
who will deliver vaginally showed a ROC curve having an AUC
of 0.85 with a strong statistical significance (p < 0.001). For a
cut-off value of 22.3 mm, such a test will have a sensitivity of
74.4% and a good specificity of nearly 82.9% (Fig. 7).

5. Discussion

Current obstetric practice strives to avoid difficult vaginal deliv-
eries. Although being the ‘gold standard’ for obstetric practice,
the clinician’s skill residing mainly in digital transvaginal
examination is a subjective evaluation with several limitations.”
A growing body of knowledge is accumulating regarding true
intrapartum ultrasound, a relatively new application of ultra-
sound.* Intrapartum ultrasonography has enabled further
understanding of the complex physiology of childbirth. It has
been shown to provide objective information on the dynamics
of different stages of labor, and has also been used to assess
the prognosis for operative vaginal delivery.>
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Figure 5 ROC curve showing the performance of the ‘dynamic

progression distance’ of the fetal head in detecting fetal head
engagement.
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Figure 6 ROC curve showing the dynamic angle of progression

ability in detecting fetal head engagement.

In the current work, the majority of patients (70.5%) ex-
pressed their discomfort toward per vaginum examination
(PV) and considered it worse than translabial ultrasound
(TLUS) as compared to only 4% who felt the opposite. This
could be regarded as a potential advantage of the technique
since intrapartum epidural analgesia is not in routine use in
our labor ward.

Using transabdominal ultrasound, 61.9% of all fetuses were
in the left dorsoanterior position (LDA) confirming the original
observation of Caldwell et al.'® (derived from radiographic
studies) that the fetal head usually engages in the occipitotrans-
verse position, more commonly in the left than right position.
The identification of the fetal head position by PV was not pos-
sible in 18.5% of all exams, whereas ultrasound was capable of
depicting fetal position at all times, however no significant
agreement was found between the ultrasound and PV examina-
tion findings (r = 0.09, p = 0.16). Many studies regarded
transvaginal digital examination as being less accurate than
ultrasonography for determining the fetal head position during

ROC Curve
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Figure 7 ROC curve showing the ability of the dynamic angle of
progression in predicting the occurence of vaginal birth.

the first stage of labor,'”!® some even demonstrated an overall

high rate of error (76%) in transvaginal digital compared with
ultrasound determinations of fetal head positioning during ac-
tive labor." A high rate of disagreement between digital exam-
ination and ultrasound examination exists, some studies even
recommended the routine use of ultrasound in early first stage
of labor.17:18:20

Concerning the fetal membrane status, TLUS showed a
sensitivity of around 70.5% in detecting intact membranes
with a very high specificity (>95%). A strong statistically sig-
nificant correlation exists between TLUS and PV in determin-
ing the status of fetal membranes (X> = 122.3, p < 0.001). In
clinical practice, approximately 10% of cases of PROM re-
quire additional confirmation. In case of doubt, a test deter-
mining the pH of vaginal secretions and ultrasonography
with the assessment of amniotic fluid index may be applied.
Visualizing fetal membranes forewater is possible using TLUS
and may be helpful in the early stages of cervical dilatation.
Some studies even measured the thickness of fetal membranes
for the prediction of the risk of preterm birth.?!

The mean cervical dilatation among the studied population —
using transvaginal examination — was nearly 6 cm ranging from
4 to 9 cm dilatation. A statistically significant correlation was
found between cervical diameter assessed using PV examination
and that using TLUS (r = 0.75, p < 0.001). The presence of ca-
put succedaneum or intact membranes further enhanced the
visualization of the cervix uteri since successful measurement
of the cervix was possible in 50% of cases showing either caput
or intact membranes as compared to only 25.9% of cases show-
ing neither of them. A paucity of data exists regarding cervical
dilatation during the active stage of labor. The general consen-
sus was that, current ultrasound technology fails to provide pre-
cise, objective assessment of cervical dilatation throughout the
active phase of labor. This probably reflected technical difficulty
resulting from a combination of two main factors: the increasing
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diameter of the advancing cervical dilatation complicated fur-
ther by the bony structure of the fetal head and the relative thin-
ness of the effaced and dilated cervix.® However, in a more
recent work by Zimerman et al. translabial 3D ultrasonographic
measurements of the cervical diameter showed a positive corre-
lation with digital vaginal examinations (*> = 0.609 p < .001).
The author concluded that the assessment of cervical dilatation
using 3D ultrasonography during labor is both feasible and
reproducible.?

Caput succedaneum of the fetal head was found in around
47.3% of all PV examinations and was not accessible in 2% of
them. TLUS showed a sensitivity of nearly 97.9% and a very
high specificity (>95%) in detecting caput of the fetal head.
The statistical correlation between PV and TLUS was found
to be highly significant (X* = 193.1, P < 0.00). While assess-
ing the ability of TLUS in determining the presence of molding
of fetal skull bones, a sensitivity of only 41.4% but a high spec-
ificity of 99.3% were depicted. Moreover, TLUS correlated
well with PV examination reaching a statistically significant le-
vel (X2 = 68.786, p < 0.001). Ultrasonographic depictions of
various adaptations of the fetal head to the maternal pelvis,
as molding of the fetal head, have been reported since the early
nineties.”® Similarly, ultrasonographic reporting of various
adaptations of the fetal head to the maternal pelvis as indenta-
tion or compression of the fetal parietal bones in association
with obstructed labor or with external pressure, the occurrence
of both caput succedaneum before complete cervical dilatation
and cephalhematomas have all been depicted during labor with
accepted sensitivities and specificities.®

In the current work, 83% of patients delivered vaginally
as opposed to only 17% who delivered by CS. Assessment
of fetal head station with regard to the narrowest part of
the maternal bony pelvis is of crucial importance for vaginal
delivery to occur. Therefore, engagement of the fetal head
can be used as an ‘internal pelvimeter’ to determine whether
the bony birth canal is sufficiently wide for an individual fe-
tus.>* Receiver operating characteristic (ROC) curves were
produced in an attempt to show the ability of certain TLUS
— specific markers to correctly identify engagement of the fe-
tal head with accepted sensitivity and specificity. Moreover,
an attempt has been made to test the ability of TLUS — spe-
cific markers (that showed a statistically significant differ-
ence between vaginal and CS delivery groups), to predict
the occurrence of vaginal delivery.

The mean value of the ‘static angle of progression’ was
104 + 16.6° in cases who delivered vaginally, a value higher
than that found in cases delivered by CS (88.3 £ 14°). This
difference was of high statistical significance (p < 0.001).
The mean value of the ‘dynamic angle of progression’ —
measured during the peak of a uterine contraction — was
118.6 £ 17.9° in cases who delivered vaginally, a value also
higher than that found in cases delivered by CS
(94.7 £ 14°). This difference was of high statistical signifi-
cance (p < 0.001).

The ‘dynamic progression distance’ showed an area under
the curve (AUC) of 0.93 with a stronger statistical significance
(» < 0.001). For a cut-off value of 20.4 mm, such a test will
have a sensitivity of 92% and a specificity of nearly 76.1%
in detecting the engagement of the fetal head. Dietz et al. first
described the progression distance of the fetal head in 140 nul-
liparous pregnant women who were not in labor for the assess-
ment of head engagement. The authors provided evidence that

this method was highly reproducible and the progression dis-
tance correlated well with the station of the fetal head by a
combination of abdominal palpation and vaginal digital exam-
ination.” The dynamic cut-off value set by the current work as
a predictor of fetal head engagement (20.4 mm) was near to the
results of the original work by Henrich et al.’> where they used
three-dimensional CT reconstruction of standard pelvimetric
measurements of normal female pelves in correlation with
intrapartum ultrasound and confirmed that a line parallel to
the infrapubic line and 30 mm caudal to it indicates the level
of the ischial spines and hence the plane of fetal head
engagement.

The ability of the angle of progression to correctly identify
cases with engaged fetal head was illustrated in a previous
ROC curve (Fig. 6). ‘Dynamic angle of progression’ showed
a low sensitivity but a good specificity of 85.4% and 88.7%
respectively for a cut-off angle of 112°; the corresponding
ROC curve had a statistically significant AUC of 0.94
(» < 0.001). The results of the current study agreed with the
work done by Barbera et al. in which they developed a geomet-
ric model from computed tomographic (CT) images and from
TLUS. Using this model, they concluded that a TLUS angle of
99° correlated with zero station of the fetal head.” In the cur-
rent study, the ‘dynamic’ cut-off for the prediction of fetal
head engagement was above 99°. Moreover, cases who deliv-
ered vaginally had the mean values for their progression angles
(static and dynamic) well above 99° unlike those who delivered
by CS.

The ‘dynamic angle of progression’ was shown to have a
sensitivity of 63.4% and a specificity of 100% in detecting
cases that are meant to deliver vaginally, at a cut-off value
of 113.2°. The corresponding ROC curve had an
AUC = 0.86 still of high statistical significance (Fig. 7). Na-
der et al.?® posed the question: ‘Can we predict how labor
will proceed?” There is a clear interest among practitioners
in knowing how a delivery will proceed. Dietz et al. reported
the possibility of detecting patients at risk of instrumental
delivery using intrapartum ultrasound, they used translabial
ultrasound before labor to measure head engagement, as-
sessed pelvic organ mobility, and combined these measure-
ments with patient history and other clinical parameters to
predict the mode of delivery.® Some authors even proved
ultrasound to be more effective than the traditional Bishop
score in the prediction of vaginal delivery.’®?” A series of
models have even been developed to classify women into
high- and low-risk groups for cesarean section.”® In accor-
dance with the results of the current work, Kalache et al.'?
evaluated prospectively this measurement and found a strong
relationship between the angle of progression and the need
for cesarean delivery. When the angle of progression was
120°, a probability of 90% for either spontaneous vaginal
delivery or for a successful vacuum extraction existed. Barbera
et al.'? studied the same angle and described a good intra- and
inter-observer variability that was less than 3°. Their data
showed that an angle of at least 120° was always associated
with subsequent spontaneous vaginal delivery. Tutscheck
et al.'* concluded that for a dynamic value of >135°, 94%
of parturients will deliver vaginally. These figures are close
to the dynamic cut-off values of the current work. In his recent
work, Torkildsen et al.?® defined an angle of progression of
110° as a cut-off to predict vaginal delivery which occurred
in 87% of patients.
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6. Conclusion

Vaginal birth is a natural process, but occasionally requires
urgent medical intervention to avoid harm to the laboring wo-
man and her unborn child. Intrapartum translabial ultrasound
is a simple technique that improves the understanding of nor-
mal and abnormal labor, enables the objective measurement of
birth progress and provides a more scientific basis for assessing
labor.'"* Furthermore, the use of ultrasound is of crucial
importance in performing a safe operative delivery and can
help in the prediction of whether a vaginal delivery would be

successfu
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