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Labor progress determined by ultrasound is different in
women requiring cesarean delivery from those who
experience a vaginal delivery following induction
of labor

Wing Ting Tse, MD; Piya Chaemsaithong, MD, PhD; Winnie W. Y. Chan, MD; Angel H. W. Kwan, MD; Junhong Huang, MD;
Kubi Appiah, MD; Ka Chun Chong, PhD; Liona C. Poon, MD

BACKGROUND: The diagnosis of labor dystocia generally is deter- median assessment-to-assessment interval was 4.6 hours (interquartile
mined by the deviation of labor progress, which is assessed by the use of a

partogram. Recently, intrapartum transperineal ultrasound for the

assessment of fetal head descent has been introduced to assess labor

progress in the first stage of labor in a more objective and noninvasive way.

OBJECTIVE: The objective of the study was to determine the differ-

ences in labor progress by the use of serial transperineal ultrasound

assessment of fetal head descent between women having vaginal and

cesarean delivery.

STUDY DESIGN: This was a prospective longitudinal study performed
in 315 women with singleton pregnancy who were undergoing labor in-

duction at term between December 2016 and December 2017. Paired

assessment of cervical dilation and fetal head station by vaginal exami-

nation and transperineal ultrasonographic assessment of parasagittal

angle of progression and head-perineum distance were made serially after

the commencement of labor induction. According to the hospital protocol,

assessment was performed every 24 hours and 4 hours, respectively,

during latent and active phases of labor. The researchers and the clinical

team were blinded to each other’s findings. The repeated measures data

were analyzed by mixed effect models. To determine the effect of mode of

delivery on the association between parasagittal angle of progression and

head-perineum distance against fetal head station and cervical dilation,

the significance of the interaction term between each mode of delivery and

fetal head station or cervical dilation was determined, which accounted for

parity and obesity. Area under receiver-operating characteristic curve was

used to evaluate the performance of serial intrapartum sonography in

predicting women with cesarean delivery because of failure to progress.

RESULTS: The total number of paired vaginal examination and ultra-

sound assessments was 1198, with a median of 3 per woman. The
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range, 4.3e5.1 hours). Women who achieved vaginal delivery (n¼261)

had steeper slopes of parasagittal angle of progression and head-

perineum distance against fetal head station and cervical dilation than

those who achieved cesarean delivery (n¼54). Objectively, an additional

decrease of 5.11 and 1.37 degrees in parasagittal angle of progression

was observed for an unit increase in fetal head station and cervical dilation,

respectively, in women who required cesarean delivery (P<.01; P¼.01),

compared with women who achieved vaginal delivery, after taking account

of repeated measures from individuals and confounding factors. The

respective additional increases in head-perineum distance for a unit in-

crease in fetal head station and cervical dilation were 0.27 cm (P<.01)

and 0.12 cm (P<.01). A combination of maternal characteristics with the

temporal changes of parasagittal angle of progression for an unit increase

in fetal head station achieved an area under receiver-operating charac-

teristic curve of 0.85 (95% confidence interval, 0.76e0.94), with sensi-
tivity of 79% and specificity of 80%, for the prediction of women who

required cesarean delivery because of failure to progress.

CONCLUSION: The differences in labor progress between vaginal and
cesarean delivery have been illustrated objectively by serial intrapartum

transperineal ultrasonographic assessment of fetal head descent. This tool

is potentially predictive of women who will require cesarean delivery

because of failure to progress.

Key words: angle of progression, area under the receiver-operating
characteristic curve, cesarean delivery, delivery, dystocia, epidural, failure

to progress, fetal head station, head-perineum distance, induction of la-

bor, labor progress, obesity, partogram, sonopartogram, transperineal

ultrasound, vaginal delivery
abor dystocia is defined by the slow
1e7
L and abnormal progress of labor.

Failure to progress in labor is the leading
indication for primary cesarean delivery
and resulted in 19,000 maternal deaths
in 2013.3,8e10 Labor dystocia usually is
diagnosed by deviation from the ex-
pected progress of labor, which is
assessed by the use of “partogram”where
clinical findings by serial digital vaginal
examination (which includes cervical
dilation, fetal head station and position,
presence of caput succedaneum, and
moulding) are recorded over time.1,11e16

The major limitations of digital
vaginal examination, although consid-
ered the gold standard method in
OCTOBER 2019 Ameri
assessment of labor progress, are that it is
subjective,17,18 causes discomfort, and
may introduce infection.19e23 Intra-
partum transperineal ultrasound for
the assessment of fetal head descent by
angle of progression (AOP)24 and head-
perineum distance (HPD)25 has been
introduced to assess labor progress in a
more objective and noninvasive
way.26e46 Several studies have shown
that intrapartum transperineal ultra-
sound examination is more accurate
than clinical examination in the assess-
ment of the fetal head station and the
can Journal of Obstetrics & Gynecology 335.e1
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Why was this study conducted?
The purpose of this study was to evaluate the differences in ultrasound-determined
labor progress between women who have vaginal and cesarean delivery.

Key findings
Cesarean delivery was associated with a slower rate of fetal head descent, which is
determined by serial intrapartum ultrasound assessment of parasagittal angle of
progression and head-perineum distance, than vaginal delivery. A combination
of maternal characteristics with the temporal changes of parasagittal angle of
progression achieved an area under receiver-operating characteristic curve of
0.85, with sensitivity and specificity of 80%, for the prediction of women who will
require cesarean delivery because of failure to progress in labor.

What does this add to what is known?
Serial intrapartum transperineal ultrasound assessment of fetal head descent can
differentiate women who can have a vaginal delivery or who require a cesarean
delivery. This tool is potentially predictive of women who require cesarean de-
livery because of failure to progress in labor.

TABLE 1
Characteristics of the study population

Variable Vaginal delivery (n¼261) Cesa

Maternal age, yb 32.2 (29.0e35.5) 33.

�35, n (%) 76 (29.1) 2

<35, n (%) 185 (70.9) 30

Maternal weight, kgb 67.3 (61.4e75.2) 69.

Maternal height, cmb 158 (155e162) 15

Maternal body mass index, kg/m2b 26.9 (24.8e29.6) 28.

�30, n (%) 58 (22.2) 1

<30, n (%) 203 (77.8) 3

Racial origin, n (%)

Chinese 260 (99.6) 5

Non-Chinese 1 (0.4)

Parity, n (%)

Nulliparous 145 (55.6) 4

Parous 116 (44.4)

Indications for induction of labor, n (%)

Postterm 126 (48.3) 1

Diabetes mellitus 47 (18.0) 1

Hypertension 12 (4.6)

Fetal growth restriction 11 (4.2)

Oligohydramnios 11 (4.2)

Macrosomia 21 (8.0)

Others 33 (12.6)
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prediction of arrest of labor.27,30 How-
ever, most of the studies to date have
evaluated only the use of the trans-
perineal ultrasound parameters as a
single assessment in the prediction of
mode of delivery in either the first or
second stage of labor.26,28,31,39,44,47e51

To improve the objectivity in the
assessment of labor progress and diag-
nosis of labor dystocia, it has been pro-
posed that serial assessment with
intrapartum transperineal ultrasound
can be integrated with current obstetric
practice.52 Hassan et al52 performed a
prospective study in 20 women in the
first stage of labor, which included 52
paired digital vaginal examination and
ultrasound assessments and demon-
strated the feasibility of the use of ul-
trasound in the first stage of labor and
rean delivery (n¼54) P valuea

9 (30.1e36.8) .013

4 (44.4) .028

(55.6)

6 (63.1e77.1) .187

5.5 (153e159) .001

9 (26.7e31.2) .002

8 (33.3) .082

6 (66.7)

.314

3 (98.1)

1 (1.9)

<.001

6 (85.2)

8 (14.8)

.080

9 (35.2)

1 (20.4)

6 (11.1)

1 (1.9)

4 (7.4)

9 (16.7)

4 (7.4)

(continued)
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TABLE 1
Characteristics of the study population (continued)

Variable Vaginal delivery (n¼261) Cesarean delivery (n¼54) P valuea

Estimated fetal weight, gb 3,276 (3,001.5e3,571.6) 3,455 (3,100e3,711) .119

Bishop scoreb 6 (4e6) 3 (2e4) <.001

Method of induction of labor, n (%)

Propessc 111 (42.5) 42 (77.8) <.001

Mechanical methods 150 (57.5) 12 (22.2)

Oxytocin administration, n (%) .526

Yes 177 (67.8) 39 (72.2)

No 84 (32.2) 15 (27.8)

Gestation age at delivery, wkb 40 (38.1e41.0) 38.7 (38.0e41.0) .067

Birthweight, gb 3,263 (3,027.5e3,552.5) 3,420 (3,030.0e3,651.2) .204

Epidural anesthesia, n (%) .016

Yes, n (%) 9 (3.4) 6 (11.1)

No, n (%) 252 (96.6) 48 (88.9)

Labor duration, hrb 5.7 (2.9e10.2) 13.4 (9.1e20.3) <.001

Induction-to-delivery interval, hrb 11.3 (6.1e26.9) 37.9 (21.1e 50.7) <.001

Apgar score at 1 minb 9 (9e9) 9 (8e9) .354

Apgar score at 5 minb 10 (10e10) 10 (9e10) .138

Arterial blood gas pHb 7.26 (7.10e7.30) 7.29 (7.25e7.32) .004
a Statistically significant at P<.05; b Data are given as median (interquartile range); c Ferring Pharmaceuticals, Saint-Prex, Switzerland.
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the development of a “sonopartogram.”
The authors concluded that data acqui-
sition for labor progress was more suc-
cessful with the use of the
sonopartogram than the conventional
partogram.

Our group recently reported on a
prospective longitudinal study in 261
women with singleton pregnancy who
underwent labor induction at term and
who achieved vaginal delivery. Serial
paired assessments of cervical dilation
and fetal head station by vaginal
examination with transperineal ultraso-
nographic assessment of fetal head
descent were performed after the
commencement of labor induction until
full cervical dilation.53 The study
demonstrated that parity, obesity,
methods of labor induction, and the use
of epidural anesthesia affected
ultrasound-determined labor progress
in the first stage of labor.53 Thus far, no
study has determined the differences in
labor progress in women who have a
vaginal delivery or require a cesarean
delivery by the use of serial intrapartum
transperineal ultrasound assessment.
The objective of the study was to deter-
mine the differences in labor progress,
which was determined by serial trans-
perineal ultrasound assessment of fetal
head descent, between women who had
vaginal and cesarean delivery, account-
ing for known factors that affect
ultrasound-determined labor progress
including obesity, parity, methods of la-
bor induction, and epidural anesthesia.

Materials and Methods
This was a prospective longitudinal
study performed in women with
singleton pregnancy who underwent
induction of labor at term in a single
maternity unit in Hong Kong SAR be-
tween December 2016 and December
2017. Inclusion criteria for the study
were pregnant womenwith a live fetus in
cephalic presentation and intact mem-
branes who underwent induction of
OCTOBER 2019 Ameri
labor between 37þ0 and 42þ6 weeks
gestation for various indications. Writ-
ten informed consent was obtained from
the women who agreed to participate in
the study, which was approved by the
Institutional Review Board (Joint Chi-
nese University of Hong KongeNew
Territories East Cluster Clinical
Research Ethics Committee, Reference
Number CRE-2016.338).

Ultrasound assessment
Transperineal ultrasound assessment
was carried out by 6 operators (P.C.,
A.H.W.K., W.T.T., W.T.L., W.W.Y.C.,
J.H.), who have had at least 3 year’s
obstetric ultrasound experience. Exam-
inations were performed with the
woman in a supine position and with
an empty bladder. Two-dimensional
transperineal scan was performed to
assess the parasagittal AOP (psAOP)
and HPD by the Voluson P8 ultrasound
machine (GE Healthcare, Tiefenbach,
Austria) as previously described.44,53
can Journal of Obstetrics & Gynecology 335.e3
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TABLE 2
The effect of mode of delivery on the association between parasagittal angle of progression and head-perineum
distance against cervical dilation or fetal head station without being controlled for confounders

Variable

Parasagittal angle of progression

P valuea
Head-perineum distance

P valueaEstimate (standard error) Estimate (standard error)

Fetal head station

Fetal head station 11.4 (0.35) <.01 e0.50 (0.02) <.01

Cesarean delivery e15.3 (2.71) <.01 0.75 (0.16) <.01

Fetal head station and cesarean delivery e5.28 (1.15) <.01 0.27 (0.07) <.01

Cervical dilation

Cervical dilation 7.12 (0.49) <.01 e0.30 (0.01) <.01

Cesarean delivery e2.04 (1.93) .29 e0.001 (0.13) .99

Cervical dilation and cesarean delivery e1.35 (0.51) .01 0.12 (0.03) <.01
a Statistically significant at P<.05.

Tse et al. Ultrasound-determined labor progress according to modes of delivery. Am J Obstet Gynecol 2019.
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Paired assessment of fetal head station
and cervical dilation by vaginal
examination and transperineal
FIGURE 1
Changes in parasagittal angle of progr

Changes in parasagittal angle of progression agains
vaginal delivery (blue line) taking into account of re
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ultrasonographic assessment of fetal
head descent (psAOP and HPD) were
made serially after the commencement
ession against fetal head station

t fetal head station between women who require ces
peated measures from individuals.

odes of delivery. Am J Obstet Gynecol 2019.

ogy OCTOBER 2019
of induction of labor until full cervical
dilation. Specifically, according to the
hospital protocol, vaginal examination
arean delivery (red line) and women who achieve
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FIGURE 2
Changes in parasagittal angle of progression against cervical dilation

Changes in parasagittal angle of progression against cervical dilation between women who require cesarean delivery (red line) and women who achieve
vaginal delivery (blue line) taking into account of repeated measures from individuals.
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was performed every 24 hours during
latent phase and every 4 hours during
active phase of labor.
TABLE 3
Association between parasagittal angl
controlling for confounders

Variable

Parasagitt
of progres

Estimate (

Fetal head station 11.4 (0.3

Cesarean delivery e15.4 (2.8

Fetal head station and
cesarean delivery

e5.11 (1.1

Obesity e2.41 (1.9

Use of Propessb e2.41 (1.9

Nulliparity 6.12 (2.0

Epidural anesthesia e2.64 (3.4
a Statistically significant at P<.05; b Ferring Pharmaceuticals, S

Tse et al. Ultrasound-determined labor progress according to
The ultrasound assessment was not
used to guide clinical management, and
the clinical team attending to the
e of progression and head-perineum dista

al angle
sion

P valuea
He

standard error) Es

5) <.01 e0

0) <.01

5) <.01

5) .22

3) .21

1) <.01 e0

5) .44

aint-Prex, Switzerland.

modes of delivery. Am J Obstet Gynecol 2019.
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participant during the induction of
labor was not made aware of the trans-
perineal ultrasonographic findings.
nce against fetal head station

ad-perineum distance

P valueatimate (standard error)

.50 (0.02) <.01

0.69 (0.16) <.01

0.27 (0.07) <.01

0.33 (0.11) <.01

0.18 (0.11) .12

.18 (0.12) .12

0.05 (0.20) .80
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TABLE 4
Association between parasagittal angle of progression and head-perineum
distance against cervical dilation controlling for confounders

Variable

Parasagittal angle
of progression

P valuea

Head-perineum
distance

P valuea
Estimate (standard
error)

Estimate
(standard error)

Cervical dilation 7.10 (0.15) <.01 e0.30 (0.01) <.01

Cesarean delivery e2.90 (1.99) .15 e0.03 (0.13) .81

Cervical dilation and
cesarean delivery

e1.37 (0.51) .01 0.12 (0.03) <.01

Obesity e2.59 (1.54) .09 0.33 (0.10) <.01

Use of Propessb e1.56 (1.51) .31 0.07 (0.10) .48

Nulliparity 5.84 (1.55) <.01 e0.11 (0.10) .26

Epidural anesthesia e1.12 (2.75) .96 0.02 (0.18) .89
a Statistically significant at P<.05; b Ferring Pharmaceuticals, Saint-Prex, Switzerland.

Tse et al. Ultrasound-determined labor progress according to modes of delivery. Am J Obstet Gynecol 2019.
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The researchers were blinded to the
findings of the clinical team’s vaginal
examination.

Maternal characteristics that included
age, weight, height, parity, gestational
age, method of induction of labor, use of
epidural anesthesia, and ultrasound
findings were recorded in a secured
electronic database. Obesity was defined
as body mass index of �30 kg/m2.54

Gestational age was determined from
the first date of the last menstrual period
and confirmed by the measurement of
TABLE 5
Association between parasagittal angl
station in the subgroups of nulliparity
confounders

Variable

Nulliparity

Estimate (standard
error)

Fetal head station 11.5 (0.41)

Cesarean delivery e13.9 (3.06)

Fetal head station and
cesarean delivery

e5.28 (1.19)

Obesity e2.70 (2.51)

Use of Propessb e2.67 (2.35)

Epidural anesthesia e3.31 (3.65)
a Statistically significant at P<.05; b Ferring Pharmaceuticals, S
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crown-rump length in the first trimester
or head circumference in the second
trimester. The primary endpoint of the
study was cesarean delivery.

Induction of labor
Induction of labor was performed ac-
cording to the standardized manage-
ment protocol of the hospital. The
Bishop score was determined by an
experienced obstetrician. Labor was
induced with amniotomy followed by
oxytocin, if the cervix was favorable
e of progression and fetal head
and multiparity controlling for

P valuea

Multiparity

P valuea
Estimate (standard
error)

<.01 11.4 (0.69) <.01

<.01 e31.0 (8.94) <.01

<.01 e6.63 (4.33) .13

.29 e1.50 (3.11) .63

.26 e2.14 (3.55) .55

.37 22.7 (17.0) .19

aint-Prex, Switzerland.
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(Bishop score >6). If the cervix was
unfavorable, labor was induced with
10-mg dinoprostone slow-release
vaginal pessary (Propess; Ferring Phar-
maceuticals, Saint-Prex, Switzerland).
In women with previous cesarean de-
livery, intracervical balloon (Cook
Cervical Ripening balloon; Cook Med-
ical LLC, Bloomington, IN) was used.
The women with unfavorable cervix
were reassessed 24 hours later; if the
cervix remained unfavorable, a
further 10 mg of Propess was given,
and if the cervix was favorable
amniotomy was carried out. If the
woman remained in latent phase after
12 hours of oxytocin infusion or if
there were �2 episodes that the cervix
failed to dilate at a rate of 1 cm per
hour when the cervix was >3 cm
dilated, a cesarean delivery was indi-
cated because of no progress of labor.
Data on pregnancy and labor out-
comes were retrieved from comput-
erized medical records and were
recorded in the database.

Statistical analysis
The repeated measures data were
analyzed by mixed effect models. In
the models, covariance structures of
intra-individual measurements were
assumed to capture the correlations of
changes in psAOP and HPD over time.
To determine the effect of mode of
delivery (vaginal delivery vs cesarean
delivery) on the association between
psAOP and HPD against fetal head
station and cervical dilation, the sig-
nificance of the interaction term be-
tween each mode of delivery and fetal
head station or cervical dilation was
determined, controlling for obesity,
parity, methods of labor induction,
and epidural anesthesia. Likelihood
ratio tests were used to test the global
fitness of the mixed effect models. To
assess the performance of psAOP and
HPD in the prediction of the mode of
delivery (vaginal delivery vs cesarean
delivery), multivariate logistic regres-
sion analysis was used to account for
factors that affected ultrasound-
determined labor progress. Based on
the findings in our recent publica-
tion,53 the temporal changes of psAOP
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TABLE 6
Association between parasagittal angle of progression and cervical dilation in the subgroups of nulliparity and
multiparity controlling for confounders

Variable

Nulliparity

P valuea
Multiparity

P valueaEstimate (standard error) Estimate (standard error)

Cervical dilation 7.17 (0.17) <.01 6.97 (0.30) <.01

Cesarean delivery e1.57 (2.20) .48 e9.17 (5.11) .08

Cervical dilation and
cesarean delivery

e1.54 (0.51) <.01 e1.05 (2.26) .64

Obesity e3.01 (1.99) .13 e1.71 (2.48) .49

Use of Propessb e2.09 (1.84) .26 e0.60 (2.75) .83

Epidural anesthesia e0.01 (2.87) .99 5.37 (13.7) .70
a Statistically significant at P<.05; b Ferring Pharmaceuticals, Saint-Prex, Switzerland.

Tse et al. Ultrasound-determined labor progress according to modes of delivery. Am J Obstet Gynecol 2019.
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(or HPD) per unit change of fetal head
station (or cervical dilation) were
determined by averaging the ratio of
FIGURE 3
Changes in head-perineum distance a

Changes in head-perineum distance against fetal h
delivery (blue line) taking into account of repeated
cm, centimeter.

Tse et al. Ultrasound-determined labor progress according to m
change between psAOP (or HPD) and
fetal head station (or cervical dilation)
in all measured time periods for
gainst fetal head station

ead station between women who require cesarean d
measures from individuals.

odes of delivery. Am J Obstet Gynecol 2019.
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individual level prediction. Area under
receiver-operating characteristic curve
(AUROC) was used to evaluate the
elivery (red line) and women who achieve vaginal
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FIGURE 4
Changes in head-perineum distance against cervical dilation

Changes in head-perineum distance against cervical dilation between women who require cesarean delivery (red line) and women who achieve vaginal
delivery (blue line) taking into account of repeated measures from individuals.
cm, centimeter.
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performance of serial intrapartum so-
nography in the prediction of women
with cesarean delivery and with
TABLE 7
Association between head-perineum d
subgroups of no obesity and obesity c

Variable

No obesity

Estimate (standard
error)

Fetal head station e0.48 (0.02)

Cesarean delivery 0.81 (0.21)

Fetal head station and
cesarean delivery

0.30 (0.09)

Use of Propessb 0.14 (0.13)

Nulliparity e0.20 (0.14)

Epidural anesthesia e0.14 (0.25)
a Statistically significant at P<.05; b Ferring Pharmaceuticals, S

Tse et al. Ultrasound-determined labor progress according to
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cesarean delivery because of failure to
progress. Statistical analysis was per-
formed with the SAS software system
istance and fetal head station in the
ontrolling for confounders

P valuea

Obesity

P valuea
Estimate (standard
error)

<.01 e0.55 (0.04) <.01

<.01 0.55 (0.24) .03

<.01 0.28 (0.11) .01

.29 0.19 (0.22) .39

.15 e0.08 (0.23) .74

.57 0.46 (0.31) .15

aint-Prex, Switzerland.

modes of delivery. Am J Obstet Gynecol 2019.

ogy OCTOBER 2019
(version 9.4; SAS Institute Inc, Cary,
NC).
Results
Maternal characteristics
Three hundred forty-five pregnant
women were recruited. We excluded 30
cases because of incomplete data in 27
cases; 3 women went into labor before
the induction of labor. Of the
remaining 315 cases, 261 women
(82.9%) achieved vaginal delivery, and
54 women (17.1%) required cesarean
delivery. The indications for cesarean
delivery were failed induction or fail-
ure to progress (n¼32; 59.3%), cho-
rioamnionitis (n¼12; 22.2%), fetal
distress (n¼6; 11.1%), and abnormal
presentation (n¼4; 7.4%). Character-
istics of the study population are pre-
sented in Table 1. In the cesarean

http://www.AJOG.org


TABLE 8
Association between head-perineum distance and cervical dilation in the
subgroups of no obesity and obesity controlling for confounders

Variable

No obesity

P valuea

Obesity

P valuea
Estimate (standard
error)

Estimate (standard
error)

Cervical dilation e0.28 (0.01) <.01 e0.34 (0.02) <.01

Cesarean delivery 0.14 (0.16) .40 e0.49 (0.21) .02

Cervical dilation and
cesarean delivery

0.11 (0.04) .01 0.17 (0.06) <.01

Use of Propessb 0.04 (0.11) .73 0.14 (0.19) .45

Nulliparity e0.17 (0.12) .16 0.08 (0.19) .69

Epidural anesthesia e0.17 (0.22) .44 0.42 (0.27) .13
a Statistically significant at P<.05; b Ferring Pharmaceuticals, Saint-Prex, Switzerland.

Tse et al. Ultrasound-determined labor progress according to modes of delivery. Am J Obstet Gynecol 2019.

TABLE 9
Performance of maternal characteristics and serial transperineal
sonography for the prediction of women who will require cesarean delivery

Variable

Area under receiver-operating
characteristic curve (95%
confidence interval)

Sensitivity (%)
at 80%
specificity P valuea

Per unit change of cervical
dilation

Parasagittal angle of
progression

0.79 (0.72e0.87) 71 <.01

Head-perineum distance 0.79 (0.71e0.87) 66 <.01

Parasagittal angle of
progression and
head-perineum distance

0.80 (0.72e0.88) 71 <.01

Per unit change of fetal head
station

Parasagittal angle of
progression

0.87 (0.80e0.93) 77 <.01

Head-perineum distance 0.77 (0.68e0.87) 59 <.01

Parasagittal angle of
progression and
head-perineum distance

0.87 (0.80e0.93) 82 <.01

a Likelihood ratio test for model fitness.
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delivery group, compared with the
vaginal delivery group, the median age
and body mass index were significantly
higher; the median height and Bishop
score were significantly lower; there
were more nulliparous women and
more women who needed Propess for
labor induction and the use of epidural
anesthesia. The labor duration,
induction-to-delivery interval, and
arterial blood gas pH were significantly
lower in women who achieved vaginal
delivery than those who required ce-
sarean delivery (Table 1).

Paired vaginal examination and
transperineal ultrasound
assessment
After the commencement of induction
of labor, the total number of paired
vaginal examination and transperineal
ultrasonographic assessments was
1198, with a median of 3 (interquartile
range, 2e4) per woman. The median
assessment-to-assessment interval was
4.6 hours (interquartile range,
4.3e5.1).

Ultrasound-determined labor
progress vs mode of delivery
Changes in psAOP
Mode of delivery was significantly
affecting the association between psAOP
against fetal head station and cervical
dilation, taking account of repeated
measures from individuals; vaginal de-
livery had steeper slopes of psAOP
against fetal head station and cervical
dilation. Objectively, an additional
decrease of 5.28 degrees and 1.35 degrees
in psAOP was observed, for an unit in-
crease in fetal head station and cervical
dilation, respectively, in women who
required cesarean delivery (P<.01;
P¼.01), compared with women who
achieved vaginal delivery (Table 2;
Figures 1 and 2). Accounting for con-
founders, vaginal delivery remained to
have steeper slopes of psAOP against
fetal head station and cervical dilation.
The respective additional decrease in
psAOP for an unit increase in fetal head
station and cervical dilation were 5.11
degrees (P<.01) and 1.37 degrees
(P¼.01),in women who required cesar-
ean delivery, which accounted for all
confounders (P<.01; Tables 3 and 4;
Supplemental Figures 1 and 2).
The changes in psAOP against fetal

head station and cervical dilation ac-
cording to the mode of delivery in the
subgroups of nulliparity and multiparity
are given in Tables 5 and 6.
OCTOBER 2019 Ameri
Changes in head-perineum
distance
Mode of delivery was significantly
affecting the association between HPD
against fetal head station and cervical
dilation, taking account of repeated
measures from individuals; vaginal
can Journal of Obstetrics & Gynecology 335.e9
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TABLE 10
Performance of maternal characteristics and serial transperineal sonography for the prediction of women who will
require cesarean delivery because of failure to progress of labor

Variable
Area under receiver-operating
characteristic curve (95% confidence interval)

Sensitivity (%) at
80% specificity P valuea

Per unit change of cervical dilation

Parasagittal angle of progression 0.79 (0.70e0.88) 67 <.01

Head-perineum distance 0.78 (0.68e0.88) 70 <.01

Parasagittal angle of progression
and head-perineum distance

0.80 (0.71e0.89) 67 <.01

Per unit change of fetal head station

Parasagittal angle of progression 0.85 (0.76e0.94) 79 <.01

Head-perineum distance 0.74 (0.62e0.87) 57 .08

Parasagittal angle of progression
and head-perineum distance

0.85 (0.76e0.94) 79 <.01

a Likelihood ratio test for model fitness.
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delivery had steeper slopes of HPD
against fetal head station and cervical
dilation than did cesarean delivery.
Objectively, an additional increase of
FIGURE 5
Receiver-operating characteristic curv
delivery because of failure to progress

A, Maternal characteristics combined with tempor
(red line), head-perineum distance (green line), or
(brown line) when determined against per unit chan
combined with temporal changes in parasagittal
distance (green line), or the combination of both u
mined against per unit change in fetal head statio

Tse et al. Ultrasound-determined labor progress according to m
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0.27 cm and 0.12 cm in HPD was
observed, for a unit increase in fetal
head station and cervical dilation,
respectively, in women who required
e for the prediction of cesarean
in labor

al changes in parasagittal angle of progression
the combination of both ultrasound parameters
ge in cervical dilation. B,Maternal characteristics
angle of progression (red line), head-perineum
ltrasound parameters (brown line) when deter-
n.

odes of delivery. Am J Obstet Gynecol 2019.
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cesarean delivery (P<.01; P<.01),
compared with women who achieved
vaginal delivery (Table 2; Figures 3 and
4). Accounting for confounders,
vaginal delivery remained to have
steeper slopes of HPD against fetal
head station and cervical dilation. The
respective additional increase in HPD
for an unit increase in fetal head sta-
tion and cervical dilation were 0.27 cm
(P<.01) and 0.12 cm (P<.01) in
women who required cesarean delivery
(Tables 3 and 4; Supplemental
Figures 3 and 4).

The changes in HPD against fetal head
station and cervical dilation according to
the mode of delivery in the subgroups of
no obesity and obesity are given in
Tables 7 and 8.

Predictive performance of serial
intrapartum transperineal
ultrasound
For the prediction of women who
required cesarean delivery, a combi-
nation of maternal characteristics with
either psAOP or HPD per unit change
of cervical dilation both achieved an
AUROC of 0.79 (P<.01; Table 9). A
combination of maternal characteris-
tics with both ultrasound parameters
per unit change of cervical dilation
achieved an AUROC of 0.80 (P<.01).
The AUROCs of a combination of
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FIGURE 6
Serial measurements of parasagittal angle of progression from the commencement of induction of labor in a case of
cesarean delivery for failure to progress in labor

Serial measurements of parasagittal angle of progression from the commencement of induction of labor until cesarean delivery for failure to progress in
labor. The asterisk indicates caput succedaneum.
ARM, artificial rupture of the membranes; cm, centimeter.
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maternal characteristics with either
psAOP or HPD per unit change of
fetal head station were 0.87 and 0.77
(both P<.01), respectively. The addi-
tion of HPD to the combination of
maternal characteristics and psAOP
did not improve the AUROC
(Table 9).

For the prediction of women who
required cesarean delivery for failure to
progress (n¼32), a combination of
maternal characteristics with either
psAOP or HPD per unit change of
cervical dilation achieved AUROCs of
0.79 and 0.78 (both P<.01), respec-
tively (Table 10, Figure 5). A combi-
nation of maternal characteristics with
both ultrasound parameters per unit
change of cervical dilation achieved an
AUROC of 0.80 (P<.01). The AUROCs
of a combination of maternal charac-
teristics with either psAOP or HPD per
unit change of fetal head station were
0.85 (P<.01) and 0.74 (P¼.08),
respectively. The addition of HPD to
the combination of maternal charac-
teristics and psAOP did not improve
the AUROC (Table 10; Figure 5).
Figures 6 to 9 illustrate serial mea-

surements of psAOP and HPD from the
commencement of induction of labor
in women who require cesarean
delivery.

Comment
Principal findings of the study
With regard to the labor progress
defined by transperineal ultrasono-
graphic assessment of fetal head sta-
tion, women who require cesarean
delivery have a slower rate of fetal head
descent, as represented by both psAOP
and HPD against fetal head station and
cervical dilation, than do women who
OCTOBER 2019 Americ
achieve vaginal delivery. Objectively,
an additional decrease of 5.11 degrees
and 1.37 degrees in psAOP for an unit
increase in fetal head station and cer-
vical dilation, respectively, and an
additional increase of 0.27 cm and 0.12
cm in HPD for an unit increase in fetal
head station and cervical dilation,
respectively, are observed in women
who require cesarean delivery, after
accounting for confounders that
include parity, obesity, methods of in-
duction, and the use of epidural
anesthesia. The combination of
maternal characteristics and the tem-
poral changes of psAOP per unit
change of fetal head station achieves an
AUROC of 0.85 for the prediction of
women who require cesarean delivery
because of failure to progress; the
addition of HPD does not improve the
AUROC.
an Journal of Obstetrics & Gynecology 335.e11
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FIGURE 7
Serial measurements of head-perineum distance from the commencement of induction of labor in a case of cesarean
delivery for failure to progress in labor

Serial measurements of parasagittal angle of progression from the commencement of induction of labor until cesarean delivery for failure to progress in
labor. The asterisk indicates caput succedaneum; the circumflex accent mark indicates moulding.
ARM, artificial rupture of the membranes; cm, centimeter.
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Results in context
This is the first and largest prospective
longitudinal study to date to report on
the temporal changes of psAOP and
HPD throughout the first stage of la-
bor and shows the significant differ-
ences in ultrasound-determined labor
progress according to the 2 key modes
of delivery: vaginal vs cesarean de-
livery. Our results are similar to those
of previous studies24 that have
demonstrated a positive correlation
between psAOP and fetal head station
or cervical dilation and a negative
correlation between HPD and fetal
head station or cervical dilation
throughout labor independent of the
mode of delivery.55e57 Unlike previous
studies, which assessed only AOP and
HPD as single measurements, we are
able to demonstrate precisely the dif-
ferences in the ultrasound-determined
labor progress between vaginal and
335.e12 American Journal of Obstetrics & Gynec
cesarean delivery according to psAOP
and HPD per unit change of fetal
head station and cervical dilation over
time.
Our study shows that, after ac-

counting for confounders parity, it is an
independent factor that affects the as-
sociation between psAOP and fetal head
station or cervical dilation according to
the different modes of delivery. In
subgroup analysis, nulliparous women
who require cesarean delivery have an
additional decrease of 5.28 degrees and
1.54 degrees in psAOP, for an unit in-
crease in fetal head station and cervical
dilation, respectively; in multiparous
women who require cesarean delivery,
the respective additional decrease in
psAOP is 6.63 degrees and 1.05 degrees;
however, the latter does not achieve
statistical significance because of the
small number of cases (n¼8). A clinical
study of 4618 consecutive term
ology OCTOBER 2019
spontaneous vaginal deliveries that used
conventional digital vaginal examina-
tion in the determination of labor
progress has shown that, in comparison
with nulliparous women, multiparous
women tend to have a higher fetal head
station in the first stage of labor (cer-
vical dilation, <6 cm) but faster fetal
head descent since the beginning of
labor until fetal head station at þ2.58

Other studies, in which the authors
have used a robust statistical model to
evaluate the fetal descent curves, have
shown that multiparous women have
higher fetal head station for a longer
time before delivery, compared with
nulliparous women.59,60 Our study is
different from the previous studies
because we used a more objective
approach in determining labor prog-
ress, and we did not aim to evaluate the
different labor pattern between nullip-
arous and multiparous women.
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FIGURE 8
Serial measurements of parasagittal angle of progression from the commencement of induction of labor in a case of
cesarean delivery for failed induction of labor

Serial measurements of parasagittal angle of progression from the commencement of induction of labor until cesarean delivery for failed induction of
labor. The asterisk indicates caput succedaneum.
cm, centimeter.
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Obesity is known to be a risk factor
for labor dystocia, but the underlying
pathobiologic function is not well-un-
derstood.61 The relationship between
obesity and labor dystocia could be
associated with delayed cervical
ripening, reduced uterine myometrial
oxytocin receptor expression, and
myocyte dysfunction.62,63 In our study,
obesity has been found to be an inde-
pendent factor that affects the associa-
tion between HPD and fetal head
station or cervical dilation, according to
the different modes of delivery. In
subgroup analysis, obese women who
require cesarean delivery have an addi-
tional increase of 0.28 cm and 0.17 cm
in HPD for an unit increase in fetal
head station and cervical dilation,
respectively; in non-obese women who
require cesarean delivery, the respective
additional increase in HPD is 0.30 cm
and 0.11 cm. These findings imply a
possible effect of the increased subcu-
taneous tissue over the perineum in
obesity on the evaluation of ultrasound-
determined labor progress. The method
for the measurement of HPD, which is
the shortest distance from the outer
bony limit of fetal skull to skin surface
of perineum by a transperineal ultra-
sound examination, requires compres-
sion of the soft tissue in the perineum
with firm pressure without creating
discomfort for the women. This could
be a potential limitation with the use of
HPD in the evaluation of labor progress
in obese women. Nonetheless, further
studies to investigate the relationship
between obesity, fetal head station, and
labor dystocia are warranted.
We have demonstrated that the com-

bination of maternal characteristics and
temporal changes of psAOP per unit
change of fetal head station yields the
best AUROC and sensitivity (80% at
OCTOBER 2019 Americ
80% specificity) for the prediction of
cesarean delivery because of failure to
progress. These observations are novel.

Clinical implications
The use of a partogram in active labor is
recommended currently by the World
Health Organization.64 The World
Health Organization prospective trial in
South East Asia has reported that the use
of a partogram is associated with a
reduction in the rates of prolonged labor
(from 6.4e3.4%), of labor that requires
augmentation (from 20.7e9.1%), of
emergency cesarean delivery (from
9.9e8.3%), and of intrapartum still-
births (from 0.5e0.3%).65 However, a
Cochrane review has demonstrated that
the evidence of the effectiveness of par-
togram is inconclusive because there are
no differences in the rates of cesarean
delivery, the use of oxytocin, the dura-
tion of first stage of labor, or an Apgar
an Journal of Obstetrics & Gynecology 335.e13
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FIGURE 9
Serial measurements of head-perineum distance from the commencement of induction of labor in a case of cesarean
delivery for failed induction of labor

Serial measurements of head-perineum distance from the commencement of induction of labor until cesarean delivery for failed induction of labor.
cm, centimeter.
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score<7 at 5 minutes between the use of
partogram and no partogram.66 These
findings suggest that there are some
limitations of the partogram, which
include imprecise determination of cer-
vical dilation and lack of accurate timing
of cervical dilation assessment.67

Further, in current obstetric practice,
the partogram is used to guide labor
management irrespective of known fac-
tors that affect labor progress.48,52,53

Our study has demonstrated that se-
rial transperineal ultrasound measure-
ment of fetal head descent can be used to
differentiate the labor progress between
women who achieve a vaginal delivery
and those who require a cesarean
delivery. Parity and obesity are inde-
pendent predictors of ultrasound-
determined labor progress according to
modes of delivery. Such findings poten-
tially can guide clinicians to determine
whether diagnosis of labor dystocia
based on transperineal ultrasound of
fetal head descent is due to these factors
335.e14 American Journal of Obstetrics & Gynec
and therefore to adjust management
accordingly. In addition, serial mea-
surements of psAOP achieve a sensitivity
of 80% at 80% specificity for the pre-
diction of women who require cesarean
delivery because of failure to progress.

Research implications
Further research is required to replicate
our results. In addition, future work is
needed to evaluate whether transperineal
ultrasonographic parameters of fetal head
descent and known factors that affect la-
bor progress can be incorporated within
the existing partogram in a larger popu-
lation52 and demonstrate whether the in-
tegrated partogram can improve clinical
outcomes in terms of reduced morbidity,
improved safety, optimized use of re-
sources, and improved satisfaction of
women during labor and delivery.68

Strengths and limitations
Strengths of our study include (1) the
conduct of a large prospective longitudinal
ology OCTOBER 2019
study that involved women with singleton
pregnancy who underwent induction of
labor at term, (2) repeated measurements
of transperineal ultrasonographic param-
eters of fetal head station from the begin-
ning of labor and throughout the first
stage, (3) blinding of clinicians and re-
searchers to each other’s assessment to
minimize bias, (4) objective assessment
and quantification of labor progress by
serial transperineal ultrasonographic
assessment, and (5) an accounting for
known factors that affect ultrasound-
determined labor progress when the
temporal changes of psAOP and HPD are
being evaluated according to the modes of
delivery.

Main limitations of this study are that
our study population included mainly
Chinese women who were undergoing
labor induction because this would allow
the evaluation of labor progress and
acquisition of transperineal ultrasono-
graphic parameters from the beginning
of labor. Our results might not be
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generalizable to other ethnic populations
or represent labor progress in women
with spontaneous onset of labor.
Further, we combined cesarean de-
liveries for failed induction and failure to
progress because of the small number of
cases. Finally, our study population had a
very low rate of epidural anesthesia
(5.1%), which may raise concerns that
our results are not applicable to other
populations with higher epidural anes-
thesia rates.

Conclusions
In conclusion, we have demonstrated the
differences in labor progress between
women who achieve a vaginal delivery
and those who require a cesarean de-
livery objectively by serial intrapartum
transperineal ultrasonographic assess-
ment of fetal head descent, accounting
for known factors that affect labor
progress that includes parity and obesity.
This tool is potentially predictive of
women who will require cesarean de-
livery because of failure to progress. n
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SUPPLEMENTARY FIGURE 1
Changes in parasagittal angle of progression against fetal head station

Changes in parasagittal angle of progression against fetal head station between women who require cesarean delivery (red line) and women who achieve
vaginal delivery (blue line) in the subgroups of nulliparity and multiparity.

Tse et al. Ultrasound-determined labor progress according to modes of delivery. Am J Obstet Gynecol 2019.

SUPPLEMENTARY FIGURE 2
Changes in parasagittal angle of progression against cervical dilation

Changes in parasagittal angle of progression against cervical dilation between women who require cesarean delivery (red line) and women who achieve
vaginal delivery (blue line) in the subgroups of nulliparity and multiparity.

Tse et al. Ultrasound-determined labor progress according to modes of delivery. Am J Obstet Gynecol 2019.
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SUPPLEMENTARY FIGURE 3
Changes in head-perineum distance against fetal head station

Changes in head-perineum distance against fetal head station between women who require cesarean delivery (red line) and women who achieve vaginal
delivery (blue line) in the subgroups of no obesity and obesity.
cm, centimeter.

Tse et al. Ultrasound-determined labor progress according to modes of delivery. Am J Obstet Gynecol 2019.

SUPPLEMENTARY FIGURE 4
Changes in head-perineum distance against cervical dilation

Changes in head-perineum distance against cervical dilation between women who require cesarean delivery (red line) and women who achieve vaginal
delivery (blue line) in the subgroups of no obesity and obesity.
cm, centimeter.
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