
ISBN 978-82-326-4714-9 (printed ver.)
ISBN 978-82-326-4715-6 (electronic ver.)

ISSN 1503-8181

Doctoral theses at NTNU, 2020:183

Birgitte Heiberg Kahrs

Can ultrasound predict labour 
outcome in operative vaginal 
deliveries?D

oc
to

ra
l t

he
si

s

D
octoral theses at N

TN
U

, 2020:183
Birgitte H

eiberg Kahrs

N
TN

U
N

or
w

eg
ia

n 
U

ni
ve

rs
ity

 o
f S

ci
en

ce
 a

nd
 T

ec
hn

ol
og

y
Th

es
is

 fo
r t

he
 D

eg
re

e 
of

Ph
ilo

so
ph

ia
e 

D
oc

to
r

Fa
cu

lty
 o

f M
ed

ic
in

e 
an

d 
H

ea
lth

 S
ci

en
ce

s 
 

D
ep

ar
tm

en
t o

f C
lin

ic
al

 a
nd

 M
ol

ec
ul

ar
 M

ed
ic

in
e



































•

•

•

•



















°



























•

•

•

•

•

•

•



•

o

o

o

o

•

o

o

o









°









•

•

•

•















•

•

•



•

•

•

•

•

•









°















° ° °

°













 











°

° °





°

°









°







°

°







°

















































OBSTETRICS

Sonographic prediction of outcome of vacuum deliveries:
a multicenter, prospective cohort study
Birgitte H. Kahrs, MD; Sana Usman, MD; Tullio Ghi, MD, PhD; Aly Youssef, MD; Erik A. Torkildsen, MD, PhD; Elsa Lindtjørn;
Tilde B. Østborg, MD; Sigurlaug Benediktsdottir, MD; Lis Brooks, MD; Lotte Harmsen, MD, PhD; Pål R. Romundstad, PhD;
Kjell Å. Salvesen, MD, PhD; Christoph C. Lees, MD; Torbjørn M. Eggebø, MD, PhD

BACKGROUND: Safe management of the second stage of labor is of
great importance. Unnecessary interventions should be avoided and

correct timing of interventions should be focused. Ultrasound assessment

of fetal position and station has a potential to improve the precision in

diagnosing and managing prolonged or arrested labors. The decision to

perform vacuum delivery is traditionally based on subjective assessment

by digital vaginal examination and clinical expertise and there is currently

no method of objectively quantifying the likelihood of successful delivery.

Prolonged attempts at vacuum delivery are associated with neonatal

morbidity and maternal trauma, especially so if the procedure is unsuc-

cessful and a cesarean is performed.

OBJECTIVE: The aim of the study was to assess if ultrasound mea-

surements of fetal position and station can predict duration of vacuum

extractions, mode of delivery, and fetal outcome in nulliparous women with

prolonged second stage of labor.

STUDY DESIGN: We performed a prospective cohort study in nullip-
arous women at term with prolonged second stage of labor in 7 European

maternity units from 2013 through 2016. Fetal head position and station

were determined using transabdominal and transperineal ultrasound,

respectively. Our preliminary clinical experience assessing head-perineum

distance prior to vacuum delivery suggested that we should set 25 mm for

the power calculation, a level corresponding roughly to þ2 below the

ischial spines. The main outcome was duration of vacuum extraction in

relation to ultrasound measured head-perineum distance with a pre-

defined cut-off of 25 mm, and 220 women were needed to discriminate

between groups using a hazard ratio of 1.5 with 80% power and alpha 5%.

Secondary outcomes were delivery mode and umbilical artery cord blood

samples after birth. The time interval was evaluated using survival ana-

lyses, and the outcomes of delivery were evaluated using receiver

operating characteristic curves and descriptive statistics. Results were

analyzed according to intention to treat.

RESULTS: The study population comprised 222 women. The duration of
vacuum extraction was shorter in women with head-perineum distance

�25 mm (log rank test<0.01). The estimated median duration in women

with head-perineum distance�25 mm was 6.0 (95% confidence interval,

5.2e6.8) minutes vs 8.0 (95% confidence interval, 7.1e8.9) minutes in
women with head-perineum distance >25 mm. The head-perineum

distance was associated with spontaneous delivery with area under the

curve 83% (95% confidence interval, 77e89%) and associated with

cesarean with area under the curve 83% (95% confidence interval,

74e92%). In women with head-perineum distance �35 mm, 7/181

(3.9%) were delivered by cesarean vs 9/41 (22.0%) in women with head-

perineum distance>35 mm (P<.01). Ultrasound-assessed position was

occiput anterior in 73%. Only 3/138 (2.2%) fetuses in occiput anterior

position and head-perineum distance �35 mm vs 6/17 (35.3%) with

nonocciput anterior position and head-perineum distance >35 mm were

delivered by cesarean. Umbilical cord arterial pH<7.10 occurred in 2/144

(1.4%) women with head-perineum distance�35 mm compared to 8/40

(20.0%) with head-perineum distance >35 mm (P < .01).

CONCLUSION: Ultrasound has the potential to predict labor outcome
in women with prolonged second stage of labor. The information obtained

could guide whether vacuum delivery should be attempted or if cesarean is

preferable, whether senior staff should be in attendance, and if the vac-

uum attempt should be performed in the operating theater.

Key words: cesarean delivery, labor, sonography, transabdominal

ultrasound, transperineal ultrasound, umbilical artery blood samples,

vacuum extraction

Introduction
The tension between optimizing
neonatal outcome while promoting
vaginal delivery is nowhere more perti-
nent than in the management of the
second stage of labor. Prolonging the

upper limit of what is acceptable for
duration of the second stage of labor is
found to reduce the frequency of cesar-
ean delivery in nulliparous women.1

While a higher likelihood of vaginal de-
livery represents a beneficial maternal
outcome, this may not be without risk
for the fetus and hence led to concerns
from obstetricians.2 Furthermore,
equating vaginal delivery with optimal
outcome is simplistic, as complicated
vaginal deliveries are associated to
damage to the pelvic floor and anal
sphincter ruptures.3,4 No choice is risk
neutral and cesarean deliveries at low
fetal head station are also associated

with risk of maternal and fetal compli-
cations.5-7 So, the goal of obstetric care
in the second stage of labor must be to
avoid cesarean deliveries where assisted
or spontaneous vaginal delivery is likely
to be safe and achievable. Unnecessary
cesarean delivery has a cumulative effect
as it is widely accepted that prevention of
the primary cesarean delivery will have
an important influence on subsequent
deliveries.8 Sonography has the potential
to be helpful in deciscion-making.9

There are 130million birthsworldwide
every year, and 3-14% are operative
vaginal deliveries with highest rates
in high-resource countries.10,11 Failed
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operative deliveries are reported to occur
in 6.5% of vacuum extractions.12 The
determinants to achieve successful de-
livery and avoid fetal and maternal com-
plications rely on both accurate
assessments of fetal position and station,
and on operator skill.12 A consensus of
current guidance is that operative vaginal
delivery is not recommended above sta-
tion 0 in relation to the ischial spines and
that the duration of an operative vaginal
delivery should not exceed 20 mi-
nutes.13,14 Obstetrics, however, remains a
largely subjective art. In clinical obstetrics
the fetal head is considered engaged in the
mother’s pelvis when the leading part has
reached the level of maternal ischial spine
(station 0) based on digital examina-
tion.15 Such clinical assessment is sub-
jective, poorly reproducible, and
unreliable.16

Fetal head position is more precisely
examined with ultrasound than with
clinical examinations.17,18 In a trans-
abdominal scan the fetal head is consid-
ered engaged when the biparietal diameter
is below the maternal pelvic inlet.19 Using
transperineal ultrasound, fetal station can
be assessed as head-perineumdistance20-22

or angle of progression.23 The ischial
spines cannot be seen on ultrasound, but
station 0 was found to broadly correspond
with head-perineum distance around 35
mm and angle of progression around 120
degrees.24,25

Prolonged attempts at vaginal delivery
and failed operative vaginal deliveries are
associated with increased risk of fetal and
maternal complications.26,27 Hence,
greater diagnostic precision of fetal po-
sition,18 descent,28 and attitude29 is war-
ranted, and the recently described
techniques of intrapartum ultrasound
have the potential to improve accuracy of
assessments30 and to predict delivery
mode.31 The aim of this study was to
assess if ultrasoundmeasurements of fetal
position and station can predict duration
of vacuum extractions, mode of delivery,
and fetal outcome in nulliparous women
with prolonged second stage of labor.

Materials and Methods
We conducted a prospective cohort
study in nulliparous women with pro-
longed second stage of labor. Eligible for

inclusion were those with a live singleton
fetus in cephalic presentation and
gestational age �37 weeks and <42
weeks. The second stage of labor was
differentiated into a passive phase (<2
hours) and an active phase with pushing.
Women were included and examined
with ultrasound when the birth atten-
dant diagnosed prolonged second stage
of labor after at least 45 minutes of active
pushing and vacuum extraction was
considered. Repeated ultrasound exam-
inations were not performed. Women
were not eligible when fetal compromise
was suspected due to abnormal or non-
reassuring cardiotocography.
From November 2013 through July

2016, 223 women were recruited at Sta-
vanger University Hospital, Norway (n¼
135); University Hospital of Bologna,
Italy (n ¼ 34); Trondheim University
Hospital, Norway (n ¼ 16); Queen
Charlotte’s and Chelsea Hospital, Impe-
rial College Healthcare National Health
Service Trust, London, United Kingdom
(n ¼ 14); Lund University Hospital,
Sweden (n ¼ 9); Hvidovre University
Hospital, Copenhagen, Denmark (n ¼
9); and University Hospital of Parma,
Italy (n ¼ 6). All participating centers
had experience in transperineal scan-
ning, and the ultrasound examiners were
trained before the start of the study. The
ethics committees approved the study
with reference numbers Regional Ethics
Committee 2012/1865 in Norway; 3348/
2013 in Italy; Research Ethics Commit-
tee 15/LO/1341, ID project identification
169478 in the United Kingdom; Diarie
Number 2012/808 in Sweden; and H-4-
2014-038 in Denmark. All women gave
informed written consent and the study
was registered in Clinical Trials with
identifier NCT01878591.
First a transabdominal scan was per-

formed. Fetal head position was defined
using a transabdominal or transperineal
scan and categorized into occiput ante-
rior (OA) position (Figure 1 and video
clip 1) or non-OA position (posterior
or transverse position) (Figures 2 and 3
and video clips 2 to 4). The position was
described as a clock face with 12 hourly
divisions; positions �10 o’clock and �2
o’clock were classified as OA.32 Fetal
station was assessed from the

transperineal scan. The woman was
placed in a semirecumbent position with
the legs flexed at the hips and knees at
45-degree and 90-degree angles, respec-
tively, and a transperineal scan per-
formed after ensuring the bladder was
empty (Figure 4). Angle of progression
was measured in the sagittal plane as the
angle between the longitudinal axis of the
pubic bone and a line joining the lowest
edge of the pubis to the lowest convexity
of the fetal skull (Figure 5 and video
clip 5).23 Head-perineum distance was
measured in a transverse transperineal
scan (in the axial plane) as the shortest
distance from the outer bony limit of the

FIGURE 1
Fetus in occiput anterior position

Sagittal transabdominal image with transducer
in midline and occiput at 12 o clock.

Kahrs et al. Sonographic prediction of vacuum deliveries. Am
J Obstet Gynecol 2017.

FIGURE 2
Fetus in occiput posterior position

Transverse transabdominal image with fetal
nose at 10 o clock and occiput at 4 o clock.

Kahrs et al. Sonographic prediction of vacuum deliveries. Am
J Obstet Gynecol 2017.
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fetal skull to perineum (Figure 6 and
video clips 6 and 7). The transducer was
placed between the labia majora (in the
posterior fourchette), and the soft tissue
compressed with firm pressure against
the pubic bone without creating
discomfort for the woman.20,22,33,34 The
transducer was angled until the skull
contour was as clear as possible, indi-
cating that the ultrasound beam was
perpendicular to the fetal skull. A cin-
eloop was stored and used to identify the
shortest distance possible between the

transducer (perineum) and the fetal
skull. This distance represents the
remaining part of the birth canal for the
fetus to pass. The transperineal mea-
surements were done between contrac-
tions, and all ultrasound measurements
were done online 2-dimensionally in the
labor room. Neither the women nor the
birth attendant were informed about
the ultrasound results. The ultrasound
operator was not involved in clinical
decisions or management of labor. Both
obstetricians and midwives performed
ultrasound examinations.
The ultrasound devices used were GE

Voluson i (GE Medical Systems, Zipf,
Austria) or GE Voluson S6 in Stavanger
(GE Medical Systems), Norway, and GE
Voluson i in Trondheim, Norway; Lund,
Sweden; Copenhagen, Denmark; and
Bologna, Italy (GE Medical Systems). In
London, United Kingdom, Samsung
PT60A and Samsung HM70 were used,
and in Parma, Italy, a Samsung WS70
was used (Samsung, Seoul, Republic of
Korea). The Malmstrom vacuum cup
was the preferred device used in Sta-
vanger and Trondheim, Norway; Lund,
Sweden; London, United Kingdom; and
Copenhagen, Denmark. In Bologna and
Parma, Italy, the Kiwi cup was used.
Body mass index was calculated from
maternal height and prepregnant weight.

Cord blood was obtained by direct
puncture of the umbilical artery without
clamping of the cord, and acid-base
analysis was performed immediately af-
ter collecting the samples. Umbilical ar-
tery pH <7.10, known to be associated
with adverse neonatal outcome, was
used as the cut-off level.35,36

The main outcome measure was
duration of vacuum extractions. Sec-
ondary outcomes were frequencies of
spontaneous deliveries, vacuum extrac-
tions, cesarean deliveries, and umbilical
artery blood samples after birth (pH and
base excess).

Power analysis
Our preliminary clinical experience
assessing head-perineum distance prior
to vacuum delivery suggested that we
should set 25 mm for the power calcu-
lation, a level corresponding approxi-
mately to þ2 below the ischial spines.
The main outcome of the study was
duration of vacuum extraction analyzed
using survival analyses. The main pre-
dictor variable was head-perineum dis-
tance with a predefined cut-off at 25 mm
to discriminate between the groups. To
identify a hazard ratio (HR) as low as 1.5
with 80% power, 2-sided test, with alpha
5%, one third of the women with dis-
tance >25 mm and two thirds with dis-
tance �25 mm, we determined that 220
women should be included when
expecting 10% censoring. The calcula-
tions were based on log rank test using
the Freedman method and performed in
a statistical program (Stata for Windows,
Version 12; StataCorp, College Station,
TX).

Statistical analyses
Variables were compared using c2 test
and linear regression. To evaluate dif-
ferences in the time interval from start of
vacuum extraction to complete delivery
according to head-perineum distance
and angle of progression, we used
Kaplan-Meier methods and Cox37

regression analyses. The Kaplan-Meier
method was used to generate survival
plots, and we used head-perineum dis-
tance 25 mm as cut-off value in accor-
dance with the power analysis. Cox
regression was used to calculate HR as an

FIGURE 3
Fetus in left occiput transverse
position

Transverse transabdominal image with occiput
at 3 o clock.

Kahrs et al. Sonographic prediction of vacuum deliveries. Am
J Obstet Gynecol 2017.

FIGURE 4
Placement of transducer measuring head-perineum distance

Woman is placed in semirecumbent position with legs exed at hips and knees at 45-degree and 90-
degree angles, respectively. Transducer placed transverse in posterior fourchette (red line) when
head-perineum distance measured and rotated to sagittal plane when angle of progression
measured.

Kahrs et al. Sonographic prediction of vacuum deliveries. Am J Obstet Gynecol 2017.
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estimate for relative risk of delivery. In
the Cox regression analysis we controlled
for fetal position, prepregnancy body
mass index, maternal age, induction of
labor, epidural analgesia, and augmen-
tation with oxytocin, and in an addi-
tional analysis we included institution as
a covariate. Women with a spontaneous
vaginal delivery were not included in the
survival analyses and cesarean deliveries
were right censored at the time of the
decision to perform a cesarean delivery.
Cox regression assumes proportional

hazards, and this was evaluated by log
minus log plots and tests of Schoenfeld
residuals using the global and detailed ph
test in Stata software. The assumption
was satisfied (P ¼ .66).
The association between head-

perineum distance and delivery mode
was analyzed at 5 different cut-off levels:
�20, 21-25, 26-30, 31-35, >35. In a
previous study 35 mm was found to
correspond to station <0 by clinical ex-
aminations,24 therefore, we focused on
35 mm as cut-off level and presented test
characteristics related to this level. The
association between angle of progression
and delivery mode was analyzed at cut-
off levels: <120, 120-129, 130-139,
140-149,�150 degrees. The associations
between spontaneous and cesarean de-
livery related to head-perineum distance
and angle of progression as continuous
variables were evaluated using receiver
operating characteristic (ROC) curves.
These analyses were first performed as
intention to treat because cesarean de-
liveries done without a vacuum attempt
were included. Thereafter, we did sepa-
rate analyses that only included cesarean
deliveries performed after a vacuum
attempt. The area under the curve was
considered to have discriminatory po-
tential if the lower limit of the confidence
interval (CI) was >0.5. P < .05 was

considered statistically significant.38

Data were analyzed with the statistical
software package SPSS Statistics, Version
23.0 (IBMCorp, Armonk, NY) and Stata
for Windows, Version IC 13.

Results
Study population
A total of 223 women were included
and 1 woman was excluded because
information about the main outcome
was missing, leaving 222 women in the
study population. Figure 7 is a flow
chart illustrating delivery methods.
Head-perineum distance was success-
fully measured in all women and angle
of progression was successfully
measured in 182/222 (82%). Charac-
teristics of the study population
differentiated between women with
head-perineum distance �25 mm vs
>25 mm are presented in Table 1.

Duration of vacuum extraction
Survival analyses were performed in
women with a vacuum attempt. The
duration of operative delivery was
significantly shorter in women with
head-perineum distance �25 mm (log
rank test <0.01) (Figure 8). The esti-
mated median duration (Kaplan-Meier
analyses) in womenwith head-perineum
distance �25 mm was 6.0 (95% CI,
5.2e6.8) minutes vs 8.0 (95% CI,
7.1e8.9) minutes in women with head-
perineum distance >25 mm. The HR
in Cox regression analyses was 0.56 (95%
CI, 0.41e0.78) and adjusted value 0.58
(95% CI, 0.41e0.82). Head-perineum
distance and angle of progression were
analyzed as continuous variables in
separate analyses. They were both
significantly associated with the duration
of operative vaginal deliveries after
adjusting for covariates. Adjusted HR
was 0.96 (95% CI, 0.94e0.98) for
increasing head-perineum distance
(Table 2) and 0.98 (95% CI, 0.97e0.996)
for decreasing angle of progression. The
center-adjusted HR estimate for
increasing head-perineum distance was
0.93 (95% CI, 0.91e0.96) when the
centers were included in the analysis.
Duration was >20 minutes in 3 women
and 3 women had >2 cup detachments.
The median duration from the

FIGURE 5
Measurement of angle of
progression

Sagittal transperineal image illustrating mea-
surement of angle of progression (AoP).

Kahrs et al. Sonographic prediction of vacuum deliveries. Am
J Obstet Gynecol 2017.

FIGURE 6
Measurement of head-perineum distance

Transverse transperineal image (frontal plane related to woman) illustrating measurement of head-
perineum distance (double arrow). Head midline and molding are seen.

Kahrs et al. Sonographic prediction of vacuum deliveries. Am J Obstet Gynecol 2017.
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ultrasound examination to delivery was
25 (interquartile range 15-38) minutes.

Fetal station
Median head-perineum distance in
women with fetal head station of 0 from
clinical examination was 36 mm, mean
34 mm, range 15-49 mm, and inter-
quartile range 7 mm. Median angle of
progression in women with palpated
station 0 was 132 degrees, mean 133
degrees, range 112-164 degrees, and
interquartile range 24 degrees.

Delivery mode
Head-perineum distance and angle of
progression were correlated (r ¼ 0.48).
The associations between delivery mode
and head-perineumdistance and angle of
progression were categorized into 5
different groups as presented in Figures 9
and 10. The frequency of cesarean de-
liveries was 1% (1/99) in women with
head perineum distance�25mmvs 12%

(15/122) in women with distance >25
mm (P < .01). Using head-perineum
distance >35 mm as cut-off level, the
sensitivity in predicting cesarean delivery
was 56% (95% CI, 33e77%), false-
positive rate was 16% (95% CI,
11e21%), positive predictive value was
22% (95% CI, 12e33%), and negative
predictive value was 96% (95% CI,
92e98%). Head-perineum distance and
angle of progression were significantly
associated with a spontaneous delivery
with area under the ROC curve 83%
(95% CI, 77e89%) (Figure 11) and 75%
(95% CI, 66e85%), respectively, but
only head-perineum distance was signif-
icantly associated with cesarean delivery;
area under the ROC curve was 83% (95%
CI, 74e92%) for head-perineum dis-
tance (Figure 12) vs 56% (95% CI,
42e69%) for angle of progression.
We separately analyzed the association

of cesarean delivery with head-perineum
distance after a vacuum attempt. This

occurred in 14/173 (8%) vacuum ex-
tractions and the results were similar to
the intention-to-treat analyses. Head-
perineum distance was associated with
a cesarean with 83% (95% CI, 73e93%)
vs angle of progression with 52% (95%
CI, 38e66%).

Ultrasound-assessed position was OA
in 73% and non-OA in 23% with
missing information in 4%. In women
with head-perineum distance �35 mm
7/181 (3.9%) were delivered by cesarean
delivery vs 9/41 (22.0%) in women with
head-perineum distance >35 mm (P <
.01). In fetuses with OA position 6/162
(3.7%) were delivered by cesarean
compared to 10/50 (20.0%) in non-OA
position (P < .01). Only 3/138 (2.2%)
of fetuses in OA position in combination
with head-perineum distance �35 mm
were delivered by cesarean and 6/17
(35.3%) with non-OA position in com-
bination with head-perineum distance
>35 mm were delivered by cesarean.

Umbilical artery blood samples
pH in the umbilical artery were
measured in 184/222 (83%) cases. Only
1 newborn had pH <7.0 (pH 6.90 and
base excess 18). This baby was delivered
by vacuum and head-perineum distance
before start of vacuum was 38 mm. pH
<7.10 occurred in 10 newborns, and
head-perineum distance was>35mm in
8/40 (20.0%) compared to 2/144 (1.4%)
in cases with head-perineum distance
�35 mm (P < .01). Base excess was >12
in 3 cases in which head-perineum dis-
tance was >35 mm in 2.

Comment
Principal ndings
The main finding in our study was a
significant association between
ultrasound-assessed fetal station and
duration of vacuum extraction. Fetal
station assessed with head-perineum
distance and angle of progression pre-
dicted the probability of a spontaneous
delivery, but only head-perineum dis-
tance predicted cesarean delivery. We
observed significant association between
low umbilical cord pH and head-
perineum distance >35 mm.

The importance of these findings dif-
fers in high and low resource countries.

FIGURE 7
Study population

Flow chart of study population.

Kahrs et al. Sonographic prediction of vacuum deliveries. Am J Obstet Gynecol 2017.
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Firstly, the transperineal scan requires
little training and can be undertaken
with the type of ultrasound equipment
frequently found in many delivery units

worldwide. Thus, the technique is
generalizable. In high-income countries,
the benefit of the technique is 3-fold: (1)
a previously subjective and unreprodu-
cible measurement is converted into an
objective and recordable measure; (2)
knowledge of the likely difficulty and
duration of labor will determine the
seniority of the operator and the setting
of the delivery; and (3) the likelihood of
cesarean delivery can be discussed with
the woman and a decision made in
advance not to proceed with a potentially
futile attempt at vacuum delivery.
In many low- and mid-resource

countries there is an increase in cesar-
ean rates and declining use of operative
vaginal deliveries, including vac-
uum.10,39 In the United States a declining
trend is also observed.40 In low-resource
countries cesarean delivery is associated
with increased risk of maternal compli-
cations and high risk of uterine rupture
in subsequent pregnancies.41 Training of
clinicians in vacuum deliveries might
reduce the frequency of late-stage ce-
sarean deliveries40,42 and use of intra-
partum ultrasoundmight add important

information and reassure clinicians that
a vacuum attempt at low stations has low
risk of failure. New studies in low-
resource settings are necessary.

Clinical signi cance
We found that head-perineum distance
�20 mm was associated with a high
probability of a spontaneous delivery
(Figure 9), and birth attendants might be
patient in these situations as long as the
fetal heart rate is normal. In a previous
study head-perineum distance >35 mm
corresponded to station �0,24 and this
finding agreed well with our new study
(mean head-perineum distance 34 mm
and median head-perineum distance 36
mm at clinically assessed station 0). It is
usually not recommended to perform an
operative vaginal delivery at levels above
this station.13 We found that the proba-
bility of cesarean in women with head-
perineum distance >35 mm was 22%
and 35% if it was combined with a non-
OA position. A failed operative vaginal
delivery is associated with risks for the
mother and the fetus and a fearful
experience for the woman. Our study

TABLE 1
Characteristics of study population

Head-perineum distance �25
n ¼ 99

Head-perineum distance >25
n ¼ 123

Maternal characteristics

Maternal age, y 29 20e43 30 17e41

Prepregnant body mass index 23 18e39 24 18e39

Gestational age, wk 40 38e42 40 37e42

Labor characteristics

Induction of labor 30 (30) e 43 (35) e

Epidural analgesia 80 (81) e 95 (77) e

Oxytocin augmentation 72 (73) e 98 (80) e

Characteristics of newborn

Birthweight, g 3660 2570e4665 3650 2152e4930

5-min Apgar score 10 7e10 10 5e10

pH in umbilical artery, n ¼ 184 7.24 7.09e7.43 7.24 6.90e7.40

Birth characteristics

Bleeding, mL 400 100e2000 400 100e3400

Third- and fourth-degree anal sphincter tears 8 (8) 6 (5)

Values are median, n (%), or range.

Kahrs et al. Sonographic prediction of vacuum deliveries. Am J Obstet Gynecol 2017.

FIGURE 8
Duration of vacuum extractions

Kaplan-Meier plot of time from start of vacuum
extraction to delivery within 20 minutes differ-
entiated into those with head-perineum distance
�25 mm (blue) and >25 mm (green). Women
who were delivered by cesarean were censored
at time when decision to convert to cesarean
was done (P < .01; log rank test).

Kahrs et al. Sonographic prediction of vacuum deliveries. Am
J Obstet Gynecol 2017.
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confirms that vacuum deliveries at high
station are associated with a high failure
risk, but at head-perineum distance
levels<35 mm there is very good chance
(96%) of a vaginal delivery. Another
important finding is that pH <7.10 was
more commonly observed among cases
with head-perineum distance >35 mm.
Although our study did not include fe-
tuses with suspected compromise before
start of vacuum, a significantly lower pH
in cases with greater head-perineum
distance might be explained by the
longer duration of vacuum extractions at
higher levels.

Research implications
Labor progress in the second stage of la-
bor is evaluated by fetal descent and
traditionally assessed by clinical assess-
ment of station.43 In 1977 Lewin et al44

assessed fetal head station by ultra-
sound. They measured the distance from
the fetal head to the sacral tip. Barbera

et al23 suggested angle of progression as a
measure of head descent and found that
an angle of >120 degrees was associated
with subsequent spontaneous vaginal
deliveries. Sonographically assessed head
station has already been shown to be
associated with duration of labor and
delivery mode in nulliparous women
with prolonged first stage.33,34 Kalache
et al45 evaluated 41 women with pro-
longed second stage of labor, but included
only the 26 women with OA position in
the final analyses. They found that angle
of progression >120 degrees was associ-
ated with a spontaneous delivery or an
easy vacuum extraction.45 Henrich et al46

studied 20 women and found that head
direction with respect to the long axis of
the symphysis was associated with a suc-
cessful operative vaginal delivery. Sainz
et al47 found that angle of progression
<105 degrees and head-down direction
before vacuum extraction was very un-
favorable. Bultez et al14measured angle of

progression in 235 women immediately
before vacuum extraction. Duration of
extraction exceeding 20 minutes or
detaching of the vacuum cup >3 times
were defined as failed vacuum extraction.
The area under the ROC curve for pre-
dicting failure of vacuum extraction was
67% (95% CI, 57e77%) with optimal
cut-off at 146 degrees. Our results cannot
be directly compared with this study

TABLE 2
Cox regression analysis for predicting duration of vacuum extraction in
nulliparous women with slow progress in second stage of labor

Unadjusted
HR 95% CI

Adjusted
HR 95% CI

Head-perineum distancea 0.96 0.94e0.98 0.96 0.94e0.98

Body mass indexa 1.05 1.004e1.09 1.05 1.01e1.10

Maternal agea 0.99 0.97e1.03 1.00 0.96e1.03

Fetal position (n ¼ 212)

Occiput anterior
(reference)

1.00 e 1.00 e

Nonocciput anterior 0.46 0.32e0.68 0.56 0.38e0.84

Induction of labor

No (reference) 1.00 e 1.00 e

Yes 0.97 0.69e1.36 1.10 0.76e1.60

Epidural analgesia

No (reference) 1.00 e 1.00 e

Yes 0.69 0.47e1.03 0.73 0.49e1.10

Augmentation with oxytocin

No (reference) 1.00 e 1.00 e

Yes 0.75 0.52e1.09 0.87 0.59e1.29

HR with CI not crossing 1.0 were assumed signi cant.

CI, con dence interval; HR, hazard ratio.

a Analyzed as continuous variable.

Kahrs et al. Sonographic prediction of vacuum deliveries. Am J Obstet Gynecol 2017.

FIGURE 9
Delivery mode related to head-
perineum distance

Distribution of spontaneous (green), operative
vaginal (blue), and cesarean (red) deliveries in
relation to head-perineum distance in nullipa-
rous women with prolonged second stage of
labor.

Kahrs et al. Sonographic prediction of vacuum deliveries. Am
J Obstet Gynecol 2017.

FIGURE 10
Delivery mode related to angle of
progression

Distribution of spontaneous (green), operative
vaginal (blue), and cesarean (red) deliveries in
relation to angle of progression in nulliparous
women with prolonged second stage of labor.

Kahrs et al. Sonographic prediction of vacuum deliveries. Am
J Obstet Gynecol 2017.
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because our prespecified outcome was
different. We found that head-perineum
distance predicted cesarean delivery with
area 83% (95% CI, 74e92%) under the
ROC curve. It should be noted that in our

study the duration of vacuum extraction
exceeded 20 minutes in only 3 women, 3
women experienced >2 detachments,
and that the frequency of cesarean after a
vacuum attempt was 8%. In the original
studies angle of progressionwas only used
in OA fetuses. In our study, all positions
were included. The third cardinal move-
ment is different in occiput posterior
positions48,49 and this might explain why
angle of progression did not predict ce-
sarean. Because varying cut-off levels for
the angle of progression in predicting
cesarean deliveries are suggested in pre-
vious studies (from120-146 degrees),14,45

we decided to investigate angle of pro-
gression as a continuous variable.
Head-perineum distance is easy to

measure and can be used at all stations.
The transabdominal transducer should
be placed in the posterior fourchette and
pressed until resistance against the pubic
arches is achieved. Repeatability has been
investigated in a previous study. The
intraobserver variation was within 3mm
in 87%, and the interobserver variation
was within 3 mm in 61%. The limits of
agreement for intraobserver variation
were e3.0 to 5.3 mm, and for interob-
server agreement e8.5 to 12.3 mm.20 A
randomized study is warranted, but it
might be difficult to perform because
adverse fetal outcomes are fortunately
rare. It is shown that women prefer ul-
trasound examinations before vaginal
examination,50,51 and maternal experi-
ences of fear and pain might be used as
outcomes in a future randomized study.

Strengths and limitations
Strengths of this study are the multi-
center design, inclusion of only nullipa-
rous women with prolonged second
stage in the active phase of labor, and
that the ultrasound examiners and the
birth attendants were blinded to each
other s findings. Limitations of the study
were that some centers had few in-
clusions and that different vacuum de-
vices were used. The study period was
long with relatively few inclusions/
months because it was often difficult to
find ultrasound examiners not involved
in the clinical care, and the integrity of
the study relied on study examinations
not biasing clinical decisions.

Inmeasuring angle of progression, the
complete length of the symphysis and
the skull contour should be visualized on
the same image; this failed in 18% of the
cases. Women could be included after 45
minutes of active pushing. In the Nor-
wegian guidelines operative delivery is
recommended after 1 hour of active
pushing.52 This period differs from rec-
ommendations in many other countries
and might affect the external validity of
the study since the majority of partici-
pants were Norwegian women. The final
decision of delivery method was based
on subjective considerations of the
responsible physician, and difficult to
standardize. The study design was
observational, and local guidelines
should be followed.

Conclusion
In summary, ultrasound measurement
in women with prolonged second stage
of labor might predict duration of
assisted vaginal delivery and the likeli-
hood of cesarean delivery, and was
associated with fetal acid-base status. We
did not examine the clinical impact of
this information nor did we attempt to
change clinical decision-making. This
work sets the scene for further studies of
management in prolonged second stage
of labor. n
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Abstract

Introduction. The aim of the study was to investigate fetal head rotation during

vacuum extraction. Material and methods. We conducted a prospective cohort

study from November 2013 to July 2016 in seven European hospitals. Fetal

head position was determined with transabdominal or transperineal ultrasound

and categorized as occiput anterior (OA), occiput transverse (OT) or occiput

posterior (OP) position. Main outcome was the proportion of fetuses rotating

during vacuum extraction. Secondary outcomes were conversion of delivery

method, duration of vacuum extraction, umbilical artery pH <7.10 and

agreement between clinical and ultrasound assessments. Results. The study

population comprised 165 women. During vacuum extraction 117/119 (98%)

remained in OA and two fetuses rotated to OP position. Rotation from OT to

OA position occurred in 14/19 (74%) and to OP position in 5/19 (26%).

Rotation from OP to OA position occurred in 15/25 (60%), and 10/25 (40%)

fetuses remained in OP position. Delivery information was missing in two

cases. The conversion rate from vacuum extraction to cesarean section or

forceps was 10% in the OA group vs. 23% in the non-OA group; p < 0.05.

The estimated duration of vacuum extraction was significantly shorter in OA

fetuses, 7 min vs. 10 min (log rank test p < 0.01). There was no significant

difference in umbilical artery pH < 7.10 between OA and non-OA position.

Cohens Kappa of agreement between clinical and ultrasound assessments was

0.42 (95% CI 0.26–0.57). Conclusion. Most fetuses in OP or OT positions

rotated to OA position during vacuum extraction, but the proportion of failed

vacuum extractions remained high.

Abbreviations: CI, confidence intervals; OA, occiput anterior; OP, occiput

posterior; OT, occiput transverse.

Introduction

In early labor approximately 30% of fetuses are in occiput

posterior (OP) position (1). At delivery, this is reduced

to 5–8% (1) because most OP fetuses will rotate to occi-

put anterior (OA) position during labor (2). Persistent

Key Message

During vacuum extractions, most fetuses rotate from

occiput posterior and occiput transverse position to

occiput anterior position.

2018 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 1



OP position at delivery is usually due to failure of rota-

tion rather than malrotation from OA position or occiput

transverse (OT) position (1,3). Spontaneous rotation is

not only influenced by the position of the fetal head, but

also by the position of the fetal spine (4). An android

shape of the female pelvis with a narrow subpubic arch

angle predisposes to persistent OP position (5). Ultra-

sound is found to be more accurate in diagnosing fetal

position than digital examination (6,7).

An OP position in active labor is associated with

higher risk of prolonged labor, artificial rupture of mem-

branes, augmentation with oxytocin and operative deliv-

ery (8). OP position at delivery is associated with higher

risk of anal sphincter rupture (9), low 5-min Apgar score,

low umbilical artery pH and admission to neonatal inten-

sive care unit (8).

Many clinicians say that a malpositioned fetus may

rotate during vacuum extraction and we hypothesized

that this is true. The proportion of fetuses eventually

rotating during the procedure is not known. The aim of

the study was to investigate fetal head rotation during

vacuum extraction.

Material and methods

The present study was part of a multicenter cohort study

comprising nulliparous women at term with slow pro-

gress in the second stage of labor. We have previously

published duration of vacuum extraction related to fetal

head station, and in accordance with a power calculation

in this study the sample size of 220 women was estab-

lished (10). Women were not eligible for inclusion if fetal

compromise was suspected due to nonreassuring car-

diotocography.

The inclusion period was November 2013 to July 2016.

The participating centers were Stavanger University

Hospital, Norway; University Hospital of Bologna, Italy;

Trondheim University Hospital, Norway; Queen Char-

lotte’s and Chelsea Hospital, Imperial College Healthcare

NHS Trust, UK; Lund University Hospital, Sweden; Hvi-

dovre University Hospital, Denmark; and University

Hospital of Parma, Italy.

In the present study, we included all women with a

vacuum attempt. Second stage of labor was differentiated

into a passive phase (<2 h) and an active phase with

pushing. Women were eligible for inclusion when the

birth attendant diagnosed slow progress in second-stage

labor according to the local hospital definition, and the

ultrasound examination was performed after at least

45 min of active pushing and a vacuum extraction was

considered.

The main outcome was the proportion of fetuses rotat-

ing in relation to the starting position of the fetal head

(OP, OT or OA position) during vacuum extraction. Sec-

ondary outcomes were conversion of delivery method,

time from start of vacuum extraction to delivery, umbili-

cal artery pH < 7.10 and agreement between clinical and

ultrasound assessments.

Fetal head position was defined with transabdominal or

transperineal ultrasound and recorded as the position on

a ‘clock’ divided into half-hourly sections (6,11,12). Posi-

tions from 2.30 to 3.30 were recorded as left OT and

positions from 8.30 to 9.30 as right OT. Positions from

4.00 to 8.00 were recorded as OP, and positions from

10.00 to 2.00 as OA position (13). Transabdominal ultra-

sound was performed both transversely and longitudinally

related to the mother. Landmarks were the cervical spine,

orbits, cerebral midline echo, cerebellum and choroid

plexus. At low stations, intracerebral structures were

sometimes better visualized using a transperineal

approach (11,14). All ultrasound examinations were car-

ried out online in the delivery room. Both doctors and

midwives performed ultrasound examinations and they

were all trained in the procedures before the start of the

study. Neither the women in labor nor the responsible

birth attendants were informed about results from the

ultrasound team, and the ultrasound operators were not

involved in clinical decisions or management of labor.

The birth attendants in charge of the delivery were the

doctors and midwives on call that day. They recorded

fetal position based on clinical examination in accordance

with the protocol; but were allowed to use ultrasound

themselves if needed for decision-making. Active rotation

during vacuum extractions was not performed.

The ultrasound devices used were GE Voluson i (Sta-

vanger, Trondheim, Lund, Bologna, Copenhagen) or GE

Voluson S6 (Stavanger) (GE Medical Systems, Zipf, Aus-

tria). In London, Samsung PT60A and Samsung HM70

were used (Samsung Medison, Seoul, Republic of Korea).

In Parma, a Samsung WS70 was used (Samsung Medi-

son). In Stavanger, Trondheim, Lund, London and

Copenhagen metal vacuum cups were preferred, whereas

in Bologna and Parma Kiwi cups were used. Body mass

index was calculated from prepregnant weight and mater-

nal height.

Statistical analyses

Categorical variables were compared using chi-squared

test and Cohen’s Kappa. To evaluate differences in the

time interval from start of vacuum extraction to complete

delivery according to fetal position, we used Kaplan–
Meier methods and Cox regression analyses. The Kaplan–
Meier method was used to generate survival plots, and we

differentiated between OA and non-OA positions and

compared with log rank test. Cox regression analyses were
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used to calculate hazard ratio as an estimate for relative

risk of delivery. In the Cox regression analysis we con-

trolled for fetal position, prepregnancy body mass index,

maternal age, induction of labor, epidural analgesia and

augmentation with oxytocin.

Cesarean sections and women with duration of vacuum

extraction >20 min were censored. Cox regression

assumes proportional hazards, and this was evaluated by

log minus log plots. Values of p that were <0.05 were

considered significant. Data were analyzed with the statis-

tical software package SPSS statistics version 24.0 (IBM

SPSS; IBM Corp., Armonk, NY, USA).

Ethical approval

The local ethics committees approved the study with ref-

erence numbers REK 2012/1865 in Norway, 3348/2013 in

Italy, REC reference 15/LO/1341; IRAS project ID 169478

in UK, DNR 2012/808 in Sweden and H-4-2014-038 in

Denmark. All women gave informed written consent, and

the study was registered in Clinical Trials with identifier

NCT01878591.

Results

The original study population comprised 222 women

among whom vacuum delivery was attempted in 173

women. Eight women were excluded because position

was not determined with ultrasound. The final study pop-

ulation comprised 165 women, of whom 121 (73%)

fetuses were in OA, 19 (12%) in OT and 25 (15%) in OP

positions before operative vaginal delivery. Figure 1

demonstrates a flow chart of the study population.

Characteristics of the study population differentiated

into OA, OT and OP positions are shown in Table 1.

During vacuum extraction, 117/119 (98%) remained in

OA and two fetuses rotated to OP position. Rotation

from OT to OA position occurred in 14/19 (74%) and to

OP position in 5/19 (26%). Rotation from OP to OA

position occurred in 15/25 (60%), and 10/25 (40%)

fetuses remained in OP position. (Figure 2). There was

missing information about position at delivery in two

women.

The median time from ultrasound examination to start

of delivery was 16 min (interquartile range 4–27 min).

The duration of vacuum extraction was significantly

shorter in fetuses with OA position compared with non-

OA position (log rank test <0.01).
The estimated median duration in OA position was

7 min (95% CI 6.3–7.7) vs. 10 min (95% CI 7.8–12.2) in
non-OA position (Figure 3). The adjusted hazard ratio

for vaginal delivery in fetuses starting from non-OA posi-

tions analyzed with the Cox regression method was 0.53

(95% CI 0 0.36–0.79). Unadjusted and adjusted results

from the Cox regression analyses are presented in

Table 2. Two cases were censored due to vacuum extrac-

tion >20 min and 14 due to cesarean section.

Vacuum delivery was converted to cesarean section or

forceps in 6/25 (24%) fetuses in OP position, in 4/19

(21%) in OT position and in 12/121 (10%) in OA

position. The conversion rate in the OA group (10%) was

significantly different from the conversion rate in the

non-OA group (23%); p < 0.05.

The number of newborns with umbilical artery pH

<7.10 was 7 (6%) in OA and 2 (5%) in non-OA posi-

tions, and this difference was not statistically significant;

p = 0.76.

The clinicians performing vacuum extractions classified

position with vaginal examination in 139/165 (84%) of

the women and they agreed with ultrasound findings in

classifying OA position in 87/102 (84%), OT position in

6/15 (40%) and OP position in 12/22 (55%) cases;

Cohen’s Kappa 0.42 (95% CI 0.26–0.57).

Discussion

We observed that most fetuses that were in an OP or OT

position before the start of vacuum extraction rotated

during the procedure, and that malrotation from OA to

OP position was rare. The conversion rate from vacuum

delivery to different delivery method was more than dou-

ble in non-OA position compared with OA positions;

however, this was not reflected in low umbilical cord pH

in the newborn.

Fetal head position can be classified in different ways.

We preferred a circle, transformed to a clock face (1)

rather than eight equal sectors of 45 degrees. Intrapartum

assessment of fetal head position is traditionally per-

formed by digital vaginal examination. Ultrasound exami-

nation of fetal head position is easy to learn and reliable

in novice hands (15). Several studies have compared vagi-

nal examination and ultrasound. If the fetal head is in

OP position, vaginal examination is found to result in

incorrect diagnosis in around 50% of cases (6), which is

in accordance with our findings. A randomized controlled

trial concluded that the incidence of incorrect diagnosis

of fetal position before instrumental vaginal delivery was

significantly lower in an ultrasound group compared with

a vaginal examination group, 1.6% vs. 20.2% (7). In a

reproducibility study the interobserver agreement of

ultrasound determination of fetal head position was

within 15° in 90% of cases, and within 30° of all cases

(16).

Fetal head position should be known before performing

operative delivery due to slow progress. The vacuum cup

should be placed over the flexion point, which in an OP
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position is more posterior compared with fetuses in OA

position. When incorrect technique is used, and the cup

is incorrectly placed, risk of cup detachment and harm

increases (17). The experience of the birth attendant is

also related to the failure rate, and continuous training in

operative vaginal deliveries is advised (18). Traction

should follow the third cardinal movement (deflexion in

OA positions, and flexion first then followed by deflexion

in OP positions). Exact knowledge of position is also

essential for correct placement of forceps.

Both OP and OT positions in the second stage of labor

can be managed expectantly or actively. Expectant man-

agement early in the second stage is appropriate if the

fetal heart rate is reassuring and labor is progressing.

Between 50 and 80% of fetuses will spontaneously rotate

to OA position (1,2). Active management options include

manual rotation, vacuum deliveries, traction forceps,

rotational forceps or cesarean section. A success rate of

around 90% has been reported using manual rotation,

and an increase in rate of spontaneous vaginal delivery of

> 50% was observed in the group who underwent manual

rotation compared with a group with no intervention

(19). Manual rotation has also been advised when the

descent of the head is slowing down, as the chance of

success is greater than when arrest of labor has occurred

(19). An ongoing randomized controlled trial in Australia

aims to investigate the effect of manual rotation (20).

In previous studies, vacuum extraction from OP posi-

tion has an increased risk of failure with odds ratio of

2.2–2.6 compared with vacuum extraction from OA posi-

tion (21,22). There is an increased risk of adverse mater-

nal and fetal outcome when cesarean section is performed

Figure 1. Flow chart of the study population.
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after failed operative vaginal delivery (23,24). In our

study, we found a higher failure rate in non-OA positions

and when using survival methods, the hazard ratio for

vaginal delivery was 0.53 from non-OA positions com-

pared with OA positions. However, the majority of

fetuses from non-OA positions rotated to an OA position

during vacuum extraction and >75% of fetuses starting in

non-OA positions were successfully delivered vaginally.

Hence, we think that vacuum extraction should be tried

also from non-OA positions.

We did not observe differences in umbilical artery pH

between the groups. However, the failure rate was high,

and we think experienced obstetricians should be avail-

able in these situations. The high conversion rate from

vacuum to forceps or cesarean section in our study may

be due to inclusion of only nulliparous women with slow

progress in the second stage of labor.

The failure rate is found to be lower with forceps deliv-

ery than with vacuum extraction, especially when the

fetus is in OP position (25,26). However, forceps deliver-

ies have higher incidence of anal sphincter tears and a

randomized controlled trial showed that anal sphincter

function following forceps delivery is more associated

with symptoms of altered fecal continence (27). Forceps

is also associated with increased risk of damage to the

levator ani muscle. A cross-sectional study including 608

women concluded that forceps delivery was significantly

associated with pelvic organ prolapse, levator avulsion

and larger hiatal areas 15–23 years after first delivery

compared with vacuum extraction and spontaneous vagi-

nal delivery (28). The use of rotational forceps should

only be used by experienced obstetricians.

Second-stage cesarean sections are associated with

increased maternal intraoperative trauma and perinatal

asphyxia. According to the Royal College of Obstetricians

and Gynaecologists audit figures from 2001, 25% of all

cesarean sections due to failure to progress were per-

formed at full dilatation of the cervix. In more than half

Table 1. Characteristics of the study population.

OA position n = 121 OT position n = 19 OP postion n = 25

Median or

n (%) Range

Median or

n (%) Range

Median or

n (%) Range

Maternal

Maternal age (years) 30 19–41 30 22–38 30 17–39

Prepregnant BMI (kg/m2) 23 18–39 24 18–29 23 18–29

Gestational age (weeks) 40 38–41 41 39–41 40 38–40

Labor

Induction of labor 38 (31) 7 (37) 9 (36)

Epidural analgesia 92 (76) 18 (95) 21(84)

Oxytocin augmentation 90 (74) 17 (90) 21 (84)

Newborn

Birthweight (g) 3624 2570–4930 3845 2980–4560 3700 2152–4575

Apgar score at 5 min 9 7–10 10 6–10 10 8–10

pH in umbilical artery 7.24 6.90–7.40 7.26 7.00–7.43 7.23 7.08–7.34

Birth

Bleeding (mL) 400 100–3400 500 150–1100 400 200–1600

Third- or fourth-degree anal

sphincter tears

9 (8) 2 (11) 0 (0)

BMI, body mass index; OA, occiput anterior; OP, occiput posterior; OT, occiput transverse.

Figure 2. Number of occiput anterior (OA) deliveries at birth (green)

and occiput posterior (OP) deliveries (red) at birth stratified into

ultrasound-assessed fetal head position before vacuum extraction. OT,

occiput transverse position. [Color figure can be viewed at wileyonline

library.com]
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of these cases, no attempt at vaginal delivery was made.

Cesarean section after prolonged second stage has been

associated with longer surgery time, increased postopera-

tive fever, maternal intraoperative trauma, including

higher risk of extension of the uterine incision, and

higher composite morbidity (29). Structured training and

the need for obstetricians to maintain and develop their

vaginal operative delivery skills are necessary to offer safe

alternatives to cesarean section in prolonged second stage

(30).

In this study, all fetuses had reassuring cardiotocogra-

phy when the ultrasound was performed. It would not be

ethically acceptable to postpone delivery in cases with

fetal distress. Our results cannot be generalized to all vac-

uum deliveries. Malposition is associated with slow pro-

gress, and the frequency of OP and OT positions may be

lower in fetuses delivered using vacuum extraction due to

fetal distress.

Strengths of the study were the multicenter design and

that fetal head position was defined with ultrasound.

Birth attendants and ultrasound examiners were not

aware of each other’s findings. An important limitation

of the study is that it was impossible to know if a fetus

had rotated spontaneously between the ultrasound exami-

nation and start of vacuum extraction. However, this

seems unlikely as all women were diagnosed with slow

progress at inclusion, and the median duration of the

ultrasound to instrumental delivery interval was 16 min.

Also, eight women were excluded because fetal head posi-

tion was not determined with ultrasound. When the fetal

head is at a low station or in an OT position it can be

difficult to see the intracerebral structures necessary to

determine position with transabdominal ultrasound. In

borderline cases between two positions, for instance if the

fetal occiput is at 2.00 or 2.30, it can be difficult to clas-

sify it correctly as OA or OT position. Therefore, neither

clinical examinations nor ultrasound can be considered as

a reference standard. However, it is documented that

ultrasound is a more precise method than clinical exami-

nations (6,7). Another limitation is that we did not

record the position of the fetal spine at the level of the

four-chamber view. Rotation is more likely from OP to

OA positions when the fetal spine is in an oblique posi-

tion in relation to the fetal head (4). Seven centers in five

Figure 3. Kaplan–Meier plot of time from starting vacuum extraction to delivery differentiated into occiput anterior (OA) ( ) and other (non-

OA) positions ( ). Log rank test <0.01. Cesarean section and delivery lasting > 20 min were censored.

Table 2. The hazard ratio for vaginal delivery after vacuum

extraction in nulliparous women with slow progress in the second

stage of labor.

Unadjusted

HR 95% CI

Adjusted

HR 95% CI

Position

OA (reference) 1.00 – 1.00 –

Non-OA 0.52 0.35–0.76 0.53 0.36–0.79

BMI 1.05 1.01–1.10 1.05 1.00–1.10

Maternal age 0.99 0.95–1.02 0.98 0.94–1.01

Induction

No (reference) 1.00 – 1.00 –

Yes 0.92 0.65–1.30 0.91 0.63–1.32

Epidural

No (reference) 1.00 – 1.00 –

Yes 0.73 0.49–1.09 0.80 0.53–1.20

Augmentation

No (reference) 1.00 – 1.00 –

Yes 0.85 0.58–1.24 0.94 0.63–1.40

BMI body mass index; CI, confidence interval; HR, hazard ratio; OA,

occiput anterior.

Hazard ratios with CI intervals not crossing 1.0 were assumed to be

significant.
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countries included patients. All departments were in uni-

versity hospitals in a high-resource setting. This may

reduce generalizability and external validity.

In conclusion, most fetuses rotate from non-OA to OA

position during vacuum delivery, but clinicians should be

aware of a high failure rate from non-OA positions.
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CONTRIBUTION

What are the novel findings of this work?
Previous studies have shown that ultrasound examination
during labor to determine fetal head station and position
is more accurate than is digital vaginal examination. This
study shows that measuring change in head–perineum
distance using transperineal ultrasound during active
pushing in women with prolonged second stage of labor
provides an objective assessment of fetal head descent.

What are the clinical implications of this work?
Change in head–perineum distance measured using
transperineal ultrasound during active pushing can
be used to provide objective information to guide
decision-making in the labor ward when prolonged second
stage of labor is diagnosed.

ABSTRACT

Objectives To investigate if descent of the fetal head
during active pushing is associated with duration of
operative vaginal delivery, mode of delivery and neonatal
outcome in nulliparous women with prolonged second
stage of labor.

Methods This was a prospective cohort study of
nulliparous women with prolonged second stage of labor,
conducted between November 2013 and July 2016 in
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five European countries. Fetal head descent was measured
using transperineal ultrasound. Head–perineum distance
(HPD) was measured between contractions and on
maximum contraction during active pushing, and the
difference between these values (�HPD) was calculated.
The main outcome was duration of operative vaginal
delivery, estimated using survival analysis to calculate
hazard ratios (HRs) for vaginal delivery, with values
> 1 indicating a shorter duration. HR was adjusted for
prepregnancy body mass index, maternal age, induction
of labor, augmentation with oxytocin and use of epidural
analgesia. Pregnancies were grouped according to �HPD
quartile, and delivery mode and neonatal outcome were
compared between groups.

Results The study population comprised 204 women.
Duration of vacuum extraction was shorter with
increasing �HPD. Estimated mean duration was 10.0,
9.0, 8.8 and 7.5 min in pregnancies with �HPD in the
first to fourth quartiles, respectively, and the adjusted
HR for vaginal delivery, using increasing �HPD as
a continuous variable, was 1.04 (95% CI, 1.01–1.08).
Mean �HPD was 7 mm (range, −10 to 37 mm). �HPD
was either negative or ≤ 2 mm in the lowest quartile. In
this group, 7/50 (14%) pregnancies were delivered by
Cesarean section, compared with 8/154 (5%) of those
with �HPD > 2 mm (P< 0.05). There was no significant
association between umbilical artery pH< 7.10 or 5-min
Apgar score< 7 and �HPD quartile.
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Conclusion Minimal or no fetal head descent during
active pushing was associated with longer duration
of operative vaginal delivery and higher frequency of
Cesarean section in nulliparous women with prolonged
second stage of labor. © 2019 The Authors. Ultrasound
in Obstetrics & Gynecology published by John Wiley
& Sons Ltd on behalf of the International Society of
Ultrasound in Obstetrics and Gynecology.

INTRODUCTION

Movement of the fetal head during active pushing is
sometimes used as a clinical variable to inform decision-
making regarding mode of delivery. Descent of the fetal
head during contraction and return of the presenting
part between contractions is what clinicians call the
yo-yo-sign and is considered to be predictive of successful
vaginal delivery. However, evidence of this is not
documented in obstetric scienti c literature or textbooks.
A study has shown that fetal head descent before vacuum
extraction, determined subjectively as yes or no , could
predict outcome of vacuum extraction1. Others have
investigated the progress of labor using transperineal
ultrasound and found a change in fetal head direction
during contractions2.

Examination of fetal head station is traditionally per-
formed by palpation, although digital vaginal examina-
tion has been shown to be largely subjective and has
poor reproducibility3. Ultrasound can be used during the
active phase of labor, and the International Society of
Ultrasound in Obstetrics and Gynecology (ISUOG) has
recently published practical guidelines on intrapartum
ultrasound. ISUOG recommends determining head posi-
tion and descent using ultrasound when labor progress is
slow and when operative delivery is considered4. Studies
have shown that transabdominal ultrasound examina-
tion can give a more accurate diagnosis of fetal head
position and is more reproducible than is digital vagi-
nal examination5,6. Head station can also be deter-
mined with ultrasound using different methods, such
as transperineal ultrasound1,2,7 10. It has been shown
that women nd transperineal ultrasound examination
during labor less uncomfortable than they do digital vagi-
nal examination11,12. The predictive value of fetal head
descent is not mentioned in guidelines with regards to
assisted or operative vaginal delivery13,14.

The aim of this study was to investigate if descent
of the fetal head during active pushing, assessed using
transperineal ultrasound, is associated with duration of
operative vaginal delivery, mode of delivery and neonatal
outcome in nulliparous women with prolonged second
stage of labor.

METHODS

This is a secondary analysis of a multicenter cohort
study of nulliparous women with slow progress in
the second stage of labor at term. Duration of
vacuum extraction, according to fetal head station and

rotation of the fetal head during vacuum extraction,
has been reported previously15,16. According to a power
calculation, which was performed before the multicenter
cohort study was undertaken, a study population of 220
women was needed. The main outcome of the primary
study was duration of vacuum extraction, which was
assessed using survival analyses. Head perineum distance
(HPD) of 25 mm corresponds to station + 2 and was used
to discriminate between groups. To identify a hazard ratio
(HR) as low as 1.5 with 80% power, using a two-tailed
test with an α-level of 5%, assuming that one-third of the
women would have HPD > 25 mm and two-thirds would
have HPD ≤ 25 mm, and anticipating 10% censoring, 220
women needed to be included.

All included women had reassuring cardiotocography
at the time of the ultrasound examination. The inclusion
period was November 2013 to July 2016. Women were
included at six delivery departments in ve countries.
The participating centers were Stavanger University
Hospital, Norway; University Hospital of Bologna,
Italy; Trondheim University Hospital, Norway; Queen
Charlotte s and Chelsea Hospital, Imperial College
Healthcare NHS Trust, UK; Lund University Hospital,
Sweden; and Hvidovre University Hospital, Denmark.

Women were included when slow progress in the second
stage of labor was diagnosed in accordance with local
guidelines. The second stage was divided into a passive
phase (< 2 h) and an active phase with pushing. The birth
attendant responsible for the delivery made the diagnosis
of slow progress, according to the local protocol. An
ultrasound examination was performed when the woman
had pushed for at least 45 min and vacuum extraction
was considered. The cut-off of 45 min was chosen because
Norwegian guidelines recommend that vacuum extraction
should be considered after 1 h of active pushing. Fetuses
were included regardless of position.

HPD was rst measured between contractions and
thereafter during maximum contraction with active push-
ing (Figure S1). Descent of the fetal head (�HPD) was cal-
culated as the difference between HPD measured between
contractions and HPD measured during active pushing.
The main outcome was duration of operative vaginal
delivery, which was estimated using survival analyses
with HRs for vaginal delivery. Additionally, pregnancies
were grouped according to �HPD quartile, and mode
of delivery (vaginal delivery or Cesarean section) and
neonatal outcome (pH < 7.10 in the umbilical artery and
5-min Apgar score < 7) were compared between groups.

HPD was measured as described previously8,15. When
measuring HPD, the woman was placed in a semirecum-
bent position with the legs exed at the hips and knees at
angles of 45◦ and 90◦, respectively, ensuring that the blad-
der was empty. HPD was measured as the shortest distance
between the outer bony limit of the fetal skull and the per-
ineum in a transverse plane on transperineal ultrasound
examination. The transducer was placed in the posterior
fourchette between the labia majora, and the soft tissue
was compressed with rm pressure against the pubic bone.
The transducer was angled until the skull contour was as
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clear as possible, which indicates that the ultrasound beam
is perpendicular to the skull. HPD represents the remain-
ing part of the birth canal through which the fetus has to
pass. All ultrasound measurements were performed online
in the labor room. A cineloop was used to assure that the
shortest distance was measured. The birth attendants in
charge of the delivery were blinded to the results of the
ultrasound examination, and the ultrasound operators did
not in uence clinical management. The ultrasound exami-
nations were performed by trained doctors and midwives.

The ultrasound devices used were a GE Voluson i
(Stavanger, Trondheim, Lund, Bologna, Copenhagen) or
GE Voluson S6 (Stavanger) (GE Medical Systems, Zipf,
Austria). In London, a Samsung PT60A and a Samsung
HM70 were used (Samsung Medison, Seoul, Republic
of Korea). In Stavanger, Trondheim, Lund, London
and Copenhagen, metal vacuum cups were preferred,
whereas, in Bologna, Kiwi cups were used. Body mass
index (BMI) was calculated from prepregnant weight and
maternal height.

Cord blood was obtained by direct puncture of the
umbilical artery, without cord clamping. Acid base
analysis was performed immediately after collecting the
sample. The cut-off level of pH < 7.10 was used because
this is known to be associated with adverse neonatal
outcome17,18.

The local ethics committees approved the study (ref-
erence numbers: REK 2012/1865 in Norway; 3348/2013
in Italy; REC reference 15/LO/1341 and IRAS project
ID 169478 in UK; DNR 2012/808 in Sweden; and
H-4-2014-038 in Denmark). All women gave written
informed consent and the study was registered in Clinical
Trials (identi er NCT01878591).

Statistical analysis

Cox regression analysis was used to calculate HRs as an
estimate for relative risk of vaginal delivery over time in
women undergoing vacuum extraction, and �HPD as a
continuous variable was used as the test variable. HR
> 1 indicates shorter survival i.e. duration of operative
vaginal delivery with increasing �HPD. Pregnancies that
underwent Cesarean section were censored at the time
of the decision to perform the Cesarean section. We
adjusted for prepregnancy BMI, maternal age, induction
of labor, augmentation with oxytocin and use of
epidural analgesia. Confounding effect was set at > 10%
change in HR of the main test variable. Cox regression
assumes proportional hazards, which was evaluated by
log-minus-log plots.

The study population was divided according to �HPD
quartile. Mean duration of vacuum extraction in the
four quartile groups was estimated using Kaplan Meier
analysis. The associations between �HPD and delivery
mode, 5-min Apgar score < 7 and umbilical artery pH
< 7.10 were presented descriptively and compared using
the chi-square test and Fisher s exact test. Data were
analyzed using the statistical software package SPSS
Statistics version 25.0 (IBM Corp., Armonk, NY, USA).

RESULTS

The original study population comprised 222 women.
HPD at rest between contractions could be measured
in all cases, and HPD during pushing was measured
successfully in 204 cases. Figure 1 shows a owchart of
the study population. Forty-six women had spontaneous
vaginal delivery, 143 had operative vaginal delivery (all
started with vacuum extraction, but seven were converted
to forceps) and 15 were delivered by Cesarean section.
Table 1 shows the characteristics of the study population.

Duration of vacuum extraction was shorter with
increasing �HPD, and the estimated mean duration of
vacuum extraction was 10.0, 9.0, 8.8 and 7.5 min in
pregnancies with HPD in the rst to fourth quartiles,
respectively. Results of the multivariable Cox regression
analyses are presented in Table 2. The adjusted HR for
vaginal delivery, using �HPD as continuous variable,
was 1.04 (95% CI, 1.01 1.08). None of maternal age,
BMI, use of epidural analgesia, induction of labor or
augmentation with oxytocin had a confounding effect.
While BMI in uenced the HR for vaginal delivery
(dependent variable) in the Cox regression analysis, it
did not change the HR for �HPD (independent variable),
indicating that BMI had no confounding effect on�HPD.

Mean HPD between contractions was 27 mm (range,
1 49 mm) and mean HPD during pushing was 20 mm
(range, 0 42 mm); this difference was statistically
signi cant (P<0.01). Mean �HPD was 7 mm (range,
−10 to 37 mm); 185 cases had a positive value, showing
positive advancement of the fetal head during pushing,
13 cases had a negative value and six cases had a �HPD

Women recruited
(n = 222) 

HPD measured at rest
and during pushing

(n = 204) 

HPD during pushing
not measured

(n = 18) 

Cesarean section
without vacuum attempt

(n = 2) 

Spontaneous
vaginal delivery

(n = 46) 

Vacuum extraction
attempted
(n = 156)

Operative
vaginal delivery

(n = 143) 

Cesarean section
(n = 13)

Figure 1 Flowchart summarizing inclusion and delivery outcome of
study population of nulliparous women with prolonged second
stage of labor. HPD, head perineum distance.
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Table 1 Characteristics of study population of 204 nulliparous
women with prolonged second stage of labor

Characteristic Value

Age (years) 30 (17 43)
Prepregnancy BMI 24 (18 39)
Gestational age (weeks) 40 (38 41)
Induction of labor 134 (66)
Epidural analgesia 162 (79)
Oxytocin augmentation 158 (78)
Birth weight (g) 3658 (2152 4930)
5-min Apgar score 10 (5 10)
Umbilical artery pH 7.24 (6.9 7.43)
Postpartum blood loss (mL) 400 (100 3400)
Third- or fourth-degree anal sphincter tear 14 (7)

Data are given as median (range) or n (%). BMI, body mass index.

Table 2 Cox regression analysis, showing hazard ratios (HR) for
vaginal delivery in nulliparous women with slow progress in second
stage of labor

Variable
Unadjusted

HR (95% CI)
Adjusted

HR (95% CI)

�HPD* 1.04 (1.00 1.08) 1.04 (1.01 1.08)
Maternal age 0.99 (0.96 1.03) 0.99 (0.96 1.02)
Prepregnancy BMI 1.05 (1.00 1.09) 1.05 (1.01 1.10)
Epidural analgesia 0.69 (0.47 1.03) 0.76 (0.50 1.17)
Induction of labor 0.97 (0.70 1.36) 0.95 (0.65 1.14)
Oxytocin augmentation 0.75 (0.52 1.09) 0.71 (0.46 1.08)

*Change in head perineum distance (�HPD) calculated as
difference between HPD at rest between contractions and HPD on
maximum contraction during active pushing. BMI, body mass
index.

of 0 mm. We grouped pregnancies according to �HPD
quartile and examined mode of delivery (Figure 2).�HPD
was either negative or ≤ 2 mm in the lowest quartile. In
this group, 7/50 (14%) women were delivered by Cesarean
section, compared with 8/154 (5%) in pregnancies with
�HPD > 2 mm (P< 0.05).

Two neonates had 5-min Apgar score <7. pH in the
umbilical artery was analyzed in 169/204 (83%) cases.
One neonate had pH < 7.0 (pH 6.90 and base excess
18) and pH < 7.10 occurred in eight cases. There was no
signi cant association between umbilical artery pH< 7.10
or 5-min Apgar score < 7 and �HPD quartile.

Median duration of vacuum extraction was 8 min
(range, 2 32 min). Median number of contractions dur-
ing vacuum extraction was four (range, 0 14). Whether
the vacuum cup detached was recorded in 150 cases; 116
had no detachments, 31 had one or two detachments and
three cases had three or more detachments. Fetal position
at delivery was occiput anterior in 92% and occiput
posterior in 8% of cases. Dystocia was the indication
for all conversions to Cesarean section. Information
about the number of contractions during the extraction
attempts was available in 12 of 15 pregnancies delivered
by Cesarean section. Four of these cases had more than
four contractions before Cesarean section was decided.
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Figure 2 Numbers of vaginal delivery ( ) and Cesarean section ( )
in nulliparous women with prolonged second stage of labor,
according to difference between head perineum distance (HPD) at
rest between contractions and HPD on maximum contraction
during active pushing (�HPD).

DISCUSSION

We found that a greater degree of head descent during
active pushing was associated with shorter duration
of operative delivery, and that increased frequency of
Cesarean section was signi cantly associated with mini-
mal or no fetal head descent. �HPD was not associated
with umbilical cord pH or low 5-min Apgar score.

In 19 cases, �HPD had a negative value or was
0 mm. This may indicate that fetal head descent was
obstructed or that the woman had an ineffective pushing
technique. We believe that fetal head movement upwards
in the birth canal during pushing can be explained by
levator ani muscle coactivation instead of relaxation19,20.
The effect of coactivation on labor has been assessed
recently21,22. Youssef et al. and Kamel et al. examined
nulliparous women at term before onset of labor and
before induction of labor, respectively, and showed that
women with coactivation had a signi cantly longer second
stage of labor21,22.

Fetal head descent is visible on the ultrasound screen
during examination and visual biofeedback may be a
future option to guide women to push more effectively.
In a randomized controlled pilot study, 40 women
randomized to either sonographic coaching or traditional
coaching underwent a transperineal ultrasound at the
beginning of the active phase of pushing23. The
sonographic coaching group observed the progress of
the fetal head on the screen, while the other group did
not. The sonographic coaching group had a signi cantly
shorter second stage of labor23. Gilboa et al. have shown
that women who received visual biofeedback during labor
had a more effective pushing technique and felt a stronger
connection to the newborn after birth24. The evidence
level regarding pushing method is, however, low25. There
was no difference in maternal or neonatal outcome when
comparing spontaneous and coached pushing or when
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comparing delayed and immediate pushing25,26. All of
these studies investigated pushing at the beginning of
the second stage. As we investigated pushing during
prolonged second stage of labor, it is possible that
women with minimal or no fetal head descent may
bene t from coaching and receiving visual biofeedback
by transperineal ultrasound.

Most failed operative vaginal deliveries which were
converted to Cesarean section occurred in the group
with no or minimal descent of the fetal head, but failed
operative vaginal delivery also occurred in the other
groups. In the fourth quartile, comprising pregnancies
with the greatest�HPD values, there were three Cesarean
sections, two of which had fetal occiput posterior position
on ultrasound examination. Occiput posterior position
is associated with a higher risk of emergency Cesarean
section27.

Fetal station can be measured with ultrasound
using HPD8, angle of progression (AoP)7, progression
distance28, head symphysis distance9, head direction1

or intrapartum transperineal ultrasound (ITU) head
station2, and good correlation between methods has been
found1,29,30. Ghi et al. assessed progression of the fetal
head using AoP from 3D volumes at the beginning of the
second stage of labor and every 20 min thereafter. The
results showed that women with a wide AoP had a higher
incidence of spontaneous vaginal delivery31. Henrich
et al. performed translabial ultrasound (another word
for transperineal ultrasound32) in women immediately
before vacuum extraction1. They assessed direction and
descent of the fetal head during pushing. The head-up
sign was a predictor for successful vacuum extraction in
cases with protracted labor. In cases with no descent,
vacuum extraction was either dif cult or failed1. This is
in line with the results of the current study. Tutschek
et al. recorded transperineal digital videos of the fetal
head at rest, during contractions and during voluntary
pushing. They found that, between ITU head station of
−2 and + 2, the average change in head direction was 10◦

during contraction, and between ITU head station of + 2
and + 3, there was an increased change of 18◦. Time to
delivery was shorter when the fetal head was below ITU
head station of +22.

We found a signi cant association between �HPD and
duration of operative delivery and failed vaginal delivery
leading to Cesarean section. This is in accordance with a
study in which AoP was measured in 20 women before
vacuum extraction, in which it was found that a change
in AoP of more than 15◦ predicted 73% of successful
vacuum extractions33.

Digital vaginal examination is subjective with poor
reproducibility3. Position of the fetal head is determined
more accurately with transabdominal ultrasound than
by digital vaginal examination5,6. Fetal head station
can also be determined objectively using transperineal
ultrasound8,10. A signi cant advantage of ultrasound
is the possibility to document the ndings by adding
an ultrasound image to the patient s chart. While
ultrasound should not replace clinical examination, it

may add important information and may be helpful in
decision-making in the labor room.

The strengths of the present study were the multicenter
design, blinding of the ultrasound operators and the
midwives and doctors in charge of the delivery, and
inclusion of only nulliparous women with prolonged
second stage of labor and no signs of fetal distress.
A limitation is that only HPD was included as an
ultrasound measurement in this study. AoP was measured
at rest, but in only a few cases during pushing. It was
dif cult to measure both HPD and AoP during the
same contraction and, therefore, it was not possible
to calculate �AoP. Another limitation is that we do
not have clinical evaluation of fetal head descent
during pushing. Repeatability of HPD measurement was
not assessed in the present study, but this has been
examined previously34. Additionally, umbilical cord pH
was analyzed in 83% of cases as it was not measured
routinely in all centers. Furthermore, we did not record
if the ultrasound examination was performed by a doctor
or a midwife.

In conclusion, this study shows that minimal or no fetal
head descent measured using transperineal ultrasound
during pushing was associated with longer duration of
operative delivery and higher frequency of Cesarean
section in nulliparous women with prolonged second stage
of labor.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Figure S1 Transperineal ultrasound images showing fetal head descent during active pushing.
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