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Ultralyd og fadsel

Fadselskanalen hos mennesket har en krum form, og den er trangest i midtpartiet. Fosteret ma rotere
for & passere. Fadselshjelpere bruker tradisjonelt hendene til & vurdere forholdet mellom foster og mor,
men studier har vist stor variasjon mellom ulike undersgkere. Hensikten med avhandlingen var &
vurdere nytten av ultralydmalinger like for fadselen starter.

Materiale og metode

Vi undersgkte 152 kvinner med vannavgang til termin (studie 1 og 2) og 275 kvinner der fgdselen ble
satt i gang (studie 3 og 4). Vi undersgkte fosterets posisjon og grad av fleksjon (bgying) i nakken med
transabdominal ultralydundersgkelse, fosterhodets niva i fadselskanalen (korteste avstand fra
fosterhodet til perineum) med transperineal ultralydundersgkelse og livmorhalsens lengde, vinkel og
apning med transvaginal ultralydundersgkelse. En fadselshjelper som ikke kjente resultatene av
ultralydundersgkelsene, utfarte tradisjonell vurdering med hendene, sakalt Bishop score.

Studie 1

Occiput posterior posisjon (ansiktet fram) under fgdselen er forbundet med gkt risiko for stans i
fgdselen, operative forlgsninger og rifter. 40 av 152 fostre hadde occiput posterior posisjon far
fadselen, og hos 34 (85%) av disse roterte hodet til occiput anterior posisjon (ansiktet bak) i lgpet av
fgdselen. 11 gravide hadde et foster med ekstendert (strukket) nakke far start av fadselen. Av disse
fgdte sju kvinner spontant, tre med keisersnitt og én med vakum. Det var ingen signifikant
sammenheng mellom fosterhodets posisjon eller grad av nakkefleksjon far start av fadselen og utfallet.
Vi konkluderte at transabdominal ultralydundersgkelse hos kvinner med vannavgang har liten
nytteverdi.

Studie 2

Hensikten med studie 2 var a vurdere om fosterhodets niva i fadselskanalen fgr start av riene hadde
betydning for fadselsforlgpet. Kvinner med kort avstand (< 45 mm) fra fosterhodet til perineum hadde
signifikant feerre keisersnitt, mindre bruk av epidural analgesi, kortere tid fra vannavgang til fadsel og
kortere tid i aktiv fgdsel enn de med lang avstand fra fosterhodet til perineum. Ultralydmaling av
fosterhodets niva kan vere nyttig for & vurdere om kvinner med vannavgang bgr vente pa spontan
fadsel eller tilbys tidlig igangsetting.

Studie 3

Hensikten med studie 3 var a vurdere om ultralydmalinger og kliniske undersgkelser kan predikere
fadselsforlgpet ved induserte fadsler. Paritet (tidligere fadsel) var den viktigste enkeltfaktoren.
Fosterhodets niva, lengden av livmorhalsen og livmorhalsens vinkel hadde ogsa signifikant betydning
for sannsynligheten for vaginal fgdsel og for tiden fra induksjon til fadsel.

Studie 4

I studie 4 sammenlignet vi enkeltfaktorene i Bishop score med tilsvarende ultralydmalinger og
vurderte om man kan kombinere ultralydmalinger og palpasjonsfunn. Vi fant moderat korrelasjon
mellom palpasjon og ultralydmaling av lengden av livmorhalsen, svak korrelasjon for vurdering av
apning, vinkel og fosterhodets niva. Bishop score er en subjektiv og komplisert metode. Vi foreslar en
ny score der vi maler fosterhodets niva og livmorhalsens lengde med ultralyd og livmorhalsens apning
med palpasjon.

Konklusjon

Ultralydundersgkelser kan veere et nyttig supplement til klinisk undersgkelse far fadselen.
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2 Norwegian summary

2.1 Innledning

Alle kvinner gnsker seg en ukomplisert fadsel, men komplikasjoner kan oppsta plutselig og
uventet. I fglge Verdens Helseorganisasjon trenger 15% av de gravide kyndig hjelp under
svangerskap eller fadsel.

For fadselen starter er det viktig a vite hvordan fosteret er orientert i forhold til mor. Leiet
vurderes som lengdeleie, tverrleie eller skraleie. Posisjonen beskriver hvordan fosteret er
orientert fram, bak, til hagyre eller venstre inne i livmoren, og presentasjon beskriver den delen
av fosteret som er dypest i fadselskanalen. Nakken til fosteret kan veere bayd (flektert) eller
strukket (ekstendert).

Fadselskanalen hos mennesket har en bgyd og uregelmessig form, og fosteret ma derfor rotere
for & kunne passere. De fire kardinalbevegelsene hos et foster med bakhodepresentasjon er
fleksjon av hodet, rotasjon gjennom kanalen, ekstensjon i utskjeeringen og rotasjon i det
skuldrene passerer utgangen. Ved slutten av svangerskapet blir livmorhalsen kortere, og under
fadselen blir den avflatet far den apner seg. Fosterets niva i fadselskanalen relateres vanligvis
til prosessus spinosus. Fadselshjelperne bruker tradisjonelt hendene til & vurdere forholdet
mellom foster og mor, men studier har vist stor variasjon mellom ulike undersgkere. Galileo
Galilei har sagt: «Mal det som er malbart, og prev a gjgre malbart det som enna ikke er det.»
Hensikten med denne avhandlingen er & vurdere nytten av ultralydmalinger like for fadselen

starter.

2.2 Materiale og metode

Vi undersgkte to grupper gravide kvinner. Farst undersgkte vi 152 kvinner med ett foster i
hodeleie, ingen tidligere keisersnitt og vannavgang etter svangerskapsuke 37 (studie 1 og 2).
Vi vurderte fosterhodets posisjon og grad av fleksjon i nakken med transabdominal
ultralydundersgkelse. Deretter utfgrte vi en transperineal ultralydundersgkelse og malte
avstanden til indre mormunn og lengden av livmorhalsen i sagittalplan. Vi brukte den korteste
avstanden fra fosterhodet til perineum i frontalplan som et mal pa fosterhodets niva i

fodselskanalen.

Andre gruppe bestod av kvinner som kom til fadselsinduksjon (studie 3 og 4).

Inklusjonskriterier var ett foster i hodeleie, ingen tidligere keisersnitt og svangerskapslengde

10



over 37 uker. 710 kvinner hadde indusert fadsel i studieperioden, og 275 ble inkludert i
undersgkelsen. Fosterhodets posisjon og niva ble vurdert pa samme mate som beskrevet
ovenfor. Vi malte livmorhalsens lengde og vinkel ved vaginal undersgkelse. En fadselshjelper
som ikke kjente resultatene av ultralydundersgkelsene, utfgrte Bishop scoringen.

2.3 Studie 1

Occiput posterior posisjon under fagdselen er forbundet med gkt risiko for stans i
fadselsforlgpet, operative forlgsninger og rifter. Det diskuteres om occiput posterior posisjon
ved fadselen skyldes occiput posterior for start av fadselen eller en unormal rotasjon gjennom
fadselskanalen. Hensikten med studien var a vurdere nytten av en transabdominal

ultralydundersgkelse for start av fadselen hos kvinner med vannavgang etter uke 37.

40 av 152 foster hadde occiput posterior posisjon far fadselen, og hos 34 (85%) av disse
roterte hodet til occiput anterior innstilling i lgpet av fadselen. Fosterhodets posisjon far
fadselen kunne predikere occiput posterior posisjon ved fgdselen med sensitivitet 60%; 95%
Cl 26-88, falsk positiv rate 24%; 95% CI 17-32, positiv prediktiv verdi 15%; 95% CI 6-30,
negativ prediktiv verdi 96%; 95% CI1 91-99 og likelihood ratio (LR) 2,5.

11 gravide hadde foster med ekstendert nakke far start av fgdselen. Av disse fadte sju

spontant, tre kvinner med keisersnitt og én ble forlgst med vakuum.

Det var ingen signifikant sammenheng mellom fosterhodets posisjon eller grad av
nakkefleksjon for start av fadselen og utfallet av fadselen. Vi konkluderte med at en
transabdominal ultralydundersgkelse hos kvinner med vannavgang har liten nytteverdi.

2.4 Studie 2

Transperineal ultralydundersgkelse er en lite brukt undersgkelsesmetode. Vi brukte utgangen
av fadselskanalen som referanselinje for & vurdere fosterhodets niva. Sa vidt vi vet har ikke
denne metoden veert evaluert tidligere. Hensikten med studien var a undersgke om resultatene
av en transperineal ultralydundersgkelse kan predikere tid fra vannavgang til fadsel, og
predikere sannsynligheten for en operativ forlgsning.

Undersgkelse av livmorhalsens lengde i sagittalplanet var teknisk mislykket hos 16% av
kvinnene og var derfor lite hensiktsmessig. Undersgkelse av fosterhodets niva i frontalplanet
var vellykket hos alle. Kvinner med kort avstand (< 45 mm) fra fosterhodet til perineum,
hadde signifikant feerre keisersnitt, mindre bruk av epiduralanalgesi, kortere tid fra
vannavgang til fgdsel og kortere tid i aktiv fadsel enn de med lang avstand fra fosterhodet til
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perineum. Lang avstand predikerte operativ forlgsning (keisersnitt eller operativ
vaginalforlgsning) med sensitivitet pa 83%; 95% CI 67-94, falsk positiv rate 59%; 95% CI
49-68, positiv prediktiv verdi 31%; 95% CI 22-41, negativ prediktiv verdi 89%; 95% CI 77-
96 og LR 1,4. Ultralydmaling av fosterhodets niva kan veere nyttig for a vurdere om kvinner
med vannavgang ber vente pa spontan fadsel eller tilbys tidlig induksjon.

2.5 Studie 3

Hensikten med denne studien var a evaluere fosterhodets niva, malt med ultralyd, som en
prediktiv faktor for fadselsforlgpet ved induserte fadsler. Vi sammenlignet malingen med
paritet, BMI, Bishop score og ultralydundersgkelse av fosterhodets posisjon, livmorhalsens
lengde og vinkel.

13% ble forlgst med keisersnitt. Paritet var den beste faktoren for a predikere fadselsmate.
Den korteste avstanden fra fosterhodet til perineum predikerte vaginal fadsel med 62%; 95%
CI 52-71% (p = 0,03) av arealet under kurven i en ROC (receiver-operating characteristics)
kurve. Lengden av livmorhalsen predikerte vaginal fadsel med 61%; 95% CI 51-71% (p =
0,03), vinkelen til livmorhalsen med 63%; 95% CI 52-74% (p = 0,02) og Bishop score med
61%; 95% CI 52-70% (p = 0,03) av arealet under kurven. Best resultat fikk vi for cut-off
verdiene: hode-perineum avstand < 40 mm, lengde av livmorhalsen <25 mm og bakre vinkel
av livmorhalsen > 90 grader. De samme faktorene hadde ogsa signifikant betydning for
sannsynligheten for a fade innen 24 timer etter induksjon. Fosterhodets posisjon hadde ingen
prediktiv verdi for fadselsforlgpet.

2.6 Studie 4

Bishop score bestar av faktorene lengde, apning, posisjon og konsistens av livmorhalsen, og
fosterhodets niva i fadselskanalen. I denne studien sammenlignet vi enkeltfaktorene i Bishop
score med tilsvarende ultralydmalinger, og hvordan man kan kombinere ultralydmalinger og
palpasjonsfunn. Vi fant moderat korrelasjon mellom palpasjon og ultralyd til & vurdere
lengden av livmorhalsen (r = 0,54), svak korrelasjon i vurdering av fosterhodets niva i
fadselskanalen (r = 0,23) og ingen korrelasjon i vurdering av livmorhalsens vinkel eller
posisjon (r = 0,03).

Fosterhodets niva og livmorhalsens lengde og apning var de tre viktigste faktorene for &
predikere fadselsforlapet. | klinisk praksis er det vanlig & kombinere faktorer i et
scoringssystem. Bishop score er et subjektivt og komplisert system med score fra O til 13, og
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vi foreslar a bruke et nytt scoringssystem fra 0 til 3 der fosterhodets niva og livmorhalsens

lengde males med ultralyd og apningen vurderes med palpasjon.

Faktorer kan ogsa kombineres ved hjelp av Bayes teorem. A priori sannsynlighet for vaginal
fadsel etter induksjon er 88%. LR for vaginal fgdsel var 3,5 hvis avstanden fra fosterhodet til
perineum var <40 mm. A posteriori sannsynlighet for vaginal fadsel blir dermed 96%. Vi
anbefaler a evaluere kombinasjon av prediktive faktorer i nye studier.

2.7 Tanker om framtida

I moderne medisinske forskning har metananalyser av randomiserte kontrollerte studier sterst
betydning. Humanistisk vitenskapsteori prioriterer erfaringskunnskap hayere.
Erfaringskunnskap har lang tradisjon innenfor faget fadselshjelp, og det er viktig a ta vare pa
denne tradisjonen. Gammel og ny kunnskap ma sammenlignes og evalueres. Pasientverdier
har fatt stgrre betydning i moderne medisin. Klinikere kan ikke lenger bestemme for
pasientene, men heller vare radgivere . God kunnskap er viktig for a kunne informere de

fgdende om sannsynlig forlgp av fedselen.

Filosofen William of Ockham (1285-1349) har uttalt: «Bruk alltid den enkleste av likeverdige
metoder.» Ressursene i helsevesenet er begrenset, og leger far ofte et etisk dilemma om de
skal prioritere den enkelte pasient eller sykehusets gkonomi. Det vil derfor bli viktig a finne
undersgkelsesmetoder som er enkle a bruke, nyttige for pasientene og som samtidig er

kostnadseffektive.

Ultralydundersgkelser har en sentral rolle i svangerskapsomsorgen. | denne avhandlingen har
vi vurdert nytteverdien av ultralydmalinger like far fadselen starter. De samme
undersgkelsesmetoder kan ogsa brukes under fadselen. Pa dette omradet er det behov for mer
forskning. Redaktaren i Ultrasound in Obstetrics and Gynecology har uttalt: «We will move
from obstetric ultrasound to ultrasonographic obstetrics.» Kanskje vil ultralydundersgkelser i
forbindelse med fadselen bli like viktige som de i dag er i svangerskapsomsorgen.
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3D

AFI

BMI

BPD

BPP

Cl

CTG

EFSUMB

fEN

IGFBP-1

IOL

LOT

LR

MCA

MRI

NCFM

OA

OP

OR

Pl

PPROM

PROM

ROT

RR
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3 Abbreviations

Three Dimensional

Amniotic Fluid Index

Body Mass Index

Biparietal Diameter

Biophysical Profile

Confidence Interval

Cardiotocography

European Federation of Societies for Ultrasound in Medicine and Biology
Fetal Fibronectin

Insulin-like Growth Factor Binding Protein-1
Induction of Labour

Left Occiput Transverse

Likelihood Ratio

Middle Cerebral Artery

Magnetic Resonance Imaging

National Center for Fetal Medicine

Occiput Anterior

Occiput Posterior

Odds Ratio

Pulsatility Index

Preterm Prelabour Rupture of the Membranes
Prelabour Rupture of the Membranes

Right Occiput Transverse

Relative Risk



TAU

TPU

TVU

UA

us

WHO

Transabdominal Ultrasound
Transperineal Ultrasound
Transvaginal Ultrasound
Umbilical Artery
Ultrasound

World Health Organization
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4 Introduction

All women wish to experience an uncomplicated pregnancy and labour. Some women want to
stay in low-risk obstetric units without technical interventions, whereas others prefer to take
full advantage of available technology and analgesics. Most pregnancies and births are
uneventful, but 15 % of pregnancies develop complications that calls for skilled care’. Labour
is the time with highest risk of complications, and it is important to sort women into groups
with high and low risk before labour. Only women at low risk should deliver in units intended
for low-risk births or at home. Complications can arise acutely and unexpectedly in low-risk
groups, and quick transfer to an operating theatre must be possible. In Norway, most obstetric
units sort women into ‘red’ or ‘green’ groups, with the use of the obstetric history, problems
during pregnancy and clinical examinations®. The aim of this thesis is to investigate whether
ultrasound (US) examinations before the start of labour can predict the outcome of labour, and

help clinicians to sort women correctly.

4.1 The normal labour

At the start of labour, it is important to know the orientation of the fetus within the uterine
cavity. The fetal orientation relative to the mother is described in terms of fetal lie, position
and presentation. The fetal lie is longitudinal, transverse or oblique. The position refers to a
fetal part related to the mother's front, back, left or right side. The presenting part is the fetal
part in the birth canal or closest to it. If the occipital fontanelle is the presenting part, it is

referred to as a vertex or occiput presentation.

The maternal pelvis is irregular in shape, and the fetal head at term is large relative to the
maternal pelvis. External compressive forces may act upon the fetal cranial vault and produce
moulding. Still, not all diameters of the fetal head can pass through the birth canal, and
movements of the head are necessary. The suboccipito-bregmatica (occiput anterior (OA)
presentation) and submento-bregmatica (face presentation) diameters are shortest (around
9.5cm). The diameter occipito-frontalis (occiput posterior) is around 11.5 cm and diameter
mento-verticalis is around 13.0 cm® (figure 1). The latter diameter makes a vaginal delivery

impossible with a brow presentation.
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Figure 1. The different diameters of the fetal head®, diameter suboccipito-bregmatica(1), diameter

submento-bregmatica(2), diameter occipito-frontalis(3), diameter mento-verticalis(4).

4.1.1 The cardinal movements

The normal labour is described in textbooks*®. The cardinal movements of labour of a fetus in
occiput anterior presentation are flexion, internal rotation, extension and external rotation.
The fetal head usually enters the birth canal transversely and engages in the pelvic inlet. The
fetal head engages more often in the left occipitotransverse (LOT) position than in the right
(figures 2 and 3) (59% versus 41%)°.

Figure 2. Fetal head in left occiput transverse Figure 3. Fetal head in right occiput

(LOT) position transverse (ROT) position
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Descent is brought about by pressure from uterine contractions. As soon as the descending
head meets resistance, the fetal head flexes and rotates (figures 4 and 5).

Figures 4 and 5. Fetal head with occiput anterior presentation

When the flexed head reaches the vulva, it undergoes extension and external rotation, and
delivery of the shoulders and the rest of the body follow. To see the first cardinal movements
you will need imaging techniques (figures 6 and 7), but the final cardinal movements are
visible (figures 8 and 9).

Figure 6. Sagittal abdominal ultrasound image Figure 7. The internal rotation can be

after the first cardinal movement (flexion) visualized by transverse abdominal ultrasound



Figure 8. The third cardinal movement Figure 9. The fourth cardinal movement

(extension) (external rotation)

If the fetal head is in the occiput posterior position, the presenting part can be the occipital
fontanelle (occiput presentation), the crown of the head (figures 10 and 11), frontal fontanelle
(figures 12 and 13) (forehead presentation), brow presentation or face presentation depending

on flexion or extension in the fetal neck.

Figures 10 and 11. Fetus in the occiput posterior position with the crown of the head as the presenting
part

When the fetus is in occiput posterior presentation, the first cardinal movement is flexion, the

second movement is internal rotation, the third movement is maximal flexion followed by

extension and the fourth movement is external rotation.



Figures 12 and 13. Fetus with the frontal fontanelle (forehead) as the presenting part

A vaginal delivery is impossible when the brow is the presenting part. However, with further
extension of the fetal neck, the face will be the presenting part and a vaginal delivery is
possible (figures 14 and 15).

Figures 14 and 15. Fetus with face presentation

The cardinal movements are different when the fetal neck is extended. The first movement is

extension (various extent), followed by internal rotation, flexion and external rotation.



4.1.2 Stages and phases of labour

Cervical effacement is the shortening and thinning of the cervix during labour, and cervical
dilatation is the cervical opening measured in centimetres. The definitions from WHO are
demonstrated in figures 16 and17 and table 1.

Figure 16. Effacement and dilatation of the cervix (from WHO)".

Figure 17. The descent of the fetal head in the birth canal is from stage -5 cm above the pelvic inlet, 0

at the level of the ischial spine and +4 cm at the level of the pelvic floor (from WHO)*

Cervix dilated less than 4 cm: first stage and latent phase
Cervix dilated 4-9 cm: first stage and active phase
Cervix fully dilated but presenting part above pelvic floor:  second stage and early phase

Cervix fully dilated and presenting part at the pelvic floor:  second stage and expulsive phase

Table 1. World Health Organization (WHO) definitions of the stages and phases of labour®




4.1.3 Leopold's manoeuvres

In 1894, Leopold described a systematical way of abdominal palpation. In the first manoeuvre
the examiner will identify the fetal pole and in the second identify the back of the fetus. In the
third manoeuvre the fingers of one hand are grasped just above the symphysis pubis to feel
whether the presenting part is engaged and how deep it is descended in the maternal pelvis. In
the fourth manoeuvre, the examiner faces the mother's feet, and with the tips of the first three

fingers of each hand exerts pressure in the direction of the pelvic inlet.

4.1.4 Vaginal examination

A systematic way to do vaginal examination at the onset of labour and during labour is
described as follows®.

1. Two fingers are introduced into the vagina and the examiner will try to identify the
presenting part

2. The next is to identify the course of the sagittal suture
3. The third is to identify the position of the fontanelles

4. The last is to describe the station or the extent to which the presenting part has descended

into the pelvis

4.2 Labour dystocia

Labour dystocia may be a consequence of:

1. abnormalities of the power (contractions or pushing)

2. abnormalities of the fetus (size, presentation, position, flexion, malformations)

3. abnormalities of the maternal pelvis
Kolas et al. found fetal stress and failure to progress to be the most important indications for
emergency caesarean section™. It has been asserted that dystocia leading to caesarean section
is overdiagnosed®. In clinical practice it may be difficult to distinguish between the different
reasons for labour dystocia, and a more precise diagnosis of labour progress would be
important. In cases with maternal-fetal disproportions, a vaginal delivery is impossible.
However, in cases with inadequate contractions, oxytocin augmentation should be the method

of choice.
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4.3 Occiput posterior position

The first objective studies regarding intrapartum fetal head position were done by Caldwell®
and Calkins™ in the 1930s. In the great majority of labours in the occiput posterior (OP)
position, the mechanism of labour is almost identical to the normal labour except for a greater
initial rotation. The majority of OP positions rotate before they reach the pelvic floor. In 5-
10% the rotation may be incomplete or may not take place at all. Poor contractions or faulty
flexion of the head may predispose to incomplete rotation and transverse arrest may occur. If
no rotation occurs, the occiput will remain in persistent OP position®. In a study by Gardberg
et al., 408 term pregnancies were investigated with sonography: most OP rotated to OA
during labour and most OP positions at delivery were a consequence of a malrotation from
initial OA (table 2)*2,

OP at delivery | OA at delivery
OP in early labour 8 53 61 (15%)
OA in early labour | 13 334 347

21 (5%) 387 408

Table 2. Frequencies of fetuses in different positions in early labour
and at delivery (from Gardberg et al.)

13
I I 14

Souka et al™*. and Akmal et al™". reached different conclusions. Souka reported that 80 of 106
OP deliveries were due to failure of rotation from an initial OP position'®. Akmal investigated
918 women in active labour with transabdominal ultrasound (TAU). In this study, the
majority of OP positions during labour rotated to the OA position, and the vast majority of OP
positions at delivery were a consequence of persistence of this position during labour rather
than malrotation from an initial OA or transverse position**. This topic is however debated.

The conflicting results may be due to the timing of the US examinations.

The reasons for failure of spontaneous rotation are not known. Transverse narrowing of the
midpelvis is a contributing factor. If the fetal head reaches the pelvic floor, a spontaneous
delivery most certainly will occur. The late first stage and the second stage may be prolonged
and an operative vaginal delivery may be necessary. Forceps rotation to OA can be done, but
this procedure is seldom used nowadays. Manual rotation to OA is an alternative procedure.
Correct diagnosis of the fetal head position is important in prolonged labour. TAU are of
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value in detecting the fetal head position and better than vaginal examinations'® **%. Dupuis
et al. concluded that TAU is a simple, quick, and efficient way of increasing the accuracy of
the assessment of fetal head position during the second stage of labour. In this study, the
correlation between digital vaginal examination and TAU examination of the fetal head
position during the second stage of labour was assessed. In 20% of the cases, ultrasonographic
and clinical results differed significantly (i.e. > 45 degrees). This rate reached 50% for OP and
transverse locations®,

Pearl et al. performed a retrospective study of 564 OP deliveries and found an incidence of
4.2% persistent OP positions. Only 45% delivered spontaneously. They found more maternal
lacerations in the OP than in an OA group and increased facial nerve and Erb's palsy in the
newborn. They suggested vacuum extraction rather than forceps to avoid maternal
lacerations®. Sizer et al. found an increase in OP with increased fetal weight (OR 1.18),
epidural analgesia (OR 2.21) and oxytocin augmentation (OR 1.44)%. In a study by
Fitzpatrick et al. only 29% of primiparas and 55% of multiparas with persistent OP position
achieved spontaneous vaginal delivery, and OP was associated with a sevenfold higher
incidence of anal sphincter disruption®. Ponkey et al. found similar results. The chance of a
spontaneous vaginal delivery was 26% for primiparas and 57% for multiparas with persistent
OP®,

Akmal et al. investigated the value of ultrasonographically determined OP positions in the
early stages of labour in predicting the likelihood of caesarean section. Delivery was vaginal
in 514 (86%) cases and by caesarean section in 87 (14%). The fetal occiput position was
posterior in 209 (35%) cases and in this group the incidence of caesarean section was 19% (40
cases), compared with 11% (47 of 392) in the non-OP group®. Rane et al. investigated the
value of sonographic assessment of cervical length, posterior cervical angle and occipital
position in 604 women. Prediction of the induction-to-delivery interval and the likelihood of
vaginal delivery within 24 hours was provided by the occipital position®’. Lieberman et al.
evaluated epidural analgesia and the rate of abnormal fetal head positions at delivery. The
final fetal position was established close to delivery. Women receiving epidural did not have
more OP fetuses before the start of delivery (23% epidural versus 26% no epidural, p = 0.9),
but they had more OP at delivery (13% epidural versus 3.3% no epidural, p = 0.002). This

association remained in a multivariate model OR 4.0; 95% Cl 1.4-11.1%,
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4.4 Deflected fetal neck

The second cardinal movement is flexion of the fetal head. Sometimes this movement does
not occur and the fetal head enters the pelvis with the neck deflected. If the neck is
hyperextended, the fetus has a face presentation. The incidence is from 1 in 500° to 1 in
1000%° deliveries. The brow usually enters the pelvic canal and the position converts to a face
presentation after further extension. The chin of the fetus must rotate under the symphysis
pubis to enable vaginal delivery. If the neck does not hyperextend, the brow will be the
presenting part. If a brow presentation persists, vaginal delivery is impossible, except for very

small fetuses.

4.5 Engagement and station

The fetal head is engaged when the biparietal diameter (BPD) has traversed the antero-
posterior diameter of the pelvic inlet. Flexion and descent contribute to engagement. In
nulliparous women, engagement usually occurs during the last weeks of pregnancy.
Clinically, engagement of the fetal head can be assessed by either abdominal or transvaginal
digital examination®. With abdominal palpation, the fingers cannot reach the lowermost part
of the fetal head. With vaginal examination, the fetal head is engaged when the presenting
part is positioned at station 0. Sherer et al. compared transvaginal digital examination with
TAU with a raw agreement rate of 86%. Laencina et al. found fetal station to be the only
factor in the Bishop score which could independently predict the probability of vaginal
delivery within 60 hours in women with induced labours®!. Dietz and Lanzarone used
transperineal ultrasound (TPU) to evaluate engagement and related the fetal head to the
symphysis pubis®* 3. Engagement and station are both evaluations of the descent of the fetal
head. Engagement is a categorical evaluation (yes or no), and station is an example of
numerical data, more precisely called ordered categorical data®*.

4.6 Assessment of labour progress

Progress of labour is measured in terms of advancing cervical dilatation and descent of the
presenting part. The concept of station was first described by Miiller in 1868. Friedman
introduced the partogram in 1954%. In 1965, he reported a strong correlation between
dilatation and station®, and in 1976 he described an association between high station at arrest
of labour and adverse labour outcome®”. In 1982, Bersjg and Koss evaluated the interobserver
agreement of digitally assessed dilatation and descent and found complete agreement or a
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difference of 1 cm in 90% . Lewin et al. suggested using ultrasound to evaluate station in
1977 by measuring the distance from the fetal head to the sacral tip of the mother®. Various
electromagnetic techniques and ultrasound ‘cervimetry’ for assessment of cervical dilatation
have been tried*®. However, in clinical practice assessment of the progress is still performed
by subjective digital transvaginal examinations. Sherer argues in an editorial comment in
Ultrasound in Obstetrics and Gynecology in 2007 for objective and repeatable methods for

evaluating descent and dilataion®".

Unfortunately the maternal ischial spines are not well depicted by TPU. Sherer has suggested
measuring the distance from perineum to the fetal head, but he believes that this measure will
be operator dependent and imprecise and no better than transvaginal examinations. The
method has not been investigated in prospective studies. Salvesen suggested in an opinion in
Ultrasound in Obstetrics and Gynecology in 2006 that three-dimensional ultrasound (3D)
perhaps can document its value in assessment of the labour. In a publication from 2008
Fuchs et al. demonstrate how the sutures and fontanelles can be visualized during labour
using 3D ultrasound®. Recently Sharf et al. described a non-imaging US-based computerized
system developed to provide continuous objective assessment of the progress of labour. The
system is based on three-dimensional ultrasonic localization and consists of three external US
transmitters/receivers. One of them is placed on the central lower abdomen and the other two
at sites adjacent to the anterior superior iliac spines. The systematic error of the fetal head
station measurement is estimated as 10-20%, depending on the anatomy of the mother. In
addition, the clinical tests indicated that measurements of the changes of both cervix dilatation
and fetal head station are feasible**.

4.7 Rupture of the membranes

4.7.1 Preterm prelabour rupture of the membranes (PPROM)

In textbooks, PPROM is defined as the rupture of fetal membranes before 37 completed
weeks and at least one hour before the onset of labour”. It is believed that choriodecidual
infection or inflammation is an important predisposing event* “®. PPROM is associated with
significant maternal and fetal risks. Management requires an accurate diagnosis as well as
evaluation of the risks and benefits of continued pregnancy. The treatment of pregnancies
complicated by PPROM early in pregnancy should be directed towards conserving the
pregnancy. Corticosteroid administration is recommended before 30-32 weeks of gestation®.
Use of antibiotic therapy probably reduces infant morbidity*®“2. It is not clear whether

26



tocolysis reduces infant morbidity*®.

4.7.2 Prelabour rupture of the membranes (PROM)

The most commonly used definition of PROM is rupture of membranes after 37 weeks of
pregnancy, but some use the term PROM from 34 weeks onwards. In a Swedish study,
Ladfors et al. investigated risk factors for PROM from week 34-42. Risk factors were
primiparity, premature contractions, PROM in a previous pregnancy and bleeding in the first
trimester®®. Ladfors et al. also investigated risk factors for neonatal sepsis. A total of 1385
women were randomized to induction the following morning after PROM (early induction
group) or induction two days later (late induction group). In this study there was no difference
in the incidence of neonatal infections between those with early and with late induction.
Clinical neonatal sepsis was associated with time from PROM to delivery over 32 hours®®. A
higher rate of spontaneous deliveries was found among nulliparous women with prolonged
latency as compared with brief latency prior to induction®. Tan and Hannah published a
Cochrane review in 2000. The objective was to assess the effects of induction of labour with
oxytocin versus expectant management for prelabour rupture of membranes at or near term
(34 weeks or more). Compared to expectant management, induction of labour (IOL) by
oxytocin was associated with decreased risk of maternal infection (OR for chorioamnionitis
0.63; 95% CI 0.51-0.78 and endometritis 0.72; 95% CI 0.52-0.99). There was also decreased
risk of neonatal infection (OR 0.64; 95% CI 0.44-0.93). Caesarean section rates were not
statistically different between groups, although the trend was towards fewer interventions
with expectant management. Oxytocin was associated with more frequent use of pain relief
and internal fetal heart rate monitoring®?. The discussion continued and this Cochrane review
was later withdrawn. In a new Cochrane review from 2006, planned early birth reduced the
risk of some maternal infectious morbidity without increasing caesarean sections and
operative vaginal births. Fewer infants went to neonatal intensive care although no differences
were seen in neonatal infection rates. This review concluded that planned or expectant
management was not very different, and that women need to have appropriate information to
make informed choices™.

There is no conclusion in the current Norwegian guidelines. The obstetrical department at
Stavanger University Hospital has a routine policy of early 10L, that is, labour is usually
induced the next morning. Thus, the usual time from PROM to induction may vary from 16 to
39 hours, depending on the time of PROM>*. A review from 2005 concludes that misoprostol
is an effective and safe agent for induction of labour in women with PROM>.
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4.8 Induction of labour (IOL)

IOL is defined as iatrogenic stimulation of uterine contractions prior to the onset of
spontaneous labour. It is one of the most commonly performed obstetrical procedures. The
induction rate in developed countries is now 15-20%2**®, and the frequency of induction is
increasing®’. 10L is associated with an increased risk of a caesarean section®® from 14-25% in
nulliparous women, and 3-5% in parous women>’. A study from Stavanger University
Hospital found the rate of operative deliveries to be almost 50% in nulliparous women with
an unfavourable cervix®, and elective labour induction for nonmedical indications is not
recommended®’. However, active management of a risk pregnancy may imply 10L, and one
study has recommended induction of risk pregnancies at term, because it was associated with
a significantly reduced rate of caesarean delivery®?. Concerns about the risk of fetal demise
with expectant management near term or post-term have contributed to an increased rate of
induction. In general, induction should be undertaken when the benefits outweigh the risks of
continuing the pregnancy®.

The most common indications for IOL are preeclampsia, maternal diabetes, PROM, infection,
fetal growth restriction, isoimmunization, post-term pregnancy, twins, suspected macrosomia
and maternal request. The timing of IOL is controversial, and if a successful labour outcome
could be predicted, IOL could be considered in cases with “soft indications’ or on maternal
request®. Thus, any reliable methods of preinduction assessment would be valuable tools in
counselling women before 10L.

A variety of maternal and fetal factors are found to predict successful I1OL. These include
parity® ", height?, weight?, body mass index (BMI1)?" "*"> maternal age’ "®"", Bishop

27,63, 65,67,72,74,78 66, 70, 72
score

, cervical dilatation , transvaginal ultrasound (TVVU) measurement
of cervical length,?" 9367697274 ' Op nosition before the start of labour?” and biochemical
markers, such as fetal fibronectin (fFFN)" and insulin-like growth factor binding protein-1
(IGFBP-1)®. Rozenberg et al. emphasize that heterogeneous populations, lack of
standardization of the methods of induction, different measurements and different endpoints
can give conflicting results®. Some authors have suggested models with combinations of

maternal factors and US measurements in assessment of women before the start of labour?” >
82, 83
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4.8.1 Indications for induction of labour

In some clinical situations it may be necessary to terminate pregnancy. Delivery is
recommended in women with preeclampsia, fetal growth restriction or when a prolonged
pregnancy is considered to be dangerous for the mother or the fetus. IOL can be performed for
suspected fetal growth restriction if Doppler measurements are normal, and the cervix is
favourable®. In other situations such as diabetic women, twins or maternal request, the timing
for IOL may be more difficult, and pros and cons must be balanced® "*. The guidelines from
the Norwegian Society of Gynaecology and Obstetrics recommend induction for diabetic
pregnancies and twins at no later than 40 weeks®> ®. In Cochrane reviews, however, the
timing for induction in the case of twins is uncertain®, and there is no evidence to support

elective delivery at term in pregnant women with insulin-requiring diabetes®.

4.8.1.1 Prolonged pregnancy

In a randomized study from 1987 Augensen et al. compared early versus late induction of
labour in post-term pregnancy®®. They advocated a non-intervention policy. However,
prolonged pregnancy is now one of the most frequent indications for labour induction®®. In
2006, Heimstad et al. evaluated the timing of induction in prolonged pregnancies®. The
primary aim was to compare 10L at 41 weeks with expectant management up to 43 weeks
with neonatal morbidity as outcome. Secondary aims were to assess the effect on mode of
delivery and maternal complications. There were no differences between induced and
monitored groups regarding neonatal morbidity or mode of delivery®. Women preferred 10L
to serial antenatal monitoring beyond 41weeks™. A Cochrane review from 2006 concluded
that labour induction after 41 weeks compared to awaiting spontaneous labour was associated

with fewer perinatal deaths. However, the absolute risk was extremely small®?,

4.8.1.2 Macrosomia

Peregrine et al. compared the accuracy of clinical and sonographic fetal weight estimation of
birth weight prior to I0L%,. The fetal weight was estimated clinically by the doctor and the
woman herself. A transabdominal scan was then performed to estimate the fetal weight using
the formulae from Shepard® and Hadlock 1984%. With all four methods, the estimated
weight was significantly different from the actual birth weight. The corresponding proportion
of the estimates within 10% of actual birth weight was 71% (doctor), 59% (woman), 62%
(Shepard) and 42% (Hadlock). The sensitivity and specificity of detecting a fetus weighing >
4000 g were 16% and 99%, 29% and 96%, 48% and 92% and 40% and 94%, for the four

29



methods respectively. US immediately prior to IOL was the best method to predict high
birthweight fetuses®.

Many women are afraid of delivering a macrosomic baby. The risk of delivering a baby
weighing more than 4000 g is about 20%% and more than 4500 g around 5%%’. Large fetuses
are associated with increased risk of complications during labour and delivery, but IOL is not
recommended®. In a study from Stavanger University Hospital, IOL did not change the
Apgar score or diminish the frequency of shoulder dystocia. However, it did increase the
frequency of operative deliveries and transfer to the neonatal intensive care unit®™. Henriksen
concluded in a meta-analysis from 2008 that current evidence shows no benefit of a policy of
routine 10L because of suspected fetal macrosomia*®.

4.8.1.3 Maternal request

Modern women are used to taking control of life. Pregnancy and delivery are something a
woman cannot control, and this may frighten her. Many women want to plan the delivery in
relation to their own and their partner's work. Other women may feel uncomfortable towards
the end of pregnancy. They may have sleeping problems or pelvic girdle pain'®*. Other
women are afraid of delivery because of previous traumatic experiences, abuse or psychiatric

disorders. The prevalence of serious fear of childbirth is around 6%"%2

103, 104

. Many women ask for a

planned caesarean section without medical indication
105

, and the frequency of this request
increases with increasing maternal age™ . Women referred to a specialist service for fear of
birth may become conscious of the causes of their fear and decide on a vaginal birth after
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all™™. Often women want a timing of the delivery, and IOL may be an alternative to perform

an elective caesarean section. The value of IOL as an alternative to a planned caesarean has

not been scientifically evaluated'®,

4.8.2 Methods for induction of labour

Suggested methods for IOL include vaginal intercourse, heavy exercise, consumption of
laxatives, nipple stimulation, homeopathy and acupuncture, but reviews conclude that there is
little evidence of success of these methods™"*%°. Mechanical methods have been used for
more than one hundred years and are still in use. A Foley catheter can be inserted in the
cervical canal and gentle traction applied. A Cochrane review found insufficient evidence to
evaluate the effectiveness of mechanical methods compared with prostaglandins, but the risk
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of hyperstimulation was reduced when compared with prostaglandins . When the cervix is
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favourable, sweeping of membranes has proven effects in starting labour, but women often

feel discomfort during the procedure™.

Aksel P. Lange from Denmark evaluated IOL in a thesis from 1983. He compared the
efficiency of three methods: oral prostaglandin E,, buccal desaminooxytocin and intravenous
administration of oxytocin after amniotomy™2. In all, 21% of 10L attempts were
unsuccessful. He suggested amniotomy when possible, followed by intravenous

administration of oxytocin.

6'%2 and has been used for IOL from

The effect of oxytocin was first described by Dale in 190
1913 onwards™. In 1983 Sande et al. evaluated IOL with oxytocin between the 40th and 41st
week of pregnancy and found it to be a safe procedure for the mother and the fetus**. It is
still the most commonly used drug for IOL when cervix is favourable, but the drug has side
effects. Ellen Blix has evaluated the use of oxytocin in a modern Norwegian delivery

department™®

. A Cochrane review concluded that the effectiveness and safety of amniotomy
and intravenous oxytocin in IOL are lacking, and no recommendations for clinical practice
can be made on the basis of the review'!’. Hyperstimulation with use of oxytocin can generate

fetal asphyxia™*® and uterine rupture™®.

When the cervix is unfavourable, the use of prostaglandins may have benefits'?’. Both
prostaglandin E; and F, increase successful vaginal delivery rates within 24 hours without
increasing operative deliveries*?. However, prostaglandins increase the risk of uterine

hyperstimulation*®

. Misoprostol (prostaglandin E; analogue) is cheap and effective, and
misoprostol has no more side effects than other prostaglandins**™?*. However, there is little
interest from the manufacturer in promoting the use of this drug for 10L, and the drug will
probably remain unlicensed for obstetric use. The company has declined to manufacture a 25
ug tablet (the recommended dosage for I0L), which means that the dose can only be obtained
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by cutting a 200 pg tablet into eight™". This means that the exact dose of 25 g cannot be

guaranteed. In Norway, 50% of delivery units used dinoprostone gel for IOL in 2003 and 25%

used misoprostol*?*.

The Norwegian Society of Gynaecology and Obstetrics has published guidelines for IOL and
concluded that misoprostol has a similar effect and no increased risks compared to
prostaglandin E2. However, the guideline recommends careful use in cases with previous

caesarean section.®

At Stavanger University Hospital we recommend amniotomy and oxytocin as the method of

choice for IOL if the cervix is favourable at the time of induction (Bishop score > 6). When
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the cervix is unfavourable (Bishop score < 6), labour is induced with 25 pug misoprostol every
4™ hour (maximum 100 pg in 24 hours and a total maximum dose of 200 pg) until regular

contractions®.

4.8.3 Predictive factors for labour induction

4.8.3.1 Parity

Parity is a positive predictive factor for IOL, and the importance of parity has been
documented in many studies. Heffner et al. investigated 14409 women eligible for a vaginal
delivery and found a caesarean delivery rate of 25% among nulliparous women and 5%
among parous women after IOL*. In a study by Rane et al., the caesarean delivery rate was
28% versus 9% in nulliparous and parous women®, and Tan et al. found in a multivariate
logistic regression analysis that nulliparity was an independent predictor of caesarean delivery
(adjusted OR 4.1; 95% CI 2.1-8.1, p < 0.001)®. Peregrine et al. found the OR for a caesarean
delivery to be 20.6; 95% CI 7.97-53.05, p < 0.001 for nulliparous women?. In a study from
2007 Laencina et al., 87% of parous women delivered vaginally within 60 hours after IOL
compared to 55% among nulliparous women (p < 0.001)*".

4.8.3.2 Maternal age

In a study by Ecker et al. 3715 women were investigated for factors that increased the risk of
caesarean delivery. Among women with spontaneous or induced labour, caesarean delivery
rates increased with maternal age (8% in women < 25 years compared to 31% in women > 40
years) and caesarean deliveries were more frequent in both spontaneous and induced
labours’. In some other studies, maternal age was a predictive factor for IOL with a higher
caesarean rate in older women """ % In a study from Heffner et al., maternal age over 35
years was associated with an increased risk of caesarean delivery in nulliparous women, and

maternal age over 40 years was associated with an increased risk in parous women™.

4.8.3.3 Gestational age

Nassar et al. evaluated 10OL in women with severe preeclampsia before 34 weeks of gestation
and found a success rate of 48% for a vaginal delivery™®’. In a study from Wing et al.
gestational age was an independent predicting factor for successful induction (OR 1.3; 95%
Cl 1.1-1.6, p = 0.003)"°. Heffner et al. found that gestational age had little impact on the risk
of having a caesarean delivery for either induced or spontaneously labouring parous women.

However, gestational age was statistically significantly associated with caesarean deliveries
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among nulliparous women. Among induced nulliparous women the caesarean delivery rate

was lowest between 36 and 38 weeks®®,

4.8.3.4 Body mass index (BMI)

In general, obese women are at increased risk of labour induction and a complicated labour. In
a large cohort study from England, the risks of adverse outcome in obese women were studied
in 287000 singleton pregnancies. In all, 62% had normal weight (BMI 20-25), 27% were
moderately obese (BMI 25-30) and 11% were obese (BMI > 30). Compared to women with
normal BMI, 10L was more common in moderately obese women (OR 2.14; 99% CI 1.85-
2.47), and in obese women (OR 1.70; 99% CI 1.64-1.76). Delivery by emergency caesarean
section was also more common in moderately obese women (OR 1.30; 99% CI 1.25-1.34) and
in obese women (OR 1.83; 99% CI 1.74-1.93). Maternal obesity carried significant risks for
the mother and fetus. The risk increased with the degree of obesity and persisted after
accounting for other confounding demographic factors'?.

In a study from Wales from 1990 to 1999, 60 000 women were examined. The study reported
an increased risk of postdates, IOL, caesarean section, macrosomia and shoulder dystocia in

obese women. The authors found IOL to be a starting point in the cascade of events'?.

Bhattacharya et al. found increasing BMI to be associated with increased incidence of pre-
eclampsia, gestational hypertension, macrosomia, IOL and caesarean delivery. Underweight
women had better pregnancy outcomes than women with normal BMI**. Doherty et al
investigated the effect of maternal pre-pregnancy BMI on pregnancy outcomes and found pre-
pregnancy obesity to be a risk factor for gestational diabetes, preeclampsia, labour induction,
caesarean delivery for fetal distress, postpartum haemorrhage and neonatal hypoglycaemia
and the need for resuscitation. Being underweight was a risk factor for fetal growth

restriction™.

In a study from Rane et al., the risk of caesarean delivery after IOL was higher in women with
increased BMI (OR 1.85; 95% CI 1.24-2.74, p = 0.0024), but the induction to delivery
interval was not increased’®. Peregrine et al. found BMI to predict caesarean delivery in
women with IOL (OR 6.17, 95% CI 2.10-18.13, p < 0.001)".

4.8.3.5 Fetal weight

In some studies fetal weight predicts a successful IOL. Crane et al. found birth weight to be
an independent factor for duration of induced labours and the probability for a spontaneous
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vaginal delivery™". Vrouenraets et al. found birth weight > 3500 g to increase the risk of a

caesarean delivery™.
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4.8.3.6 Cervical status

House and Socrate have described the cervix as a biomechanical structure®*?, Structural
function was seen as a balance between structural strength and external loading. Cervical
strength is the ability of the cervix to resist deformation or ‘change’ (funnelling, effacement
and dilatation) and loading refers to the forces acting to cause deformation. The uterine cervix
is composed of collagen, elastin, and glycosaminoglycans. The most important contributor to
cervical softening is a rearrangement and realignment of the collagen, elastin, and smooth

138 Terms

muscle cells. The cervix undergoes changes in two phases, softening and dilatation
applied for a strong cervix are “unripe’, ‘firm’ and ‘unfavourable’, whereas weak cervix is
described as ‘soft’, ‘ripe’, “‘mature’ or “favourable’. Clinically significant deformation would
depend on the actual degree of deformation and the gestational age at which it occurs. The
cervical status might be important when evaluating the risk of preterm delivery and when

evaluating the probability for successful 10L*.

Different types of matrix metalloproteinases are involved in the cervical ripening process™*,
and successful prostaglandin E2-induced cervical ripening seems also to be related to an

increase in cervical fetal fibronectin levels’ 3%,

The first cervical scoring system was suggested by Calkins et al in 1931

. They suggested
that the intensity of contractions and the consistency, wall thickness and canal length of the
cervix would predict the duration of labour. In 1941 Calkins suggested a new system based on
cervical effacement, station and consistency*®’. In 1955, Cocks described five types of

cervices, based on softness, effacement and dilatation**®

. Most of these assessments were by
rectal examinations’2. In 1960, Garrett characterized the cervix as ripe or unripe™, and in
1962 Friedman assessed the cervical dilatation corresponding to the length of the latent phase

of labour*®°.

4.8.3.7 Bishop score

Bishop advised using vaginal examination instead of rectal examination, and in 1964 he
published a scoring system based on cervical dilatation, effacement, consistency, cervical
position and the station of the presenting part (table 3)"®. Bishop concludes that elective
induction may be safely and successfully performed when the score is > 9.
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Parameter\Score 0 1 2 3
Position Posterior Intermediate Anterior -
Consistency Firm Intermediate Soft -
Effacement 0-30% 40-50% 60-70% 80%
Dilatation <lcm 1-2 cm 2-3cm >3cm
Fetal station -3 -2 -1,0 +1,+2

Table 3. Bishop's original scoring system’®

In newer studies, a score < 6 is regarded as unfavourable and > 6 as favourable’ ™. The
Bishop score from 0-13 is an example of a biomechanical approach that incorporates both

strength (consistency) and loading**

. Many studies have demonstrated its value in predicting
the outcome of labour. The induction to delivery interval, the likelihood of vaginal delivery
within 24 hours and the likelihood of a successful vaginal delivery are predicted by the
Bishop score?” 3667, 71,72, 74,7581, 141, 142 'tyq\vever, the method is subjective and has
limitations®” 1**%°_ An interobserver analysis showed perfect agreement in 28% of the cases.
If a difference of one point between the observers was acceptable, the agreement was 66%.
An informal evaluation of the cervix may be just as reliable as the Bishop score**. The
different elements of the Bishop score have been analysed in several studies. Rane et al. found
cervical dilatation, station and consistency to provide a significant contribution to the
prediction of delivery within 24 hours®®. Pandis et al. found that only the cervical length
predicted the likelihood of a vaginal delivery within 24 hours®’. Laencina et al. found that
station was the only component of the Bishop score that was independently predictive of the
probability of vaginal delivery within 60 hours®*. Most studies emphasize that dilatation is the

most important element of the Bishop score®* 6 7072, 147-149,

4.8.3.8 Modifications of the Bishop score

In 1966, Burnett suggested a modification of the Bishop score with a maximum score of 10
(two points per category), and found little hazard in IOL if the scoring was > 6"°. Friedman
proposed a weighted scoring system with dilatation having twice the influence of effacement,
station and consistency and four times that of cervical position'*”. Lange suggested using only
effacement, dilatation and station®®. Cervical effacement may be described as a percentage or
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as the residual cervical length in centimetres. Holcomb has recommended using the metric

system for description of the cervix*>!,

4.8.3.9 Ultrasound assessment of the cervix

Elghorori et al. modified the Bishop score by replacing the digital assessment of cervical
length with US measured cervical length. The original Bishop score with cut-off level > 5
predicted a vaginal delivery with a sensitivity of 23 %; 95% CI 14.6-33.2 and specificity of
88%; 95% CI 63.5-98.5, while the modified Bishop score with cut-off level > 3 predicted a
vaginal delivery with a sensitivity of 62%; 95% CI1 51.0-72.3 and specificity of 82%; 95% CI
56.6-96.0".

Transabdominal, transperineal and transvaginal sonography can provide images of the cervix,
but the transvaginal approach is superior to the others™****, Hertzberg et al. have described
the transperineal examination™, and they suggested that hip elevation would improve the
imaging quality of the cervix™°. Some have found the agreement between the transperineal
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and transvaginal approach to be acceptable™’, whereas others disagree™®. US measurements

are probably more objective than digital examinations because a part of the cervix is above

the vaginal fornices when the internal os is closed’ **.

The transvaginal examination has been described by Valentin et al.'™>. They found a
substantial intra- and interobserver variability, even when experienced observers performed
the measurements under standardized conditions, but they concluded that the differences were
clinically acceptable™®. The value of US has been evaluated in many studies with conflicting
results. TVU performs better than the Bishop score in some studies®” ¢ ™ but not in
others® 81109141 ‘geven studies were included in a meta-analysis®* 8% 88 144:160-162 ‘Tha athor
concluded that US measurements are equal to the Bishop score and called for more resarch’.
(The most important studies will be described in detail later in this thesis: p 42-43.)

House described the cervix as a biomechanical structure and suggested using this approach.
He suggested studying the cervical deformation with US™2. A closed cervix corresponds to a
“T’, changing to “Y”’, “V’ and ‘U’ during the deformation process as described by Zilianti et

al.*®®. Dynamic cervical changes during real-time ultrasound are common'®*

. Cervical strength
can also be evaluated by elastography, which is a promising technique that uses sonographic
information to determine the mechanical properties of soft tissue. As early as 1973, Bakke
suggested measuring cervical consistency with a mechanical device'®® **. Recently this idea
has been evaluated in new studies. An ultrasound transducer can compresses the tissue, and

image processing techniques can quantify this compression*3* ¢,
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4.8.3.10 Biochemical markers

Biochemical markers are suggested to be predictors of successful IOL. The most important
markers are fetal fibronectin (fFN) and IGFBP-1.

fFN is a glycoprotein from the chorionic-decidual interface'®®, and it is found to be a predictor
of preterm birth*®. fFN has also been evaluated as a predictor for IOL. In one study, an
increased level of cervical fFN was found to indicate a favourable cervix’®, but other authors
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disagree™". A meta-analysis concluded that fFN was a predictor for IOL, but that it was not

better than the Bishop score’?.

IGFBP-1 is released into the cervical secretions during cervical ripening, and it has been
suggested as a bedside test for predicting successful labour induction in women with intact
fetal membranes. The concentrations of IGFBP-1 are found to be four times higher in women

with a favourable cervix (Bishop score > 6)*°, but a review calls for more research’.

4.8.4 Evaluation of labour outcome

The Cochrane database has a protocol for evaluation of IOL'", and five primary outcomes
have been chosen as the most representative of the clinically important measures of

effectiveness and complications:

1. vaginal delivery not achieved within 24 hours
uterine hyperstimulation with fetal heart rate changes
caesarean delivery

serious neonatal morbidity or perinatal death

a b~ w DN

serious maternal morbidity or death

4.9 From obstetric ultrasound to ultrasonographic
obstetrics

The editor in chief of Ultrasound in Obstetrics and Gynecology introduced this expression in

an editorial in 2006 to emphasize the importance of the use of US in all perinatal units*".

4.9.1 History of ultrasound

The use of US diagnostics in clinical medicine started with lan Donald from Scotland in
19582 and in obstetrics and gynaecology in 1962*"3. In Scandinavia, Bertil Sundén presented
the first thesis about the use of US in obstetrics and gynaecology in 1964'"*. Kratochwil from

Austria used US to demonstrate fetal heart activity from the 7" gestational week in 19677,

37



and Stuart Campbell (UK) measured the BPD and located the placenta by compound scanning
in 19681"° "7, Anencephaly was the first fetal abnormality to be detected with US'"*. The
University of Lund has been a leading centre for US diagnostics in Scandinavia, and they
started to use US systematically in 1973.

4.9.2 Obstetrical ultrasound in Norway

Sturla Eik-Nes is the Norwegian pioneer of obstetrical US. He documented the value of
routine use of ultrasound in pregnancies'’® *”°. His thesis was on the use of pulsed Doppler
with combination of real-time B-mode ultrasonography for measurements of fetal blood flow

180 He will be remembered for organizing the use of US in a rational way.

Lise Kvande has published a thesis about the history of ultrasound in Norway from 1970 to
1995, She emphasized the importance of a scientific meeting in Alesund in 1984 as a
milestone in the introduction of routine US in Norway. The first Norwegian consensus

6'%2. A routine ultrasound examination around 18 weeks for

conference was arranged in 198
dating of fetal age, diagnosing twins, locating placenta and examining fetal anatomy was
recommended. Almost 98% of all pregnant women attended this examination in 19942, An
increasing number of fetal malformations were detected, and the ethical debate followed. A
new consensus conference was arranged in 1995, and the recommendations were
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confirmed™". Midwives with special education usually perform the routine examinations.

Scientific documentation of medical technology is mandatory, and the National Center for
Fetal Medicine (NCFM) in Trondheim has been the leading centre in Norway. Kjell Asmund
Salvesen evaluated the safety of ultrasound by comparing routine ultrasonography in utero
and subsequent handedness and neurological development*®*#¢ Torvid Kiserud published a
thesis on the value of Doppler measurements of ductus venosus with fetal growth
restriction'®’, Katarina Tunon studied dating of pregnancies'®, Harm-Gerd Blaas studied
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sonoembryology ", Christina Isaksen compared ultrasound findings and postmortem findings

in fetuses and infants with anomalies*® '**, Eva Tegnander studied fetal heart

192 Anne Brantberg studied malformations in the fetal abdomen'®****, Runa

malformations
Heimstad studied post-term pregnancies® and Kristin Offerdal studied prenatal ultrasound
detection of anomalies in a non-selected population of almost 50 000 deliveries in Norway'*°.
Researchers from other Norwegian Universities have also made important contributions.
Trygve Bakke was a Norwegian pioneer who tried to evaluate the consistency of cervix as
early as 1973 1% Guttorm Haugen studied the vasoactive effects of serotonin in human

umbilical arteries and studied fetal liver circulation'®® ', Ganesh Acharya studied the
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pulsatility index in different parts of the umbilical artery (UA)**, Synngve Lian Johnsen
published longitudinal reference charts for growth'*®, Jacob Nakling studied the use of
obstetric US outside a university setting?®, Jérg Kessler studied the fetal portal vein®*, and
Cathrine Ebbing studied the fetal splanchnic arteries and established longitudinal reference
ranges for P and blood flow velocities in MCA?*,

4.9.3 Safety

US in obstetrics may have side effects, and the safety of US will always remain a concern.
Kjell Asmund Salvesen published a thesis about safety, and he has participated in the
ECMUS (European Committee for Medical Ultrasound Safety)*®> 2%, The possible

186 As far as we know, US is a

association between US and handedness is still under debate
safe diagnostic tool in obstetrics. However, every operator should know indications for

examinations, potential risks, and how to use the US devices in the safest possible way?** 2%,

4.9.4 Education

EFSUMB (European Federation of Societies for Ultrasound in Medicine and Biology) has
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proposed a minimum requirement for practising US in Europe”™ defined as skills at level one,

two or three. In Norway, all obstetricians are educated corresponding to level one (one week

theoretical course and 300 US examinations)®”’.

The National Center for Fetal Medicine (NCFM) in Trondheim has a postgraduate
educational programme in obstetric US for midwives which comprises theoretical and
practical education (including a minimum of 800 US examinations). The skills of the first-line
sonographers are essential for the quality of routine examination programmes. New methods
and indications for US scanning increase the competence requirements for sonographers at all

levels.

4.9.5 Ultrasound in early pregnancy

Early pregnancy failure is best diagnosed by US. It is possible to differentiate between
anembryonic pregnancy, incomplete miscarriage or a missed miscarriage, and this is
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important for correct management®. US is also important to diagnose and manage ectopic

pregnancies®®’.

In many countries a first-trimester scan (11-13.6 weeks) is offered to all pregnant women as a

routine”®°. The aim of this scan is to identify and classify multiple pregnancies, to date
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pregnancies, to estimate the risk of chromosomal abnormalities and to examine the fetal

anatomy. In Norway, this examination is governed by a law (the Biotechnology Act)?™.

4.9.6 The routine ultrasound examination

In Norway, a routine scan is performed in the second trimester. The aims of this scan are to
determine the estimated day of delivery, to diagnose multiple pregnancies and to locate the

placenta. US dating has decreased the number of post-term pregnancies'’®

. Today the second
trimester scan also include a detailed examination of the fetal anatomy, and in a Norwegian

study from 2005 about 40% of malformations were detected at the second trimester scan®®.

4.9.7 Ultrasound in the third trimester

McKenna et al. evaluated the effect of two US examinations in a low-risk antenatal
population. Scans were performed at 30-32 weeks' gestation and again at 36-37 weeks'
gestation. They found a reduced risk of growth-restricted infants and an increase in antenatal
interventions®*?. Routine US examinations in the third trimester are not recommended in

Norway?. However, US examinations are important in many clinical situations.

A common indication for US examination in the third trimester is to determine fetal
presentation. In obese women it may be difficult to determine fetal presentation by manual
examination. Sonography may also be used to examine fetal wellbeing by estimating
growth?*, fetal movements and amniotic fluid volume in women with suspected fetal growth
restriction, and the value of Doppler examinations in the UA, MCA, uterine arteries and
ductus venosus is well established® *#"- %4 In women presenting with absent fetal

movements, US helps to confirm or exclude fetal death.

4.9.8 Scanning for cervical incompetence

The likelihood of preterm delivery may be assessed by US examinations in the late second
trimester> %%, In an opinion in Ultrasound in Obstetrics and Gynecology in 2003 Valentin
stated that there was no current evidence to support US screening of the cervix in early or

mid-gestation pregnancies®*’

. Crane and Hutchens published a systematic review in 2008.
They concluded that cervical length measured by TUS in asymptomatic high-risk women
predicted spontaneous preterm birth before 35 weeks gestation. Cervical length <25 mm was

the most commonly used cut-off level**%,

In women with short cervical length (< 15 mm at 23 weeks) a Shirodkar suture may reduce

the risk of preterm delivery?'®. In one meta-analysis, cerclage prevented spontaneous preterm
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birth before 34 weeks of gestation?’’. However, a Cochrane review did not confirm this
conclusion??, In a study from 2007, spontaneous delivery before 34 weeks of gestation was
less frequent in women receiving vaginal progesterone from 23 to 34 weeks compared to a
placebo group (19.2% vs. 34.4%; RR 0.56; 95% CI 0.36-0.86, p = 0.007). Progesterone was
associated with a nonsignificant reduction in neonatal morbidity (8.1% vs. 13.8%; RR 0.59;
95% C1 0.26-1.25, p = 0.17). There were no serious adverse events associated with the use of
progesterone??. In 2008 Smith et al. found a long cervix at mid-pregnancy to be an

independent predictor of the risk of caesarean delivery at term in nulliparous women??.

4.9.9 Ultrasound measurements as predictive factors of induction of

labour

4.9.9.1 Fetal head position

Rane et al. investigated the value of OP position before I0OL and found it to be a predictive
factor for caesarean delivery, the induction to delivery interval, and the likelihood of
delivering within 24 hours®’. Peregrine et al. came to the opposite conclusion. They examined
289 women with US and found OP in 97 (36%) women before IOL. Only 8% of these fetuses
were in OP at delivery. Of 25 fetuses in OP at delivery, 68% occurred due to a malrotation
from a non-OP during labour. They concluded that there is sparse clinical value in
determining the fetal head position before 10L%*,

4.9.9.2 Posterior cervical angle

Paterson-Brown et al. (1991) assessed 50 women with TVU and found a posterior cervical
angle greater than 70 degrees to be a predictive factor for vaginal delivery?®. Rane et al.
found the posterior cervical angle to be predictive for the induction-to-delivery interval and
the likelihood of delivering within 24 hours®’.

4.9.9.3 Cervical wedging

Bartha et al. compared TVU with the Bishop score for the choice of induction agent in 80
women. Prostaglandins were used if the cervix was unfavourable. In one group of 40 women,
the cervix was classified as unfavourable if the Bishop score was < 6. In another group of 40
women, US classified the cervix as unfavourable if the cervical length was > 30 mm with
cervical wedging of < 30% of the total cervical length. In the Bishop score group, 85% of
women received prostaglandin due to an unfavourable cervix. In the US group, 50% of
women received prostaglandins due to an unfavourable cervix (p = 0.001). The authors
concluded that the use of TVU reduced the need for intracervical prostaglandin treatment
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without adversely affecting the success of induction??®. Hatfield et al. found cervical wedging

to be a useful predictor with positive LR of 2.64 and a negative LR of 0.64 for a successful

I0L%%,

4.9.9.4 Cervical length

Seven studies were included in a meta-analysis (2006) to assess whether US measured

cervical length was better than the Bishop score in predicting IOL"2

1.
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Gonen et al. included 86 women. In a logistic regression model only the Bishop score
and parity were significantly correlated with successful induction and the duration of
labour. They concluded that transvaginal ultrasonographic evaluation of the cervix
before 10L did not improve the prediction of cervical inducibility obtained by the
Bishop score®.

Chandra et al. compared TVU and digital cervical examination in predicting
successful induction in post-term pregnancy in 122 women. The primary outcome was
the rate of vaginal delivery, and no US characteristics had predictive value®*.

Gabriel et al. compared the Bishop score and transvaginal sonographic measurement
of cervical length to predict the mode of delivery after IOL in 179 patients.
Ultrasound-measured length of the cervix was a better predictor of the risk of
caesarean delivery compared with the Bishop score. In women with an unfavourable
Bishop score, a cervical length of < 26 mm was associated with a lower risk of
caesarean delivery and shorter duration of labour*®°.

Reis et al. included 134 women before IOL. Only obstetric history and digital
examination predicted vaginal delivery within 24 hours, and both factors were
independently associated with labour duration. US measurements failed to predict the
outcome of induced labour™®".

Rane et al. examined the effect of parity and cervical length in 382 women undergoing
IOL. Successful vaginal delivery within 24 hours of induction occurred in 67% of the
women and the cervical length was significantly associated with the induction-to-
delivery interval and the rate of vaginal delivery within 24 hours. Parity provided a
significant independent factor. Sonographically measured cervical length was better
than the Bishop score and vaginal examination of cervical length in predicting the

outcome of induction®®.



6. Yang et al. evaluated 105 women undergoing IOL. Induction of labour was successful
in 93 (89%) women. Cervical length was better than the Bishop score for predicting
successful labour induction®®,

7. Roman et al. compared the Bishop score and US cervical parameters for predicting
failed labour induction in 106 women when the cervix was unfavourable (Bishop
score <5). Compared with the Bishop score, cervical length by US was not a better
predictor for the outcome of IOL. The authors emphasized the limited value of the
Bishop score'**.

Some recent studies from 2006 to 2008 are also important. Tan et al. compared transvaginal
sonography for cervical length measurement and digital examination for Bishop score in 249
women undergoing IOL. Transvaginal sonography was significantly less painful than digital
examination. Analyses of the ROC curves for cervical length and Bishop score indicated that
both were predictors of caesarean delivery (61%; p = 0.012 under the curve area vs. 60.7%; p
= 0.015; vs., respectively) with optimal cut-offs for predicting caesarean delivery of cervical
length > 20 mm and Bishop score < 5%,

Laencina et al. compared the Bishop score and TVU to predict successful IOL in 177 women,
and tried to estimate the most useful cut-off points for the two methods. Multiple regression
analysis showed that the Bishop score and cervical length were predictive factors for the
likelihood of delivering vaginally within 60 hours. Station was the only component of the
Bishop score that provided an independent contribution in the prediction of a vaginal delivery
within 60 hours. The best cut-off points for predicting successful induction using ROC curves
were 24 mm for cervical length and 4 for the Bishop score. Cervical length was a better
predictor than the Bishop score (sensitivity and specificity of 66 and 77% versus 77 and 56%,
respectively)®.

Vankayalapati et al. studied ultrasound-measured cervical length as a predictive factor in
prolonged labours. They found cervical length to be a independent predictor of the likelihood
of the onset of spontaneous labour in nulliparous women, and of successful vaginal delivery
in both nulliparous and parous women®?®, Strobel et al. found the Bishop score and
ultrasound-measured cervical length to have similar ability to predict the time to spontaneous
onset of labour in prolonged pregnancies®.

In a review from 2007, Hatfield et al. found cervical length to predict successful IOL (LR

1.66; 95% CI 1.20-2.31) and failed induction (LR 0.51; 95% CI 0.39-0.67). However, they
concluded that sonographically measured cervical length was not an effective predictor of
successful 10L?,
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4.9.9.5 Cervical volume and vascularization

In the future, 3D ultrasound during labour may become an important diagnostic tool*.
Reference data regarding the cervix has been published, but no clinical value has yet been
determined®*. Rovas et al. examined women undergoing IOL with prostaglandin in
prolonged pregnancies. Sonographically measured cervical length, Bishop score, and parity
were related to the success of labour induction, whereas cervical volume and 3D power

Doppler examination were not*

. They also investigated the predictive value of 3D
ultrasound with power Doppler examination to predict time to spontaneous onset of labour or
time to delivery in prolonged pregnancies. VVascularization of the cervix was related to
cervical ripening, but the examination was a complex method with no substantial
improvement in prediction compared with use of the Bishop score or ultrasound-measured
cervical length®*2. In a new study using 3D US in women with prolonged pregnancy the same
authors did not find any cervical changes during the last week before spontaneous start of

labour®®3,

4.9.10 Scanning at the labour ward

Even during labour it may be difficult to determine the fetal presentation. US examination
will easily give the correct answer. The presentation of the second twin can also be confirmed
by US, and US is essential in the process of leading the second twin into a longitudinal lie
during labour.

234 The incidence of

In women with vaginal bleeding, US is useful to localize the placenta
placenta accreta is increasing, and both US and magnetic resonance imaging (MRI) can
confirm the diagnosis preoperatively. In one study, US predicted placenta accreta in 30 of 39
of women, and ruled out placenta accreta in 398 of 414 without placenta accreta (sensitivity
77% and specificity 96%)°*°. Placental abruption is a clinical diagnosis, but sometimes a

retroplacental haematoma may be seen on US examinations®®.

There are only a few studies on the value of US scanning in the labour ward, and there is a
danger in extending US use to new situations and indications before its value has been

evaluated in studies®®.

Saito et al. investigated whether the change in cervical length during a uterine contraction
could predict the progress of labour. They used TVU in the first stage of labour and described
the degree of cervical shortening during the contraction relative to the cervical length before

44



contraction. The cervix was shortened in length by about 50% on average during a uterine
contraction in the normal course of labour. The degree of cervical shortening was
significantly greater in the normal latent and active phases than it was in the prolonged latent
phase. US observation of the cervix during uterine contractions helped to differentiate

between inefficient and normal uterine contractions and could predict the course of labour®’.

4.9.10.1 Amniotic fluid volume

Moses et al. estimated the amniotic fluid volume as an admission test in 499 women. Women
were randomized to have the amniotic fluid assessed by amniotic fluid index (AFI) or by the
presence of a 2 x 1cm single pocket. Oligohydramnios was diagnosed in 25% in the AFI
group compared to 8% in the single deepest pocket group (p < 0.001). Both techniques failed
to identify patients who later underwent amnioinfusion for fetal distress (p = 0.86), had
variable decelerations (p = 0.21) or late decelerations (p = 0.21) during delivery, fetal distress
in labour (p = 0.22), caesarean delivery for fetal distress (p = 0.13) or admission to the
neonatal intensive care unit (p = 0.69). Neither the AFI group nor the single deepest pocket
technique could identify pregnancies at risk for adverse outcome®®®,

4.9.10.2 Biophysical profile

Manning et al. described a biophysical profile (BPP) score including five fetal biophysical
variables: fetal breathing movements, fetal movements, fetal tone, qualitative amniotic fluid
volume and the non-stress test (CTG)?*°. Kim et al. investigated its value during labour. The
BPP was examined prospectively in 100 normal singleton pregnancies in active labour. The
BPP was not influenced by the use of oxytocics, prostaglandins or epidural analgesia. Fetal
breathing movements (95% vs 71%; p = 0.002) and gross fetal movements (98% vs 84%; p =
0.04) decreased with the rupture of amniotic membranes. A BPP score of 6/10 or less in
labour was associated with a RR for caesarean delivery of 8.0; 95% CI 2.4-26.5. In a
multivariate analysis, fetal movements and amniotic fluid volume were the two most
important variables in predicting the need for caesarean delivery. Kim et al. concluded that
the BPP score was better than cardiotocography (CTG) for predicting the need for caesarean
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section and admission to the neonatal intensive care unit“™. A Cochrane review from 2008

concluded that there is insufficient evidence from randomized trials to support the use of BPP
as a test of fetal wellbeing in high-risk pregnancies®**.

4.9.10.3 Position

Sherer et al. compared digital examination with US to detect fetal head position during first
and second stages of labour. In these studies, the examiners failed to determine the position of
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the fetal head in 76% of women by digital assessment during the first stage of labour and 65%
during the second stage®® ?°. The clinical value of determining fetal head position is probably
not important during a normal labour, but it may be of value in labours with failure to

progress.

Kreiser et al. used both transabdominal and transperinal US to detect the fetal head position in
the second stage and compared the results with digital examination. The error rate in detecting
fetal occiput position was significantly lower using the US technique (6.8%) compared to
vaginal examination (29.6%, p = 0.01). Parity, BMI and fetal weight did not influence the

error rate®,

Souka et al. assessed the feasibility of US for determining the fetal head position during
labour and compared it to digital examinations. Assessment of the fetal head position by
digital examination was not possible in 122 (61%) of 201 cases in the first stage of labour and
41 (31%) of 133 cases in the second stage of labour. In cases where assessment by vaginal
examination was possible, the correlation with US was fair in the first stage of labour (kappa
= 0.59) and good in the second stage of labour (kappa = 0.77). Overall, the digital fetal head
position assessment was accurate in 31% of the cases in the first stage and 66% of the cases in
the second stage of labour. Rotation of the fetal head was highly unlikely when labour started
in the OA position. Persistent OP position developed through failure to rotate from an initial

OP or transverse position*,

Akmal et al. investigated the accuracy of determining fetal head position by digital
examination before instrumental delivery. US was considered to be the ‘gold standard’. The
digital examination was considered to be correct if the fetal head position was within + /- 45
degrees of the US findings. Digital examinations failed to identify the correct position in
about one quarter of cases™. An exact knowledge of the fetal head position is important
before the use of forceps.

US may also help the obstetricians to place the vacuum cup close to the flexion point of the
fetal head. Wong et al. investigated whether the accuracy of vacuum cup placement could be
improved by intrapartum US assessment. The distance from the flexion point to the position
of the vacuum cup was 2.1+ /- 1.3 cm in the group with digital examination and US
assessment and 2.8+ /- 1.0 cm in the group with digital examination alone. The difference in

the mean distance between the two groups was statistically significant (p = 0.04)%*,
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Rozenberg et al. compared the learning curve for TAU with digital examination in
determining the fetal head position and found that the learning curve and accuracy of
determination were easier and better with TAU?*®,

4.9.10.4 Engagement and station

In 1977, Lewin et al. described a US measuring of the distance from the head to the sacral tip.
They obtained 453 examinations before and during labour. The aims were to make the
Bishop's score more precise, permit a more accurate check of trial of labour and help to
recognize a low station correctly before an application of forceps®.

Grischke, Dietz and coworkers described the method of TPU in 1986%*. Dietz and Lanzarone
evaluated two different TPU methods in evaluating engagement. They assessed 139 women
before the start of labour between week 35 + 3 and 40 + 4. In the first proposed method, they
employed a line through the inferioposterior symphyseal margin parallel to the main
transducer axis as a reference, and measured the minimum distance between this line and the
presenting part. In their second method, they used a line vertical to the central axis of the
symphysis pubis as a reference point, and measured the distance between this line and the
presenting part (figures 28 and 29). US measurements correlated with abdominal palpation,
the Bishop score and vaginal assessment (p < 0.001). Reproducibility was highest for the
second method™, and head engagement (p < 0.0001) was significantly associated with

delivery mode®®,

Sherer et al. compared transvaginal digital assessment of fetal head engagement with TAU.
They considered the head to be engaged if the leading part of the fetal head was positioned at
station O or lower by digital examination. The head was considered to be engaged if the BPD
was below the pelvic inlet by TAU examination. Digital examinations were consistent with
US in 86% of cases™.

Henrich et al. defined maternal and fetal landmarks sonographically and evaluated the use of

US in twenty women immediately before a vacuum extraction. Landmarks were?*:

1: The ‘“infrapubic line’ perpendicular to the long axis of the pubic joint and extending

dorsally from its inferior margin in a mid-sagittal plane.

2: The widest fetal head diameter and its movement with regard to the infrapubic line during
pushing, and

3: The “head direction” with respect to the long axis of the symphysis.
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Eleven of the 20 vacuum deliveries had the fetal head below the infrapubic line, and resulted
in successful (‘simple’ or ‘moderately difficult’) operative deliveries. Lack of descent or lack
of passage below the infrapubic line and horizontal or downward head direction were poor
prognostic signs. They concluded that US provided objective information on the dynamics of
the second stage of labour, head station and head direction and may be useful to assess the

prognosis for successful operative vaginal delivery®*.

4.9.10.5 Caput succedaneum

The sonographic detection of caput succedaneum (subcutaneous edema) was described in
1986%*. The occurrence of caput succedaneum is more common in cases with
oligohydramnios and prolonged labour, but the clinical value of detection of caput

succedaneum is still unclear.

4.9.10.6 Nuchal cord

A nuchal cord is defined as an umbilical cord that can be visualized 360 degrees around the
fetal neck. In a study from Peregrine et al. a nuchal cord did not increase the risk of caesarean

L?*’. Ghosh et al. evaluated post-term

section or poor neonatal outcome in women with 10
pregnancies with nuchal cord and found no increased risk of fetal distress or operative

interventions®*®

4.9.10.7 Myometrical thickness

Buhimischi et al. used TAU in 52 pregnant women at term to investigate any dynamic
changes in myometrical thickness during the second stage of labour and immediately after
delivery. They found a significant and widespread thinning of the myometrium during active
labour. Descent of the fetal head during the second stage of labour was associated with a
relative thickening of the anterior and fundal myometrium. After delivery this relationship

was reversed?*.

4.9.10.8 Intrapartum Doppler measurements

Doppler examinations during labour are not used in clinical practice. Maesel et al. examined
blood flow velocity waveforms in the middle cerebral artery (MCA) during labour. The
maximum velocity waveforms were recorded before, during and after uterine contractions and
analysed for pulsatility index (PI). No differences in the Pl were found with regard to uterine
contractions. The results suggested an unchanged peripheral resistance in the fetal cerebral
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vascular bed during the first stage of normal labour=". Yagel et al., on the other hand, found a

40% reduction of MCA blood flow impedance among fetuses in labour compared with
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control fetuses who were not in labour®". Li et al. investigated 82 term pregnancies with
possible fetal growth restriction. They recorded simultaneous electronic fetal heart rate (CTG)
and Doppler measurements of Pl in the UA and the MCA during basal conditions and during
uterine contractions and relaxations. During acute hypoxic stress, the fetuses developed a
centralization of blood flow to the brain at expense of the umbilicoplacental blood flow?*?.
Tadmor et al. investigated UA velocity waveforms before, during, and after 20 episodes of
variable decelerations during the active stage of labour in 8 women. During 50% of the
decelerations, the UA resistance increased significantly (p < 0.01). They suggested that it
could be possible to differentiate between two groups of decelerations: decelerations caused

by UA occlusion and decelerations caused by fetal hypoxia®>®

. Krapp et al. demonstrated
significant differences in fetal ductus venosus blood flow waveforms during and between
labour contractions in 78 women®*. Fu and Olofsson compared blood flow velocities in
ductus venosus with blood flow in UA and brain-sparing in MCA during uterine
contractions®®®. However, the use of Doppler measurements has not yet found a role during

labour®*.

4.9.10.9 The third stage of labour

The use of US during the third stage of labour has not been sufficiently evaluated. In an
editorial, Herman recommended that clinicians turn on the scanner in cases with complicated

third stages®°. The normal third-stage labour has four phases®’:

1 latent phase, characterized by thick, placenta-free wall and thin, placenta-site wall
2: contraction phase, with thickening of placenta-site wall (from <1 cmto > 2 cm)
3: detachment phase, in which the placenta completes its separation and detaches

4: expulsion phase, with a sliding movement of the placenta

Mo and Rogers used ultrasound imaging to visualize the uteroplacental separation®®. The
visualized sliding of the placenta may be important. In cases of a prolonged third stage,
traction of the cord should only be applied when a sliding movement of the placenta is
observed®’. Krapp et al. described the normal and abnormal third stages of placental
separation using colour Doppler sonography. In 57 cases with clinically normal placental
separation, blood flow between placenta and myometrium ceased immediately after delivery
of the fetus. In four cases with placenta accreta, they observed maternal blood flow from the
myometrium deep into the placenta beyond the latent phase®®.
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5 Aims

5.1 Study one

The aim of the study was to examine the value of TAU in a group of women with prelabour
rupture of membranes (PROM). We wanted to evaluate the proportion of fetal head rotation
from OP to OA during labour and to study whether OP before labour was associated with a
higher risk of operative deliveries and a longer duration of labour.

5.2 Study two

The aim of the study was to evaluate whether TPU measurements (fetal head-perineum
distance, cervical length and distance from internal os to perineum) after PROM were
associated with time from PROM to delivery and operative deliveries.

5.3 Study three

The aims of the study were to evaluate fetal head-perineum distance measured by
transperineal ultrasound as a predictive factor for IOL and to compare this distance with
maternal factors, the Bishop score and ultrasound measurements of cervical length, posterior
cervical angle and OP.

5.4 Study four

The aims of this study were to correlate the elements of the Bishop score with sonographical
measurements and to discuss how predictive factors for IOL can be combined in a clinical

setting.
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6 Subjects and methods

6.1 Subjective or objective methods

Galileo Galilei stated: “Measure everything possible and try to measure what is not possible
yet.” The metric system is well established among carpenters (figure 18), but in obstetrics and
gynaecology subjective palpation has a long tradition. Few years ago, the size of cysts were
described as mandarins, oranges, grapefruits or melons (figure 19), but the value of US in

evaluating adnexal tumours is well established today?*°.

Figures 18 and 19. Subjective or objective methods?

US has not yet established a position during labour. Almost all assessments are done by
digital examinations. When will US find its place in the delivery room (figures 20 and 21)?

Figures 20 and 21. Digital examination or ultrasound measurements?

Data were collected prospectively in two different groups of women. The studies were

observational studies.
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6.2 Women with prelabour rupture of membranes

TAU and TPU examinations were performed in 154 women who presented at the delivery
unit from October 1st 2003 to January 31st 2005. During this 16-month period, 415 (7.7%) of
5391 term deliveries presented with PROM. Women were eligible for the studies if they had a
live singleton pregnancy with cephalic presentation and a gestational age longer than 37
completed pregnancy weeks according to a mid-trimester scan. Two women were excluded

because of breech presentation. In all, 152 (37%) of 415 eligible women were included.

In this period the obstetrical department had a routine policy of early IOL, that is, labour was
usually induced the next morning. Thus, the usual time from PROM to induction varied from
16 to 39 hours depending on the time of PROM. If the cervix was favourable (Bishop score >
6), labour was routinely induced with oxytocin. If the cervix was unfavourable (Bishop score
< 6), labour was induced with 50 pug misoprostol every 6th hour until regular contractions or

with a slow-release vaginal device with 10 mg dinoproston (PGE2) / 24 hours in women with
previous caesarean section. The methods of IOL were according to the management protocol
of the hospital introduced in 1999.

6.3 Induction of labour

In all, 5487 women delivered at Stavanger University Hospital from January 2006 to March
2007. Women were eligible if they had a live singleton pregnancy with cephalic presentation
and a gestational age of more than 37 completed pregnancy weeks according to a mid-
trimester scan. Women with a previous caesarean section were not eligible. In the study
population 710 (14%) of 4918 women had IOL, and 275 (39%) of them were included in the

study. The main reason for non-inclusion was unwillingness to participate.

The routine method of induction in women with an unfavourable cervix was changed in the
department (October 1* 2005) before the start of the study. The decision to change induction
methods was independent of the ongoing research.

Labour was induced with amniotomy followed by oxytocin if the cervix was favourable
(Bishop score > 6). If the cervix was unfavourable, labour was induced with 25 pg
misoprostol applied vaginally every 4™ hour (maximum 100 pg in 24 hours and a total
maximum dose of 200 pg) until regular contractions.
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6.4 Ultrasound methods

6.4.1 Transabdominal ultrasound (TAU)

A suprapubic US examination was done before the women with PROM had regular
contractions (study one) and before 10L (study three). All examinations were performed with
the woman in the supine position with empty bladder. Three obstetricians and five specially
trained midwives did the sonographic measurements with EUB Hitachi or B & K Medical
Hawk devices with 3.5-7.5 MHz multifrequency transducers.

6.4.1.1 Fetal head position

In a transverse US view, the mid-cerebral echo, cerebellum, the orbits, thalamus or the cavum
septum pellucidum were located to determine the position of the head. The fetal head position
was classified as occiput anterior (OA), left occiput transverse (LOT), occiput posterior (OP)

1.1® and Rane et al.?’. A clock-like

or right occiput transverse (ROT) according to Akmal et a
circle was used, and the results were stratified in groups of “half an hour’ instead of ‘15
minutes’ as used in Akmal's study. LOT was from 02.30 to 03.30, OP from 04 to 08, ROT
from 08.30 to 09.30 and OA from 10 to 02 (figure 22). Examples are demonstrated in figures
23 and 24. Determination of fetal head position was successfully performed in all women.

Movements of the fetal head were observed in 30% of cases in the PROM study.

Anterior

Right transverse Left transverse

Posterior

Figure 22. Description of occipital position
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Figures 23 and 24. Fetuses in left occiput transverse position (left) and occiput posterior position
(right).
Akmal et al. investigated the interobserver agreement in 60 pregnancies. The observers had
complete agreement of the fetal occipital position in 22 (37%) of 60 cases and disagreement
by 15 degrees and 30 degrees in 31 (52%) and seven (12%) cases, respectively. The 95%
limits of agreement were -28.9 degrees (-32.2 to -25.6) to 29.4 degrees (26.1 to 32.7)"".

6.4.1.2 Flexion of the neck

In a longitudinal view the degree of flexion of the neck was determined by drawing a line
through the cervical spine from C1 to C7 and a line through the occipital bone (study one). A
flexion angle > 90 degrees was defined as indicating a flexed neck, and angle < 90 degrees as
a deflected neck. A fetus with 90 degrees of neck flexion is demonstrated in figure 25.

Figure 25. Fetus with 90 degrees flexion in the neck

Measurements were successfully performed in all women. This method had not been
previously published, and we assessed the interobserver agreement in 23 cases. The



classification of neck flexion was within 10 degrees in 87 % of cases. Limits of agreement of
interobserver variation of neck flexion was + 16.5 to - 21.3 degrees.

6.4.2 Transperineal ultrasound (TPU)

Three obstetricians and five specially trained midwives did the sonographic measurements
with EUB Hitachi or B & K Medical Hawk devices with 3.5-7.5 MHz multifrequency
transducers. TPU examinations were performed with the woman in supine position and with
empty bladder. All measurements were repeated three times, and the mean value was
calculated. In the PROM study, movements of the fetal head were observed in 50% of cases.

6.4.2.1 Sagittal examination

The cervical length and the distance from the internal cervical os to the perineum were
measured in a sagittal view (study two) (figure 26). The exact localization of the internal and
the external cervical os in the sagittal view was not possible to determine in 16% of women
because of shadowing from gas in the rectum, even though a hip elevation technique was

used™®.

Figure 26. Transperineal examination of the cervical length and the distance from the internal

cervical os to the perineum
6.4.2.2 Transverse examination

The distance from the outer bony limit of the fetal skull to the skin surface of the perineum
was measured in a transverse view (study two, three and four) (figure 27). In the transverse

view the probe was held over the ischial tuberosity with a firm pressure without creating any
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discomfort for the woman. The probe was positioned to measure the shortest distance from
the fetal head to the perineum (fetal head-perineum distance). This distance was successfully

measured in all women.

Figure 27.Transperineal measurement of the fetal head-perineum distance.

This method was not previously published, and the intra- and interobserver agreements were
assessed in 23 cases. The intraobserver variation was within 3 mm in 20 of 23 (87%) women,
and the interobserver variation was within 3 mm in 14 of 23 (61%) women. Limits of
agreement for intraobserver variation were -3.0 to +5.3 mm, and for interobserver agreement -
8.51t0 +12.3 mm.

6.4.2.3 Engagement related to the symphysis pubis

Dietz and Lanzarone evaluated fetal head engagement by relating the fetal head engagement
to the symphysis pubis. They used a line vertical to the central axis of the symphysis pubis
placed through the inferioposterior symphyseal margin as a reference, and measured the
distance between this line and the presenting part (figures 28 and 29). They investigated the
intra- and interobserver variability in 30 women and found the intraobserver interclass

correlation to be 0.93, and the interobserver interclass correlation to be 0.80%.

We tried to use this method, but found it difficult to visualize the entire symphysis pubis and
the presenting part simultaneously, and it was difficult to place an exact line through the
symphysis pubis. The touching point of the line vertical to the inferioposterior symphyseal
margin was far from the symphysis, and a small inaccuracy in the angle resulted in large
variability of the results. We believe that our proposed measurement of fetal head-perineum
distance to evaluate fetal head engagement or descent is easier to perform for non-experts.
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Figures 28 and 29. The distance between the fetal head and a line vertical to the central axis of the
symphysis pubis placed through the inferoposterior symphyseal margin is measured. In the left picture
the distance is zero, and in the right picture the short line illustrates the distance (the fetal head is

below the reference line and at a lower level than in the right picture).

6.4.3 Transvaginal ultrasound (TVU)

The TVU examinations (study three and four) were performed with EUB Hitachi devices with
5.0-9.0 MHz multifrequency transducers. Two obstetricians and three specially trained
midwives did the sonographic measurements. All measurements were repeated three times,

and the mean value was calculated. Neither fundal nor suprapubic pressures were applied.

6.4.3.1 Cervical length

The cervix was evaluated by TVU without applying pressure to the cervix. The cervical

length was measured as described by Valentin et al. (figure 30)*°

. Only the segment of the
cervical canal that was bordered by the endocervical mucosa was included. We did not

measure cervical width or cervical wedging.

Valentin and Bergelin have evaluated the intra- and interobserver reproducibility of cervical
length measurements in 20 women. The repeatability coefficient was + /- 5.4 mm for observer
one and + /- 5.9 mm for observer two. The intraclass correlation coefficient was 0.93 for both
observers. The interclass correlation coefficient was 0.76, the mean interobserver difference
was 0.4 mm, and the limits of agreement were - 10.0 mm to + 10.8 mm. There was no
systematic difference between the first, second and third cervical length measurements. The
authors conclude that there was substantial intra- and interobserver variability in the results of
measurements of cervical length, even when experienced observers performed the

measurements under standardized conditions®®°.



Figure 30. Transvaginal measurement of the cervical length

6.4.3.2 Posterior cervical angle

1.%. The angle was

The posterior cervical angle was assessed as described by Rane et a
measured with a protractor applied to a hard copy of a picture taken in a sagittal plane at the
level of the internal os and approximated to the nearest 10 degrees (figure 31). In the case of
funnelling or a curved cervix, the angle was assessed at the junction of the line measuring the

cervical length and posterior uterine wall.

Figure 31. Transvaginal measurement of the posterior cervical angle
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6.4.3.3 Cervical dilatation

The cervix was considered to be dilated at US examination if the cervical mucosa on the
anterior and posterior part of cervix were separated. The shortest distance between the borders
was measured. The cervical length was measured on the anterior border (figure 32).

Figure 32. Transvaginal measurement of cervical dilatation and length

6.5 Statistics

6.5.1 Methods

In study 1 and 2, Mann Whitney U test, chi-square test, Fisher's test of exact probability,
Pearson correlation, Kaplan-Meier survival analysis and Cox regression analysis were used
for comparisons. P-values < 0.05 were considered significant. Limits of agreement were

estimated based on the procedure described by Bland and Altman®*.

The time from PROM to delivery was the dependent variable in a Kaplan-Meier survival
analysis and a Cox regression analysis. Women experiencing induction, operative delivery or
a time to delivery > 36 hours were censored. In the multivariable Cox regression analysis US
measurements, parity, maternal age, BMI, gestational age, birth weight and head

circumference were investigated as potential predictive or confounding factors.

In study 3, Mann Whitney U tests, chi-square tests, Fisher's test of exact probability and
Pearson's correlation test were used. The predictive value for vaginal delivery from maternal

factors, US measurements and the Bishop score was evaluated using receiver operating
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characteristics (ROC) curves, and the area under the curve was used as the discriminator.
Area of 100% implies a perfect test (100% sensitivity and specificity), whereas area of 50%
describes a useless test, equal to flipping a coin. The induction-to-delivery interval within 24
hours was evaluated using Kaplan-Meier survival analyses and Cox regression analyses. In
the Cox regression analyses, fetal head-perineum distance, cervical length, cervical angle, OP,
parity and BMI were tested as possible predictive factors. In additional analyses, we also
adjusted for maternal age, gestational age, birth weight, and head circumference as possible
confounders. The assumptions for the Cox regression analyses were checked graphically
using log-log plots and with Schoenfeld residuals for the proportional hazards assumptions?®2,
P-values < 0.05 were considered significant.

In study 4, ultrasound measurements and digital assessments were compared with Spearman's
correlation coefficients. The predictive value for vaginal delivery was evaluated using ROC
curves. Ultrasound measurements and digital assessments were transformed to Z-scores, and
ROC curve analyses of the sum of Z-scores were performed. The Stavanger University
Hospital database from 1999-2005 was used to determine the prior probability of vaginal
delivery after IOL. The caesarean delivery rate among women scheduled for IOL in 1999-
2005 was 12%. Thus, the prior odds for vaginal delivery after IOL was 88:12. Bayes theorem
and likelihood ratios (LRs) were used to calculate posterior probabilities (Prior odds x LR =

posterior odds)?®

Data were entered into the statistical software package SPSS version 13.0 and 14.0 and 16.0
(SPSS Inc., Chicago, IL, USA).

6.5.2 Sample size estimation

In women with PROM, we wanted to evaluate a new US method, the fetal head-perineum
distance, as a predictive factor for labour outcome. We were unable to calculate a sample size
before the study.

In study 2, we found caesarean delivery rates of 4% among women with a short distance and
15% among women with a long fetal head-perineum distance. For study 3 we used an alpha
of 0.05 and a power of 0.8 and assumed a ratio of 2:1 for a long and short distance. We
calculated that 250 women were needed for an adequately powered study.

60



7 Discussion and interpretation of the results

7.1 Paper 1

This paper examined the value of TAU in a group of women with PROM. We studied the
proportion of fetal head rotations from OP to OA during labour and whether OP or a deflected
neck before labour was associated with a higher risk of operative deliveries and a longer
duration of labour.

Malposition and malrotation can arrest the delivery process. It is well known that OP is
associated with labour complications®. It has been debated whether OP at delivery is a
consequence of OP before the start of labour or a consequence of malrotation during labour.
When | first started as an obstetrician, midwives instructed me not to break the waters too
early, because it could stop the rotation of the fetal head and increase the risk for persistent
OP. We found 40 (26%) of 152 fetuses in OP before labour, 27 (18%) were in ROT, 41 (27%)
were in OA and 44 (29%) were in LOT. At the time of delivery, only 10 (7%) fetuses were in
OP. Thus, 34 (85%) of 40 fetuses with OP rotated to OA during labour. Four fetuses in other
positions rotated to OP, and six fetuses in OP were still in this position at the time of delivery
(table 4).

OP at delivery | OA at delivery
OP before start of labour 6 34 40 (26%)
Other positions before start of labour 4 108 112

10 (7%) 142 152

Table 4. Frequencies of fetuses in different positions before start of labour and at delivery

The fetal head position before the start of labour predicted OP delivery with a sensitivity of
60%; 95% CI 26-88, false positive rate of 24%; 95% CI 17-32, positive predictive value of
15%; 95% CI 6-30, negative predictive value of 96%; 95% CI 91-99 and LR of 2.5.

The second question was whether OP before the start of labour in women with PROM could
predict a caesarean section. The null hypothesis was that OP before labour could not predict

labour outcome.

Akmal et al. found a statistically significant association between OP in the early stage of
labour and the risk of caesarean section (19% vs 11%) *°. We found a similar association



(15% vs 10%), but the difference did not reach levels of statistical significance. We could not
reject the null hypothesis. This may be due to small numbers (type Il error). We did not know
the paper of Akmal et al. when we planned the study, and our study was underpowered to
demonstrate a statistically significant difference between head position before labour and
caesarean section. We can estimate from calculations after the study that we would need a
sample size of n = 1820 to demonstrate an association between caesarean delivery and OP
after PROM before the start of contractions with a statistical power of 80%.

We evaluated the duration from PROM to delivery with survival analyses. In a multivariable
Cox regression model, multiparity was the only statistically significantly contributing factor
to the model. A Kaplan-Meier survival plot demonstrated that OP could not predict the
duration (figure 33). The difference between the two groups was not statistically significant (p
= 0.39, log rank test).

Figure 33. Kaplan-Meier estimates of proportions of women not delivered within 36 hours, according
to fetal head in occiput posterior or other positions before the start of labour (log rank test p = 0.39).

Women experiencing induction, operative delivery or a time to delivery > 36 hours were censored

The last question of study 1 was whether deflection of the fetal neck before the start of labour
was related to labour outcome. Eleven fetuses (7%) had a deflected neck before the start of
labour. Ten were in OP before labour, but only three were in OP at delivery. Three of the 11
babies were delivered by caesarean section, and one was delivered by vacuum. Seven babies
(64%) were delivered spontaneously. Deflexion of fetal neck before the start of labour did not

seem to be an important prognostic factor for operative delivery.
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Most fetuses in OP before the start of labour rotate to OA during labour even after PROM.

Our study did not show any significant associations between fetal head position or neck

flexion before labour and operative deliveries or duration of labour. The value of a TAU in

women with PROM is uncertain.

A later study from 2007 (Peregrine et al.) reached similar conclusions®**:

1: Two thirds of OP positions at delivery occur due to a malrotation during labour from a
non-OP position

2: Ultrasonography is an easy method to assess fetal head position before 10L

3: In clinical practice its usefulness is limited because contrary to conventional teaching,
OP position before IOL does not appear to be associated with an increased risk of

caesarean delivery.

7.2 Paper 2

This paper studied whether TPU measurements after PROM were associated with time from
PROM to delivery and operative deliveries.

Engagement of the fetal head has occurred when the largest transverse diameter of the fetal
head has traversed the pelvic inlet’. Assessment of the fetal head engagement and the pelvic
station is essential in the management of labour, and the traditional examination is a

transvaginal digital examination®.

US examinations during labour must be easy for non-experts to perform. The aim was to

evaluate a simple transperineal US method that can be used at the labour ward.

TVU measurement of the cervical length is a well-established method, and it is documented
that the transvaginal approach is the best method to measure cervical length'>. However, the
risk of infection may increase with transvaginal examinations in women with PROM. Thus,
we decided to examine cervical length by transperineal US. The sagittal US examination may
be distorted by gas in the rectum or difficulties in localizing the internal cervical os. The
quality of examinations will improve with elevation of the hip™®. Still we found that sagittal
TPU examinations were unsuccessful in 16% of women. We found that measurement of the
cervical length could predict time to delivery, but this association disappeared when head
engagement was included in the regression model. We found no statistically significant
associations between the distance from internal os to perineum and the outcomes of labour. In

our model the sagittal TPU examination was of little value.
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We found, however, that the evaluation of fetal head descent by measuring the fetal head-
perineum distance was a valuable method. This was a new technique, and we did not specify
any cut-off values in advance. The mean distance from the outer bony part of the skull to the
skin of the perineum was 47.7 mm (median 47 mm, range 28-85mm). We decided to use cut-
off levels close to the median value (45mm).

Women with a short distance (< 45 mm) had statistically significantly fewer caesarean
sections, less use of epidural analgesia, shorter time from PROM to delivery and a shorter
time in active labour. Their babies had a higher pH in the UA.

The relation between fetal head-perineum distance and operative deliveries is demonstrated in
table 5.

Operative delivery | Spontaneous delivery

Long fetal head-perineum distance 30 (31%) 68 98
Short fetal head-perineum distance 6 (11%) 48 54
36 116 152

Table 5. Frequencies of delivery mode related to fetal descent before start of labour

A long fetal head-perineum distance could predict operative delivery with sensitivity 83%;
95% CI 67-94, false positive rate 59%; 95% CI 49-68, positive predictive value 31%; 95% ClI
22-41, negative predictive value 89%; 95% CI 77-96 and LR 1.4.

The time from PROM to delivery was evaluated in a Cox regression analysis and short head-
perineum distance and multiparity were statistically significant contributing factors in the Cox
regression model. A Kaplan-Meier survival plot demonstrates the induction-to-delivery
interval stratified in groups of fetal head-perineum distance (figure 34). The difference
between groups was statistically significant (p < 0.001, log rank test).
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Figure 34. Kaplan-Meier estimates of proportions of women not delivered within 36 hours, according
to sonographically measured distance from the fetal head to perineum (log rank test, p < 0.001).

Women experiencing induction, operative delivery or a time to delivery > 24 hours were censored

The treatment of choice for term pregnancies with PROM is debated®® °* 2426 Qur

department had a routine policy of expectant management, but not for more than 39 hours.
The present study demonstrated that 32%; 95% CI 15-49 of women with a short distance from
head to perineum and 43%; 95% CI 24-62 of women with a long distance were still in labour
after 36 hours. IOL may increase the risk of a caesarean section, and expectant care may
increase the risk of infection. US evaluation of fetal head engagement may help the clinician
to sort women for expectant management or early induction, e.g. parous women with a short
fetal head-perineum distance have a high probability of a quick labour without obstetrical
interventions and can be offered expectant management when presenting with PROM.

7.3 Paper 3

This paper studied fetal head descent measured by TPU as a predictive factor for successful
IOL, and compared fetal head-perineum distance with maternal factors, the Bishop score and
US measurements of cervical length, cervical angle and occiput position.

Ultrasound-measured fetal head-perineum distance was found to be a predictor for vaginal
delivery after IOL. The Bishop score, BMI and ultrasound-measured fetal head-perineum
distance, cervical length and posterior cervical angle all predicted a vaginal delivery with
around 60% under the ROC curve area. The predictive values of maternal factors, ultrasound
measurements and the Bishop score are presented in table 6.
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Sensitivity FPR PPV LR

(95% CI) (95% CI) (95% CI)
Fetal head-perineum distance <40 mm  29.3 (23.6-35.5) 8.3 (1.7-22.5) 95.9 (88.5-99.1) 3.5
Fetal head-perineum distance <45 mm  49.4 (42.9-55.9) 41.7 (25.5-59.3) 88.7 (82.1-93.6) 1.2
Fetal head-perineum distance <50 mm 67.4 (61.0-73.3) 47.2(30.4-64.5) 90.4(85.2-94.3) 1.4
Cervical length <20 mm 26.4 (20.9-32.4) 13.9(4.7-29.5) 92.6(83.7-97.6) 1.9
Cervical length <25 mm 43.1(36.7-49.6) 25.0 (12.1-42.2) 92.0(85.3-96.3) 1.7
Cervical length <30 mm 62.3 (55.9-68.5) 44.4(27.1-61.9) 90.3(84.7-944) 14
Cervical angle > 90 degrees 87.9 (83.0-91.7) 61.1(43.5-76.9) 90.5(86.0-94.0) 14
Cervical angle > 120 degrees 37.7(31.5-44.1) 27.8(14.2-45.2) 90.0(82.4-95.1) 14
Para 1+ 57.7 (51.2-64.1) 19.4(8.2-36.0)  95.2(90.3-98.0) 3.0
BMI < 30 84.9 (79.8-89.2) 77.8(60.8-89.9) 87.9(83.0-91.8) 1.1
Bishop score > 6 435 (37.1-50.1) 25.0(12.1-42.8) 92.0(85.4-96.3) 1.7

Table 6. Test characteristics with 95% confidence intervals of ultrasound measurements, maternal
characteristics and Bishop score in predicting a vaginal delivery (FPR = false positive rate; PPV =

positive predictive value; LR = likelihood ratio)

Parity and US measurements (figure 35) were contributing factors in predicting delivery
within 24 hours in the survival analyses. The Bishop score was not tested in the survival
analyses because the induction methods were stratified according to the Bishop score.
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Figure 35. Kaplan-Meier estimates of proportions of women not delivered within 24 hours, according
to sonographically measured fetal head-perineum distance (grey line: ultrasound-measured distance
> 40mm; black line: distance <40mm). Women experiencing caesarean section or a time to delivery

> 24 hours were censored.

In study 2, we divided women into two groups according to the fetal head-perineum distance.
We used a cut-off point below, but close to the expected level of the ischial spines
(approximately 5 cm from the outlet of the birth canal)'. The cut-off level was set at 45 mm.
Below this fetal head-perineum distance, we anticipated that the fetal head had passed the
narrowest part of the birth canal.

In study 3, we used ROC-curve analyses for a continuous evaluation of the fetal head-
perineum distance to predict vaginal delivery. The results indicated that a cut-off level at 40-
42 mm was the best predictor of the mode of delivery. In table 6, we present LR at different
cut-off points close to the level of the ischial spines. We decided to use a cut-off level at 40
mm in the multivariate analysis.

Parity was, as expected, the best predictor for vaginal delivery, and this was in accordance
with other studies. Maternal age was not a predictive factor in our study. This may be due to a

type Il error because of a rather low caesarean delivery rate in our department.

The predictive value of OP position is debated. In paper 1, OP position had no statistically
significant predictive value, but we did not reject the hypothesis of its value because of a
possible statistical type 11 error. In study 3, the results contrasted with the results from study
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1, with a lower caesarean rate and quicker deliveries in the OP group. Most fetuses were in
the OP position close to the limit values (four o'clock or eight o'clock). In study 1, we found
that with 30% of cases the fetal head moved during the US examination. We conclude that
fetal head position before start of labour has no predictive value for labour outcome.

Even if ultrasound-measured fetal head-perineum distance, cervical length and cervical angle
can predict labour outcome, neither of the factors are good enough in a clinical setting when
used alone. A combination of factors should be evaluated.

7.4 Paper 4

In this study we compared the components of the Bishop score with corresponding
sonographical measurements, and we performed correlation analyses. Because the residuals
did not show a normal distribution, we used Spearman'’s correlation coefficient. The results
are presented in table 7.

Ultrasound-measured digitally assessed
length position dilatation station length position dilatation consistency
ultrasound
0.42** 0.21** 0.05 0.23**  0.31* 0.06 0.23** 0.15*
descent
ultrasound
) 0.21** 0.37** 0.30**  0.54* 0.15* 0.32** 0.31**
cervical length
ultrasound
- 0.14* 0.05 0.12* 0.03 0.07 0.14*
position
ultrasound
) ) 0.12* 0.17** 0.10 0.16** 0.16**
dilatation
digital station 0.23** 0.16** 0.25** 0.11
digital cervical
0.25** 0.43** 0.30**
length
digital position 0.42%* 0.18*
digital dilatation 0.47*

Table 7. Spearman'’s correlation coefficient (**p < 0.01, *p < 0.05).
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The ultrasound and digital assessments of cervical length were moderately correlated (r =
0.54). The ultrasound and digital assessments of descent were weakly correlated (r = 0.23),
and the ultrasound and digital assessments of position were not correlated at all (r = 0.03).

Digital assessment of cervical dilatation was the best *stand alone’ element in the Bishop
score for predicting delivery mode with 61%; 95% CI 51-71%, (p = 0.03) under the ROC
curve area. In fact, this component was as predictive as the Bishop score itself (61%; 95% CI
52-70% (p = 0.03) under the curve area).

In study 3, we concluded that neither of the evaluated factors used alone was good enough in
predicting labour outcome, and in study 4 we evaluate three different ways to combine
factors.

1. Combination of ultrasound measurements can be evaluated in ROC-curve analyses by
transforming the results to Z-scores and analysing a sum of the Z-scores. However,
this method is not very useful in every day life. Figure 36 presents our best predictive
model with a combination of ultrasound-assessed fetal head descent, cervical length,
posterior cervical angle and digitally assessed cervical dilatation. This combination
predicted a vaginal delivery with 68%; 95% CI 58-78%, (p < 0.01) under the ROC
curve area (figure 36). The predictive value was 65%; 95% CI 55-75%, (p < 0.01)
when the posterior cervical angle was omitted from the model.

A similar ROC-curve can be made from a multiple regression analysis.

Figure 36. Receiver operating characteristics (ROC) curve for the combination of ultrasound-
measured fetal head descent, cervical length, posterior cervical angle and digitally assessed cervical

dilatation.
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Factors can be combined in a scoring system like the Bishop score. Numerical scoring
implies that a difference from 0 to 1 or from 1 to 2 is equally important, and that the
different elements are considered equally important®. A scoring system is easy to use

in clinical practice.

The Bishop score is a rather complicated and subjective scoring system with scores
from 0-13, and we think a simpler system will be more practical, objective and
reliable. In 1982, Lange et al. suggested a scoring system depending only on fetal
station, cervical length and cervical dilatation®®. Digital assessment of cervical
dilatation performed much better than ultrasound. During the ultrasound examination
the vaginal probe is placed in the anterior vaginal fornix, whereas digital assessment
implies that one or two fingers are placed into the cervical canal. If the cervical
consistency is soft, the cervical canal will dilate during this procedure. Assessment of
dilatation and consistency might therefore be parts of the same evaluation, and we
found the two elements to be correlated (r = 0.47). We did not find ultrasound
measurements of cervical dilatation to be reliable. In cases with a curved posterior
uterine segment, curved cervix or with cervical wedging we found it difficult to
measure the posterior cervical angle exactly. Thus, we suggest to omit the two factors
cervical position and consistency, and we suggest a scoring model as presented in
table 8.

Score 0 1
Digitally assessed dilatation Closed cervix Dilated cervix
Ultrasound-measured fetal head-perineum distance > 40 mm <40mm
Ultrasound-measured cervical length > 25 mm <25mm

Table 8. Scoring system with combination of digital and ultrasound assessments.

We tested this model on the study population and found that 29/41 (71%) women with
score 0, 93/108 (86%) women with score 1, 77/84 (92%) women with score 2 and
40/42 (95%) women with score 3 had a successful vaginal delivery. In a ROC curve
analysis the scoring model predicted vaginal delivery with 67%; 95% CI1 57-76% (p <
0.01) under the curve area. However, this model should be evaluated in new
prospective studies before it can be recommended for clinical practice.



Individual risk estimates can be calculated with the use of Bayes theorem?®. This
concept has gained wide acceptance in fetal medicine in counselling women after an
11-14 week scan with regards to the risk of Down syndrome. In 2008, Celik et al.
recommended the same concept in counselling women at high risk of preterm
labour?®. The prior probability of a successful IOL can be modified by the LRs of
ultrasound measurements (Posterior odds = Prior odds X LR). The probability of a
vaginal delivery rate among women scheduled for IOL at Stavanger University
Hospital from 1999-2005 was 88%. Thus, the prior odds of vaginal delivery were
88:12 (= 7.33). LR for a vaginal delivery was 3.5 if the fetal head-perineum distance
was < 40 mm. Posterior odds can be computed and will be 25.7 (= 96.25/3.75; = 96/4).
Thus, the post-test probability for a vaginal delivery is 96%. The shift in probability
can be more easily visualized/performed with the use of Fagan's nomogram (figure
37)%. Similar examples can be made for a Bishop score > 6 with LR 1.7 (change from
88% to 92%) and cervical length <25 mm with LR 1.7 (change from 88% to 92%).
Correlation between factors should be considered before several factors are combined.
Likelihood ratios must be reliable and based on a large dataset. Thus, we suggest new
studies before likelihood ratios are applied to predict success of 10L.
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Figure 37. Calculation of post-test probability with Fagan's nomogram



8 Reflections on the future

8.1 Evidence-based medicine

In medical research evidence-based medicine is usually synonymous with meta-analysis of
randomized controlled trials. Labour is a complex process and many different factors are
important. It is not easy to perform randomized controlled trials to demonstrate solutions to
all problems. Medical knowledge is more than facts. Clinical expertise is the ability to use
clinical skills and past experience in clinical practice. David Sackett et al. define evidence-
based medicine as the integration of best research evidence with clinical expertise and patient

values?®

. Clinical expertise and patient values are not codifiable. They depend instead on
skilled judgement and personal experience. This is called tacit knowledge or the silent
knowledge, which is understood and implied without being stated. Tim Thornton claims that

tacit knowledge is a unifying factor in science®®.

Thomas Kuhn discusses the value of tacit knowledge in research in his book Structure of
Scientific Revolutions®™®. He suggests that the main activity of normal science is ‘puzzle
solving’, which he compares to crossword and jigsaw puzzles. According to Karl Popper, a
scientific hypothesis cannot be verified, only falsified®”*. If not falsified, it is not a fact, only
the best knowledge yet.

In this thesis the value of ultrasound measurements is compared with obstetricians' clinical
experience in digital examinations, and hopefully it will put a new piece in place in the

research puzzle of how to perform obstetrics.

8.2 Patient values and patient rights

Traditionally, obstetricians made decisions on behalf of women. Modern obstetricians are
more like guides. Women of today want to plan their lives, and many women want to plan the
date of delivery. Still, they want midwives and obstetricians to take the responsibility for their

labour. Patient rights in Norway are governed by a law?"?

(Patients' Rights Act). Paragraph
3.1 states: “The patient is entitled to participate in the implementation of his or her health
care. This includes the patient's right to participate in choosing between available and
medically sound methods of examination and treatment. The form of participation shall be

adapted to the individual patient's ability to give and receive information.’
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In the future, midwives and obstetricians will inform women of treatment options, and women
will make informed choices®® %3, Thus, there is a need for new methods for risk evaluations.
If a successful labour outcome can be predicted, it will be easier to recommend induced
labour in cases with soft indications’ or on maternal request®®. Any reliable methods of

preinduction assessment will be valuable tools in counselling women before IOL.

The frequencies of induced labour are increasing®°’

, and this will probably continue in the
years to come. The cost of delivery is higher with IOL than with spontaneous labour?™.
Outpatient management of induction may however be cheaper and a reasonable option for

selected low-risk women?".

Ethics in obstetrics may be individual, or may reflect act utilitarianism, i.e. to promote the
best for the greatest number. Patients would like obstetricians to practice individual ethics, but
politicians demand act utilitarianism. Future obstetricians have to do the best for the patient
and spend as little money as possible. This balance is difficult and will remain a challenge.

8.3 Simple methods

After extensive literature search | could not find any previous publication of the proposed
method to measure fetal head descent with TPU. It is a simple method and easy to perform for
non-experts. Labours occur through day and night, and ultrasound examination cannot wait
until the opening hours of an ultrasound laboratory. Labour is a complicated process, and the
fetus rotates through a curved birth canal. The proposed method has been criticized with the
argument that measuring fetal head descent is too simple for evaluating such a complex
process. Others have suggested using the maternal symphysis pubis and the pelvic inlet as
reference points. However, we believe that the pelvic outlet is the finish line of the delivery
process and a valuable reference line. The fetal head-perineum distance will be shorter when
the fetal head passes through the birth canal even though the canal is curved as illustrated in
figure 38.

Ockham's razor is a philosophical principle often attributed to William of Ockham (1285-
1349): “‘One should not make more assumptions than the minimum needed such that we
should choose from a set of otherwise equivalent models of a given phenomenon the simplest

one.’

74



8.4 Limitations

In this thesis I have evaluated maternal characteristics, clinical examinations and ultrasound
measurements as predicting factors of labour outcome. None of them are reliable alone, and a
combination of factors is necessary. | have suggested some combinations of factors and how
to use them in clinical practice. However, it seems to be difficult to predict a successful 10L.
The predictive values for vaginal delivery in the ROC curve analyses in this study were quite
low. A good predictive test has a positive LR > 10 or a negative LR < 0.1. Fetal head-
perineum distance predicted a vaginal delivery only with positive LR = 3.5 and negative LR
0.77. This is probably because we try to predict outcome (delivery mode) of a process
(labour) that has not yet started, and the process may be influenced by many factors unknown
at the time of induction. Another factor contributing low predictive values is the fact that most
women in high-risk groups deliver vaginally. Thus, it will probably be impossible to find
good and reliable tests predicting labour outcome.

8.5 Ultrasound during labour

This thesis evaluates ultrasound measurements before the start of labour. The methods may
also be of value in evaluating the labour process.

Figure 38. Illustration of how the fetal head perineum distance diminishes as the fetal head descends

through the birth canal.

Ultrasound examinations will probably not be necessary for women during a normal labour.
In obstructed labours, however, we believe that ultrasound may be an important tool in the
future. Exact descriptions of the fetal head position and descent before operative vaginal
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deliveries will probably be important. Practitioners should use US as a complementary tool
for investigation rather than a replacement for their clinical skills*”°. It is easier to learn to
determine fetal head position by ultrasound than by digital examination®*. Some papers and
editorials have emphasized the importance of ultrasound examinations in labours®" %%%2%,
However, the use in clinical practice is limited. Because ultrasound measurements are more
objective methods than digital assessments, we think that ultrasound will be the method of
choice in evaluating labour progress. Ultrasound will probably be our most important tool in
the surveillance of pregnancies from the very early beginning to the end. Thus, Yves Ville
may be correct in his statement that we will move from “obstetric ultrasound to

ultrasonographic obstetrics™*"*.

76



Index

3D e 26, 44 edUCALION......coeiiiieieee e 38, 39
amniotic fluid..........cccooeiiniieee, 45 effacement ... 21, 34
AMNIOTOMY .. 31, 52 elastography .....ccooceeeiiiic e, 36
Bayes theorem ..........cccooeviiiiiiiiiiinie 60, 71 engagement......ccooeeeeeiieeee e, 25, 47, 56, 63
biophysical profile.........ccocooiiiiiiiiien 45 EhICS e 74
Biotechnology ACt .......coooieiiiiiiieeeee e 40 evidence-based medicine ..........ccccocoeeeieennnen. 73
birth canal ........ccccoooeiiiiiiis 16, 17,21, 74,75 expectant management............ccccceeeeenee 27,29
Bishop score......ccccevveeieiiienne, 28, 34, 60, 65 face presentation ..........cccocoiiiii i 19
BMI oo 28, 33, 59, 65, 66 Fagan's Nnomogram.........ccoccceeeviieeeeinienseieenn. 71
brow presentation............ccccoeoiiiiiiinnen. 16, 19 falsified ..o 73
caesarean section............ 22, 28, 30, 31, 61, 64 favourable .........cccooiiiiiiii 31, 34, 35,52
caput succedaneum .........cccevcereieeeiieeneeennnn 48 fetal growth restriction ............ 28, 29, 38, 40, 49
cardinal movements..........cccoocciiiie e, 17 fetal head-perineum distance ...... 56, 64, 65, 67
categorical data ........ccccoeerieiiiin i 25 fetal i€ ..o 16
cervical dilatation............. 21, 25, 28, 34, 59, 69 fetal weight ... 29, 33
cervical incompetence ........cccccevveeeieeiieeneen. 40 fibronectin.........ccoooiiiiii e 28, 34, 37
cervical length......24, 36, 40, 42, 55, 57, 58, 65 Fisher's exacttest.......ccccceeiiiiiiiiiiniiienee 59
cervical POSItioN ........ccoccveiiiiiii e 34 FleXioN ..o 17,19, 54
cervical wedging.......ccocoeeveriiiie e 41 forehead presentation ..........ccccceceiieiiiennnn. 19
chi-square test........coeeieeiiiee e 59 gestational age ......cccoceeeeieiiii e 32,59
combine factors .......ccooceeiiiiii s 69 height.......ooo 28
CONSeNsUS conference.......ccoccevceeeneeiienneen, 38 history of ultrasound .............cccooiiiiiiiiineene 37
CONSISEENCY ...eeeeiiieiiii et 34 hyperstimulation.............ccccoiviiiiiiennn. 30, 31
COX regression ......cccceceeeieeeieeeseneenn 59, 60, 64 informed choiCes ........cccoooeeiiiiiiii e, 27,74
CTG it e 45, 49 INEroDSEIVEr ...c.cviiiiiiiieee e 54, 56, 57
deflected NeCK ......ooovveviiiiiiic 25, 62 INFAODSEIVET ... 56
descent.......ccoceveeeneee. 18, 21, 25, 64, 65, 69, 75 TOL et 27, 28, 30, 31, 52
diabetes .......coooiiiii 28, 29 ischial SPINES........coeviiiiiiiei e 26
distance from the internal cervical os to the Kaplan-Meier........cccooceeviernnn 59, 60, 62, 65, 67

PEMNEUM ..ot 55 labor outcome o 37,74
Doppler........ccoovviininn. 29, 38, 40, 44, 48, 49 [abOr Ward ........c.oveeeeeeeeeeeeeeeeeeeeeeerens 44, 63
[0}V S] (o o1 = SRS 22 Leopold's MANOEUVIES ............owveeeeeeerereer. 22

77



limits of agreement ................ 54, 55, 56, 57, 59

LOT e 17,53, 61
LR et 60, 61, 64, 66, 71
MACTOSOMIA...c.evieurieiienieeriee et 28, 29, 33
Mann Whitney U test ... 59
maternal age ........ccococeeveeiieeenienns 28, 32, 59, 67
maternal pelvis........ccccooiii 16
maternal request........ccocceeiieiieniiee 28, 30, 74
MISOProstol.......ccccvvviiiiiciiieee 27,31, 32,52
National Center for Fetal Medicine........... 38, 39
normal 1abor ..., 16
numerical data ..........cccoeeveeriiiiiiiceeeeen 25
OA e 16, 23,53, 61
ObJECHIVE .. 26, 51
obstetric ultrasound ...........cccceiieniiiinnine 37,76
(0] 23, 28, 41, 53, 60, 61, 67
OXYEOCIN 1ot 27,31, 52
PANLY et 28, 32, 66
patient rightS........ccoooieiii e 73
Pearson correlation ...........ccccceiiiiienieeneneene 59
pelvic outlet ..o 74
placenta accreta .........occceveeieiiee e 44
placental abruption ...........ccccocviiiiiiniieeee. 44
POSItION .., 16, 22, 41, 45, 53
posterior cervical angle ................ 24,41, 58, 65
posterior 0dds .........cccoeiieiiiiiieere e 60, 71
POSt-term pPregnancy........c..ceeeveeeeeriiieeesseeeeenns 28
PPROM ...t 26
Preeclampsia......cocoooeeereeiiie e 28, 29

78

Presentation .........ccocceeiee i 16
PrOr OddS......eeieiiieie e 60, 71
ProOgestErONEe .....ccceveiiiiiiieeeee e 41
prolonged pregnancy.........cccccceeeeeeiieeiiennnnn. 29
PROM ... 27,52,61
prostaglandin..........cccocoeeii i 30, 31
ROC ...t 43, 60, 65, 69
ROT e 17,53, 61
routine ultrasound examination................ 38, 40
SAfELY e 38, 39
sample size estimation ...........ccccoeeeevienninnen 60
shoulder dystocia.......cocceveiieeiiiiiiiieiee e 33
Spearman's correlation............ccoccceeveeiennen. 68
Station ......ccoeveeveenieieen, 22, 25, 26, 34, 47, 63
SEALISHICS . 59
SUDJECHIVE ..o 26, 35, 51
Symphysis pubiS........ccocoeiiiiiiiiiee 47, 56
tacit knowledge .........cccoooeeiiiini e 73
TAU ..o, 23, 24, 47,52, 53, 61
third stage of [abor ... 49
third trimester ... 40
TPU . 25, 26, 47, 55, 63
TVU e 28, 36, 57
unfavourable..........ccccoceenn 31, 32,34, 35,41
utilitarianiSm ... 74
vaginal examination .............cccccceeueee. 22, 26, 46
WEIGNT ... 28
Z-SCOIES.....etiirieirieerrierree et 60, 69



© N ook~ w

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

References

World Health Organizationm. Department of Reproductive Health and Research.
Managing complications in pregnancy and childbirth: a guide for midwives and
doctors. 2003. WHO/RHR/007. http://www.who.int/reproductive-
health/impac/mcpc.pdf. Accessed May 7th 2008.

Klovning A. Retningslinjer for svangerskapsomsorgen. 82-8081-067-6. Oslo, 2005.
http://www.shdir.no/vp/multimedia/archive/00002/1S-1179 2674a.pdf. Accessed May
7th 2008.

Molne K, Bergsja P. Obstetrikk. Universitetsforl.: Oslo, 1998.

Cunningham FG, Williams JW. Williams obstetrics. McGraw-Hill: New York, 2005.
Creasy RK. Management of Labor and Delivery. Blackwell Publishing: USA, 1997.
Donald I. Practical obstetric problems. Lloyd-Luke: London, 1969.

Kerr M, Myerscough PR. Operative obstetrics. Bailliere Tindall: London, 1977.
Chamberlain G, Steer P. Turnbull’s Obstetrics. Churchill Livingstone: London, 2001.
Caldwell WE, Moloy HC, d"Esopo DA. A roentgenologic study of the mechanism of
engagement of the fetal head. Am J Obstet Gynecol 1934; 28 824-41.

Kolas T, Hofoss D, Daltveit AK, Nilsen ST, Henriksen T, Hager R, Ingemarsson I,
Oian P. Indications for cesarean deliveries in Norway. Am J Obstet Gynecol 2003,
188: 864-70.

Calkins LA. The etiology of occiput presentations. Am J Obstet Gynecol 1939; 28:
165-8.

Gardberg M, Laakkonen E, Salevaara M. Intrapartum sonography and persistent
occiput posterior position: a study of 408 deliveries. Obstet Gynecol 1998; 91: 746-9.

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

Akmal S, Tsoi E, Howard R, Osei E, Nicolaides KH. Investigation of occiput posterior
delivery by intrapartum sonography. Ultrasound Obstet Gynecol 2004; 24: 425-8.

Akmal S, Kametas N, Tsoi E, Hargreaves C, Nicolaides KH. Comparison of
transvaginal digital examination with intrapartum sonography to determine fetal head
position before instrumental delivery. Ultrasound Obstet Gynecol 2003; 21: 437-40.

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

Akmal S, Tsoi E, Nicolaides KH. Intrapartum sonography to determine fetal occipital
position: interobserver agreement. Ultrasound Obstet Gynecol 2004; 24: 421-4.
Kreiser D, Schiff E, Lipitz S, Kayam Z, Avraham A, Achiron R. Determination of
fetal occiput position by ultrasound during the second stage of labor. J Matern Fetal
Med 2001; 10: 283-6.

Sherer DM, Miodovnik M, Bradley KS, Langer O. Intrapartum fetal head position I1:
comparison between transvaginal digital examination and transabdominal ultrasound
assessment during the second stage of labor. Ultrasound Obstet Gynecol 2002; 19:
264-8.

Sherer DM, Miodovnik M, Bradley KS, Langer O. Intrapartum fetal head position I:
comparison between transvaginal digital examination and transabdominal ultrasound




21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

80

assessment during the active stage of labor. Ultrasound Obstet Gynecol 2002; 19: 258-
63.

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

Pearl ML, Roberts JM, Laros RK, Hurd WW. Vaginal delivery from the persistent
occiput posterior position. Influence on maternal and neonatal morbidity. J Reprod
Med 1993; 38: 955-61.

Sizer AR, Nirmal DM. Occipitoposterior position: associated factors and obstetric
outcome in nulliparas. Obstet Gynecol 2000; 96: 749-52.

Fitzpatrick M, McQuillan K, O'Herlihy C. Influence of persistent occiput posterior
position on delivery outcome. Obstet Gynecol 2001; 98: 1027-31.

Ponkey SE, Cohen AP, Heffner LJ, Lieberman E. Persistent fetal occiput posterior
position: obstetric outcomes. Obstet Gynecol 2003; 101: 915-20.

Akmal S, Kametas N, Tsoi E, Howard R, Nicolaides KH. Ultrasonographic occiput
position in early labour in the prediction of caesarean section. Bjog 2004; 111: 532-6.

Rane SM, Guirgis RR, Higgins B, Nicolaides KH. The value of ultrasound in the
prediction of successful induction of labor. Ultrasound Obstet Gynecol 2004; 24: 538-
49,

Lieberman E, Davidson K, Lee-Parritz A, Shearer E. Changes in fetal position during
labor and their association with epidural analgesia. Obstet Gynecol 2005; 105: 974-82.
Gjessing LK. Results from Department of Obstetrics, Stavanger University Hospital.
1997-2007. http://www.kvinneklinikken-
sus.com/01_results/obstetr/publ_B1_STANDARD.htm. Assessed May 7th 2008.
Sherer DM, Abulafia O. Intrapartum assessment of fetal head engagement: comparison
between transvaginal digital and transabdominal ultrasound determinations.
Ultrasound Obstet Gynecol 2003; 21: 430-6.

Laencina AM, Sanchez FG, Gimenez JH, Martinez MS, Martinez JA, Vizcaino VM.
Comparison of ultrasonographic cervical length and the Bishop score in predicting
successful labor induction. Acta Obstet Gynecol Scand 2007; 86: 799-804.

Dietz HP, Lanzarone V. Intra- and interobserver variability of two ultrasound methods
for the assessment of head engagement. ASUM Ultrasound Bulletin 2004; 4. 22.

Dietz HP, Lanzarone V. Measuring engagement of the fetal head: validity and
reproducibility of a new ultrasound technique. Ultrasound Obstet Gynecol 2005; 25:
165-8.

Altman Douglas G. Practical Statistics for Medical Research. Chapman & Hall/CRC:
London, 1999.

Friedman EA. The graphic analysis of labor. Am J Obstet Gynecol 1954; 68: 1568-75.

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

Friedman EA, Sachtleben MR. Station of the fetal presenting part. VVI. Arrest of
descent in nulliparas. Obstet Gynecol 1976; 47: 129-36.

Bergsjo P, Koss KS. Interindividual variation in vaginal examination findings during
labor. Acta Obstet Gynecol Scand 1982; 61: 509-10.




39.

40.

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

51l

52.

53.

54.

55.

Lewin D, Sadoul G, Beuret T. Measuring the height of a cephalic presentation: an
objective assessment of station. Eur J Obstet Gynecol Reprod Biol 1977; 7: 369-72.

van Dessel T, Frijns JH, Kok FT, Wallenburg HC. Assessment of cervical dilatation
during labor: a review. Eur J Obstet Gynecol Reprod Biol 1991; 41: 165-71.

Sherer DM. Intrapartum ultrasound. Ultrasound Obstet Gynecol 2007; 30: 123-39.

Salvesen KA. Ultrasound imaging of the pelvic floor: 'what name shall be given to this
Child?'. Ultrasound Obstet Gynecol 2006; 28: 750-2.

Fuchs I, Tutschek B, Henrich W. Visualization of the fetal fontanels and skull sutures
by three-dimensional translabial ultrasound during the second stage of labor.
Ultrasound Obstet Gynecol 2008; 31: 484-86.

Sharf Y, Farine D, Batzalel M, Megel Y, Shenhav M, Jaffa A, Barnea O. Continuous
monitoring of cervical dilatation and fetal head station during labor. Med Eng Phys
2007; 29: 61-71.

Jacobsson B, Mattsby-Baltzer I, Andersch B, Bokstrom H, Holst RM, Nikolaitchouk
N, Wennerholm UB, Hagberg H. Microbial invasion and cytokine response in
amniotic fluid in a Swedish population of women with preterm prelabor rupture of
membranes. Acta Obstet Gynecol Scand 2003; 82: 423-31.

Mercer BM. Preterm premature rupture of the membranes. Obstet Gynecol 2003; 101:
178-93.

Kenyon S, Boulvain M, Neilson J. Antibiotics for preterm rupture of the membranes: a
systematic review. Obstet Gynecol 2004; 104: 1051-7.

Kenyon SL, Taylor DJ, Tarnow-Mordi W. Broad-spectrum antibiotics for preterm,
prelabour rupture of fetal membranes: the ORACLE | randomised trial. ORACLE
Collaborative Group. Lancet 2001; 357: 979-88.

Ladfors L, Mattsson LA, Eriksson M, Milsom I. Prevalence and risk factors for
prelabor rupture of the membranes (PROM) at or near-term in an urban Swedish
population. J Perinat Med 2000; 28: 491-6.

Ladfors L, Tessin I, Mattsson LA, Eriksson M, Seeberg S, Fall O. Risk factors for
neonatal sepsis in offspring of women with prelabor rupture of the membranes at 34-
42 weeks. J Perinat Med 1998; 26: 94-101.

Ladfors L, Mattsson LA, Eriksson M, Fall O. A randomised trial of two expectant
managements of prelabour rupture of the membranes at 34 to 42 weeks. Br J Obstet
Gynaecol 1996; 103: 755-62.

Tan BP, Hannah ME. Oxytocin for prelabour rupture of membranes at or near term.
2000. Cochrane Database Syst Rev. Withdrawn.

Dare MR, Middleton P, Crowther CA, Flenady VJ, Varatharaju B. Planned early birth
versus expectant management (waiting) for prelabour rupture of membranes at term
(37 weeks or more). 2006. Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD005302/pdf fs.
html. Accessed May 7th 2008.

Gjessing LK. Induction of labour. 2006. Stavanger University Hospital.
http://www.kvinneklinikken-sus.com/02 rutines/routines clinic.htm#obst.

Lin MG, Nuthalapaty FS, Carver AR, Case AS, Ramsey PS. Misoprostol for labor
induction in women with term premature rupture of membranes: a meta-analysis.
Obstet Gynecol 2005; 106: 593-601.

81



56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

82

Government Statistical Service. NHS Maternity Statistics, England: 2003-04. Bulletin
2005/10: March 2005. 2006.
http://www.dh.gov.uk/assetRoot/04/10/70/61/04107061.pdf.

MacDorman MF, Mathews TJ, Martin JA, Malloy MH. Trends and characteristics of
induced labour in the United States, 1989-98. Paediatr Perinat Epidemiol 2002; 16:
263-73.

Seyb ST, Berka RJ, Socol ML, Dooley SL. Risk of cesarean delivery with elective
induction of labor at term in nulliparous women. Obstet Gynecol 1999; 94: 600-7.

Heffner LJ, Elkin E, Fretts RC. Impact of labor induction, gestational age, and
maternal age on cesarean delivery rates. Obstet Gynecol 2003; 102: 287-93.

Eggebo TM, Okland I, Braut RM. [Labor induction. Quality assurance of a method].
Tidsskr Nor Laegeforen 1993; 113: 2686-90.

Boulvain M, Marcoux S, Bureau M, Fortier M, Fraser W. Risks of induction of labour
in uncomplicated term pregnancies. Paediatr Perinat Epidemiol 2001; 15: 131-8.

Nicholson JM, Kellar LC, Cronholm PF, Macones GA. Active management of risk in
pregnancy at term in an urban population: an association between a higher induction of
labor rate and a lower cesarean delivery rate. Am J Obstet Gynecol 2004; 191: 1516-
28.

Tan PC, Vallikkannu N, Suguna S, Quek KF, Hassan J. Transvaginal sonographic
measurement of cervical length vs. Bishop score in labor induction at term: tolerability
and prediction of Cesarean delivery. Ultrasound Obstet Gynecol 2007; 29: 568-73.

Chandra S, Crane JM, Hutchens D, Young DC. Transvaginal ultrasound and digital
examination in predicting successful labor induction. Obstet Gynecol 2001; 98: 2-6.

Gonen R, Degani S, Ron A. Prediction of successful induction of labor: comparison of
transvaginal ultrasonography and the Bishop score. Eur J Ultrasound 1998; 7: 183-7.

Lange AP, Secher NJ, Westergaard JG, Skovgard I. Prelabor evaluation of
inducibility. Obstet Gynecol 1982; 60: 137-47.

Pandis GK, Papageorghiou AT, Ramanathan VG, Thompson MO, Nicolaides KH.
Preinduction sonographic measurement of cervical length in the prediction of
successful induction of labor. Ultrasound Obstet Gynecol 2001; 18: 623-8.

Rane SM, Guirgis RR, Higgins B, Nicolaides KH. Pre-induction sonographic
measurement of cervical length in prolonged pregnancy: the effect of parity in the
prediction of the need for Cesarean section. Ultrasound Obstet Gynecol 2003; 22: 45-
8

Rane SM, Pandis GK, Guirgis RR, Higgins B, Nicolaides KH. Pre-induction
sonographic measurement of cervical length in prolonged pregnancy: the effect of
parity in the prediction of induction-to-delivery interval. Ultrasound Obstet Gynecol
2003; 22: 40-4.

Wing DA, Tran S, Paul RH. Factors affecting the likelihood of successful induction
after intravaginal misoprostol application for cervical ripening and labor induction. Am
J Obstet Gynecol 2002; 186: 1237-43.

@ian P, Abyholm T, Moe N. [Induction of labor. Case material of 1000 patients
evaluated by the Bishop pelvic score]. Tidsskr Nor Laegeforen 1983; 103: 2099-101.

Crane JM. Factors predicting labor induction success: a critical analysis. Clin Obstet
Gynecol 2006; 49: 573-84.




73.

74.

75.

76.

77.

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

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

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

Vrouenraets FP, Roumen FJ, Dehing CJ, van den Akker ES, Aarts MJ, Scheve EJ.
Bishop score and risk of cesarean delivery after induction of labor in nulliparous
women. Obstet Gynecol 2005; 105: 690-7.

Ecker JL, Chen KT, Cohen AP, Riley LE, Lieberman ES. Increased risk of cesarean
delivery with advancing maternal age: indications and associated factors in nulliparous
women. Am J Obstet Gynecol 2001; 185: 883-7.

Maslow AS, Sweeny AL. Elective induction of labor as a risk factor for cesarean
delivery among low-risk women at term. Obstet Gynecol 2000; 95: 917-22.

Bishop EH. Pelvic Scoring For Elective Induction. Obstet Gynecol 1964; 24: 266-8.

Ekman G, Granstrom L, Malmstrom A, Sennstrom M, Svensson J. Cervical fetal
fibronectin correlates to cervical ripening. Acta Obstet Gynecol Scand 1995; 74: 698-
701.

Nuutila M, Hiilesmaa V, Karkkainen T, Ylikorkala O, Rutanen EM. Phosphorylated
isoforms of insulin-like growth factor binding protein-1 in the cervix as a predictor of
cervical ripeness. Obstet Gynecol 1999; 94: 243-9.

Rozenberg P, Chevret S, Chastang C, Ville Y. Comparison of digital and
ultrasonographic examination of the cervix in predicting time interval from induction
to delivery in women with a low Bishop score. Bjog 2005; 112: 192-6.

Bueno B, San-Frutos L, Salazar F, Perez-Medina T, Engels V, Archilla B, 1zquierdo F,
Bajo J. Variables that predict the success of labor induction. Acta Obstet Gynecol
Scand 2005; 84: 1093-7.

Dietz HP, Lanzarone V, Simpson JM. Predicting operative delivery. Ultrasound
Obstet Gynecol 2006; 27: 409-15.

Kiserud T, Acharya G, Olsen IP, Nakling J. Growth retarded fetuses. 2006. In: Sand S,
ed Guidelines for Obstetrics (21).
http://www.legeforeningen.no/asset/32196/2/32196_2.pdf. Accessed May 6th 2008.

Henriksen T, Thordarson H, Clausen T. Pregnancy and diabetes mellitus. 2006. In:
Sand S, ed Guidelines for Obstetrics (8).
http://www.legeforeningen.no/asset/32196/2/32196_2.pdf. Accessed May 6th 2008.

Tuveng J, Heimstad R, Urdal K, Eriksson AG. Cervical ripening/induction of labour.
2006. In: Sand S, ed Guidelines for Obstetrics (27).
http://www.legeforeningen.no/asset/32196/2/32196_2.pdf. Accessed May 6th 2008.

Dodd JM, Crowther CA. Elective delivery of women with a twin pregnancy from 37
weeks' gestation. 2003. Cochrane Database Syst Rev. Accessed May 6th 2008.

Boulvain M, Stan C, Irion O. Elective delivery in diabetic pregnant women. 2001.
Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD001997/pdf fs.
html Accessed May 6th 2008.

Augensen K, Bergsjo P, Eikeland T, Askvik K, Carlsen J. Randomised comparison of

early versus late induction of labour in post-term pregnancy. Br Med J (Clin Res Ed)
1987; 294: 1192-5.

83



90.

91.

92.

93.

94.

95.

96.

97.
98.

99.

100.

101.

102.

103.

104.

105.

84

Heimstad R, Skogvoll E, Mattsson LA, Johansen OJ, Eik-Nes SH, Salvesen KA.
Induction of labor or serial antenatal fetal monitoring in postterm pregnancy: a
randomized controlled trial. Obstet Gynecol 2007; 109: 609-17.

Heimstad R, Romundstad PR, Hyett J, Mattsson LA, Salvesen KA. Women's
experiences and attitudes towards expectant management and induction of labor for
post-term pregnancy. Acta Obstet Gynecol Scand 2007; 86: 950-6.

Gulmezoglu AM, Crowther CA, Middleton P. Induction of labour for improving birth
outcomes for women at or beyond term. 2006. Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD004945/pdf fs.
html. Accessed May 19th 2008.

Peregrine E, O'Brien P, Jauniaux E. Clinical and ultrasound estimation of birth weight
prior to induction of labor at term. Ultrasound Obstet Gynecol 2007; 29: 304-9.

Shepard MJ, Richards VA, Berkowitz RL, Warsof SL, Hobbins JC. An evaluation of
two equations for predicting fetal weight by ultrasound. Am J Obstet Gynecol 1982;
142: 47-54,

Hadlock FP, Harrist RB, Carpenter RJ, Deter RL, Park SK. Sonographic estimation of
fetal weight. The value of femur length in addition to head and abdomen
measurements. Radiology 1984; 150: 535-40.

@rskou J, Kesmodel U, Henriksen TB, Secher NJ. An increasing proportion of infants
weigh more than 4000 grams at birth. Acta Obstet Gynecol Scand 2001; 80: 931-6.

Oian P. [Big fetus--big problems?]. Tidsskr Nor Laegeforen 2000; 120: 1847.

Chauhan SP, Grobman WA, Gherman RA, Chauhan VB, Chang G, Magann EF,
Hendrix NW. Suspicion and treatment of the macrosomic fetus: a review. Am J Obstet
Gynecol 2005; 193: 332-46.

Wojtasinska M, Belfrage P, Gjessing L. [Large fetus--a retrospective study]. Tidsskr
Nor Laegeforen 2000; 120: 1848-50.

Henriksen T. The macrosomic fetus: a challenge in current obstetrics. Acta Obstet
Gynecol Scand 2008; 87: 134-45.

Pennick VE, Young G. Interventions for preventing and treating pelvic and back pain
in pregnancy. 2007. Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD001139/pdf _fs.
html. Accessed May 6th 2008.

Heimstad R, Dahloe R, Laache I, Skogvoll E, Schei B. Fear of childbirth and history
of abuse: implications for pregnancy and delivery. Acta Obstet Gynecol Scand 2006;
85: 435-40.

Wiklund I, Edman G, Andolf E. Cesarean section on maternal request: reasons for the
request, self-estimated health, expectations, experience of birth and signs of depression
among first-time mothers. Acta Obstet Gynecol Scand 2007; 86: 451-6.

Lavender T, Hofmeyr GJ, Neilson JP, Kingdon C, Gyte GM. Caesarean section for
non-medical reasons at term. 2006. Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD004660/pdf fs.
html. Accessed May 19th 2008.

Lin HC, Xirasagar S. Maternal age and the likelihood of a maternal request for

cesarean delivery: a 5-year population-based study. Am J Obstet Gynecol 2005; 192:
848-55.




106.

107.

108.

109.

110.

111.

112.

113.
114.

115.

116.

117.

118.

119.

120.

121.

Nerum H, Halvorsen L, Sorlie T, Oian P. Maternal request for cesarean section due to
fear of birth: can it be changed through crisis-oriented counseling? Birth 2006; 33:
221-8.

Kavanagh J, Kelly AJ, Thomas J. Sexual intercourse for cervical ripening and
induction of labour. 2001. Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD003093/pdf fs.
html. Accessed May 6th 2008.

Mackenzie I1Z. Induction of labour at the start of the new millennium. Reproduction
2006; 131: 989-98.

Smith CA, Crowther CA. Acupuncture for induction of labour. 2004. Cochrane
Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD002962/pdf fs.
html. Accessed May 6th 2008.

Boulvain M, Kelly A, Lohse C, Stan C, Irion O. Mechanical methods for induction of
labour. 2001. Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD001233/pdf fs.
html. Accessed May 6th 2008.

Boulvain M, Stan C, Irion O. Membrane sweeping for induction of labour. 2005.
Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD000451/pdf fs.
html. Accessed May 6th 2008.

Lange AP, Westergaard JG, Secher NJ, Pedersen GT. Labor induction with
prostaglandins. Acta Obstet Gynecol Scand Suppl 1983; 113: 177-85.

Dahle HH. On some physiological actions of ergot. J Physiol 1906; 34: 163-206.
Watson BP. Further experience with pituitary extract in the induction of labor. Am J
Obstet Gynecol 1922; 4: 603-8.

Sande HA, Tuveng J, Fonstelien T. A prospective randomized study of induction of
labor. Int J Gynaecol Obstet 1983; 21: 333-6.

Blix E, Pettersen SH, Eriksen H, Royset B, Pedersen EH, Oian P. [Use of oxytocin
augmentation after spontaneous onset of labor]. Tidsskr Nor Laegeforen 2002; 122:
1359-62.

Howarth GR, Botha DJ. Amniotomy plus intravenous oxytocin for induction of
labour. 2001. Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD003250/pdf _fs.

html. Accessed May 6th 2008.

Jonsson M, Norden SL, Hanson U. Analysis of malpractice claims with a focus on
oxytocin use in labour. Acta Obstet Gynecol Scand 2007; 86: 315-9.

Ozdemir I, Yucel N, Yucel O. Rupture of the pregnant uterus: a 9-year review. Arch
Gynecol Obstet 2005; 272: 229-31.

Kelly AJ, Kavanagh J, Thomas J. Vaginal prostaglandin (PGE2 and PGF2a) for
induction of labour at term. 2003. Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD003101/pdf fs.

html. Accessed May 6th 2008.

Gregson S, Waterstone M, Norman I, Murrells T. A randomised controlled trial
comparing low dose vaginal misoprostol and dinoprostone vaginal gel for inducing
labour at term. Bjog 2005; 112: 438-44.

85



122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

86

Szczesny W, Kjollesdal M, Karlsson B, Nielsen S. Bishop score and the outcome of
labor induction with misoprostol. Acta Obstet Gynecol Scand 2006; 85: 579-82.

Belfrage P, Smedvig E, Gjessing L, Eggebo TM, Okland I. A randomized prospective
study of misoprostol and dinoproston for induction of labor. Acta Obstet Gynecol
Scand 2000; 79: 1065-8.

Alfirevic Z, Weeks A. Oral misoprostol for induction of labour. 2006. Cochrane
Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD001338/pdf fs.
html. Accessed May 19th 2008.

Heimstad R, Salvesen KA. Gjear vi som vi tror og sier? In: Valbg A-L, ed Gynekologen
2003; 3: 60.

Crane JM, Delaney T, Butt KD, Bennett KA, Hutchens D, Young DC. Predictors of
successful labor induction with oral or vaginal misoprostol. J Matern Fetal Neonatal
Med 2004; 15: 319-23.

Nassar AH, Adra AM, Chakhtoura N, Gomez-Marin O, Beydoun S. Severe
preeclampsia remote from term: labor induction or elective cesarean delivery? Am J
Obstet Gynecol 1998; 179: 1210-3.

Sebire NJ, Jolly M, Harris JP, Wadsworth J, Joffe M, Beard RW, Regan L, Robinson
S. Maternal obesity and pregnancy outcome: a study of 287,213 pregnancies in
London. Int J Obes Relat Metab Disord 2001; 25: 1175-82.

Usha Kiran TS, Hemmadi S, Bethel J, Evans J. Outcome of pregnancy in a woman
with an increased body mass index. Bjog 2005; 112: 768-72.

Bhattacharya S, Campbell DM, Liston WA. Effect of Body Mass Index on pregnancy
outcomes in nulliparous women delivering singleton babies. 2007. BMC Public
Health. http://www.biomedcentral.com/content/pdf/1471-2458-7-168.pdf. Accessed
May 6th 2008.

D. A. Doherty, E. F. Magann, J. Francis, J. C. Morrison, J. P. Newnham. Pre-
pregnancy body mass index and pregnancy outcomes. Int J Gynaecol Obstet 2006; 95:
242-7.

House M, Socrate S. The cervix as a biomechanical structure. Ultrasound Obstet
Gynecol 2006; 28: 745-9.

Leppert PC. Anatomy and physiology of cervical ripening. Clin Obstet Gynecol 1995;
38: 267-79.

Sennstrom MB, Brauner A, Bystrom B, Malmstrom A, Ekman G. Matrix
metalloproteinase-8 correlates with the cervical ripening process in humans. Acta
Obstet Gynecol Scand 2003; 82: 904-11.

Sennstrom MB, Granstrom LM, Lockwood CJ, Omazic B, Johansson O, Malmstrom
A, Ekman GE. Cervical fetal fibronectin correlates to prostaglandin E2-induced
cervical ripening and can be identified in cervical tissue. Am J Obstet Gynecol 1998;
178: 540-5.

Calkins LA, Litzenberg JC, Plass ED. The length of labor. Am J Obstet Gynecol 1931;
22: 604-14.

Calkins LA. On predicting the length of labor, 1. First stage. Am J Obstet Gynecol
1941; 42: 802-13.

Cocks DP. Significance of initial condition of cervix uteri to subsequent course of
labour. Br Med J 1955; 1: 327-8.




139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Garrett WJ. Prognostic signs in surgical induction of labour. Med J Aust 1960; 47:
929-31.

Friedman EA, Sachtleben M. R. Determinant role of initial cervical dilatation on the
course of labor. Am J Obstet Gynecol 1962; 84: 930-5.

Rozenberg P, Chevret S, Ville Y. [Comparison of pre-induction ultrasonographic
cervical length and Bishop score in predicting risk of cesarean section after labor
induction with prostaglandins]. Gynecol Obstet Fertil 2005; 33: 17-22.

Ray CL, Carayol M, Breart G, Goffinet F. Elective induction of labor: failure to follow
guidelines and risk of cesarean delivery. Acta Obstet Gynecol Scand 2007; 86: 657-65.

Hendrix NW, Chauhan SP, Morrison JC, Magann EF, Martin JN Jr., Devoe LD.
Bishop score: a poor diagnostic test to predict failed induction versus vaginal delivery.
South Med J 1998; 91: 248-52.

Roman H, Verspyck E, Vercoustre L, Degre S, Col J. Y, Firmin JM, Caron P,
Marpeau L. Does ultrasound examination when the cervix is unfavorable improve the
prediction of failed labor induction? Ultrasound Obstet Gynecol 2004; 23: 357-62.
Elghorori MR, Hassan I, Dartey W, Abdel-Aziz E, Bradley M. Comparison between
subjective and objective assessments of the cervix before induction of labour. J Obstet
Gynaecol 2006; 26: 521-6.

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

Friedman E. A, Niswander K. R, Bayonet-Rivera N. P, Sachtleben M. R. Prelabor
status evaluation. 11. Weighted score. Obstet Gynecol 1967; 29: 539-44.

Watson WJ, Stevens D, Welter S, Day D. Factors predicting successful labor
induction. Obstet Gynecol 1996; 88: 990-2.

Williams MC, Krammer J, O'Brien WF. The value of the cervical score in predicting
successful outcome of labor induction. Obstet Gynecol 1997; 90: 784-9.

Burnett JE jr. Preinduction scoring: an objective approach to induction of labor. Obstet
Gynecol 1966; 28: 479-83.

Holcomb WL Jr, Smeltzer JS. Cervical effacement: variation in belief among
clinicians. Obstet Gynecol 1991; 78: 43-5.

Elghorori MR, Hassan I, Dartey W, Abdel-Aziz E. A way to lend objectivity to Bishop
score. J Obstet Gynaecol 2006; 26: 311-6.

Jackson GM, Ludmir J, Bader TJ. The accuracy of digital examination and ultrasound
in the evaluation of cervical length. Obstet Gynecol 1992; 79: 214-8.

Owen J, Neely C, Northen A. Transperineal versus endovaginal ultrasonographic
examination of the cervix in the midtrimester: a blinded comparison. Am J Obstet
Gynecol 1999; 181: 780-3.

Hertzberg BS, Livingston E, DeLong DM, McNally PJ, Fazekas CK, Kliewer MA.
Ultrasonographic evaluation of the cervix: transperineal versus endovaginal imaging. J
Ultrasound Med 2001; 20: 1071-80.

Hertzberg BS, Kliewer MA, Baumeister LA, McNally PB, Fazekas CK. Optimizing
transperineal sonographic imaging of the cervix: the hip elevation technique. J
Ultrasound Med 1994; 13: 933-6.

87



157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

88

Cicero S, Skentou C, Souka A, To MS, Nicolaides KH. Cervical length at 22-24 weeks
of gestation: comparison of transvaginal and transperineal-translabial ultrasonography.
Ultrasound Obstet Gynecol 2001; 17: 335-40.

Carr DB, Smith K, Parsons L, Chansky K, Shields LE. Ultrasonography for cervical
length measurement: agreement between transvaginal and translabial techniques.
Obstet Gynecol 2000; 96: 554-8.

Valentin L, Bergelin I. Intra- and interobserver reproducibility of ultrasound
measurements of cervical length and width in the second and third trimesters of
pregnancy. Ultrasound Obstet Gynecol 2002; 20: 256-62.

Gabriel R, Darnaud T, Chalot F, Gonzalez N, Leymarie F, Quereux C. Transvaginal
sonography of the uterine cervix prior to labor induction. Ultrasound Obstet Gynecol
2002; 19: 254-7.

Reis FM, Gervasi MT, Florio P, Bracalente G, Fadalti M, Severi FM, Petraglia F.
Prediction of successful induction of labor at term: role of clinical history, digital
examination, ultrasound assessment of the cervix, and fetal fibronectin assay. Am J
Obstet Gynecol 2003; 189: 1361-7.

Yang SH, Roh CR, Kim JH. Transvaginal ultrasonography for cervical assessment
before induction of labor. J Ultrasound Med 2004; 23: 375-82.

Zilianti M, Azuaga A, Calderon F, Pages G, Mendoza G. Monitoring the effacement
of the uterine cervix by transperineal sonography: a new perspective. J Ultrasound
Med 1995; 14: 719-24.

Kurtzman JT, Jenkins SM, Brewster WR. Dynamic cervical change during real-time
ultrasound: prospective characterization and comparison in patients with and without
symptoms of preterm labor. Ultrasound Obstet Gynecol 2004; 23: 574-8.

Bakke T. A new mechanical instrument for the measurement of fibro-elasticity, with
special reference to its use in the assessment of the consistency of the uterine cervix.
Acta Obstet Gynecol Scand 1973; 52: 277-87.

Bakke T. Cervical consistency in women of fertile age measured with a new
mechanical instrument. Acta Obstet Gynecol Scand 1974; 53: 293-302.

Thomas A, Kummel S, Gemeinhardt O, Fischer T. Real-time sonoelastography of the
cervix: tissue elasticity of the normal and abnormal cervix. Acad Radiol 2007; 14:
193-200.

Lockwood CJ, Senyei AE, Dische MR, Casal D, Shah KD, Thung SN, Jones L,
Deligdisch L, Garite TJ. Fetal fibronectin in cervical and vaginal secretions as a
predictor of preterm delivery. N Engl J Med 1991; 325: 669-74.

Leitich H, Egarter C, Kaider A, Hohlagschwandtner M, Berghammer P, Husslein P.
Cervicovaginal fetal fibronectin as a marker for preterm delivery: a meta-analysis. Am
J Obstet Gynecol 1999; 180: 1169-76.

Kelly AJ, Alfrevic Z, Hofmeyr GJ, Kavanagh J, Neilson JP, Thomas J. Induction of
labour in specific clinical situations. 2006. Cochrane Database generic protocol.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD003398/pdf fs.
html. Accessed May 7th 2008.

Ville Y. From obstetric ultrasound to ultrasonographic obstetrics. Ultrasound Obstet
Gynecol 2006; 27: 1-5.

Donald I, Macvicar J, Brown TG. Investigation of abdominal masses by pulsed
ultrasound. Lancet 1958; 1: 1188-95.




173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Donald I. Clinical application of ultrasonic techniques in obstetrical and
gynaecological diagnosis. J Obstet Gynaecol Br Emp 1962; 69: 1036.

Sunden B. On The Diagnostic Value Of Ultrasound In Obstetrics And Gynaecology.
Acta Obstet Gynecol Scand 1964; 43: SUPPL 6:1-191.

Kratochwil A, Eisenhut L. [The earliest detection of fetal heart activity by ultrasound].
Geburtshilfe Frauenheilkd 1967; 27: 176-80.

Campbell S. An improved method of fetal cephalometry by ultrasound. J Obstet
Gynaecol Br Commonw 1968; 75: 568-76.

Campbell S, Kohorn EI. Placental localization by ultrasonic compound scanning. J
Obstet Gynaecol Br Commonw 1968; 75: 1007-13.

Eik-Nes SH, Okland O, Aure JC, Ulstein M. Ultrasound screening in pregnancy: a
randomised controlled trial. Lancet 1984; 1: 1347.

Eik-Nes SH, Salvesen KA, Okland O, Vatten LJ. Routine ultrasound fetal examination
in pregnancy: the 'Alesund' randomized controlled trial. Ultrasound Obstet Gynecol
2000; 15: 473-8.

Eik-Nes SH, Marsal K, Brubakk AO, Kristofferson K, Ulstein M. Ultrasonic
measurement of human fetal blood flow. J Biomed Eng 1982; 4: 28-36.

Kvande L. Bilete av svangerskap - bilete av foster. Ultralyd-diagnostikk i norsk
svangerskapsomsorg 1970 - 1995. NTNU: Trondheim, 2008.

Backe B, Buhaug H. Bruk av ultralyd i svangerskapet. NIS; SINTEF-gruppen.
Konsensuskonferansen 27-29/9-1986; Norway.

Backe B. Routine ultrasonography in obstetric care in Norway, 1994. Tidsskr Nor
Laegeforen 1997; 117: 2314-5.

Backe B. Bruk av ultralyd i svangerskapet. Komiteen for medisinsk
teknologivurdering. Konsensuskonferanse 28 februar - 1 mars 1995; Norway.
Salvesen KA, Bakketeig LS, Eik-Nes SH, Undheim JO, Okland O. Routine
ultrasonography in utero and school performance at age 8-9 years. Lancet 1992; 339:
85-9.

Salvesen KA, Vatten LJ, Eik-Nes SH, Hugdahl K, Bakketeig LS. Routine
ultrasonography in utero and subsequent handedness and neurological development.
BMJ 1993; 307: 159-64.

Kiserud T, Eik-Nes SH, Blaas HG, Hellevik LR, Simensen B. Ductus venosus blood
velocity and the umbilical circulation in the seriously growth-retarded fetus.
Ultrasound Obstet Gynecol 1994; 4: 109-14.

Tunon K, Eik-Nes SH, Grottum P. A comparison between ultrasound and a reliable
last menstrual period as predictors of the day of delivery in 15,000 examinations.
Ultrasound Obstet Gynecol 1996; 8: 178-85.

H. G. Blaas, S. H. Eik-Nes, J. B. Bremnes. The growth of the human embryo. A
longitudinal biometric assessment from 7 to 12 weeks of gestation. Ultrasound Obstet
Gynecol 1998; 12: 346-54.

Isaksen CV, Eik-Nes SH, Blaas HG, Tegnander E, Torp SH. Comparison of prenatal
ultrasound and postmortem findings in fetuses and infants with congenital heart
defects. Ultrasound Obstet Gynecol 1999; 13: 117-26.

Isaksen CV, Eik-Nes SH, Blaas HG, Torp SH. Comparison of prenatal ultrasound and
postmortem findings in fetuses and infants with central nervous system anomalies.
Ultrasound Obstet Gynecol 1998; 11: 246-53.

89



192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

90

Tegnander E, Williams W, Johansen OJ, Blaas HG, Eik-Nes SH. Prenatal detection of
heart defects in a non-selected population of 30,149 fetuses--detection rates and
outcome. Ultrasound Obstet Gynecol 2006; 27: 252-65.

Brantberg A, Blaas HG, Haugen SE, Eik-Nes SH. Characteristics and outcome of 90
cases of fetal omphalocele. Ultrasound Obstet Gynecol 2005; 26: 527-37.

Brantberg A, Blaas HG, Salvesen KA, Haugen SE, Eik-Nes SH. Surveillance and
outcome of fetuses with gastroschisis. Ultrasound Obstet Gynecol 2004; 23: 4-13.

Offerdal K, Jebens N, Blaas HG, Eik-Nes SH. Prenatal ultrasound detection of talipes
equinovarus in a non-selected population of 49 314 deliveries in Norway. Ultrasound
Obstet Gynecol 2007; 30: 838-44.

Haugen G, Rognerud H. Doppler flow velocity waveforms and vasoactive effects of
serotonin in human umbilical arteries. Gynecol Obstet Invest 2001; 51: 22-7.

Haugen G, Kiserud T, Godfrey K, Crozier S, Hanson M. Portal and umbilical venous
blood supply to the liver in the human fetus near term. Ultrasound Obstet Gynecol
2004; 24: 599-605.

Acharya G, Wilsgaard T, Berntsen GK, Maltau JM, Kiserud T. Reference ranges for
serial measurements of blood velocity and pulsatility index at the intra-abdominal
portion, and fetal and placental ends of the umbilical artery. Ultrasound Obstet
Gynecol 2005; 26: 162-9.

Johnsen SL, Wilsgaard T, Rasmussen S, Sollien R, Kiserud T. Longitudinal reference
charts for growth of the fetal head, abdomen and femur. Eur J Obstet Gynecol Reprod
Biol 2006; 127: 172-85.

Nakling J, Backe B. Routine ultrasound screening and detection of congenital
anomalies outside a university setting. Acta Obstet Gynecol Scand 2005; 84: 1042-8.

Kessler J, Rasmussen S, Kiserud T. The fetal portal vein: normal blood flow
development during the second half of human pregnancy. Ultrasound Obstet Gynecol
2007; 30: 52-60.

Ebbing C, Rasmussen S, Kiserud T. Middle cerebral artery blood flow velocities and
pulsatility index and the cerebroplacental pulsatility ratio: longitudinal reference
ranges and terms for serial measurements. Ultrasound Obstet Gynecol 2007; 30: 287-
96.

Salvesen KA. EFSUMB: safety tutorial: epidemiology of diagnostic ultrasound
exposure during pregnancy-European committee for medical ultrasound safety
(ECMUS). Eur J Ultrasound 2002; 15: 165-71.

Marsal K. The output display standard: has it missed its target? Ultrasound Obstet
Gynecol 2005; 25: 211-4.

Abramowicz JS, Kossoff G, Marsal K, Ter Haar G. Safety Statement, 2000
(reconfirmed 2003). International Society of Ultrasound in Obstetrics and Gynecology
(ISUOG). Ultrasound Obstet Gynecol 2003; 21: 100.

Valentin L. Minimum training recommandations for the practice of medical
ultrasound. EFSUMB. 2003. http://www.thieme-
connect.com/ejournals/pdf/ultraschall/doi/10.1055/s-2006-933605.pdf. Accessed May
14th 2008.

Den Norske Legeforening. Operasjonsliste i fadselshjelp og kvinnesykdommer. 2007.
http://www.legeforeningen.no/index.gan?id=56732&subid=0. Accessed July 9th 2008.




208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

Sotiriadis A, Makrydimas G, Papatheodorou S, loannidis JP. Expectant, medical, or
surgical management of first-trimester miscarriage: a meta-analysis. Obstet Gynecol
2005; 105: 1104-13.

Valsky DV, Yagel S. Ectopic pregnancies of unusual location: management dilemmas.
Ultrasound Obstet Gynecol 2008; 31: 245-51.

Bindra R, Heath V, Nicolaides KH. Screening for chromosomal defects by fetal nuchal
translucency at 11 to 14 weeks. Clin Obstet Gynecol 2002; 45: 661-70.

Helsedepartementet. Om lov om medisinsk bruk av bioteknologi m.m.
(bioteknologiloven). 2003. Otprp ; nr 64 (2002-2003). http://www.lovdata.no/all/hl-
20031205-100.html. Accessed May 19th 2008.

McKenna D, Tharmaratnam S, Mahsud S, Bailie C, Harper A, Dornan J. A
randomized trial using ultrasound to identify the high-risk fetus in a low-risk
population. Obstet Gynecol 2003; 101: 626-32.

Haram K, Gjelland K. [Foetal growth retardation]. Tidsskr Nor Laegeforen 2007; 127:
2665-9.

Westergaard HB, Langhoff-Roos J, Lingman G, Marsal K, Kreiner S. A critical
appraisal of the use of umbilical artery Doppler ultrasound in high-risk pregnancies:
use of meta-analyses in evidence-based obstetrics. Ultrasound Obstet Gynecol 2001;
17: 466-76.

lams JD, Goldenberg RL, Meis PJ, Mercer BM, Moawad A, Das A, Thom E,
McNellis D, Copper RL, Johnson F, Roberts JM. The length of the cervix and the risk
of spontaneous premature delivery. National Institute of Child Health and Human
Development Maternal Fetal Medicine Unit Network. N Engl J Med 1996; 334: 567-
72.

Heath VVC, Southall TR, Souka AP, Elisseou A, Nicolaides KH. Cervical length at 23
weeks of gestation: prediction of spontaneous preterm delivery. Ultrasound Obstet
Gynecol 1998; 12: 312-7.

Valentin L. Ultrasound examination of the cervix to predict preterm delivery: we still
know too little to use it in clinical practice. Ultrasound Obstet Gynecol 2003; 21: 106-
10.

Crane JM, Hutchens D. Transvaginal sonographic measurement of cervical length to
predict preterm birth in asymptomatic women at increased risk: a systematic review.
Ultrasound Obstet Gynecol 2008; 31: 579-87.

Heath VC, Souka AP, Erasmus |, Gibb DM, Nicolaides KH. Cervical length at 23
weeks of gestation: the value of Shirodkar suture for the short cervix. Ultrasound
Obstet Gynecol 1998; 12: 318-22.

Bachmann LM, Coomarasamy A, Honest H, Khan KS. Elective cervical cerclage for
prevention of preterm birth: a systematic review. Acta Obstet Gynecol Scand 2003; 82:
398-404.

Drakeley AJ, Roberts D, Alfirevic Z. Cervical stitch (cerclage) for preventing
pregnancy loss in women. 2003. Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD003253/pdf fs.
html. Accessed May 7th 2008.

Fonseca EB, Celik E, Parra M, Singh M, Nicolaides KH. Progesterone and the risk of
preterm birth among women with a short cervix. N Engl J Med 2007; 357: 462-9.

91



223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

92

Smith GC, Celik E, To M, Khouri O, Nicolaides KH. Cervical length at mid-
pregnancy and the risk of primary cesarean delivery. N Engl J Med 2008; 358: 1346-
53.

Peregrine E, O'Brien P, Jauniaux E. Impact on delivery outcome of ultrasonographic
fetal head position prior to induction of labor. Obstet Gynecol 2007; 109: 618-25.

Paterson-Brown S, Fisk NM, Edmonds DK, Rodeck CH. Preinduction cervical
assessment by Bishop's score and transvaginal ultrasound. Eur J Obstet Gynecol
Reprod Biol 1991; 40: 17-23.

Bartha JL, Romero-Carmona R, Martinez-Del-Fresno P, Comino-Delgado R. Bishop
score and transvaginal ultrasound for preinduction cervical assessment: a randomized
clinical trial. Ultrasound Obstet Gynecol 2005; 25: 155-9.

Hatfield AS, Sanchez-Ramos L, Kaunitz AM. Sonographic cervical assessment to
predict the success of labor induction: a systematic review with metaanalysis. Am J
Obstet Gynecol 2007; 197: 186-92.

Vankayalapati P, Sethna F, Roberts N, Ngeh N, Thilaganathan B, Bhide A. Ultrasound
assessment of cervical length in prolonged pregnancy: prediction of spontaneous onset
of labor and successful vaginal delivery. Ultrasound Obstet Gynecol 2008; 31: 328-31.

Strobel E, Sladkevicius P, Rovas L, De Smet F, Karlsson ED, Valentin L. Bishop
score and ultrasound assessment of the cervix for prediction of time to onset of labor
and time to delivery in prolonged pregnancy. Ultrasound Obstet Gynecol 2006; 28:
298-305.

Rovas L, Sladkevicius P, Strobel E, Valentin L. Reference data representative of
normal findings at two-dimensional and three-dimensional gray-scale ultrasound
examination of the cervix from 17 to 41 weeks' gestation. Ultrasound Obstet Gynecol
2006; 27: 392-402.

Rovas L, Sladkevicius P, Strobel E, Valentin L. Three-dimensional power Doppler
ultrasound assessment of the cervix for the prediction of successful induction of labor
with prostaglandin in prolonged pregnancy. J Ultrasound Med 2005; 24: 933-9.

Rovas L, Sladkevicius P, Strobel E, De Smet F, De Moor B, Valentin L. Three-
dimensional ultrasound assessment of the cervix for predicting time to spontaneous
onset of labor and time to delivery in prolonged pregnancy. Ultrasound Obstet
Gynecol 2006; 28: 306-11.

Rovas L, Sladkevicius P, Strobel E, Janusonis V, Valentin L. No cervical changes
during the last week before spontaneous start of labor as assessed by three-
dimensional (3D) ultrasound in women with prolonged pregnancy. Acta Obstet
Gynecol Scand 2007; 86: 496-7.

Oppenheimer L. Diagnosis and management of placenta previa. J Obstet Gynaecol
Can 2007; 29: 261-73.

Warshak CR, Eskander R, Hull AD, Scioscia AL, Mattrey RF, Benirschke K, Resnik
R. Accuracy of ultrasonography and magnetic resonance imaging in the diagnosis of
placenta accreta. Obstet Gynecol 2006; 108: 573-81.

Ugwumandu A. The role of ultrasound scanning on the labor ward. Ultrasound Obstet
Gynecol 2002; 19: 222-4.

Saito M, Kozuma S, Kikuchi A, Sakai M, Fujii T, Unno N, Okai T, Taketani Y.
Sonographic assessment of the cervix before, during and after a uterine contraction is

effective in predicting the course of labor. Ultrasound Obstet Gynecol 2003; 22: 604-
8.



238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

Moses J, Doherty DA, Magann EF, Chauhan SP, Morrison JC. A randomized clinical
trial of the intrapartum assessment of amniotic fluid volume: amniotic fluid index
versus the single deepest pocket technique. Am J Obstet Gynecol 2004; 190: 1564-70.

Manning FA, Platt LD, Sipos L. Antepartum fetal evaluation: development of a fetal
biophysical profile. Am J Obstet Gynecol 1980; 136: 787-95.

Kim SY, Khandelwal M, Gaughan JP, Agar MH, Reece EA. Is the intrapartum
biophysical profile useful? Obstet Gynecol 2003; 102: 471-6.

Lalor JG, Fawole B, Alfirevic Z, Devane D. Biophysical profile for fetal assessment in
high risk pregnancies. 2008. Cochrane Database Syst Rev.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD000038/pdf fs.
html. Accessed May 9th 2008.

Wong GY, Mok YM, Wong SF. Transabdominal ultrasound assessment of the fetal
head and the accuracy of vacuum cup application. Int J Gynaecol Obstet 2007; 98:
120-3.

Rozenberg P, Porcher R, Salomon LJ, Boirot F, Morin C, Ville Y. Comparison of the
learning curves of digital examination and transabdominal sonography for the
determination of fetal head position during labor. Ultrasound Obstet Gynecol 2008;
31: 332-7.

Grischke EM, Dietz HP, Jeanty P, Schmidt W. [A new study method: the perineal scan
in obstetrics and gynecology]. Ultraschall Med 1986; 7: 154-61.
Henrich W, Dudenhausen J, Fuchs I, Kamena A, Tutschek B. Intrapartum translabial

ultrasound (ITU): sonographic landmarks and correlation with successful vacuum
extraction. Ultrasound Obstet Gynecol 2006; 28: 753-60.

Schwimer SR, Lebovic J. In utero sonographic demonstration of a caput succedaneum.
J Ultrasound Med 1986; 5: 711-2.

Peregrine E, O'Brien P, Jauniaux E. Ultrasound detection of nuchal cord prior to labor
induction and the risk of Cesarean section. Ultrasound Obstet Gynecol 2005; 25: 160-
4,

Ghosh GS, Gudmundsson S. Nuchal cord in post-term pregnancy - relationship to
suspected intrapartum fetal distress indicating operative intervention. J Perinat Med
2008; 36: 142-4.

Buhimschi CS, Buhimschi 1A, Malinow AM, Weiner CP. Myometrial thickness
during human labor and immediately post partum. Am J Obstet Gynecol 2003; 188:
553-9.

Maesel A, Lingman G, Marsal K. Cerebral blood flow during labor in the human fetus.
Acta Obstet Gynecol Scand 1990; 69: 493-5.

Yagel S, Anteby E, Lavy Y, Ben Chetrit A, Palti Z, Hochner-Celnikier D, Ron M.
Fetal middle cerebral artery blood flow during normal active labour and in labour with
variable decelerations. Br J Obstet Gynaecol 1992; 99: 483-5.

Li H, Gudmundsson S, Olofsson P. Acute centralization of blood flow in compromised
human fetuses evoked by uterine contractions. Early Hum Dev 2006; 82: 747-52.
Tadmor O, Bocker Y, Rabinowitz R, Aboulafia Y, Yagel S, Stark M, Diamant YZ,
Nitzan M. Analysis of umbilical artery flow parameters during fetal variable
decelerations using computerized Doppler waveforms. Fetal Diagn Ther 1999; 14: 2-
10.

93



254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.
268.

269.

270.
271.

94

Krapp M, Denzel S, Katalinic A, Berg C, Smrcek J, Geipel A, Huber G, Germer U,
Gembruch U. Normal values of fetal ductus venosus blood flow waveforms during the
first stage of labor. Ultrasound Obstet Gynecol 2002; 19: 556-61.

Fu J, Olofsson P. Fetal ductus venosus, middle cerebral artery and umbilical artery
flow responses to uterine contractions in growth-restricted human pregnancies.
Ultrasound Obstet Gynecol 2007; 30: 867-73.

Herman A. Complicated third stage of labor: time to switch on the scanner.
Ultrasound Obstet Gynecol 2000; 15: 89-95.

Herman A, Weinraub Z, Bukovsky I, Arieli S, Zabow P, Caspi E, Ron-El R. Dynamic
ultrasonographic imaging of the third stage of labor: new perspectives into third-stage
mechanisms. Am J Obstet Gynecol 1993; 168: 1496-9.

Mo A, Rogers MS. Sonographic examination of uteroplacental separation during the
third stage of labor. Ultrasound Obstet Gynecol 2008; 31: 427-31.

Krapp M, Baschat AA, Hankeln M, Gembruch U. Gray scale and color Doppler
sonography in the third stage of labor for early detection of failed placental separation.
Ultrasound Obstet Gynecol 2000; 15: 138-42.

Timmerman D, Valentin L, Bourne TH, Collins WP, Verrelst H, Vergote I. Terms,
definitions and measurements to describe the sonographic features of adnexal tumors:
a consensus opinion from the International Ovarian Tumor Analysis (IOTA) Group.
Ultrasound Obstet Gynecol 2000; 16: 500-5.

Bland JM, Altman DG. Applying the right statistics: analyses of measurement studies.
Ultrasound Obstet Gynecol 2003; 22: 85-93.

Grambsch PM, Therneau TM. Proportional hazards tests and diagnostics based on
weighted residuals. Biometrica 1994; 81: 515-26.

Van Calster B, Nabney I, Timmerman D, Van Huffel S. The Bayesian approach: a
natural framework for statistical modeling. Ultrasound Obstet Gynecol 2007; 29: 485-
8.

Hannah ME, Hodnett ED, Willan A, Foster GA, Di Cecco R, Helewa M. Prelabor
rupture of the membranes at term: expectant management at home or in hospital? The
TermPROM Study Group. Obstet Gynecol 2000; 96: 533-8.

Hannah ME, Ohlsson A, Farine D, Hewson SA, Hodnett ED, Myhr TL, Wang EE,
Weston JA, Willan AR. Induction of labor compared with expectant management for
prelabor rupture of the membranes at term. TERMPROM Study Group. N Engl J Med
1996; 334: 1005-10.

Celik E, To M, Gajewska K, Smith GC, Nicolaides KH. Cervical length and obstetric
history predict spontaneous preterm birth: development and validation of a model to
provide individualized risk assessment. Ultrasound Obstet Gynecol 2008; 31: 549-54.
Deeks JJ, Altman DG. Diagnostic tests 4: likelihood ratios. Bmj 2004; 329: 168-9.

Sackett DL. Evidence-based medicine: how to practice and teach EBM. Churchill
Livingstone: New York, 2000.

Thornton T. Tacit knowledge as the unifying factor in evidence based medicine and
clinical judgement. 2006. Philos Ethics Humanit Med.
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1475611. Accessed May
7th 2008.

Kuhn TS. The structure of scientific revolutions, 1962.

Popper KR. Conjectures and refutations: the growth of scientific knowledge.
Routledge: London, 2002.




272.

273.

274.

275.

276.

Lov om pasientrettigheter. Pasientrettighetsloven. 1999. HOD (Helse- og
omsorgsdepartementet). http://www.lovdata.no/all/hl-19990702-063.html. Accessed
May 7th 2008.

Hodnett ED, Hannah ME, Weston JA, Ohlsson A, Myhr TL, Wang EE, Hewson SA,
Willan AR, Farine D. Women's evaluations of induction of labor versus expectant
management for prelabor rupture of the membranes at term. TermPROM Study Group.
Birth 1997; 24: 214-20.

Allen VM, O'Connell CM, Farrell SA, Baskett TF. Economic implications of method
of delivery. Am J Obstet Gynecol 2005; 193: 192-7.

Biem SR, Turnell RW, Olatunbosun O, Tauh M, Biem HJ. A randomized controlled
trial of outpatient versus inpatient labour induction with vaginal controlled-release
prostaglandin-E2: effectiveness and satisfaction. J Obstet Gynaecol Can 2003; 25: 23-
31.

Gaudineau A, Vayssiere C. [Ultrasonography on labour ward] Gynecol Obstet Fertil
2008; 36: 261-71.

95



96

Apply the background theories to new cases

Thomas Kuhn



Paper one

Eggebg TM, Heien C, @kland I, Gjessing LK, Smedvig E, Romundstad P, Salvesen
KA.

Prediction of labour and delivery by ascertaining the fetal head position with
transabdominal

Ultrasound in pregnancies with prelabour rupture of membranes after 37 weeks.
Ultraschall Med. 2008 Apr; 29(2): 179-83. DOI: 10.1055/s-2007-963017

Is not included due to copyright



Paper two

Eggebg TM, Gjessing LK, Heien C, Smedvig E, @kland I, Romundstad P,
Salvesen KA.

Prediction of labor and delivery by transperineal ultrasound in pregnancies with
prelaborrupture of membranes at term.

Ultrasound Obstet Gynecol. 2006 Apr; 27(4): 387-91.
DOI: 10.1002/uog.2744

Is not included due to copyright



Paper three

Eggebg TM, Heien C, @kland |, Gjessing LK, Romundstad P, Salvesen KA.
Ultrasound assessment of fetal head-perineum distance before induction of labor.

Ultrasound Obstet Gynecol 2008;32(2): 199-204. DOI: 10.1002/uog.5360

Is not included due to copyright



Ultrasound measurements and digital assessments

Ultrasound measurements or digital assessments before induction of labour?

T. M. EGGEB@, |I. BKLAND, C. HEIEN, L. K. GJESSING, P. ROMUNDSTAD*, K.
A. SALVESEN**

Department of Obstetrics and Gynecology, Stavanger University Hospital, Norway

* Department of Public Health, Norwegian University of Science and Technology

** National Center for Fetal Medicine, Trondheim University Hospital (St. Olav's
Hospital) and Department of Laboratory Medicine, Children's and Women's Health,
Norwegian University of Science and Technology, Norway

KEYWORDS:
Bishop score, fetal head—perineum distance, cervical length, posterior cervical angle,
cervical dilatation.

ABSTRACT

Objective To compare the elements of the Bishop score and sonographical
measurements before induction of labour and to evaluate combinations of predictive
factors.

Methods The study included 275 women scheduled for induction of labour. The fetal
head descent was assessed with transperineal ultrasound as the shortest distance from
the fetal skull to the perineum, compared with digital assessment of the fetal head
station. Cervical length, angle and dilatation were evaluated with transvaginal
ultrasound. Ultrasound measured posterior cervical angle was compared with digital
assessed cervical position. The Bishop score was assessed without knowledge of the
ultrasound measurements, immediately after the scans.

Results Digital and sonographic assessments were moderately correlated for cervical
length (r =0.54, p <0.01) and weakly correlated for fetal head descent (r =0.23, p
<0.01). Ultrasound measured posterior cervical angle was not correlated with digital
assessment of cervical position (r =0.03). The cervix was determined as closed in 219
(80%) of cases with the use of ultrasound and in 58 (21%) by digital assessment. A
combination of ultrasound measured fetal head—perineum distance, cervical length and
digitally assessed cervical dilatation predicted vaginal delivery with 65%; 95% CI [55-
75%] (p <0.01) under the ROC curve area.

Conclusion The elements of the Bishop score and the corresponding ultrasound
measurements were weakly to moderately correlated. A combination of ultrasound
measured fetal head station, cervical length and digitally assessed cervical dilatation
may be useful in counselling women prior to induction of labour.



INTRODUCTION

Induction of labour (IOL) is a commonly
performed obstetrical intervention, and the
frequency is increasing. The current induction
rate in developed countries is 13-20% (1,2).
The procedure is associated with increased risk
of Cesarean delivery (3). Timing of induction
for indications such as twins, diabetes, post—
term pregnancy and preeclampsia is debated,
and many women ask for induction without
medical indications. Objective methods for
assessment of cervix and fetal head descent
would be useful when counselling women prior
to IOL. Maternal characteristics, Bishop score
and ultrasound measurements used alone have
limitations, and combinations of factors have
been suggested (4-6).

The Bishop score includes five elements;
the station of the presenting part, cervical
dilatation, effacement, consistency and position
(7). 1t is a subjective evaluation, and the
predictive value for successful IOL is limited
(8,9). In one study an informal evaluation of the
cervix was as reliable as the Bishop score (10).
Other studies emphasize the importance of fetal
station (11) or cervical dilatation (12,13). It has
been suggested to replace digital assessments
with ultrasound measurements (14,15). Four
elements of the Bishop score can be compared
with corresponding ultrasound measurements in
a clinical setting. Cervical consistency can only
be addressed by ultrasound elastography, and
this method is not in clinical use (16).

In some studies, transvaginal ultrasound
measurements of cervical length perform better
than the Bishop score in predicting outcome of
IOL (6,9,11), but not in others (17,18).
Ultrasound measured posterior cervical angle
(6) and fetal head engagement (4,19) have been
found to predict labour outcome. A recent
meta—analysis called for more research (20).

The aims of this study were to correlate the
elements of the Bishop score with sonographical
measurements and to discuss how predictive
factors for IOL can be combined in a clinical
setting.

METHODS

In all, 275 women scheduled for IOL at
Stavanger University Hospital were included in
a prospective clinical study. Women were
eligible if they had a live singleton pregnancy
with cephalic presentation and a gestational age
of more than 37 completed pregnancy weeks
according to a mid-trimester scan. Women with
previous Cesarean section were not eligible. We
defined successful IOL as a vaginal delivery,

spontaneous or operative. The local Ethics
Committee approved the study, and all women
gave written informed consent. Characteristics
of the study population have been published
previously (21).

Labour was induced with amniotomy
followed by oxytocin if the cervix was
favourable (Bishop score > 6). If the cervix was
unfavourable, labour was induced with 25
microgram misoprostol applied vaginally every
4™ hour (maximum 100 microgram in 24 hours
and a total maximum dose of 200 microgram)
until regular contractions.

Two obstetricians and three trained
midwives did the ultrasound measurements with
EUB Hitachi 5500 (Kashiwa, Japan) devices
with a 3.5-7.5 mHz multifrequency
transabdominal transducer and a 5.0-9.0 mHz
multifrequency transvaginal transducer. The
Bishop score was assessed after the scan and
immediately before induction by the
obstetrician on call, who was blinded for the
ultrasound measurements. In all, approximately
20 different doctors with more than three years
of obstetric experience assessed the Bishop
score. All examinations were performed with
the woman in a supine position and with an
empty bladder.

The cervical length was measured by
ultrasound as described by Valentin et al. (22),
and compared with digital evaluation of the
cervical length stratified into four categories;
three, two, one centimetre (cm) or effaced. The
posterior cervical angle was measured by
ultrasound as described by Rane et al. (6). The
sonographically measured angles were
compared with digital assessments of the
cervical position, classified as posterior (score
0), centred (score 1) or anterior position (score
2). The shortest distance from the outer bony
limit of the fetal skull to the skin surface of the
perineum was measured by transperineal
ultrasound as described in a previous study (19),
and the measurements were compared with
digital assessments of the fetal head station
according to WHO classification (23). The
mean of three measurements was used for all
three ultrasound methods.

We used a transvaginal sagittal scan to
assess cervical dilatation. The cervix was
considered dilated if the cervical mucosa on the
anterior and posterior part of cervix was
separated at the time of the scan, and dilatation
was measured in millimetres (mm). The
ultrasound assessments were compared with
digital assessments of cervical dilatation in



centimetres (cm). The cervical consistency was
not evaluated by ultrasound in this study.

We used the results from the present study
to develop a new scoring model from 0 to 3
depending on ultrasound measured fetal head
descent, cervical length and digital assessment
of cervical dilatation (table 1). The cut off levels
for ultrasound measurements in the proposed
score were chosen based on previous
publications (9,11,12,21).

Data were entered into the statistical
software package SPSS version 16.0 (SPSS
Inc., Chicago, IL, USA). The Spearman’s
correlation coefficient was used for statistical
analyses. The predictive values of the elements
of the Bishop score were evaluated using
receiver—operating characteristics (ROC)
curves, and the area under the curve was used as
discriminator. Ultrasound measurements and
digital assessments were transformed to Z—
scores, and a ROC curve analysis of the sum of
Z-scores was performed to evaluate
combination of factors. P-values < 0.05 were
considered significant.

The Stavanger University Hospital database
from 1999-2005 was used to determine the
prior probability of vaginal delivery after IOL
(2). The Cesarean delivery rate among women
scheduled for IOL in 1999-2005 was 12%.
Thus, the prior odds for vaginal delivery after
IOL was 88:12. Posterior odds (and post-test
probability) can be calculated with the use of
Bayes theorem (Prior odds x likelihood ratio =
Posterior odds) or Fagan's nomogram (24,25).

RESULTS

Figures 1-3 present boxplots of the
associations between ultrasound measurements
of the fetal head—perineum distance and the
digital assessments of fetal head descent,
ultrasound and digital assessments of cervical
length, and ultrasound measured posterior
cervical angle related to digital assessments of
cervical position. The cervix was classified as
closed in 58 (21%) women by digital palpation
and in 219 (80%) women by ultrasound. Table 2
presents correlation coefficients between the
elements of the Bishop score, and table 3
presents correlation coefficients between
elements of the Bishop score and ultrasound
measurements.

ROC curve analyses demonstrated that
digital assessment of cervical dilatation was the
single element of the Bishop score with best
predictive value (61%; 95% CI [51-71%] p
=0.03) under the curve area. The predictive
values of the elements in the Bishop score are
presented in table 4. A combination of

ultrasound measured fetal head—perineum
distance, cervical length, posterior cervical
angle and digital assessed dilatation predicted a
vaginal delivery with 68%; 95% CI [58-78%]
(p <0.01) under the ROC curve area. The
predictive value was 65%; 95% CI [55-75%)] (p
<0.01) when posterior cervical angle was
omitted from the model (figure 4).

We tested our proposed scoring model
(table 1) on the study population and found that
29/41 (71%) women with score 0, 93/108 (86%)
women with score 1, 77/84 (92%) women with
score 2 and 40/42 (95%) women with score 3
had a successful IOL. In a ROC curve analysis
the scoring model predicted vaginal delivery
with 67%; 95% CI [57-76%] (p <0.01) under
the curve area.

We have previously published likelihood
ratios at different cut off values for ultrasound
measurements (21). The probability of vaginal
delivery changed from 88% to 96% if the fetal
head-perineum distance was <40 mm (figure 5)
and from 88% to 92% if the cervical length was
<25 mm.

DISCUSSION

Ultrasound measurements were weakly to
moderately correlated with the elements of the
Bishop score. A combination of ultrasound
measured fetal head descent, cervical length and
digital assessed cervical dilatation predicted a
successful labour induction with 65% under the
ROC curve area.

Digital assessments have been considered
to be subjective, whereas ultrasound
measurements are regarded as objective
methods (26). We found ultrasound
measurements of fetal head descent, cervical
length and posterior cervical angle to perform
better than the corresponding digital
assessments. A possible limitation of the present
study was that many different obstetricians (>
20) performed the Bishop score, whereas only 5
doctors and midwives did the ultrasound
measurements. This may have biased the results
in favour of the ultrasound assessments.

Ultrasound measured cervical length in the
mid-trimester (27) and before IOL (5,6,9)
predicts the risk of a Cesarean section. Cervical
length can be more accurately assessed by
ultrasound than by digital examination, and the
interobserver reproducibility of ultrasound is
clinically acceptable (22). Sonek et al. found a
moderate correlation between ultrasound and
digitally assessed cervical length (r =0.49) (28).
We found similar results (r =0.54). Digital
assessment of cervical length was generally
shorter than ultrasound measurements (figure



2), probably because one third of the cervix is
supravaginal and inaccessible to the examining
fingers when the cervix is closed (29). Elghorori
et al. has suggested to modify the Bishop score
by replacing the digital assessment of cervical
length with ultrasound measured cervical length
(15).

Digitally assessed cervical position had no
predictive value for a successful IOL, and we
found no correlation between ultrasound
measurements of the posterior cervical angle
and digital assessments of cervical position (r
=0.03). Ultrasound measurement of the
posterior cervical angle as described by Rane et
al. (6) is probably a more objective method than
digital assessment of cervical position.
However, in cases with a curved posterior
uterine segment, a curved cervix or a cervical
wedging we found it difficult to measure the
angle exactly. Thus, we found this measurement
to be difficult to perform in a clinical setting.

Fetal head station is assessed by digital
examination of the relationship between the
fetal head and the maternal ischial spine (23).
However, the ischial spine is difficult to
visualize with ultrasound. As early as in 1977
Lewin et al. suggested to use ultrasound to
assess fetal head station by measuring the
distance between the fetal head and the sacral
tip (14). We have measured the shortest distance
from the fetal head to the perineum using the
outlet of the birth canal as a reference line
(19,21). This measurement is easy to perform.
Since the birth canal is curved, there will be an
association, but not a direct relationship
between fetal head—perineum distance and fetal
head station. The measurements may vary with
the degree of compression of soft tissue, but the
intra— and interobserver variability of the
method has been found acceptable (19). In this
study, digital assessments were weakly
correlated to the ultrasound measurements (r
=0.23). Digital assessment of station was a poor
predictor of delivery mode (54% under the ROC
curve area), and we found the ultrasound
measured fetal head—perineum distance to be a
better predictor (21).

Cervical dilatation was the single item in
the Bishop score with best predictive value. In
fact, the predictive capacity of this component
was as good as the Bishop score itself (21).
Current ultrasound technology fails to provide
precise, objective assessment of cervical
dilatation (30). We used a non-validated
ultrasound method, measuring the distance
between the anterior and posterior parts of the
cervix in a sagittal view. Digital assessment of
cervical dilatation performed much better than

ultrasound. During the ultrasound examination
the vaginal probe is placed in the anterior
vaginal fornix, whereas digital assessment
implies that one or two fingers are placed into
the cervical canal. If the cervical consistency is
soft, the cervical canal will dilate during this
procedure. Assessment of dilatation and
consistency might therefore be parts of the same
evaluation, and we found the two elements to be
correlated (r =0.47, table 2). Thus, we decided
to include only dilatation in our scoring model.

None of the factors used alone are good
enough to predict a successful 1OL in a clinical
setting. Combination of factors can be analysed
using ROC curve analyses as illustrated in
figure 4. However, such analyses are not useful
in every day life. The predictive values for
vaginal delivery in the ROC curve analyses in
this study were quite low. This is probably
because we predict outcome (delivery mode) of
a process (labour) that has not yet started, and
the process may be influenced by many factors
unknown at the time of induction.

Different factors can be combined in a
scoring system. An advantage of such a score is
that it is useful in clinical practice. The Bishop
score is a complicated and subjective scoring
system with score from 0 to 13, and the
interobserver agreement of the Bishop score has
been regarded as ‘fair to substantial’ (10). We
believe that a simpler score may be more
practical, objective and reliable. In 1982, Lange
et al. proposed a scoring model based on fetal
station, cervical length and cervical dilatation
(12). We suggest a scoring model based on the
same factors (table 1), but we have replaced the
digital assessments of station and cervical
length with ultrasound measurements. Since this
model was retrospectively created from the data
collected in the present study, it should be
prospectively evaluated in new studies before it
is recommended for clinical use.

Individual risk estimates can also be
calculated with the use of Bayes theorem (25).
This concept has gained wide acceptance in
fetal medicine in counselling women after an
11-14 week scan, calculating the risk of Down
Syndrome. The prior probability of a successful
IOL can be modified by the likelihood ratios of
ultrasound measurements. Calculations are easy
to perform using Fagans nomogram (figure 5).
The example in figure 5 may be interpreted as a
change in the probability of vaginal delivery
from 88% before the scan to 96% after the scan
if the ultrasound examination reveals a short
fetal head perineum distance. However, it is
important to know how factors are correlated if
several factors are combined. The likelihood



ratios have to be reliable and based on a large
dataset. Thus, new studies are necessary before
likelihood ratios are applied to predict success
of IOL. We found parity to be the best predictor
of vaginal delivery (21); this being in
accordance with other studies (3,5,12,20). Thus,
parity must be taken into account in a future
prediction model based on likelihood ratios.
The elements of the Bishop score and the
corresponding ultrasound measurements were
weakly to moderately correlated. Combination
of factors improves prediction of labour
outcome. We suggest a new scoring model
including ultrasound measurements of fetal
head descent, cervical length and digital
assessment of cervical dilatation. This model
should be tested in new prospective studies.
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Table 1. A proposed score combining ultrasound measurements and digital
assessments of cervix and fetal head station

Score 0 1
Ultrasound measured fetal head—perineum distance > 40 mm <40mm
Ultrasound measured cervical length > 25 mm <25mm
Digitally assessed dilatation Closed cervix  Dilated cervix

Table 2. Correlations between the elements of the Bishop score

Cervical
length position dilatation consistency
Fetal station 0.23** 0.16** 0.25** 0.11
Cervical length 0.25** 0.43** 0.30**
Cervical position 0.42** 0.18*
Cervical dilatation 0.47**

Spearman's correlation coefficient, ** correlation is significant at the 0.01 level,
* correlation is significant at the 0.05 level



Table 3. Correlations between ultrasound (US) measurements and digital assessments

Digitally assessed fetal station and cervical (cx):

station  cxlength  cx position cx dilatation CX consistency

US fetal head-perineum distance  0.23** 0.31** 0.06 0.23** 0.15*
US cervical length 0.30** 0.54** 0.15* 0.32** 0.31**
US posterior cervical angle 0.05 0.12* 0.03 0.07 0.14*
US dilatation 0.12* 0.17** 0.10 0.16** 0.16**

Spearman's correlation coefficient, ** correlation is significant at the 0.01 level, * correlation is
significant at the 0.05 level

Table 4. Prediction of successful vaginal delivery after induction of labour with the use
of single elements of the Bishop score

Area under

ROC-curve [95% CI] p—-value
Digital assessment:
fetal head station 54% [44-64] 0.47
cervical length 60% [51-69] 0.06
cervical position 53% [42-63] 0.62
cervical dilatation 61% [51-71] 0.03

cervical consistency 56% [46-65] 0.28




n=145 n=124 n==6

Figure 1 Boxplot of sonographically measured fetal head—perineum distance and
digitally assessed fetal station.



n=20 n=90 n=126 n=39

Figure 2 Boxplot of sonographically measured and digitally assessed cervical length.



n=125 n=142 n=38

Figure 3 Boxplot of sonographically measured posterior cervical angle and digitally
assessed cervical position.



Figure 4 Receiver—operating characteristics (ROC) curve for the combination of
ultrasound measured fetal head—perineum distance, cervical length and digitally
assessed cervical dilatation in predicting vaginal delivery (239 vaginal and 36 Cesarean

deliveries).



Figure 5 Calculation of post—test probability with Fagan’s nomogram.
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