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Introduction

The current partogram (also known as
the partograph) is a chart used to
provide a visual overview of labor
progress—maternal and fetal condi-
tions—with time from the start of labor
represented on the horizontal axis. In
many maternity settings worldwide, la-
bor progress has been described ac-
cording to the partogram developed
from the Friedman labor curves
(Figure 1)." In these studies, from the
1950s, a graphical representation of la-
bor from a general population was
constructed, defining its normal length
and duration. Labor progress was
assessed using rectal examinations of
the cervix and recorded against time,
depicted as a sigmoid curve. In 1954,
the first study demonstrated the value
of plotting cervical dilatation against
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The assessment of labor progress from digital vaginal examination has remained largely
unchanged for at least a century, despite the current major advances in maternal and
perinatal care. Although inconsistently reproducible, the findings from digital vaginal
examination are customarily plotted manually on a partogram, which is composed of a
graphical representation of labor, together with maternal and fetal observations. The
partogram has been developed to aid recognition of failure to labor progress and guide
management-specific obstetrical intervention.

In the last decade, the use of ultrasound in the delivery room has increased with the
advent of more powerful, portable ultrasound machines that have become more readily
available for use. Although ultrasound in intrapartum practice is predominantly used for
acute management, an ultrasound-based partogram, a sonopartogram, might represent an
objective tool for the graphical representation of labor. Demonstrating greater accuracy for
fetal head position and more objectivity in the assessment of fetal head station, it could be
considered complementary to traditional clinical assessment. The development of the
sonopartogram concept would require further undertaking of serial measurements. Ad-
vocates of ultrasound will concede that its use has yet to demonstrate a difference in
obstetrical and neonatal morbidity in the context of the management of labor and delivery.

Taking a step beyond the descriptive graphical representation of labor progress is the
question of whether a specific combination of clinical and demographic parameters
might be used to inform knowledge of labor outcomes. Intrapartum cesarean deliveries
and deliveries assisted by forceps and vacuum are all associated with a heightened risk
of maternal and perinatal adverse outcomes. Although these outcomes cannot be pre-
cisely predicted, many known risk factors exist. Malposition and high station of the fetal
head, short maternal stature, and other factors, such as caput succedaneum, are all
implicated in operative delivery; however, the contribution of individual parameters based
on clinical and ultrasound assessments has not been quantified.

Individualized risk prediction models, including maternal characteristics and ultra-
sound findings, are increasingly used in women’s health—for example, in preeclampsia
or trisomy screening. Similarly, intrapartum cesarean delivery models have been
developed with good prognostic ability in specifically selected populations. For intra-
partum ultrasound to be of prognostic value, robust, externally validated prediction
models for labor outcome would inform delivery management and allow shared decision-
making with parents.

Key words: angle of progression, cervical dilatation, head descent, head-perineum
distance, intrapartum ultrasound, partogram

time as

a method of graphically established, on average,

the cervix

analyzing labor." Labor was subdivided
into 4 phases, the first phase or latent
phase, the second phase or accelerative
phase, the third phase in which there is
a steady period of linear cervical dila-
tation, and the fourth phase or decel-
eration of cervical dilatation, known as
the transition period. The average
length of the latent phase was 8.6 hours.
Once the active phase of labor was

dilated at a rate of 3 cm per hour until
9 cm following which a slight delay in
reaching 10 cm from 9 cm was
observed. The average length of time of
the active phase of labor was reported
to be 4.9 hours. The average length of
the active second stage (maternal
expulsive efforts: “pushing”) was 0.95
hours. Deviations from the expected
labor progress were described as
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FIGURE 1
The mean labor curve based on
500 primigravid women at term?
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primary and secondary inertia." Statis-
tical analysis and evaluation of other
factors, such as analgesia and oxytocin,
led to the establishment of “mean” la-
bor curves for cervical dilatation in
nulliparous® and multiparous women.’

These were the first observations to
allow labor progress to be empirically
quantified. These observations were
primarily based on representative sam-
ples of parturient from a database of
personally examined women. Although
the cervical dilatation at which active
labor was considered to commence may
be wvariable, the acceleration phase
occurred at a variety of different cervical
dilatations and differed between nullip-
arous and multiparous women.”” Later
work from Friedman and Sachtleben®
reported labor progress in cepha-
lopelvic disproportion (CPD) and other
complications.

Developments of the partogram

Variations based on the principle of
Friedman’s labor curve were developed
in the following decades.”® In 1972,
working in Zimbabwe (then Rhodesia),
Philpott and Castle”® developed a par-
togram from the cervicograph, which
provided a method for recording addi-
tional intrapartum observations, not just
cervical dilatation.” In a further pro-
spective study of 624 women undergoing
labor, an “alert line” was added to the
partogram.” The alert line was a modi-
fication of the mean rate of cervical
dilatation to represent the slowest cer-
vical dilatation in 10% of primigravid
women in the active phase of labor. This

line represented a progress rate of 1 cm
per hour; hence, a line showing slower
cervical dilatation would cross the alert
line. This might mean, for example, that,
in remote settings, arrangements could
be made to transfer a primigravid
woman with prolonged labor from a
community to a hospital setting. This
was particularly pertinent to the setting
in Southern Africa where distances
among medical facilities are often great
and rural hospitals may lack operative
obstetrical facilities.

The next stage of partogram devel-
opment was the introduction of an
“action line,” 4 hours to the right of the
alert line.® This line was to identify
primary inefficient uterine activity and
trigger interventions, such as amniot-
omy (artificial rupture of membranes)
or oxytocin infusion. This “active
management of labor” was originally
described to reduce the length of labor
and the numbers of women who have
cesarean delivery (CD), reporting the
benefit of the intervention with
oxytocin in women diagnosed with
slow labor progress based on dilatation
of the cervix.''? In 1969, in Dublin,
O’Driscoll  demonstrated in 1000
women undergoing labor that active
management lowered the CD rate and
that there was less prolonged labor and
more maternal satisfaction.'”""'” Sub-
sequent studies have supported the
reduction in the incidence of dystocia
and the increase in the rate of vaginal
delivery without increasing maternal or
neonatal morbidity."*'°

In 1994, the World Health Organiza-
tion (WHO) recommended the parto-
gram to define slow labor progress
because of concerns about the high level
of associated maternal and fetal
morbidity."” This partogram was re-
ported to improve the management of
labor and its outcome in the hospital
setting.'” Regular digital vaginal exami-
nations (VEs) were undertaken to assess
cervical dilatation, fetal head position,
presence and absence of caput and
molding, fetal head descent, and color of
amniotic fluid while noting maternal
observations and fetal heart rate. These
assessments allowed labor progress to be
monitored in the partogram concerning
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time (Figure 2). Although the partogram
was not designed to predict the outcome
of labor, its use has been shown to be
associated with length of labor,”'” mode
of delivery,”*’”** and short- and long-
term perinatal outcomes,'’”'>*’

Several adaptations have been made to
the original WHO partogram.”™ A
simplified partogram begins in active
labor and excludes the latent phase
(Figure 3). Within this chart, the green
area represents normal labor progress of
1 cm per hour. The junction between the
green and yellow areas represents an
“alert” line where if crossed, a review by a
medical practitioner is recommended.
The junction between the yellow and red
areas represents an “action” line. When
this is crossed, abnormal labor progress
is inferred, and a medical intervention is
recommended. These partograms have
been described as more “user friendly”
and hence preferable to medical and
midwifery staff.”>”°

As normal labor encompasses a wide
variation in progress, “average” progress
cannot be taken to be synonymous with
normal progress in every parturient un-
dergoing laboring. The recommenda-
tions included a new understanding that
individual variability of labor progress
could result in good perinatal outcomes
and underlined the fact that many women
do not experience a labor that conforms
to the 5th and 95th percentile rates of
labor progress on which the partogram
design was based.”””" In 2018, the WHO
updated its recommendations on global
intrapartum care.”” The updated WHO
recommendations recognized a shift to-
ward improving the experience of child-
birth,” and this stimulated the design of a
new labor monitoring tool: the WHO
Labour Care Guide (LCG) (Figure 4).%°
Among other changes, this labor care
guide defined the active phase of labor as
starting from 5 cm of cervical dilatation,
potentially missing important informa-
tion about early labor, which would
therefore not be plotted on the parto-
gram. The fixed “alert” and “action” lines
gave way to “evidence-based time limits”
at each centimeter of cervical dilatation
during the active first stage of labor. These
time limits are derived from the 95th
percentile of labor duration at different
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FIGURE 2
Original partograph recommended by the WHO in 1988

LABOUR PLOTTED ON THE WHO PARTOGRAPH
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The top panel shows fetal observations (heart rate monitoring), color of amniotic fluid, and fetal
progress of labor. The fetal head station and cervical dilatation are plotted against time. The bottom
panel displays maternal observations, frequency and strength of contractions, use of oxytocin, and
medications in labor. Reproduced with permission from the study entitled “World Health Organization
Partograph in Management of Labour.”"”

WHO, World Health Organization.
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cervical dilatations in women with
normal perinatal outcomes. This means
that a nulliparous woman may, for
example, take up to 18.5 hours (6 hours at
5cm, 5 hours at6 cm, 3 hoursat 7 cm, 2.5
hours at 8 ¢cm, and 2 hours at 9 cm) to
progress from a cervical dilatation of 5 cm
in “active labor” to full dilatation. These
data are based primarily on evidence from
a prospective cohort study of 5606
women in Nigeria and Uganda who gave
birth vaginally. Following the onset of
spontaneous labor, patterns of labor
progression were examined concerning
cervical dilatation. This was part of the
WHO’s “Better Outcomes in Labour
Difficulty” project, which aimed to
develop a new labor monitoring-to-
action tool,”! and thus, a redesign of the
partogram seems to be based on a single
scientific study and expert consensus.

In this same new section of the WHO
LCG, the assessment of fetal head descent
is described in fifths concerning the pel-
vic brim by abdominal palpation only.
Describing the vertex concerning the
ischial spines from VEs is no longer
required (Figure 4). The transabdominal
method of clinical assessment of fetal
head descent was suggested by Crich-
ton’” in South Africa in 1974 as a more
reliable method than the vaginal assess-
ment of the ischial spine, especially in the
presence of caput or molding. In 2007,
Buchmann et al” found this clinical
method to be unreliable with poor
interobserver agreement. Despite this, it
remains the only method for plotting
fetal head descent in the new 2020 WHO
LCG.™

The strength of uterine contractions
was not included, recognizing that this
was difficult to objectively measure, but
the duration and frequency of uterine
contractions were still recorded. It is
noteworthy that the UK 2014 National
Institute for Health and Care Excellence
(NICE) guidelines, although updated in
2017, continues to recommend the use
of the 1994 WHO partogram with
4-hour action lines once labor is estab-
lished in the first stage.'” Despite many
“high-tech” developments particularly
in the imaging field of medicine, obste-
tricians and midwives continue to rely
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FIGURE 3
The simplified partograph

PARTOGRAPH
USE THIS FORM FOR MONITORING ACTIVE LABOUR
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Hours in active labour

Hours since ruptured membranes
Rapid assessment
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Partograph developed to simplify the chart representation of cervical dilatation against time and track the rate of progress. It is used in active labor
beginning from cervical dilatation of 4 cm plotted along the y axis and time in hours along the x axis. Maternal observations are recorded beneath this.

Reproduced with permission from Mathews et a
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on subjective methods to assess and
monitor labor progress. Digital VE is
dependent on a tactile sensation of the
examiner’s fingers. In 1989, 36 midwives
and 24 obstetricians were assessed
blindly on a cervical dilatation simulator.
Cervical dilatation was correct in 175 of
360 cases (49%) overall. Obstetricians
were correct in 77 of 144 cases (53%)
and midwives in 98 of 216 cases (45%)
with no significant difference between
them.”® In 500 women, the researcher
and clinicians agreed on the cervical
dilatation in labor in 250 instances
(49%) and differed by 2 cm or more in
56 instances (11.0%) (kappa, 0.40; 95%
confidence interval [CI], 0.34—0.45).

Accuracy was greater at low (3—4 cm)
and high (8—10 cm) dilatations.”’

In the same population, the interob-
server agreement between 2 investigators
for fetal head station was reported to be
fair with a kappa statistic of 0.23 (95%
CI, 0.17—0.29).” In a comparison of 32
residents and 25 attending physicians on
a birth simulator for fetal head station,
Dupuis et al”” found errors that occurred
in assessing head station in 50% to 88%
of cases for residents and 36% to 80% of
cases for attending physicians, depend-
ing on the position. The mean “group”
error was 30% (95% CI, 25—35) for
residents and 34% (95% CI, 27—41) for
attending  physicians.”®  Moreover,
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significant discrepancies are particularly
noted for the assessment of fetal head
position’”™*’ and where there is an
occiput posterior (OP) position.** Of
note, 30% of babies presenting by the
breech presentation are missed by
palpation at or before labor.*” Inconsis-
tent results from those assessing cervical
dilatation can subject women with pro-
longed labor to multiple examinations
and delay the recognition of slow labor
progress.

The partogram in modern clinical
practice

Friedman’s labor curve of 1954' still
defines the principles on which labor
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FIGURE 4
The WHO Labour Care Guide
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The figure shows the graphical representation of labor progress—maternal and fetal observations—
divided by the active first stage of labor, from 5-cm cervical dilatation, and second stage of labor,
from 10-cm cervical dilatation. Reproduced with permission from Hofmeyr et al.*
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progress for most obstetricians and
midwives is defined worldwide. The
UK’s NICE labor guidelines define the
latent first stage of labor as “a period, not
necessarily continuous, when there are
painful contractions and there is some
cervical change, including cervical

effacement and dilatation up to 4 cm.”
The established first stage of labor is
defined by “regular painful contractions
and there is progressive cervical dilata-
tion from 4 cm. If delay in the estab-
lished first stage of labor is suspected, all
aspects of labor progress should be

assessed when diagnosing delay. In
nulliparous women, this includes cervi-
cal dilatation of <2 c¢m in 4 hours, cer-
vical dilatation of <2 cm in 4 hours, a
slowing in labor progress for the second
or subsequent labors, or a slowing in
labor progress for multiparous women.”
Other factors associated with labor
progress include “descent and rotation of
the baby’s head and changes in the
strength, duration, and frequency of
uterine contractions should also be
evaluated.”””

“Despite the Partogram forming the
basis for most obstetrical intrapartum
guidelines worldwide,'”>*° the authors
of the 2018 Cochrane review were un-
persuaded of the benefit of routine use of
the partograph in labor management
and care. They concluded that further
trial evidence is needed on the efficacy of
the partogram and which design is most
effective”** In recent years, there has
been much debate regarding the appli-
cability of the partogram,”” resulting in a
joint consensus statement by the Amer-
ican College of Obstetricians and Gyne-
cologists (ACOG) and the Society for
Maternal-Fetal Medicine, issuing new
guidelines on labor management in
2014."% The guidelines suggested that
contemporary labor progressed at a
slower rate than previously thought, and
thus, CD should be reserved only for
women in whom labor arrest is diag-
nosed beyond 6 cm of dilatation.*” These
recommendations were based on
moderate-quality evidence.”””"

In addition, the guidelines redefined
labor dystocia based on retrospective
data from 2010 in 62,415 single vertex
vaginal deliveries with normal perinatal
outcomes showing that contemporary
labor progressed at a rate substantially
slower than described by Friedman.””*’
At more advanced cervical dilatation,
labor proceeded more quickly. Cervical
dilatation in nulliparous and multipa-
rous women was similar between 4 and 6
cm. Beyond 6 cm, multiparous women’s
cervical dilatation was more rapid
(Figure 5). In the active phase of labor,
the maximum slope of the rate of change
in cervical dilatation did not start until at
least 6 cm. The study did not directly
address an optimal duration for the

MONTH 2022 American Journal of Obstetrics & Gynecology 5


http://www.AJOG.org

FIGURE 5
The “Zhang” curves
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greater. Reproduced with permission from
Zhang et al.*>°
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diagnosis of active phase or labor arrest
but suggested that neither should be
diagnosed before 6 cm of cervical
dilatation.*

Critics of these new guidelines suggest
that erroneous analyses of labor progress
limited the generalizability of the results,
including that the study excluded first-
stage CD and was not adjusted for po-
tential confounders, such as oxytocin
use.”’ A recent study by De Vries et al’”
analyzed and compared the statistical
methods used in the development of
both Friedman’s original labor curves
with the defined latent phase and active
phase” and progressive cervical dilata-
tion charts created by Zhang et al."” Of
note, 2 large databases were created, each
with 500,000 simulated labor curves
replicating the original populations. The
statistical techniques used by Zhang
et al'””? (repeated measures polynomial
and interval-censored regression) were
tested against the populations and were
found not to accurately detect periods of
rapid acceleration from the latent phase
to the active phase in the first stage of
labor.”

Interestingly, the “Labour Progression
Study,” a 14-site cluster randomized
controlled trial (RCT) in Norway,53
designed to compare the outcome of

the ACOG guidelines with the WHO
partogram, did not find a difference in
the frequency of intrapartum CDs
(ICDs). Here, 7 maternity units were
randomly assigned to the control group,
composed of 3305 participants (45.4%)
(adhering to the WHO partogram), and
7 maternity units were randomly
assigned to the intervention group,
composed of 3972 participants (54.6%).
There were 196 ICDs (5.9%) in women
in the control group (WHO partogram)
and 271 ICDs (6.8%) in women in the
intervention group; thus showing no
difference.”

A paperless interactive partogram was
recently launched as an “app” to improve
the ease and efficiency of use.”* Within
the app, a clinical decision support tool
was created through an algorithm rep-
resenting WHO labor guidance. Re-
minders were generated by the
application for the practitioner to take
maternal and fetal observations in labor.
Visual and auditory alerts gave warning
signals that an intervention in labor
should be considered and subsequent
interventions performed could be
recorded. This electronic partogram
(ePartogram) was evaluated in 842
women and compared with 1042 women
monitored with the traditional paper
partogram in Kenya (Figure 6).* Its use
improved timeliness of care and
compliance with recommended obser-
vations in labor. These findings pointed
to the improvement of overall quality of
care and reduction in adverse fetal out-
comes; however, it needs additional
evaluation in diverse maternity settings.

The “sonopartogram” and
intrapartum ultrasound assessment
The assessment of labor progress by
intrapartum ultrasound may play an
important role in the management of
labor and delivery. References to de-
scriptions of intrapartum ultrasound are
as early as 1977 when fetal head descent
was objectively assessed. In this first
known publication, an ultrasonic echo-
graph measured the distance from the
fetal head to the sacral tip before and
during labor and compared this to the
clinical evaluation of the fetal head sta-
tion.”” In a PhD program from Minsk in
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FIGURE 6

Example of an ePartogram in
modern use, an Android tablet-
based application®
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The figure shows the electronic input of labor
progress: cervical dilatation and fetal head
descent. The application stores all data of pa-
tients undergoing labor and reproduces it
through graphical images. The dashboard
display is shown in this figure representing all
patients under the practitioner’s care.
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1996, Voskresinsky ® presented images
of the fetal head at different stages of la-
bor using transperineal ultrasonography.

Although the techniques of ultra-
sound assessment of labor progress
have been extensively described and
researched in the past decade, they are far
from universally applied. Sonographic
analysis of labor progress is a conceptu-
ally simple way of monitoring the key
parameters of labor by ultrasound: cer-
vical dilatation, fetal head descent, and
fetal head position (rotation).

The concept of a comprehensive,
multiparameter nonintrusive ultra-
sound-based assessment of labor prog-
ress known as the “sonopartogram”
(Figure 7) was first introduced in 2014.””
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FIGURE 7

Prototype depiction of a sonopartogram
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On the left side, the conventional tabulation of fetal observations (heart rate monitoring) and vaginal examination findings in labor are displayed. On the

right side, the corresponding intrapartum ultrasound descriptor images are displayed. Reproduced with permission from Hassan et a

Usman. The sonopartogram. Am ] Obstet Gynecol 2022.
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A prospective pilot study of 20 women in
the first stage of labor was carried out in
2 European maternity units. Almost
simultaneous assessment of cervical
dilatation, fetal head descent, and posi-
tion was made by ultrasound and digital
VE. Of note, 52 paired ultrasound and
digital VE assessments, with a median of
3 per woman, were undertaken. Overall,
5% of parameters based on ultrasound
were not obtained compared with 18%
from clinical examination. The assess-
ment of cervical dilatation was possible
in 86.5% of ultrasound examinations

and 100% of digital VEs (P=.02), there
being a close correlation (=0.68;
P=01). Cervical dilatation by ultra-
sound was greater than by digital VE by a
mean difference of 1.16 cm (95% limits
of agreement, —0.76 to 3.08). Fetal head
descent was measured in all 52 cases by
ultrasound-measured  head-perineum
distance (HPD) and digital VE, but the
correlation between the 2 techniques was
only moderate (r’=0.33; P<.001). Head
position was obtainable in 98% of ul-
trasound examinations and 46% of dig-
ital VEs, with a mean difference of —3.9°

(95% limits of agreement, —144.1° to
136.3°).”

The sonopartogram study’’ described
a proof of concept, based on a combina-
tion of labor parameters derived from
both conventional examination and ul-
trasound. The data completeness was
greater for ultrasound assessments than
those based on clinical examination.
Ultrasound assessment of labor progress
was found to be feasible in most cases.
Furthermore, the ultrasound technique
described took no more than 5 minutes
and was well tolerated by the women.”’
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The commonly used ultrasound tech-
niques for assessing labor progress used
in the sonopartogram are described in
detail below, namely, transabdominal
ultrasound to assess fetal head position
and transperineal ultrasound to assess
fetal head descent and caput
succedaneum.

Intrapartum ultrasound: methods

In the following section, we described
intrapartum ultrasound methods that
are frequently described to determine
the progress of labor, including those
referred to in the original description of
the sonopartogram.

Cervical dilatation

Transperineal ultrasound assessment of
cervical dilatation during labor by 2-
dimensional ultrasound was first re-
ported by Hassan et al,” who described a
novel and simple technique. In the early
stages of active labor, especially before
rupture of the membranes, cervical
dilatation can be seen and measured in
its anteroposterior plane by holding the
ultrasound transducer in the transverse
plane at the vaginal introitus and angling
gently up and down.

Ultrasound to measure cervical dila-
tation has been shown to be feasible, with
fair agreement concerning VE, although
the usefulness of ultrasound assessment
of cervical dilatation attenuates at greater
cervical dilatation (Figure 8). ?

The cervix becomes difficult to visu-
alize in more advanced labor and in all
cases from a dilatation of 8 cm onward.
This is explained by the fact that, at
advanced cervical dilatations, the cervix
is very thin, completely effaced, and
retracted; furthermore, at this stage, the
fetal head is low and may be lower than
the cervical ring; hence, the fetal cra-
nium can obscure the ultrasound
assessment. The inability to visualize the
cervix at advanced dilatation should not
detract from monitoring labor progress
by ultrasound as other parameters, such
as fetal head descent, can also be
observed to track progress of labor.”’

Fetal head descent (station)
Several  transperineal  ultrasound
methods have been proposed to describe

FIGURE 8

Transperineal ultrasound images of the cervix

46mm

57mm 79mm

A, Transperineal ultrasound approach. Ultrasound probe orientation in the transverse plane. B, The
cervical dilatation is measured at 46 mm. Both the anterior and posterior rims of the cervix are clearly
visible. The anterior lip is the closest to the ultrasound transducer. G, The cervical dilatation is
measured at 57 mm. The posterior cervical rim becomes obscured as fetal head descent occurs. D,
The cervical dilatation is measured at 79 mm. Difficulty is encountered in obtaining clear imaging of
the cervix in both anterior and posterior aspects because of shadowing from the fetal cranium.
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fetal head descent or station. Because of
the difficulty of identifying the ischial
spines on ultrasound, it is not possible to
measure fetal head descent directly
concerning the ischial spines as would be
conventionally assessed when perform-
ing digital VE. We described the 2 most
used methods to assess fetal head descent
in the following section.

Head-perineum distance
A simple method to measure the descent
of the fetal head using intrapartum ul-
trasound is to place the transducer
transversely just above the posterior
fourchette and measure the shortest
distance from the transducer edge to the
fetal skull: the HPD, which reflects the
perineum-skull  distance and s
measured in millimeters (Figure 9).°"
Concerning fetal head descent, the
HPD measured by ultrasound is not
directly comparable with head station
measured by digital VE, and a substantial
overlap is observed in the distributions
of ultrasound-derived HPD measure-
ments for any given fetal head station
concerning the distance between the
vertex and the ischial spines derived
from digital VE. The coefficient of
determination between ultrasound and
digital VE head descent has been

8 American Journal of Obstetrics & Gynecology MONTH 2022

reported as r°=0.33, indicating that
although there was a significant associ-
ation between the 2 methods, the level of
correlation was only moderate.””

Angle of progression

The angle of progression (AoP) is
measured by applying the ultrasound
probe transperineally in the sagittal
plane. The AoP constitutes the angle
between a line through the long axis of
the pubic symphysis and the tangent to
the fetal skull (Figure 10). This can be
calculated either manually or automati-
cally, depending on the ultrasound
equipment used. As the AoP increases,
the further is the descent of the fetal head
into the maternal pelvis during labor.
The AoP has been found to be accurate
and reproducible as a method of assess-
ing the descent of the fetal head in
labor.*”

Many studies have demonstrated an
association among HPD, AoP, and labor
outcome in both the first and second
stages of labor. Eggebe et al®” assessed the
sonographic prediction of vaginal de-
livery in prolonged labor in 150 women
in 2 centers. They found that when HPD
was <40 mm or AoP was >110°, most
women had a successful spontaneous
vaginal delivery, and when HPD was >40
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FIGURE 9

Measurement of the head perineum distance (HPD)

A us probe in
transverse plane on
perineum

HPD
inmm

Fetal head

A, lllustration of the measurement of the HPD. B, Transperineal ultrasound scan for obtaining the
HPD in millimeters. An ultrasound probe orientation in the transverse plane is shown. The HPD

measurement is 50 mm.
HPD, head-perineum distance.
Usman. The sonopartogram. Am ] Obstet Gynecol 2022.

mm or AoP was <110°, approximately
half of the women had a successful
spontaneous vaginal delivery. Trans-
perineal ultrasound was carried out by
both midwives and doctors in this study.

Fetal head position (rotation)

Determining fetal head position is an
important aspect of the labor assess-
ment, with malposition contributing to
labor dystocia. Digital VE has significant
limitations when determining fetal head
position, Akmal et al®* found that clini-
cians erroneously assign OP position in
almost 50% of cases. The assessment of
fetal head position using transabdominal
ultrasound is superior to digital VE, and
ultrasonography has a higher success

rate than digital VE in the determination
of fetal head position.””

In the sonopartogram study, fetal
head rotation was determined on the
basis of the position of the posterior
fontanel,”” according to the originally
described 12-hour clock face,** with the
measurement rounded up or down to
the nearest hour, in other words 30-
degree segments.”” The interobserver
(Cohen’s kappa, 0.727; P<.001) and
intraobserver (Cohen’s kappa, 0.845;
P<.001) variabilities of this technique
have suggested good agreement.”” We
described the different fetal head posi-
tions (Figure 11) and the use of
transabdominal ultrasound for this
assessment in labor below (Figure 12).

A systematic review and meta-analysis
with a population of 3370 women un-
dergoing labor favored ultrasound in
determining fetal head position in the
first stage of labor.”® In addition to the
assessment of fetal head position, the
fetal spine position can be demonstrated
with transabdominal ultrasound in the
transverse plane at the level of the 4-
chamber view of the heart (Figure 13).
This supplementary additional ultra-
sound plane allows a better under-
standing of the fetal position. The 2020
Royal College of Obstetricians and
Gynaecologists assisted vaginal birth
guideline recommended the use of
intrapartum ultrasound for fetal head
position where there is clinical doubt.®”

Caput succedaneum

The assessment of the caput succeda-
neum is  particularly  subjective.
Described as a soft “bulge” of subcu-
taneous tissue, it is felt as a swelling
against the fetal skull, and its degree is
not possible to quantify objectively from
digital VE. Barbera et al®® demonstrated
the identification of the caput succeda-
neum using transperineal ultrasound in
the sagittal view of the fetal skull
(Figure 14). Hassan et al®’ compared the
clinical assessment and ultrasound
assessment of the caput succedaneum in
nulliparous women in the first stage of
labor and also investigated the repeat-
ability of ultrasound measurements. An
objective method of measuring the caput
is described by the skin-skull distance.
This was defined as the maximum dis-
tance measured by ultrasound from the
outer border of the fetal skin to the outer
border of the leading arc of the skull. The
caput was measured by ultrasound in
most cases and correlated with digital
assessment. The repeatability of ultra-
sound measurement of the caput was
good, and its presence was associated
with CD.”

Molding

Molding describes the change in fetal
head shape occurring as a result of
external compression forces on the cra-
nial vault. It forms part of the vaginal
assessment in labor. The first recognized
ultrasound assessment of molding was in
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FIGURE 10

Measurement of the angle of progression (AoP)

A

Symphysis Pubis
us probe in
sagittal plane on
perineum

AoPin®

Fetal head

Catheter

Fetal Cranium™

A, Ultrasound probe orientation in the sagittal plane. Transducer is placed on the outer aspect of the
maternal labia. B, Ultrasound image depicting the landmarks for measuring the AoP. Identification of
the maternal symphysis pubis and the contour of the fetal cranium. The maternal indwelling urinary
catheter balloon can be seen in this image. It may resemble fetal caput succedaneum; however, it
can be seen isolated from the fetal skin and in an anterior position. G, lllustration of the measurement

of the AoP. D, The AoP demonstrated is 97°.
AoP, angle of progression.
Usman. The sonopartogram. Am ] Obstet Gynecol 2022.

1991.”% Molding can easily be visualized
on sagittal view of the fetal head using
transperineal ultrasound, of which the
overlap of the skull bones can be
measured (Figure 14).”! Ultrasound can
be used to classify the 3 different types of
molding:  occipitoparietal molding
(occipital bone under the parietal bone
at the lambdoidal suture), frontoparietal
molding (the frontal bone under parietal
bone at the coronal suture), and parie-
toparietal molding (overlap at the

10 American Journal of Obstetrics & Gynecology

sagittal suture). Occipitoparietal mold-
ing, seen most in occiput anterior (OA)
positions, is not associated with delivery
mode as it is likely a physiological pro-
cess. Parietoparietal molding is consid-
ered a warning sign for CPD. In a small
study of 11 fetuses, frontoparietal
molding was significantly associated
with a failed vacuum. Of the 11 fetuses
with either frontoparietal or parieto-
parietal molding, 10 underwent opera-
tive delivery.”'

MONTH 2022

Asynclitism

Deflection of the sagittal suture to a
more anterior or posterior position in
the pelvis is called asynclitism. There are
2 varieties of asynclitism usually found
in a fetus in the transverse head position.
If the sagittal suture is closer to the sacral
promontory, more of the anterior pari-
etal bone can be felt during the VE; this is
known as anterior asynclitism. In pos-
terior asynclitism, the sagittal suture lies
closer to the pubic symphysis, and more
of the posterior parietal bone can be felt
on VE. Asynclitism, particularly the
posterior type, is a commonly reported
cause of prolonged or obstructed labor.””
Although wultrasound evaluation can
determine fetal head position more
accurately, the position of the sagittal
sutures can only be determined by digital
VE. Thus, ultrasound can be used as an
adjunct in the clinical suspicion of
obstructed labor, especially in the pres-
ence of the caput succedaneum.

Summary
Ultrasound is considered to be superior
to VE in the identification of fetal head
position.”' #7777 Tt is less evident
that ultrasound is superior in the iden-
tification of the fetal head station”® "®
and cervical dilatation,””**" which is
best assessed digitally in advanced labor.
Measuring fetal head descent by ul-
trasound is not analogous to the clinical
assessment of fetal head station devel-
oped by Friedman and Sachtleben, the
latter using the ischial spines and the
leading fetal bony part as reference
points.”’ ~® The rate of longitudinal
change in fetal head descent using
HPD*>* and the AoP***’ as labor pa-
rameters have been described in the
assessment of normal labor progress
examined sonographically.

Prediction of labor outcomes using
ultrasound

Of note, 1 key question in obstetrical
practice is “Which women are likely to
undergo unplanned operative
terventions in labor?” Many researchers
have attempted to combine clinical and
sonographic predictors of operative de-
livery. Recent studies have suggested that
ultrasound can, with varying degrees of

in-
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FIGURE 11

Representation of the fetal head position from palpation of the fontanelles

The larger diamond shape is bordered by 4 suture lines representing the anterior fontanelle, and the
3 suture lines represent the posterior fontanelle. The fetal head position is determined by the location
of the posterior fontanelle. Top row from the left: right occiput anterior, occiput anterior, and left
occiput anterior. Bottom row from the left: occiput posterior and left occiput posterior. Images

courtesy of Akmal et al.**

Usman. The sonopartogram. Am ] Obstet Gynecol 2022.

accuracy, predict the duration of la-
bor®*® and labor outcomes.®***’

The multicenter Irish Genesis study of
2336 women showed that, before labor,
the combination of maternal age, body
mass index (BMI), height, fetal abdom-
inal circumference, and fetal head
circumference could be used to deter-
mine the overall risk of ICD in nullipa-
rous women at term. This study used the
sum of the individual factors to calculate
the overall risk of CD using an intuitive
risk assessment tool (Figure 15).%°

Individual ultrasound parameters
Fetal head position (rotation)

Fetal OP position is associated with pro-
longed labor and difficult delivery.”" Fetal
head malposition is associated with an
increased risk of ICD.** Of note, 38% of
women with a fetus in the OP position
were delivered by CD compared with
17% of women with a fetus in the non-OP
position in a study in 2015 in nulliparous
women with prolonged first stage of la-
bor.”” However, a systematic review re-
ported that although sonographic
assessment of the fetal head position
before delivery was an easy approach and

may be usefully applied in other settings
(eg, before instrumental delivery), its
assessment should not be used as the only
predictive parameter for labor outcome.””

Fetal head descent (station)

In a study of 222 low-risk nulliparous
women with a singleton pregnancy, the
dynamic change of fetal head descent
expressed as AoP was measured at rest,
during pelvic floor contraction, and
during Valsalva maneuver at term before
the onset of labor. Wider AoP at rest and
under pelvic contraction was associated
with vaginal delivery, shorter labor
duration, and shorter interval to de-
livery.93 A narrow AoP (<95°) is associ-
ated with a high rate of ICD.”* Moreover,
HPD can predict vaginal delivery before
the induction of labor (IOL).””

In the second stage of labor, the
intraobserver interclass correlation co-
efficient (ICC) for AoP at rest was re-
ported as 0.96 (95% CI, 0.89—0.99) and
AoP with maternal pushing was reported
as 0.98 (95% CI, 0.96—0.99). The inter-
observer ICC for the AoP at rest was 0.71
(95% CI, 0.31—0.9) and AoP with
pushing  was  0.93 (95% CI,

0.79—0.98).”° Conducting a study on 50
women undergoing spontaneous labor,
mainly in the second stage of labor,
Tutschek et al”® reported the AoP to have
an intra- and interobserver variability of
13° and 14°, respectively.

Similarly, for HPD in the second stage
of labor,”® the intraobserver ICC was
0.96 (95% CI, 0.87—0.99) at rest and
0.96 (95% CI, 0.88—0.99) with maternal
pushing. The interobserver ICC for HPD
was 0.66 (95% CI, 0.18—0.89) at rest and
0.47 (95% CI, —0.12 to 0.81) with
maternal pushing.

Cervical length and dilatation

In the mid-1960s, Bishop97 introduced a
standardized recordable scoring
approach to assessing the cervix on dig-
ital VE. This “Bishop score” or cervix
score was a prelabor scoring system to
assist in predicting whether IOL will be
required and to select those patients
most suitable for induction. There has
been variation in the clinical use of the
Bishop score, with some studies indi-
cating its use as a determinant of
achieving vaginal delivery, and the score
has been shown to be associated with
induction-to-vaginal delivery time in-
terval.”>” In others, the Bishop score is
considered to have a poor predictive
value'”’ and has not been shown to be
predictive of successful IOL.'°" As such,
its use in routine clinical practice is
becoming less widespread.

Cervical length (CL) can be assessed
using the transvaginal'’” and trans-
perineal ultrasound approaches.'”” CL
assessed by ultrasound is better than the
Bishop score in predicting the
induction-delivery interval (IDI) and the
success of the induction procedure.'”*
There is a significant association be-
tween the IDI'’>'"* and the risk of
CD'” ™" with preinduction ultrasound
measurement of CL.

CL has been used in combination with
other maternal and ultrasound parame-
ters to predict the outcome of IOL.'**'%
In 382 nulliparous women undergoing
IOL, maternal parameters were recorded
and transabdominal and transperineal
ultrasound assessments were carried out
at the start of the IOL. The independent
predictive variables for CD include
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FIGURE 12

Transabdominal ultrasound scan for fetal presentation
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A, Ultrasound transducer orientation in the transverse plane on the maternal abdomen. The
transducer position is above the symphysis pubis with probe angulation inferoposteriorly. Patient
consent was obtained for image publication. B, Spinal vertebra seen at the 12-o’clock position
demonstrating occiput anterior position of the fetal head. G, Both fetal orbits are seen at the anterior
view at the 12-0'clock position; therefore, the occiput is at the 06-0’clock (occiput posterior) position.
D, Midline cerebral echo is seen. On either side of the midline are the thalami, and the cerebellum is
posterior and directly related to the occiput. This represents the left occiput transverse.
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maternal age (odds ratio [OR], 1.12;
P=.003), CL (OR, 1.08; P=.04), AoP at
rest (OR, 0.9; P=001), OP position (OR,
5.7; P=006) with an area under the
curve (AUC) of 08 (95% CI,
0.71—0.87).'"” Using transvaginal ultra-
sound assessment of cervical dilatation,
822 women were assessed before IOL.
The risk of CD was associated with
preinduction CL (OR, 1.11; 95% CI,
1.07—1.14), parity (OR, 0.26; 95% CI,
0.15—0.43), gestational age (OR, 0.83;
95% CI, 0.73—0.96), and BMI (OR, 2.07;
95% CI, 1.27—3.37).

In 152 women with a single live fetus
in cephalic presentation after premature
rupture of membranes (PROM) at term,
fetal head engagement assessed as the
first measure of HPD and CL was used to
predict the labor outcome. The ultra-
sound examination was performed
before regular contractions had started.
No VE was performed. CL was not
associated independently with time to
delivery. HPD was associated with the
time from PROM to delivery (log-rank
test, P<.001). Of note, 36 hours after
PROM, 32% of women (95% CI,

12 American Journal of Obstetrics & Gynecology MONTH 2022

15—49) with a short HPD defined as
<45 mm and 43% of women (95% CI,
24—62) with a long HPD defined as >45
mm were still in labor. Women with an
HPD of <45 mm had fewer ICDs, less
use of epidural analgesia, and spent a
shorter time in active labor.”’

Intrapartum assessment of cervical
dilatation by transperineal ultrasound
during the latent and active phases is
feasible and reproducible.'”” Cervical
dilatation measured by ultrasound
showed a good agreement with digital
VE; however, the mean ultrasound
measurement of cervical dilatation was
nearly 1 cm less than clinical
evaluation.””””

In 175 cases, Wiafe et al''” describe an
intraclass correlation coefficient of 0.76
(95% CI, 0.69—0.81) between digital VE
and  ultrasound-measured  cervical
dilatation.

Doppler assessment

Continuous electronic fetal heart rate
monitoring through intrapartum car-
diotocography (CTG) in labor aims to
identify intrapartum hypoxic events
experienced by the fetus at term, which
are the leading cause of adverse perinatal
outcomes.' """ Although this is the
most common method of monitoring
high-risk pregnancies in labor, it is sub-
ject to intra- and interobserver
disagreement.'"” Cardiotocographs have
limitations in predicting perinatal
adverse outcomes,''* and their use has
not improved perinatal outcomes.'"’
Thus, there is a need to better predict
ICDs for fetal distress. A more robust
marker of intrapartum fetoplacental
perfusion, and hence acknowledgment
of those fetuses that can withstand hyp-
oxemic stress of labor, would be reas-
suring in 2lst-century obstetrical
practice.

In 1977, Fitzgerald and Drumm
reported the use of a novel noninvasive
technique to image the fetal circulation,
in particular the umbilical vein and
umbilical artery. Sometime later, in
1984, Schulman et al''” observed that
fetuses that were small for gestational age
had significantly higher umbilical artery
resistance (systolic-to-diastolic ratios).

116
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FIGURE 13
Transabdominal ultrasound scan for the fetal spine position
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A, Ultrasound transducer orientation on the maternal abdomen at the level of the umbilicus giving a
cross-sectional view of the fetus. Patient consent was obtained for image publication. B, Schematic
diagram representing possible positions of the fetal spine when seen during a cross-sectional view of
the fetal thorax. Reproduced with permission from Ghi et al.”* OA at greater than or equal to the 10-
o'clock position and less than or equal to the 2-0’clock position. LOT greater than the 2-o0’clock
position and less than the 4-o’clock position. ROT greater than the 8-o0’clock position and less than
the 10-0’clock position. OP greater than or equal to the 4-o0’clock position and less than or equal to
the 8-o’clock position. C, Schematic diagram representing possible positions of the fetal spine in
correlation with a clock face. D, The spine position at the 4-0’clock position corresponding to the LOP
fetal position. A 4-chamber view of the fetal heart is obtained to demonstrate the fetal thorax. E, The

Fetal Doppler assessment of the ratio
between cerebral impedance and um-
bilical Doppler impedance has been
suggested to have a role in the prediction
of delivery for fetal distress in term
babies.''*'*

Cerebral umbilical or cerebral
placental ratio

The cerebral umbilical ratio and cere-
bral placental ratio (CPR) are ratios of
the middle cerebral artery pulsatility
index (PI) to the umbilical artery PI.
The CPR was first described by
Arbeille et al'*! in 1987 and has since
been used to describe the degree of
fetal compromise in the growth-
restricted fetus.'”” Fetal Doppler ex-
amination demonstrating cerebral dis-
tribution in term normally grown
babies (low CPR) may be able to pre-
dict ICDs for fetal distress in nullipa-
rous just before
delivery. Prior et al''® showed
that a CPR on the 10th percentile was
predictive of ICD, resulting in a
sensitivity of 32.5%, specificity of
93.2%, and a positive predictive value
of 36.4% for presumed fetal compro-
mise. Fetuses with a low CPR in the
context of low-risk pregnancies
showed an increased risk of obstetrical
intervention secondary to fetal distress,
academia, and neonatal morbidity. The
CPR may represent a marker of sub-
clinical  placental  insufficiency''®;
however, its wuse as a predictive
screening tool is poor.'”’

women
118—120

Umbilical cerebral ratio

The umbilical cerebral ratio (UCR) was
described in 1992 by Hecher et al.'*’
Although the UCR is the inverse of the
CPR, its distribution may accentuate in

spine position at the 2-o’clock position corre-
sponding to the LOA fetal position. F, The spine
position at the 6-0'clock position corresponding
to the OP fetal position.

LOA, left occiput anterior; LOP, left occiput posterior; LOT, left
occiput transverse; OA, occiput anterior; OP, occiput posterior;
ROT, right occiput transverse.

Usman. The sonopartogram. Am J Obstet Gynecol 2022.
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FIGURE 14
Transperineal ultrasound demonstrating caput succedaneum and cranial
molding
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A, Fetal and maternal anatomy landmarks portrayed. Maternal symphysis pubis can be seen and
should be distinguished separately from the fetal structures. The fetal skull contour is demonstrated
alongside the depiction of the fetal skin, which is elevated away from the skull in the presence of the
caput succedaneum. B, The caput succedaneum is seen as a fluid soft tissue swelling of the scalp.
This can be measured as the distance between the skull contour and the tip of the fetal skin in
millimeters. C, Cranial molding is present as a discontinuity and nonalignment between 2 adjacent
skull bones. D, Presence of marked caput succedaneum and cranial molding.
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the abnormal range, allowing better
differentiation of Doppler deteriora-
tion.'** A recent study has not found a
difference between the UCR and CPR in

predicting operative delivery for pre-

sumed fetal compromise.'*”'*
However, it is important to note that

these studies were not conducted in
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labor. Although it is unlikely that fetal
Doppler assessment will replace intra-
partum CTG, this assessment may have a
role in risk stratifying those that require
intervention for fetal distress and pre-
sumed fetal hypoxia. Although associa-
tions have been demonstrated between
intrapartum Doppler measurements and
fetal distress, the results were inconsis-
tent and should not be used in a pre-
dictive capacity in labor or inform
current clinical practice.'””'*®

Intrapartum prediction models

A model predictive for ICD was published
in 2015 with 120 nulliparous women with
prolonged first stage of labor in 2 Euro-
pean centers: Stavanger and Cambridge.
The model was based on maternal char-
acteristics and the results of intrapartum
ultrasound.  Clinical  examinations,
maternal characteristics, and ultrasound
measurements, including fetal head po-
sition, fetal head station, and caput suc-
cedaneum, were evaluated. This model
dichotomized the score and confirmed
that the combination of maternal, clin-
ical, and ultrasound characteristics could
predict vaginal delivery effectively.'*’

A prospective observational study of
183 nulliparous women in early labor
conducted in a tertiary obstetrical setting
in Hong Kong investigated the feasibility
of predicting labor outcomes using serial
transperineal ultrasound. The study re-
ported that it is feasible to predict ICD
for obstructed labor in the early active
phase.'”

Another prospective longitudinal
study performed on 315 women with
a singleton pregnancy in the first stage
of labor investigated the differences in
labor progress between vaginal de-
livery and ICD (for failure to prog-
ress) using transperineal ultrasound
assessment of the fetal head descent.”’
Women who achieved vaginal delivery
had greater incremental AoP con-
cerning fetal head station and cervical
dilatation than those who achieved
CD. Therefore, intrapartum ultrasound
was potentially predictive of women
who will require ICD because of fail-
ure to progress.”’

In a single-center, prospective cohort
study in Iceland, 99 nulliparous women
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FIGURE 15

Cesarean delivery risk-assessment tool

Cesarean Delivery Risk Nomogram
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The probability risk prediction score is calculated using maternal demographic factors (age, BMI, and
height) combined with fetal biometry obtained by transabdominal ultrasound: HC and AC. Each
parameter is given a score and combined to give a total score of probability of cesarean delivery.

Reproduced with permission from Burke et al.”

AC, abdominal circumference; BMI, body mass index; HC, head circumference.
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with a single fetus in cephalic presentation
and spontaneous labor onset at a gestational
age of >37 weeks were reported.’”’ VEs
were undertaken at study entry and subse-
quently throughout labor, paired each time
with a transperineal ultrasound examina-
tion by a separate examiner, with both ex-
aminers being blinded to the other’s results.
The measurements used to assess the fetal
head station were the HPD and AoP. Cer-
vical dilatation was examined by digital VE.
The fetal head station at the first examina-
tion was the highest for the fetuses in the OP
position. HPD was stable during the first
stage, and fetal head descent accelerated late
in labor."”" This was consistent with find-
ings from digital VE.">**

In a secondary analysis of this pro-
spective cohort study, ultrasound pa-
rameters were used to assess the duration
of labor phases and the need for operative
delivery.” Ultrasound measurement of
cervical dilatation or position at inclu-
sion was not significantly associated with
spontaneous delivery. Here, AoP and
HPD were the variables associated with
operative deliveries.”” Median times to
spontaneous delivery were 490 minutes
for HPD of <45 mm and 682 minutes for
HPD of >45 mm. The median durations
were 506 minutes for an AoP of >93° and
732 minutes for an AoP of <93°. HPD
and AoP were associated with a sponta-
neous delivery with AUCs of 0.68 (95%

CI, 0.55—0.80) and 0.67 (95% CI,
0.55—0.80), respectively. These descent
patterns are the basis of the redesign of
labor curves using ultrasound."”’

The intrapartum “app”

The “intrapartum app” based on an
intrapartum prediction model based on
data from 2 FEuropean centers from
2015'* was launched for research pur-
poses only in 2017 for Apple'”” and
Android mobile devices.'” It is the first
obstetrical birth prediction model app
created and allows healthcare pro-
fessionals to perform an “on-the-spot”
analysis for the prediction of vaginal
birth using single maternal and ultra-
sound parameters (Figure 16). Maternal
characteristics and ultrasound data from
269 nulliparous women undergoing la-
bor from a new population were entered
into the app, and the likelihood of
vaginal delivery and length of labor were
calculated. When censoring for those
patients who had CDs, the length of la-
bor was shorter for those patients pre-
dicted to be at a high likelihood (>75%)
of vaginal delivery.'”

Prediction of labor outcome using

ultrasound in the second stage of labor
The “ideal” management of the second
stage of labor is a subject of ongoing
debate. It is well known that a

prolonged second stage of labor is
associated with increased maternal and
neonatal adverse outcomes, such as
chorioamnionitis and low umbilical
cord pH."”” Moreover, it is recognized
that prolonged active pushing phase is
associated with a high rate of instru-
mental deliveries and adverse maternal
and neonatal outcomes."’®"”” During
the second stage of labor and when a
decision is made for instrumental
vaginal delivery, an essential element of
a successful and safe use of an instru-
ment is the correct determination of the
fetal head position and station and an
appropriate application of the tool.””

Ultrasound conveys objective and pre-
cise information on the relationship of the
fetal head concerning maternal structures.
The dynamics of the second stage of labor,
in particular head station, position, and
head direction, can be more accurately
assessed than by digital VE. Using ultra-
sound in the second stage of labor may
predict the labor outcome whether
instrumental delivery should be attempted
or if ICD is preferable.”*'* The findings
from ultrasound can identify cases of high
risk of requiring instrumental deliveries'*’
and instrumental delivery failure."*'
Notably, an HPD measurement of >40
mm taken in the second stage of labor has
been suggested to be associated with a
difficult instrumental delivery."* Impor-
tantly, high fetal head station and OP po-
sition are associated with a low pH at
delivery.'”

A systematic review and meta-analysis
of RCTs using ultrasound assessment
before operative vaginal delivery
concluded that the fetal occiput position
was more accurately identified using ul-
trasound compared with digital VE."*’
However, no study has shown that ul-
trasound before assisted delivery im-
proves maternal or neonatal
outcomes, **'*” and 1 study reported a
higher rate of CD in those women ran-
domized to ultrasound.'*” With some
justification, this is often cited by skep-
tics of intrapartum ultrasound to justify
not undertaking ultrasound in this
circumstance. However, it is important
to note that no study is adequately
powered to detect adverse maternal or
neonatal outcomes.
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FIGURE 16

The “Intrapartum app” for prediction of intrapartum cesarean delivery
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A, Screenshot of the home screen. B, Description showing risk prediction. Reproduced with

permission from Usman et al.'**
Usman. The sonopartogram. Am ] Obstet Gynecol 2022.

Rotational instrumental deliveries in
fetal malposition can be challenging for
the experienced obstetrician and pose
difficulty in skill acquisition for trainee
operators. Ultrasound monitoring of
fetal head station and position can
improve accuracy in determining the
direction of fetal head rotation,
enhancing operator confidence, and
providing a new dimension to obstetrical
training."*°

A reliable assessment of the fetal
head descent may inform the timing
and likelihood of successful maternal
expulsive contractions, consequently
avoiding unnecessary obstetrical in-
terventions. Fetal head descent assessed
by transperineal ultrasound in the sec-
ond stage of labor is associated with
delivery mode'* """ and duration of
labor.'”*'*’  Predicting the mode of
delivery from individual second-stage
ultrasound parameters has led to
considerable research in the last decade.
Sonographic findings measured in 109
women at prolonged active pushing
(120 minutes) in a study by Dall’Asta

et al'*’ observed OA position, short
HPD and head-symphysis distance
(HSD) distance, and narrower mean
value of the midline angle to be asso-
ciated with spontaneous vaginal de-
livery. A secondary analysis of a
prospective  cohort study of 204
nulliparous women with a prolonged
second stage of labor conducted in 5
European countries during active
pushing showed that minimal or no
fetal head descent was associated with a
longer duration of instrumental de-
livery and higher frequency of ICD."™*

A prospective observational study
conducted in Israel included 197
nulliparous women at full cervical dila-
tation and before the start of the active
second stage of labor. In this study,
prognostic  ultrasound  parameters
included fetal head position, AoP, HPD,
and HSD assessed through rest and
active pushing. The outcomes of spon-
taneous vaginal delivery and shorter
duration of pushing were significantly
more common with a non-OP position,
a wider AoP, and a shorter HPD and

16 American Journal of Obstetrics & Gynecology MONTH 2022

HSD.'” A recent systematic review
evaluating 8 prospective cohort studies
established that an AoP at the beginning
of the second stage of labor of between
108° and 119° predicted successful
vaginal birth with a sensitivity of 94%
and specificity of 47%.'™

This research supported the potential
for ultrasound-based prediction of the
mode of delivery and duration of active
pushing.

Conclusion

The integration of preexisting maternal
factors, clinical assessment, and ultra-
sound measurements allows the fair
prediction of ICD. Moreover, these as-
sessments show promise in predicting
the duration of labor, likelihood of suc-
cess of assisted delivery, and poor fetal
condition at delivery. It is still the case
that these predictive models have not
been externally validated in different
populations sufficiently to allow their
routine implementation. An unresolved
question is whether the prediction of
labor is useful to caregivers and women
and whether such a prediction should
influence clinical management. The
incorporation of objective ultrasound
measurements could improve confi-

dence in clinical examination and
therefore enhance the quality of infor-
mation available to women and
caregivers. |
REFERENCES

1. Friedman E. The graphic analysis of labor. Am
J Obstet Gynecol 1954,68:1568-75.

2. Friedman EA. Primigravid labor; a graph-
icostatistical analysis. Obstet Gynecol 1955;6:
567-89.

3. Friedman EA. Labor in multiparas; a graph-
icostatistical analysis. Obstet Gynecol 1956;8:
691-703.

4, Friedman EA, Sachtleben MR. Prognostic
significance of the labor pattern in multiparas.
Am J Obstet Gynecol 1967;98:466-71.

5. Studd J. Partograms and nomograms of
cervical dilatation in management of primigravid
labour. Br Med J 1973;4:451-5.

6. Melmed H, Evans M. Predictive value of cer-
vical dilatation rates. I. Primipara labor. Obstet
Gynecol 1976;47:511-5.

7. Philpott RH, Castle WM. Cervicographs in the
management of labour in primigravidae. |. The
alert line for detecting abnormal labour. J Obstet
Gynaecol Br Commonw 1972;79:592-8.


http://refhub.elsevier.com/S0002-9378(22)00481-1/sref1
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref1
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref2
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref2
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref2
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref3
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref3
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref3
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref4
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref4
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref4
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref5
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref5
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref5
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref6
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref6
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref6
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref7
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref7
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref7
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref7
http://www.AJOG.org

ajog.org

Expert Review

8. Philpott RH, Castle WM. Cervicographs in the
management of labour in primigravidae. Il. The
action line and treatment of abnormal labour.
J Obstet Gynaecol Br Commonw 1972;79:
599-602.

9. Philpott RH. Graphic records in labour. Br
Med J 1972;4:163-5.

10. O'Driscoll K, Stronge JM, Minogue M.
Active management of labour. Br Med J 1973;3:
135-7.

11. O’Driscoll K, Foley M, MacDonald D. Active
management of labor as an alternative to ce-
sarean section for dystocia. Obstet Gynecol
1984;683:485-90.

12. Ledger WJ, Witting WC. The use of a cer-
vical dilatation graph in the management of pri-
migravidae in labour. J Obstet Gynaecol Br
Commonw 1972;79:710-4.

13. O'Driscoll K, Jackson RJ, Gallagher JT.
Prevention of prolonged labour. Br Med J
1969;2:477-80.

14. Lopez-Zeno JA, Peaceman AM,
Adashek JA, Socol ML. A controlled trial of a
program for the active management of labor.
N Engl J Med 1992;326:450-4.

15. Wei S, Wo BL, Qi HP, et al. Early amniotomy
and early oxytocin for prevention of, or therapy
for, delay in first stage spontaneous labour
compared with routine care. Cochrane Data-
base Syst Rev 2012;9:CD006794.

16. Boylan P, Frankowski R, Rountree R,
Selwyn B, Parrish K. Effect of active manage-
ment of labor on the incidence of cesarean
section for dystocia in nulliparas. Am J Perinatol
1991,;8:373-9.

17. World Health Organization partograph in
management  of labour. World Health
Organization Maternal Health and Safe Mother-
hood  Programme. Lancet  1994;343:
1399-404.

18. Dujardin B, De Schampheleire |, Sene H,
Ndiaye F. Value of the alert and action lines on
the partogram. Lancet 1992;339:1336-8.

19. Peisner DB, Rosen MG. Latent phase of
labor in normal patients: a reassessment. Obstet
Gynecol 1985;66:644-8.

20. Studd J, Clegg DR, Sanders RR,
Hughes AO. Identification of high risk labours by
labour nomogram. Br Med J 1975;2:545-7.
21. Letter Studd J. Identification of high-risk la-
bours. Br Med J 1975;3:702.

22. Cardozo LD, Gibb DM, Studd JW,
Vasant RV, Cooper DJ. Predictive value of cer-
vimetric labour patterns in primigravidae. Br J
Obstet Gynaecol 1982;89:33-8.

23. Towner D, Castro MA, Eby-Wikens E,
Gilbert WM. Effect of mode of delivery in nullip-
arous women on neonatal intracranial injury.
N Engl J Med 1999;341:1709-14.

24. World Health Organization, United Nations
Population Fund, United Nations Children’s
Fund (UNICEF). Managing complications in
pregnancy and childbirth: a guide for midwives
and doctors, 2nd ed. 2017. Available at: https://
apps.who.int/iris/handle/10665/255760.
Accessed June 5, 2022.

25. Mathews JE, Rajaratham A, George A,
Mathai M. Comparison of two World Health
Organization partographs. Int J Gynaecol
Obstet 2007;96:147-50.

26. Kenchaveeriah SM, Patil KP, Singh TG.
Comparison of two WHO partographs: a one
year randomized controlled trial. J Turk Ger
Gynecol Assoc 2011;12:31-4.

27. Abalos E, Oladapo OT, Chamillard M, et al.
Duration of spontaneous labour in ‘low-risk’
women with ‘normal’ perinatal outcomes: a
systematic review. Eur J Obstet Gynecol Reprod
Biol 2018;223:123-32.

28. Oladapo OT, Diaz V, Bonet M, et al. Cervical
dilatation patterns of ‘low-risk’ women with
spontaneous labour and normal perinatal out-
comes: a systematic review. BJOG 2018;125:
944-54.

29. WWHO recommendations: intrapartum care
for a positive childbirth experience. Geneva,
Switzerland: World Health Organization; 2018.
30. Hofmeyr GJ, Bernitz S, Bonet M, et al. WHO
next-generation partograph: revolutionary steps
towards individualised labour care. BJOG
2021;128:1658-62.

31. Oladapo OT, Souza JP, Fawole B, et al.
Progression of the first stage of spontaneous
labour: a prospective cohort study in two sub-
Saharan  African countries. PLoS Med
2018;15:e1002492.

32. Crichton D. Areliable method of establishing
the level of the fetal head in obstetrics. S Afr Med
J1974;48:784-7.

33. Buchmann EJ, Guidozzi F. Level of fetal
head above brim: comparison of three trans-
abdominal methods of estimation, and interob-
server agreement. J Obstet Gynaecol 2007;27:
787-90.

34. WWHO Labour Care Guide: user's manual.
Geneva, Switzerland: World Health Organiza-
tion; 2020.

35. National Collaborating Centre for Women's
and Children's Health (UK). Intrapartum Care:
Care of Healthy Women and Their Babies During
Childbirth. London: National Institute for Health
and Care Excellence (UK) 2014.

36. Tuffnell DJ, Bryce F, Johnson N, Lilford RJ.
Simulation of cervical changes in labour: repro-
ducibility of expert assessment. Lancet 1989;2:
1089-90.

37. Buchmann EJ, Libhaber E. Accuracy of
cervical assessment in the active phase of la-
bour. BJOG 2007;114:833-7.

38. Buchmann E, Libhaber E. Interobserver
agreement in intrapartum estimation of fetal head
station. Int J Gynaecol Obstet 2008;101:285-9.
39. Dupuis O, Silveira R, Zentner A, et al. Birth
simulator: reliability of transvaginal assessment
of fetal head station as defined by the American
College of Obstetricians and Gynecologists
classification. Am J Obstet Gynecol 2005;192:
868-74.

40. Akmal S, Tsoi E, Kametas N, Howard R,
Nicolaides KH. Intrapartum sonography to
determine fetal head position. J Matern Fetal
Neonatal Med 2002;12:172-7.

41. Ramphul M, Kennelly M, Murphy DJ.
Establishing the accuracy and acceptability of
abdominal ultrasound to define the foetal head
position in the second stage of labour: a valida-
tion study. Eur J Obstet Gynecol Reprod Biol
2012;164:35-9.

42, Sherer DM, Miodovnik M, Bradley KS,
Langer O. Intrapartum fetal head position I:
comparison between transvaginal digital exam-
ination and transabdominal ultrasound assess-
ment during the active stage of labor. Ultrasound
Obstet Gynecol 2002;19:258-63.

43. Sherer DM, Miodovnik M, Bradley KS,
Langer O. Intrapartum fetal head position II:
comparison  between  transvaginal  digital
examination and transabdominal ultrasound
assessment during the second stage of labor.
Ultrasound Obstet Gynecol 2002;19:264-8.
44. Akmal S, Tsoi E, Howard R, Osei E,
Nicolaides KH. Investigation of occiput posterior
delivery by intrapartum sonography. Ultrasound
Obstet Gynecol 2004;24:425-8.

45. Nassar N, Roberts CL, Cameron CA,
Olive EC. Diagnostic accuracy of clinical exami-
nation for detection of non-cephalic presenta-
tion in late pregnancy: cross sectional analytic
study. BMJ 2006;333:578-80.

46. Walraven GE. WHO partograph. Lancet
1994;344.617.

47. Zhang J, Troendle JF, Yancey MK. Reas-
sessing the labor curve in nulliparous women.
Am J Obstet Gynecol 2002;187:824-8.

48. American College of Obstetricians and Gy-
necologists (College), Society for Maternal-Fetal
Medicine, Caughey AB, Cahill AG, Guise JM,
Rouse DJ. Safe prevention of the primary ce-
sarean delivery. Am J Obstet Gynecol 2014;210:
179-93.

49. Zhang J, Troendle J, Reddy UM, et al.
Contemporary cesarean delivery practice in the
United States. Am J Obstet Gynecol 2010;203:
326.e1-10.

50. Zhang J, Landy HJ, Ware Branch D, et al.
Contemporary patterns of spontaneous labor
with normal neonatal outcomes. Obstet Gynecol
2010;116:1281-7.

51. Cohen WR, Friedman EA. Perils of the new
labor management guidelines. Am J Obstet
Gynecol 2015;212:420-7.

52. de Vries BS, Mcdonald S, Joseph FA, et al.
Impact of analysis technique on our under-
standing of the natural history of labour: a
simulation study. BJOG 2021;128:1833-42.
863. Bernitz S, Dalbye R, Zhang J, et al. The
frequency of intrapartum caesarean section use
with the WHO partograph versus Zhang’s
guideline in the Labour Progression Study
(LaPS): a multicentre, cluster-randomised
controlled trial. Lancet 2019;393:340-8.

54. Sanghvi H, Mohan D, Litwin L, et al. Effec-
tiveness of an electronic partogram: a mixed-
method, quasi-experimental study among skil-
led birth attendants in Kenya. Glob Health Sci
Pract 2019;7:521-39.

55. Lewin D, Sadoul G, Beuret T. Measuring the
height of a cephalic presentation: an objective

MONTH 2022 American Journal of Obstetrics & Gynecology 17


http://refhub.elsevier.com/S0002-9378(22)00481-1/sref8
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref8
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref8
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref8
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref8
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref9
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref9
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref10
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref10
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref10
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref11
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref11
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref11
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref11
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref12
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref12
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref12
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref12
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref13
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref13
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref13
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref14
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref14
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref14
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref14
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref15
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref15
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref15
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref15
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref15
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref16
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref16
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref16
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref16
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref16
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref17
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref17
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref17
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref17
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref17
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref18
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref18
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref18
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref19
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref19
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref19
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref20
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref20
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref20
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref21
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref21
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref22
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref22
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref22
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref22
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref23
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref23
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref23
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref23
https://apps.who.int/iris/handle/10665/255760
https://apps.who.int/iris/handle/10665/255760
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref25
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref25
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref25
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref25
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref26
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref26
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref26
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref26
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref27
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref27
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref27
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref27
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref27
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref28
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref28
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref28
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref28
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref28
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref29
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref29
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref29
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref30
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref30
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref30
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref30
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref31
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref31
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref31
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref31
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref31
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref32
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref32
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref32
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref33
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref33
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref33
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref33
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref33
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref34
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref34
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref34
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref35
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref35
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref35
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref35
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref35
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref36
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref36
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref36
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref36
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref37
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref37
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref37
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref38
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref38
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref38
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref39
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref39
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref39
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref39
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref39
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref39
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref40
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref40
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref40
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref40
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref41
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref41
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref41
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref41
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref41
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref41
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref42
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref42
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref42
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref42
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref42
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref42
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref43
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref43
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref43
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref43
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref43
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref43
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref44
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref44
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref44
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref44
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref45
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref45
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref45
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref45
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref45
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref46
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref46
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref47
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref47
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref47
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref48
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref48
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref48
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref48
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref48
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref48
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref49
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref49
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref49
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref49
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref50
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref50
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref50
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref50
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref51
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref51
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref51
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref52
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref52
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref52
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref52
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref53
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref53
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref53
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref53
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref53
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref53
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref54
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref54
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref54
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref54
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref54
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref55
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref55
http://www.AJOG.org

Expert Review

ajog.org

assessment of station. Eur J Obstet Gynecol
Reprod Biol 1977;7:369-72.

56. Voskresinsky S. Bio-mechanism in labor,
the discrete-wave theory. (in Russian) Minsk: Ltd
"Polibig”, 1996. 186p.

57. Hassan WA, Eggebo T, Ferguson M,
et al. The sonopartogram: a novel method
for recording progress of labor by ultra-
sound. Ultrasound Obstet Gynecol 2014;43:
189-94.

58. Hassan WA, Eggebe TM, Ferguson M,
Lees C. Simple two-dimensional ultrasound
technique to assess intrapartum cervical dilata-
tion: a pilot study. Ultrasound Obstet Gynecol
2013;41:413-8.

59. Usman S, Wilkinson M, Barton H, Lees CC.
The feasibility and accuracy of ultrasound
assessment in the labor room. J Matern Fetal
Neonatal Med 2019;32:3442-51.

60. Hassan WA, Taylor S, Lees C. Intrapartum
ultrasound for assessment of cervical dilata-
tion. Am J Obstet Gynecol MFM 2021;3:
100448.

61. Eggebo TM, Gjessing LK, Heien C, et al.
Prediction of labor and delivery by transperineal
ultrasound in pregnancies with prelabor rupture
of membranes at term. Ultrasound Obstet
Gynecol 2006;27:387-91.

62. Diickelmann AM, Bamberg C, Michaelis SA,
et al. Measurement of fetal head descent using
the ‘angle of progression’ on transperineal ul-
trasound imaging is reliable regardless of fetal
head station or ultrasound expertise. Ultrasound
Obstet Gynecol 2010;35:216-22.

63. Eggebo TM, Hassan WA, Salvesen KA,
Lindtjern E, Lees CC. Sonographic prediction of
vaginal delivery in prolonged labor: a two-center
study. Ultrasound Obstet Gynecol 2014;43:
195-201.

64. Akmal S, Kametas N, Tsoi E, Hargreaves C,
Nicolaides KH. Comparison of transvaginal dig-
ital examination with intrapartum sonography to
determine fetal head position before instru-
mental delivery. Ultrasound Obstet Gynecol
2008;21:437-40.

65. Ghi T, Farina A, Pedrazzi A, Rizzo N,
Pelusi G, Pilu G. Diagnosis of station and rotation
of the fetal head in the second stage of labor with
intrapartum translabial ultrasound. Ultrasound
Obstet Gynecol 2009;33:331-6.

66. Wiafe YA, Whitehead B, Venables H,
Nakua EK. The effectiveness of intrapartum ul-
trasonography in assessing cervical dilatation,
head station and position: a systematic review
and meta-analysis.  Ultrasound 2016;24:
222-32.

67. Murphy DJ, Strachan BK, Bahl R; Royal
College of Obstetricians and Gynaecologists.
Assisted vaginal birth: Green-top Guideline No.
26. BJOG 2020;127:e70-112.

68. Barbera AF, Pombar X, Perugino G,
Lezotte DC, Hobbins JC. A new method to
assess fetal head descent in labor with trans-
perineal ultrasound. Ultrasound Obstet Gynecol
2009;33:313-9.

69. Hassan WA, Eggebo TM, Salvesen KA,
Lindtjorn E, Lees C. Intrapartum assessment of

caput succedaneum by transperineal ultra-
sound: a two-centre pilot study. Aust N Z J
Obstet Gynaecol 2015;55:401-3.

70. Carlan  SJ, Wyble L, Lense J,
Mastrogiannis DS, Parsons MT. Fetal head
molding. Diagnosis by ultrasound and a review
of the literature. J Perinatol 1991;11:105-11.
71. lversen JK, Kahrs BH, Torkildsen EA,
Eggebo TM. Fetal molding examined with
transperineal ultrasound and associations with
position and delivery mode. Am J Obstet
Gynecol 2020;223:909.e1-8.

72. Cunningham FG, Leveno KJ, Bloom SL,
et al, eds. Wiliams obstetrics, 24th ed. New
York, NY: Mcgraw Hill; 2014.

73. Ghi T, Eggebo T, Lees C, et al. ISUOG
Practice Guidelines: intrapartum ultrasound.
Ultrasound  Obstet  Gynecol  2018;52:
128-39.

74. Dupuis O, Ruimark S, Corinne D, Simone T,
André D, René-Charles R. Fetal head
position during the second stage of labor:
comparison of digital vaginal examination and
transabdominal ultrasonographic examination.
Eur J Obstet Gynecol Reprod Biol 2005;123:
193-7.

75. Souka AP, Haritos T, Basayiannis K,
Noikokyri N, Antsaklis A. Intrapartum ultrasound
for the examination of the fetal head position in
normal and obstructed labor. J Matern Fetal
Neonatal Med 2003;13:59-63.

76. Tutschek B, Braun T, Chantraine F,
Henrich W. A study of progress of labour using
intrapartum translabial ultrasound, assessing
head station, direction, and angle of descent.
BJOG 2011;118:62-9.

77. Tutschek B, Torkildsen EA, Eggebe TM.
Comparison between ultrasound parameters
and clinical examination to assess fetal head
station in labor. Ultrasound Obstet Gynecol
2013;41:425-9.

78. Torkildsen EA, Salvesen KA, Eggebo T™M.
Agreement  between two- and  three-
dimensional transperineal ultrasound methods
in assessing fetal head descent in the first stage
of labor. Ultrasound Obstet Gynecol 2012;39:
310-5.

79. Benediktsdottir S, Eggebo ™,
Salvesen KA. Agreement between transperineal
ultrasound measurements and digital examina-
tions of cervical dilatation during labor. BMC
Pregnancy Childbirth 2015;15:273.

80. Yuce T, Kalafat E, Koc A. Transperineal ul-
trasonography for labor management: accuracy
and reliability. Acta Obstet Gynecol Scand
2015;94:760-5.

81. Friedman EA, Sachtleben MR. Station of the
fetal presenting part. 3. Interrelationship with
cervical dilatation. Am J Obstet Gynecol
1965;93:537-42.

82. Friedman EA, Sachtleben MR. Station of the
fetal presenting part. I. Pattern of descent. Am J
Obstet Gynecol 1965;93:522-9.

83. Friedman EA, Sachtleben MR. Station of
the fetal presenting part. Il. Effect on the
course of labor. Am J Obstet Gynecol 1965;93:
530-6.

18 American Journal of Obstetrics & Gynecology MONTH 2022

84. Friedman EA, Sachtleben MR. Station of the
fetal presenting part. IV. Slope of descent. Am J
Obstet Gynecol 1970;107:1031-4.

85. Friedman EA, Sachtleben MR. Station of the
fetal presenting part. V. Protracted descent
patterns. Obstet Gynecol 1970;36:558-67.

86. Hjartardottir H, Lund SH, Benediktsdottir S,
Geirsson RT, Eggebe TM. Fetal descent in
nulliparous women assessed by ultrasound: a
longitudinal  study. Am J Obstet Gynecol
2021;224:378.e1-15.

87. Tse WT, Chaemsaithong P, Chan WWY,
et al. Labor progress determined by ultrasound
is different in women requiring cesarean delivery
from those who experience a vaginal delivery
following induction of labor. Am J Obstet
Gynecol 2019;221:335.e1-18.

88. Hjartardattir H, Lund SH, Benediktsdottir S,
Geirsson RT, Eggebe TM. Can ultrasound on
admission in active labor predict labor duration
and a spontaneous delivery? Am J Obstet
Gynecol MFM 2021;3:100383.

89. Eggebo TM, Hassan WA, Salvesen KA,
Torkildsen EA, @stborg TB, Lees CC. Prediction
of delivery mode by ultrasound-assessed fetal
position in nulliparous women with prolonged
first stage of labor. Ultrasound Obstet Gynecol
2015;46:606-10.

90. Burke N, Burke G, Breathnach F, et al.
Prediction of cesarean delivery in the term
nulliparous woman: results from the prospec-
tive, multicenter Genesis study. Am J Obstet
Gynecol 2017;216:598.e1-11.

91. Ponkey SE, Cohen AP, Heffner LJ,
Lieberman E. Persistent fetal occiput posterior
position: obstetric outcomes. Obstet Gynecol
2008;101:915-20.

92. Verhoeven CJ, Rickert ME, Opmeer BC,
Pajkrt E, Mol BW. Ultrasonographic fetal head
position to predict mode of delivery: a
systematic review and bivariate meta-analysis.
Ultrasound  Obstet  Gynecol  2012;40:
9-13.

93. Youssef A, Dodaro MG, Montaguti E, et al.
Dynamic changes of fetal head descent at term
before the onset of labor correlate with labor
outcome and can be improved by ultrasound
visual feedback. J Matern Fetal Neonatal Med
2021;34:1847-54.

94. Levy R, Zaks S, Ben-Arie A, Perlman S,
Hagay Z, Vaisbuch E. Can angle of progression
in pregnant women before onset of labor predict
mode of delivery? Ultrasound Obstet Gynecol
2012;40:332-7.

95. Eggebo TM, Heien C, @kland |, Gjessing LK,
Romundstad P, Salvesen KA. Ultrasound
assessment of fetal head-perineum distance
before induction of labor. Ultrasound Obstet
Gynecol 2008;32:199-204.

96. Sainz JA, Fernandez-Palacin A, Borrero C,
Aquise A, Ramos Z, Garcia-Mejido JA. Intra and
interobserver variability of intrapartum trans-
perineal  ultrasound  measurements  with
contraction and pushing. J Obstet Gynaecol
2018;38:333-8.

97. Bishop EH. Pelvic scoring for elective in-
duction. Obstet Gynecol 1964;24:266-8.


http://refhub.elsevier.com/S0002-9378(22)00481-1/sref55
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref55
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref56
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref56
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref56
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref57
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref57
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref57
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref57
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref57
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref58
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref58
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref58
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref58
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref58
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref59
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref59
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref59
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref59
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref60
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref60
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref60
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref60
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref61
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref61
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref61
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref61
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref61
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref62
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref62
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref62
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref62
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref62
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref62
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref63
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref63
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref63
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref63
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref63
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref64
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref64
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref64
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref64
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref64
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref64
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref65
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref65
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref65
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref65
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref65
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref66
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref66
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref66
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref66
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref66
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref66
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref67
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref67
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref67
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref67
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref68
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref68
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref68
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref68
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref68
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref69
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref69
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref69
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref69
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref69
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref70
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref70
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref70
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref70
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref71
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref71
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref71
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref71
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref71
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref72
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref72
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref72
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref73
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref73
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref73
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref73
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref74
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref74
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref74
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref74
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref74
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref74
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref74
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref75
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref75
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref75
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref75
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref75
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref76
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref76
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref76
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref76
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref76
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref77
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref77
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref77
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref77
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref77
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref78
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref78
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref78
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref78
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref78
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref78
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref79
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref79
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref79
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref79
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref79
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref80
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref80
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref80
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref80
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref81
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref81
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref81
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref81
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref82
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref82
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref82
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref83
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref83
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref83
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref83
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref84
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref84
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref84
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref85
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref85
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref85
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref86
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref86
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref86
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref86
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref86
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref87
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref87
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref87
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref87
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref87
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref87
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref88
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref88
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref88
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref88
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref88
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref89
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref89
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref89
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref89
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref89
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref89
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref90
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref90
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref90
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref90
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref90
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref91
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref91
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref91
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref91
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref92
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref92
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref92
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref92
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref92
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref92
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref93
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref93
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref93
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref93
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref93
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref93
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref94
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref94
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref94
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref94
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref94
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref95
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref95
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref95
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref95
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref95
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref96
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref96
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref96
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref96
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref96
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref96
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref97
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref97
http://www.AJOG.org

ajog.org

Expert Review

98. Teixeira C, Lunet N, Rodrigues T, Barros H.
The bishop score as a determinant of labour
induction success: a systematic review and
meta-analysis. Arch Gynecol Obstet 2012;286:
739-53.

99. lvars J, Garabedian C, Devos P, et al.
Simplified bishop score including parity predicts
successful induction of labor. Eur J Obstet
Gynecol Reprod Biol 2016;203:309-14.

100. Faltin-Traub EF, Boulvain M, Faltin DL,
Extermann P, Irion O. Reliability of the
bishop score before labour induction at term.
Eur J Obstet Gynecol Reprod Biol 2004;112:
178-81.

101. Kolkman DG, Verhoeven CJ,
Brinkhorst SJ, et al. The bishop score as a pre-
dictor of labor induction success: a systematic
review. Am J Perinatol 2013;30:625-30.

102. Rane SM, Pandis GK, Guirgis RR,
Higgins B, Nicolaides KH. Pre-induction sono-
graphic measurement of cervical length in pro-
longed pregnancy: the effect of parity in the
prediction of induction-to-delivery interval. Ul-
trasound Obstet Gynecol 2003;22:40-4.

103. Kamel RA, Negm SM, Youssef A, et al.
Predicting cesarean delivery for failure to prog-
ress as an outcome of labor induction in term
singleton pregnancy. Am J Obstet Gynecol
2021;224:609.e1-11.

104. Elghorori MR, Hassan |, Dartey W, Abdel-
Aziz E, Bradley M. Comparison between sub-
jective and objective assessments of the cervix
before induction of labour. J Obstet Gynaecol
2006;26:521-6.

105. Peregrine E, O'Brien P, Omar R,
Jauniaux E. Clinical and ultrasound parameters
to predict the risk of cesarean delivery after in-
duction of labor. Obstet Gynecol 2006;107:
227-33.

106. Tan PC, Suguna S, Vallikkannu N,
Hassan J. Ultrasound and clinical predictors for
caesarean delivery after labour induction at term.
Aust N Z J Obstet Gynaecol 2006;46:505-9.
107. Ramanathan G, Yu C, Osei E,
Nicolaides KH. Ultrasound examination at 37
weeks’ gestation in the prediction of pregnancy
outcome: the value of cervical assessment.
Ultrasound  Obstet  Gynecol  2003;22:
598-603.

108. Rane SM, Guirgis RR, Higgins B,
Nicolaides KH. Models for the prediction of
successful induction of labor based on pre-
induction sonographic measurement of cervical
length. J Matern Fetal Neonatal Med 2005;17:
315-22.

109. Zimerman AL, Smolin A, Maymon R,
Weinraub Z, Herman A, Tobvin Y. Intrapartum
measurement of cervical dilatation using trans-
labial 3-dimensional ultrasonography: correla-
tion with digital examination and interobserver
and intraobserver agreement assessment.
J Ultrasound Med 2009;28:1289-96.

110. Wiafe YA, Whitehead B, Venables H,
Dassah ET, Eggebg TM. Intrapartum ultrasound
assessment of cervical dilatation and its value in
detecting active labor. J Ultrasound 2018;21:
233-9.

111. Graham EM, Ruis KA, Hartman AL,
Northington FJ, Fox HE. A systematic review of
the role of intrapartum hypoxia-ischemia in the
causation of neonatal encephalopathy. Am J
Obstet Gynecol 2008;199:587-95.

112. Mcintyre S, Taitz D, Keogh J, Goldsmith S,
Badawi N, Blair E. A systematic review of risk
factors for cerebral palsy in children born at term
in developed countries. Dev Med Child Neurol
20183;55:499-508.

113. Bernardes J, Costa-Pereira A, Ayres-de-
Campos D, van Geijn HP, Pereira-Leite L. Eval-
uation of interobserver agreement of car-
diotocograms. Int J Gynaecol Obstet 1997;57:
33-7.

114. Thacker SB, Stroup D, Chang M. Contin-
uous electronic heart rate monitoring for fetal
assessment during labor. Cochrane Database
Syst Rev 2000:CD000063.

115. Alfrevic  Z, Devane D, Gyte GM,
Cuthbert A. Continuous cardiotocography
(CTG) as a form of electronic fetal monitoring
(EFM) for fetal assessment during labour.
Cochrane Database Syst Rev 2017;2:
CD006066.

116. FitzGerald DE, Drumm JE. Non-invasive
measurement of human fetal circulation using
ultrasound: a new method. Br Med J 1977;2:
1450-1.

117. Schuiman H, Fleischer A, Stern W,
Farmakides G, Jagani N, Blattner P. Umbilical
velocity wave ratios in human pregnancy. Am J
Obstet Gynecol 1984;148:985-90.

118. Prior T, Mullins E, Bennett P, Kumar S.
Prediction of intrapartum fetal compromise us-
ing the cerebroumbilical ratio: a prospective
observational study. Am J Obstet Gynecol
2013;208:124.e1-6.

119. Khalil AA, Morales-Rosello J, Morlando M,
et al. Is fetal cerebroplacental ratio an indepen-
dent predictor of intrapartum fetal compromise
and neonatal unit admission? Am J Obstet
Gynecol 2015;213:54.e1-10.

120. Dal’Asta A, Ghi T, Rizzo G, et al. Cere-
broplacental ratio assessment in early labor in
uncomplicated term pregnancy and prediction
of adverse perinatal outcome: prospective
multicenter study. Ultrasound Obstet Gynecol
2019;53:481-7.

121. Arbeille P, Roncin A, Berson M, Patat F,
Pourcelot L. Exploration of the fetal cerebral
blood flow by duplex Doppler-linear array
system in normal and pathological pregnancies.

Ultrasound Med Biol 1987;13:
329-37.
122, Kalafat E, Ozturk E, Sivanathan J,

Thilaganathan B, Khalil A. Longitudinal change in
cerebroplacental ratio in small-for-gestational-
age fetuses and risk of stillbirth. Ultrasound
Obstet Gynecol 2019;54:492-9.

123. Hecher K, Spernol R, Stettner H,
Szalay S. Potential for diagnosing imminent
risk to appropriate- and small-for-gestational-
age fetuses by Doppler sonographic exami-
nation of umbilical and cerebral arterial blood
flow. Ultrasound Obstet Gynecol 1992;2:
266-71.

124. \Wolf H, Stampalija T, Monasta L, Lees CC.
Ratio of umbilical and cerebral artery pulsatility
indices in assessment of fetal risk: numerator
and denominator matter. Ultrasound Obstet
Gynecol 2020;56:163-5.

125. Kalafat E, Kalaylioglu Z, Thilaganathan B,
Khalil A. Is umbilicocerebral ratio better than
cerebroplacental ratio for predicting adverse
pregnancy and neonatal outcomes? Am J
Obstet Gynecol 2020;223:462-3.

126. Kalafat E, Khalil A. Umbilicocerebral ratio:
potential implications of inversing the cere-
broplacental ratio. Ultrasound Obstet Gynecol
2020;56:159-62.

127. Bhide A, Acharya G, Baschat A, et al.
ISUOG Practice Guidelines (updated): use of
Doppler velocimetry in obstetrics. Ultrasound
Obstet Gynecol 2021;58:331-9.

128. Dall’Asta A, Kumar S. Prelabor and intra-
partum Doppler ultrasound to predict fetal
compromise. Am J Obstet Gynecol MFM
2021;3:100479.

129. Eggebe  TM,  Wihelm-Benartzi  C,
Hassan WA, Usman S, Salvesen KA, Lees CC.
A model to predict vaginal delivery in nulliparous
women based on maternal characteristics and
intrapartum ultrasound. Am J Obstet Gynecol
2015;213:362.e1-6.

130. Chor CM, Poon LCY, Leung TY. Prediction
of labor outcome using serial transperineal ul-
trasound in the first stage of labor. J Matern Fetal
Neonatal Med 2019;32:31-7.

131. Eggebo TM, Hjartardottir H. Descent of the
presenting part assessed with ultrasound. Am J
Obstet Gynecol 2021 [Epub ahead of print].
132. Intrapartum. App Store. Available at:
https://itunes.apple.com/us/app/intrapartum/
id11914395217?mt=8. Accessed November
13, 2018.

133. Intrapartum. Google Play. Available at:
https://play.google.com/store/apps/details?
id=be.appsonly.intrapartum&hi=en. Accessed
June 5, 2022.

134. Usman S, Kahrs BH, Wilhelm-Benartzi C,
et al. Prediction of mode of delivery using the first
ultrasound-based “intrapartum app”. Am J
Obstet Gynecol 2019;221:163-6.

135. Fraser WD, Marcoux S, Krauss |,
Douglas J, Goulet C, Boulvain M. Multicenter,
randomized, controlled trial of delayed pushing
for nulliparous women in the second stage of
labor with continuous epidural analgesia. The
PEOPLE (Pushing Early or Pushing Late with
Epidural) Study Group. Am J Obstet Gynecol
2000;182:1165-72.

136. Allen VM, Baskett TF, O’Connell CM,
McKeen D, Allen AC. Maternal and perinatal
outcomes with increasing duration of the sec-
ond stage of labor. Obstet Gynecol 2009;113:
1248-58.

137. Grobman WA, Bailit J, Lai Y, et al. Asso-
ciation of the duration of active pushing with
obstetric outcomes. Obstet Gynecol 2016;127:
667-73.

138. Henrich W, Dudenhausen J, Fuchs I,
Kémena A, Tutschek B. Intrapartum translabial
ultrasound (ITU): sonographic landmarks and

MONTH 2022 American Journal of Obstetrics & Gynecology 19


http://refhub.elsevier.com/S0002-9378(22)00481-1/sref98
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref98
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref98
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref98
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref98
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref99
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref99
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref99
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref99
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref100
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref100
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref100
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref100
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref100
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref101
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref101
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref101
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref101
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref102
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref102
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref102
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref102
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref102
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref102
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref103
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref103
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref103
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref103
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref103
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref104
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref104
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref104
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref104
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref104
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref105
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref105
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref105
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref105
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref105
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref106
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref106
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref106
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref106
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref107
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref107
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref107
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref107
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref107
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref107
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref108
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref108
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref108
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref108
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref108
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref108
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref109
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref109
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref109
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref109
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref109
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref109
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref109
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref110
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref110
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref110
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref110
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref110
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref111
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref111
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref111
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref111
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref111
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref112
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref112
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref112
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref112
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref112
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref113
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref113
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref113
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref113
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref113
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref114
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref114
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref114
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref114
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref115
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref115
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref115
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref115
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref115
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref115
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref116
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref116
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref116
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref116
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref117
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref117
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref117
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref117
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref118
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref118
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref118
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref118
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref118
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref119
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref119
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref119
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref119
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref119
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref120
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref120
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref120
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref120
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref120
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref120
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref121
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref121
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref121
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref121
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref121
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref121
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref122
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref122
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref122
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref122
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref122
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref123
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref123
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref123
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref123
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref123
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref123
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref123
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref124
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref124
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref124
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref124
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref124
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref125
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref125
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref125
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref125
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref125
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref126
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref126
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref126
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref126
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref127
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref127
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref127
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref127
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref128
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref128
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref128
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref128
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref129
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref129
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref129
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref129
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref129
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref129
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref130
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref130
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref130
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref130
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref131
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref131
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref131
https://itunes.apple.com/us/app/intrapartum/id1191439521?mt=8
https://itunes.apple.com/us/app/intrapartum/id1191439521?mt=8
https://itunes.apple.com/us/app/intrapartum/id1191439521?mt=8
https://play.google.com/store/apps/details?id=be.appsonly.intrapartum&amp;hl=en
https://play.google.com/store/apps/details?id=be.appsonly.intrapartum&amp;hl=en
https://play.google.com/store/apps/details?id=be.appsonly.intrapartum&amp;hl=en
https://play.google.com/store/apps/details?id=be.appsonly.intrapartum&amp;hl=en
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref134
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref134
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref134
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref134
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref135
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref135
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref135
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref135
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref135
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref135
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref135
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref135
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref136
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref136
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref136
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref136
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref136
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref137
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref137
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref137
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref137
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref138
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref138
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref138
http://www.AJOG.org

Expert Review

ajog.org

correlation with successful vacuum extraction.
Ultrasound Obstet Gynecol 2006;28:753-60.
139. Kahrs BH, Usman S, Ghi T, et al. Sono-
graphic prediction of outcome of vacuum
deliveries: a multicenter, prospective cohort
study. Am J Obstet Gynecol 2017;217:69.
el1-10.

140. Antonio Sainz J, Borrero C, Aquise A,
Garcia-Mejido JA, Gutierrez L, Fernandez-
Palacin A. Intrapartum translabial ultrasound
with pushing used to predict the difficulty in
vacuum-assisted delivery of fetuses in non-
occiput posterior position. J Matern Fetal
Neonatal Med 2016;29:3400-5.

141. Sainz JA, Borrero C, Aquise A, Serrano R,
Gutiérrez L, Fernandez-Palacin A. Utility of
intrapartum transperineal ultrasound to predict
cases of failure in vacuum extraction attempt
and need of cesarean section to complete de-
livery. J Matern Fetal Neonatal Med 2016;29:
1348-52.

142. Kasbaoui S, Séverac F, Aissi G, et al.
Predicting the difficulty of operative vaginal de-
livery by ultrasound measurement of fetal head
station. Am J Obstet Gynecol 2017;216:507.
e1-9.

143. Bellussi F, Di Mascio D, Salsi G, et al.
Sonographic knowledge of occiput position to
decrease failed operative vaginal delivery: a
systematic review and meta-analysis of ran-
domized controlled trials. Am J Obstet Gynecol
2022;226:499-509.

144. Ramphul M, Ooi PV, Burke G, et al.
Instrumental delivery and ultrasound : a

multicentre randomised controlled trial of ultra-
sound assessment of the fetal head position
versus standard care as an approach to prevent
morbidity at instrumental delivery. BJOG
2014;121:1029-38.

145. Popowski T, Porcher R, Fort J, Javoise S,
Rozenberg P. Influence of ultrasound determi-
nation of fetal head position on mode of delivery:
a pragmatic randomized trial. Ultrasound Obstet
Gynecol 2015;46:520-5.

146. Hinkson L, Henrich W, Tutschek B. Intra-
partum ultrasound during rotational forceps
delivery: a novel tool for safety, quality control,
and teaching. Am J Obstet Gynecol 2021;224:
93.e1-7.

147. Kalache KD, Dickelmann AM, Michaelis SA,
Lange J, Cichon G, Dudenhausen JW. Trans-
perineal ultrasound imaging in prolonged second
stage of labor with occipitoanterior presenting fe-
tuses: how well does the ‘angle of progression’
predict the mode of delivery? Ultrasound Obstet
Gynecol 2009;33:326-30.

148. Ghi T, Youssef A, Maroni E, et al. Intra-
partum transperineal ultrasound assessment of
fetal head progression in active second stage of
labor and mode of delivery. Ultrasound Obstet
Gynecol 2013;41:430-5.

149. Ciaciura-Jarno M, Cnota W, Wéjtowicz D,
et al. Evaluation of selected ultrasonography
parameters in the second stage of labor in pre-
diction mode of delivery. Ginekol Pol 2016;87:
448-53.

150. Dall’Asta A, Angeli L, Masturzo B, et al.
Prediction of spontaneous vaginal delivery in

20 American Journal of Obstetrics & Gynecology MONTH 2022

nulliparous women with a prolonged second
stage of labor: the value of intrapartum ultra-
sound. Am J Obstet Gynecol 2019;221:642.
e1-13.

151. Youssef A, Maroni E, Cariello L, et al. Fetal
head-symphysis distance and mode of delivery
in the second stage of labor. Acta Obstet
Gynecol Scand 2014;93:1011-7.

152. Yonetani N, Yamamoto R, Murata M, et al.
Prediction of time to delivery by transperineal
ultrasound in second stage of labor. Ultrasound
Obstet Gynecol 2017;49:246-51.

153. Marsoosi V, Pirjani R, Mansouri B, et al.
Role of ‘angle of progression’ in prediction of
delivery mode. J Obstet Gynaecol Res 2015;41:
1693-9.

154. Kahrs BH, Usman S, Ghi T, et al. Descent
of fetal head during active pushing: secondary
analysis of prospective cohort study investi-
gating ultrasound examination before operative
vaginal delivery. Ultrasound Obstet Gynecol
2019;54:524-9.

1565. Hadad S, Oberman M, Ben-Arie A,
Sacagiu M, Vaisbuch E, Levy R. Intrapartum ul-
trasound at the initiation of the active second stage
of labor predicts spontaneous vaginal delivery. Am
J Obstet Gynecol MFM 2021;3:100249.

156. Nassr AA, Berghella V, Hessami K, et al.
Intrapartum ultrasound measurement of angle of
progression at the onset of the second stage of
labor for prediction of spontaneous vaginal de-
livery in term singleton pregnancies: a system-
atic review and meta-analysis. Am J Obstet
Gynecol 2022;226:205-14.e2.


http://refhub.elsevier.com/S0002-9378(22)00481-1/sref138
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref138
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref139
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref139
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref139
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref139
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref139
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref140
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref140
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref140
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref140
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref140
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref140
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref140
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref141
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref141
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref141
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref141
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref141
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref141
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref141
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref142
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref142
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref142
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref142
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref142
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref143
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref143
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref143
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref143
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref143
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref143
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref144
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref144
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref144
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref144
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref144
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref144
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref144
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref145
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref145
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref145
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref145
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref145
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref146
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref146
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref146
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref146
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref146
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref147
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref147
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref147
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref147
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref147
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref147
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref147
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref148
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref148
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref148
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref148
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref148
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref149
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref149
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref149
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref149
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref149
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref150
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref150
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref150
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref150
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref150
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref150
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref151
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref151
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref151
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref151
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref152
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref152
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref152
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref152
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref153
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref153
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref153
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref153
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref154
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref154
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref154
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref154
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref154
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref154
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref155
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref155
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref155
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref155
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref155
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref156
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref156
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref156
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref156
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref156
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref156
http://refhub.elsevier.com/S0002-9378(22)00481-1/sref156
http://www.AJOG.org

	The sonopartogram
	Outline placeholder
	Introduction
	Developments of the partogram
	The partogram in modern clinical practice

	The “sonopartogram” and intrapartum ultrasound assessment
	Intrapartum ultrasound: methods
	Cervical dilatation
	Fetal head descent (station)
	Head-perineum distance
	Angle of progression
	Fetal head position (rotation)
	Caput succedaneum
	Molding
	Asynclitism
	Summary

	Prediction of labor outcomes using ultrasound
	Individual ultrasound parameters
	Fetal head position (rotation)
	Fetal head descent (station)
	Cervical length and dilatation

	Doppler assessment
	Cerebral umbilical or cerebral placental ratio
	Umbilical cerebral ratio

	Intrapartum prediction models
	The intrapartum “app”
	Prediction of labor outcome using ultrasound in the second stage of labor

	Conclusion

	References


