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ABSTRACT

Background: The optimal time point to intervene and induce labour in women
with a low-risk pregnancy, in order to decrease perinatal adverse outcome, is
up for debate. Some advocate for induction of labour (IOL) at 41 gestational
weeks (GW) and others for expectant management (EM) until 42 GW.

Aim: To clarify, in women with a low-risk singleton pregnancy, if a policy of
IOL at 41 GW (late term) compared with EM until 42 GW (postterm) was
superior, in terms of neonatal and maternal outcomes, as well as health
economic aspects. Furthermore, different methods of IOL in late term/postterm
pregnancies were assessed.

Material and methods: Paper | was a Swedish multicentre register-based
randomised controlled trial in women with a low-risk late term/postterm
singleton pregnancy (n=2 760) comparing IOL at 41 GW with EM until 42
GW. The trial was conducted between May 2016 and October 2018. Primary
outcome was a composite of perinatal mortality and morbidity. Paper 11 was a
one-step individual participant data (IPD) meta-analysis (n=5 161 for
aggregate data and 4 561 for IPD) and included trials comparing IOL in women
with a low-risk singleton pregnancy at 41 GW with EM until 42 GW. Primary
outcome was a composite of perinatal morbidity and mortality. Subgroup
analysis was performed on maternal age, body mass index and parity. Paper
Il was a cost-effectiveness analysis alongside Paper | (n=2 746). Primary
outcomes were costs per gained life year (LY) and quality adjusted life year
(QALY). Paper IV was a prospective cohort study on efficacy, safety and
women’s childbirth experience of IOL with oral misoprostol (OM) (n=744)
compared with transvaginal balloon catheter (TVBC) (n=469). Women
included in Paper I, who needed cervical ripening for I0L, were assessed.
Primary efficacy outcome was vaginal delivery within 24 hours, primary safety
outcomes were a composite of neonatal mortality and morbidity and a
composite of maternal mortality and morbidity. Women’s childbirth
experience was measured with the Childbirth Experience Questionnaire (CEQ
2.0).



Results: Paper I: The primary outcome did not differ between the groups.
However, the trial was truncated early due to safety reasons because a
significant decreased perinatal mortality was seen in the IOL group (p=0.03).
Similar results in both groups were reported regarding mode of delivery and
maternal adverse outcomes, except endometritis. Paper Il: Three trials were
eligible and two contributed with IPD. The primary outcome was significantly
lower in the IOL group, relative risk (RR) 0.43 (95 % confidence interval [CI]
0.21 to 0.91), as were perinatal mortality, Peto odds ratio 0.21 (95 % CI 0.06
to 0.78) and admission to neonatal care >4 days, RR 0.52 (95 % CI 0.32 to
0.85). Similar results in both groups were reported regarding mode of delivery
and maternal adverse outcomes. The primary outcome was significantly lower
in the IOL group in nulliparous, but not in parous women. Paper IlI: The
incremental cost-effectiveness ratio for IOL compared with EM was €545 per
LY (95 % ClI ranging from lower costs and better health outcomes [dominant]
to €4 002) and €623 per QALY (95 % CI dominant to €4 586). Paper IV:
Vaginal delivery within 24 hours was significantly lower in the OM group
compared with the TVBC group, adjusted RR 0.76 (95 % CI 0.64; 0.89).
Primary neonatal and maternal safety outcomes did not differ between
groups. Women'’s childbirth experience was overall positive and similar in
the groups.

Conclusion: There are medical benefits of IOL at 41 GW compared with EM
until 42 GW and it is cost-effective. TVBC was slightly more effective
regarding efficacy. Women approaching 41+0 GW should receive unbiased
information regarding benefits and risks with IOL at 41+0 GW compared with
EM in order to make an informed decision for herself and her unborn infant.

Keywords: Induction of labour, late term pregnancy, postterm pregnancy,
stillbirth, perinatal mortality, cost-effectiveness
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SAMMANFATTNING PA SVENSKA

I hoginkomstlander &r risken generellt mycket lag (i Sverige <0,5%) for att ett
barn dor fore, under forlossningen, eller som nyfodd, s& kallad perinatal dod.
Aven risken att barnet far skador i samband med forlossningen &r lag. Det &r
dock kant att det sker en viss riskdkning, bade vad det galler perinatal dod och
sjuklighet ju langre en graviditet pagar efter vecka 40. Riskerna for barnet 6kar
markant vid 42 veckor och noll dagar (>42+0, sa kallad Gverburenhet) och
framat. Cirka 20% av alla forlossningar startar spontant forst vid 41+0 veckor
eller senare och 6% nar de blivit dverburna. Igangséattning av forlossning gors
for att forsoka minska riskerna for barnet, men skulle kunna vara férenat med
okade risker for mamman. | Sverige idag satts i regel forlossningen igang vid
42 graviditetsveckor hos friska kvinnor med en normal graviditet. | andra
lander sdsom Danmark, USA och Storbritannien erbjuds dessa kvinnor
igangsattning fran och med 41+0 veckor. | WHOs riktlinje fran 2018
rekommenderar man igangsattning vid 41+0 veckor.

| vara studier ingick friska kvinnor med en normal enkelbérdig graviditet, som
natt 41 veckor av sin graviditet dar forlossningen inte startat spontant. Syftet
med studierna var att undersoka om igangsattning av forlossningen vid 41+0-
2 veckor minskade perinatal dod och sjuklighet, utan att 6ka halsoriskerna for
mamman eller paverka halsoekonomin i negativ riktning jamfort med
igangsattning vid 42+0-1 veckor. Vi undersokte aven de tva dominerande
igangsattningsmetoderna som anvéands i Sverige idag, med avseende pa
effektivitet, sdkerhet och kvinnornas upplevelse.

| delarbete | gjordes ett slumpmaéssigt urval av 2 760 kvinnor till antingen
igangsattning vid 41 veckor eller sa avvaktades spontan forlossningsstart till
42 veckor da igangsattning utfordes. Det huvudsakliga utfallsmattet var en
kombination av perinatal dod och sjuklighet bland barnen. Studien fick
avbrytas i fortid, da det var signifikant farre dodsfall i gruppen som sattes igang
vid 41 veckor. Man fann dock ingen skillnad mellan grupperna gallande det
huvudsakliga kombinerade utfallsmattet, dod och sjuklighet. Man fann inte
nagon skillnad mellan grupperna géllande andel kejsarsnittsforlossningar,
stora blgdningar eller stora bristningar hos mamman. | delarbete Il utférdes en
systematisk Gversikt av litteraturen avseende var huvudsakliga fragestallning i
syfte att sla samman flera studier och darmed fa ett storre antal kvinnor som
forskningsunderlag. Tre randomiserade studier med denna fragestallning fanns
publicerade och tva kunde bidra med forskningsdata pa individniva. Totalt
ingick 4 561 kvinnor med data pa individniva. Vart huvudsakliga utfallsmatt
var dven har en kombination av perinatal déd och sjuklighet hos barnen. Vi
fann en statistiskt sakerstalld lagre andel av kombinationen déda och sjuka



barn i gruppen som sattes igang vid 41 veckor jamfort med 42 veckor och detta
gallde framfor allt forstfoderskor. Vi sag dven en statistiskt sékerstalld skillnad
avseende en lagre andel doda barn och barn i behov av neonatal vérd fyra dagar
eller langre. Dessa resultat uppnaddes utan att andelen kejsarsnitts-
forlossningar, stora blédningar eller stora bristningar hos mamman 6kade. Vi
sag dessutom en signifikant minskning av andelen kvinnor med havandeskaps-
forgiftning i gruppen som sattes igang vid 41 veckor. Delarbete 111 baserades
pa delarbete 1 och vi undersokte de halsoekonomiska aspekterna av att andra
handlaggningen till igangsattning vid 41 veckor jamfort med att vanta till 42
veckor. Den totala kostnaden (kostnad for oppenvard, forlossningsvard och
eventuell neonatalvard) skilde sig inte signifikant mellan grupperna. I gruppen
som sattes igang vid 41 fulla veckor var halsovinsten storre, &an i den andra
gruppen tack vare minskningen av dodsfall. Kostnaden for ett vunnet
kvalitetsjusterat levnadsar (ett ar i full halsa) om man satter igang
forlossningen vid 41 veckor var 6 170 kr, vilket & langt under vad
Socialstyrelsen anser vara en hog kostnad och déarmed en begransning for
inforandet av metoden. Deras grans for hog kostnad ligger pa ca 500 000 kr.
Delarbete 1V baserades ocksa pa delarbete I. Vi undersokte om det var nagra
skillnader géllande effektivitet, sdkerhet och kvinnors upplevelse mellan att
satta igang forlossningen, hos kvinnor med en omogen livmodertapp, med en
tablettbehandling eller med en mekanisk metod bestaende av en ballongkateter
som placeras vid livmodertappens inre 6ppning. Vi fann att igangsattning med
den mekaniska metoden resulterade i nagot fler vaginala férlossningar inom
24 timmar fran igangsattningens start. Inga sékerstallda skillnader gallande
sakerhetsprofilen for varken barnet eller mamman kunde pavisas. Vi kunde
inte heller finna nagra skillnader i kvinnors upplevelse mellan metoderna.
Samtliga kvinnor rapporterade en generellt god forlossningsupplevelse.

Sammanfattningsvis sa finns det medicinska fordelar med att satta igang
forlossningen vid 41+0-2 veckor, istéllet for att avvakta spontan
forlossningsstart till 42+0-1 veckor. Den halsoekonomiska utvérderingen visar
ocksa att igangsattning vid 41 veckor &r kostnadseffektiv, dvs medfor en lag
kostnad per vunnet kvalitetsjusterat levnadsar. lgangsattning av forlossningen
bor erbjudas alla kvinnor — sarskilt forstfoderskor — vid 41 veckor. Kvinnor
som inte ar forlosta nar de narmar sig 41 veckor bor fa tydlig, bade skriftlig
och muntlig, information kring fordelar och nackdelar med igangsattning av
forlossningen sa att de sjalva kan gora ett informerat val.
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DEFINITIONS IN SHORT

Certainty of evidence
according to GRADE

High certainty

Moderate certainty

Low certainty

Very low certainty

The Grading of  Recommendations
Assessment, Development and Evaluation
(short GRADE) is a tool for grading quality
(or certainty) of evidence and strength of
recommendations. It is considered the
standard in evaluation certainty of evidence

We are very confident that the true effect lies
close to that of the estimate of the effect

We are moderately confident in the effect
estimate: The true effect is likely to be close
to the estimate of the effect, but there is a
possibility that it is substantially different

Confidence in the effect estimate is limited:
The true effect may be substantially different
from the estimate of the effect

We have very little confidence in the effect
estimate: The true effect is likely to be
substantially different from the estimate of
effect
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INTRODUCTION

Definition of term, late term and postterm pregnancy

The length of a pregnancy in a population is usually based on large
epidemiological studies. The World Health Organization (WHO) defines a
normal pregnancy to be 280 days (40 weeks and zero days, 40+0 gestational
weeks [GW]) (Timonen et al., 1965). The estimation of pregnancy length of
280 days (nine months) is much older than the 1960°s and Hermann Boerhaave
(1668-1738) was the first to propose a rule on how to calculate the estimated
date of delivery (EDD) and Franz Carl Naegele (1778-1851) clarified the rule;
adding nine months and seven days to the first day of the last menstrual period
(Lawson, 2020). In Sweden, up to this date, a pregnancy is considered to be
280 days. However, in modern times, due to the entrance of ultrasound
assessment of EDD, the length of pregnancy has been altered to 283 days in
e.g. Norway (Kessler et al., 2019).

In 1977, WHO defined a term pregnancy lasting between 259 and 293 days,
i.e. between 37 weeks and zero days and 41 weeks and six days (37+0 to 41+6
GW), from the first day of the last normal menstrual period (WHO, 1977). The
definition was based on the assumption of a homogeneous and favourable
perinatal outcome during this period of pregnancy (ACOG, 2013). In 2013,
American College of Obstetricians and Gynaecologists (ACOG) published a
consensus document of an updated definition of a term pregnancy (ACOG,
2013). The new definition divided term pregnancy into early term; a pregnancy
between 37+0 and 38+6 GW, full term; a pregnancy between 39+0 and 40+6
GW and late term; a pregnancy between 41+0 and 41+6 GW (ACOG, 2013).
The reason for the division into these three categories was based on research
that argued for a more heterogeneous perinatal outcome during the term period
than previously stated and full term was the period with the most favourable
perinatal outcome (Reddy et al., 2011; Tita et al., 2011).

A pregnancy lasting 294 days and more (>42+0 GW) from the first day of the
last normal menstrual period is defined as a postterm pregnancy according to
WHO (WHO, 1977) and the update by ACOG did not change this definition
(ACOG, 2013). Prolonged pregnancy is also used in the literature instead of
postterm pregnancy. However, it is sometimes used for pregnancies lasting
42+0 GW or more and sometimes for pregnancies lasting 41+0 GW or more.

10
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In this thesis the nomenclature late term (41+0-41+6 GW) and postterm
pregnancy (> 42+0 GW) will be used.

Dating the pregnancy

In order to know when a pregnancy is full term, late term or postterm properly
dating is needed. Historically determining the EDD was made by defining the
first day of the last normal menstrual period. In 1812 Franz Carl Naegele
published a suggestion how to calculate EDD by adding a year, subtracting
three months and adding 7 days to the last normal menstrual period, which later
on was called Naegele’s rule. This rule is based on menstrual cycles of 28 days
and assumes the pregnancy to be 280 days.

Ultrasound assessment was introduced in obstetrics during 1970°s and during
1990’s it was widely used to estimate EDD because it showed to be more
accurate than dating according to the last menstrual period (Geirsson et al.,
1991; Tundn et al., 1996). The ultrasound examination was carried out between
18 and 20 GW in the beginning, but in 2017, ACOG published a committee
opinion statement recommending estimating the EDD with ultrasound during
the first trimester up to 13+6 GW (ACOG, 2017). The procedure of estimating
EDD with ultrasound includes two different measurements; crown rump length
(CRL) (H. P. Robinson, 1973; H. P. Robinson et al., 1975) or biparietal
diameter (BPD) measurement (Campbell, 1969; Donald et al., 1961; Selbing
etal., 1985).

In Sweden today, most pregnant women are offered an ultrasound between
12+4 and 13+6 GW for a first assessment and estimation of EDD and a second
ultrasound between 18 and 20 GW to further assess the structural anatomy of
the fetus (SFOG-rad, 2019). In Sweden in 2019, estimation of EDD with BPD
was performed between 12+4 and 13+6 GW in 49.9 % of pregnancies, in the
second trimester in 42.4 % and with CRL during an early ultrasound before 10
GW in 7.7 % (Register, 2020). The BPD should be >21 mm in order to be the
base for dating the pregnancy (SFOG-rad, 2019). Estimation of EDD is carried
out during the second ultrasound if BPD <21mm. According to the Swedish
Pregnancy Register (SPR) report from 2019 estimating EDD with
measurement of BPD with ultrasound between 12+4 and 13+6 GW results in

11
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an estimation of EDD 0.4 days earlier than the actual birth with a 95 %
confidence interval (Cl) of 0.3 to 0.5 and a standard deviation (SD) of 7.7 days
compared to dating between 18 and 20 GW with BPD (EDD 0 days earlier
than the actual birth; CI -0.1 to 0.1, SD 8.0 days) or dating with CRL (EDD
1.1 days earlier; 95 % CI 0.9 to 1.3, SD 7.7) (Register, 2020). To be noted is
that, as stated previously, there are several studies (Bergsjo et al., 1989; Kessler
et al., 2019; Tunon et al., 1996) indicating that the mean pregnancy duration
probably is longer than the internationally acknowledged 280 days, which
might be the explanation for that dating between 12+4 and 13+6 GW results in
a difference of 0.4 days.

In pregnancies where assisted reproductive technology is used, for example in
vitro fertilization, estimation of EDD is based on the day of embryo transfer
and the age of the embryo as recommended in Swedish guidelines (SFOG-rad,
2019).

Incidence of late term and postterm pregnancies

The incidence of postterm pregnancies in a population is dependent on the
dating method in combination with the characteristics of the population. In
2013, the incidence of pregnancies 41+0 GW and beyond varied between
3.5 % (Malta) and 25.7 % (Denmark). The corresponding numbers for
postterm pregnancies was 0.1 % (Malta) and 6.7 % (Sweden)
(Seijmonsbergen-Schermers et al., 2020).

As stated above, the recommended time to estimate EDD is between 12+4 and
13+6 GW (SFOG-rad, 2019). A Cochrane review from 2015 (Whitworth et al.,
2015) concluded that estimation of EDD by ultrasound in the first trimester
may result in fewer inductions of labour (IOL) due to postterm pregnancies
compared to an estimation of EDD with ultrasound in the second trimester or
if the latest normal menstrual period was used. In Sweden, in 2019, 4.8 % of a
population turned postterm when EDD was estimated between 12+4 and 13+6
GW, compared with 5.2 % in a population where the estimation was performed
during 18-20 GW and 5.8 % in the group estimated with CRL (Register, 2020).

12
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Other factors that affect the incidence of postterm pregnancies are fetal
surveillance with ultrasound in term pregnancies, ratio between nulliparous
and parous women and rate of obesity and maternal age (Norwitz et al., 2007;
Roos et al., 2010; Shea et al., 1998). In populations where fetal surveillance
with ultrasound between 40+0 and 41+6 GW is performed an increased
number of interventions such as IOL and caesarean deliveries due to suspicion
of placental insufficiency will be carried out, hence, decreasing the rate of
postterm pregnancies (Norwitz et al., 2007). In a Swedish observational study
from 2010 a more than 50 % increased risk for postterm pregnancy was found
for nulliparous compared with parous women and women >35 years old
compared with women between 20 and 24 years of age (Roos et al., 2010).
Furthermore, the risk of postterm delivery increased gradually with an increase
in body mass index (BMI) (BMI 20-24 as reference) and the risk was increased
by 60 % if you had a BMI >30 (Olesen et al., 2006; Roos et al., 2010).
Moreover, the rate of preterm birth and rate of scheduled caesarean deliveries
also affects the postterm delivery rate.

Before estimation of EDD was performed with ultrasound the incidence of
postterm deliveries in high-income countries varied between four and 11 %
(Shea et al., 1998). In the United States the incidence of pregnancies 41+0 GW
and beyond and postterm pregnancies were 18 % and 10 % respectively in
1998 and in 2005 14 % and six percent, respectively (Norwitz et al., 2007).
The incidence of postterm pregnancy in Sweden was 8.4 % between 1982 and
1991 (Ingemarsson et al., 1997) as compared to 5.4 % in 2017 (MBR, 2020).
This decrease was seen even though other characteristics in the population such
as increasing BMI and maternal age would suggest an increase in postterm
pregnancies. In addition, about 18-20 % of the Swedish pregnant population
reaches 41+0 GW and beyond. During 2018, the incidence of pregnancies
41+0 GW and beyond in the Véstra Gotaland region, comprising of
approximately 20 % of deliveries in Sweden, was 22 % (data from the
Obstetrix data base in Véstra Gotaland).
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Aetiology of postterm pregnancy

The aetiology of postterm pregnancy is not well known and the most common
reason for postterm pregnancy is inaccuracy in estimating the EDD. However,
risk factors such as nulliparity, maternal age >30 years, and obesity are
recognized, as mentioned earlier, and might affect the ‘true’ aetiology of
postterm pregnancy (Arrowsmith et al., 2011; Kortekaas et al., 2015; Olesen
et al., 2006; Roos et al., 2010). Genetic factors also play a role in postterm
pregnancies. Thus, a woman who herself, was born postterm has a 49 %
increased risk of a postterm pregnancy compared with a women born between
28 and 41 GW. The risk is 23 % higher if the father of the child was born
postterm compared with fathers born between 28 and 41 GW (Morken et al.,
2011). In addition, male fetal sex has also been associated with postterm
pregnancy (Divon et al., 2002). Whether male fetuses are more prone to be
postterm or if it is due to size differences between male and female fetuses
when EDD is determined leading to misclassification of gestational age is
unknown (Skalkidou et al., 2010).

The physiological process of onset of labour is not fully known. Some rare
disorders associated with postterm pregnancy are anencephaly, trisomy 16 and
18 and Seckel’s dwarfism (primordial dwarfism characterized by
microcephaly, typical craniofacial appearance with a beak-like prominent
nose, mental retardation, and various other congenital anomalies (Takikawa et
al., 2008)) (Shea et al., 1998). Conditions affecting the adrenal-pituitary
function is also associated with postterm delivery (Norwitz et al., 2007). A
deficiency in placental surfactant is another rare condition associated with
postterm pregnancy (ACOG, 2014) as is extra uterine pregnancy that continues
to full term pregnancy (Shea et al., 1998).

Fetal/neonatal risks in late and postterm pregnancies

Stillbirth and neonatal mortality

The risk of stillbirth increases with gestational age after 32 GW and
approximately half of all fetal deaths after 32 GW occur at term (Reddy et al.,
2006). During 2016, 433 stillbirths (>22+0 GW) occurred out of 121 511
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newborns (3.6/1 000) in Sweden and approximately 25 % were born >39 GW
(SOS, 2018). In two large national register studies, one in Sweden (1982-1991)
and one in Denmark (1978-1993), the risk of stillbirth was significantly higher
in postterm pregnancies than in term pregnancies (Ingemarsson et al., 1997;
Olesen et al., 2003). In the Swedish study they found an increased rate of
stillbirth in nulliparous women between 41+0 and 41+6 GW (1.86/1 000) and
between 42+0 and 42+6 GW (2.26/1 000) as compared with gestational age
between 40+0 and 40+6 GW (1.23/1 000) (Ingemarsson et al., 1997). The
Danish study showed an adjusted odds ratio (aOR) of 1.36 (95 % CI 1.08-
1.72) for stillbirth in postterm compared to term pregnancies (Olesen et al.,
2003). In both the Swedish and the Danish study, the calculations were based
on the number of women delivered in each GW. If you instead calculate with
the number of fetuses at risk (deliveries and ongoing pregnancies in each GW)
as denominator, the incidence of stillbirth will change. In the Swedish study,
in 41 and 42 GW, as compared to 40 GW the stillbirth risk increased even more
for each GW. In nulliparous women the incidence was 0.62/1 000, 1.26/1 000
and 2.26/1 000, in 40, 41, and 42 GW respectively (Cnattingius et al., 1998).
Both studies were carried out before estimation of EDD with ultrasound as
standard. Hence, both studies are limited by the different estimation methods
of the EDD (ultrasound, last normal menstrual period, examination of the size
of the uterus by doctor in early pregnancy, or the ‘best’ estimate based on the
methods mentioned above).

A recent cohort study from Denmark, conducted between the years 2007 and
2018, calculated the cumulative risk of stillbirth between 4140 and 41+6 GW.
An exponential increase in stillbirth from 0.16/1 000 at 41+0 GW to 1.25/1
000 at 41+6 GW was reported (Figure 1) (Lidegaard @ 2020).
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Gestational week and day
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Figure 1. Cumulated risk of intrauterine death from 41+0 gestational weeks per
1 000 ongoing pregnancies. Denmark 2007-2018. (Lidegaard @ 2020)

In a large cohort study from California they stratified the risk of stillbirth by
gestational age in non-anomalous, term and postterm deliveries between 1997
and 2006 (n=3,820,826) (Rosenstein et al., 2012). EDD was based on latest
normal menstrual period. The incidence of stillbirth for each GW (37 to 42
GW) was calculated as the number of stillbirths at that GW divided by the
number of deliveries and ongoing pregnancies at that week i.e. gestation-week-
specific risk. The incidence of stillbirth in 41 GW was 0.6/1 000 and in 42 GW
1.1/1 000 (Figure 2). The risk of stillbirth increased 2.0 times in 40 GW, 2.9
times in 41 GW and 5.1 times in 42 GW compared with 37 GW (Rosenstein et
al., 2012).

The Swedish National Board of Health and Welfare published a report on
stillbirth based on the birth cohorts from 2008 to 2016 in Sweden (SOS, 2018).
An incidence of stillbirth between 41+0 and 41+6 GW of 2.0/1 000 was
reported and the same incidence between 42+0 and 42+6 GW was seen. The
overall incidence of stillbirth in Sweden during 2019 was 3.2/1 000 births
(SOS, 2020). In May 2019, a meta-analysis (MA) of cohort studies published
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between 1990 and 2017 comprising 15 million pregnancies in high-income
countries was published (Muglu et al., 2019).
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Figure 2. This graph compares the risk of delivery (represented by infant death, i.e.
death within the first year of life) with the risk of expectant management for 1 week
(represented by the stillbirth rate plus the infant death risk at the subsequent
gestational age) at each gestational age at term. The stillbirth rate also is displayed
graphically to demonstrate its exponential rate of change. (Rosenstein et al., 2012)
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The analysis validated the increased risk of stillbirth after 37+0 GW and the
relative risk (RR) increased significantly from 0.11/1 000 pregnancies (95 %
CI 0.07-0.15) to 3.18/1 000 at 42 GW (95 % CI 1.84-4.35). The neonatal
mortality remained the same between 38+0 and 41+0 GW, but increased after
41+0 GW (RR 1.87, 95 % CI 1.07 to 2.86) (Figure 3) (Muglu et al., 2019).
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Figure 3. Prospective risk of stillbirth per 1,000 pregnancies and risk of neonatal
death per 1,000 deliveries by gestational age in pregnancies continued to term.
Stillbirth risk (solid back line); neonatal death risk (solid red line) (Muglu et al.,
2019)

One article in a series on stillbirth published in Lancet reported 14 % of
stillbirths in the world to be attributable to prolonged pregnancy (prolonged
pregnancy not defined in the article) (Lawn et al., 2016). However, Flenady et
al., 2011, reported population attributable risk of postterm pregnancy (the
incidence of stillbirth attributed to postterm pregnancy) for stillbirth to be
0.3 % (Flenady et al., 2011). This rate was based on studies with a very low
rate of postterm pregnancy of 0.9 %. Hence, the population attributable risk
would be considerably increased in populations where I0OL is not offered
before 42+0 GW. Furthermore, in a report by the Swedish National Board of
Health and Welfare in 2018, they estimated that approximately 1 % of all
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stillbirths between 2008 and 2016 in Sweden occurred after 40+6 GW (SOS,
2018).

In summary, the proportion of late term and postterm pregnancy contributing
to the incidence of stillbirth is uncertain.

Aetiology of stillbirth in late and postterm pregnancies

In low- and middle-income countries, overall contributors to stillbirth includes
maternal malnutrition, maternal infectious disease, poorly managed
hypertensive disorders of pregnancy and poor access to midwife led antenatal
care and the option of caesarean delivery (Lawn etal., 2011; Lawn et al., 2016).
In high-income countries a malfunctioning placenta resulting in intrauterine
growth restriction or placental abruption is reported to be a major contributor
to stillbirth (Flenady et al., 2011). However, the cause of stillbirth is not known
in up to 70 % of stillbirths and it applies especially to stillbirth in term and
postterm pregnancy (Flenady et al., 2011).

Distinguishing between a cause and a risk factor for stillbirth is not always
possible due to knowledge gaps. Moreover, there are difficulties when
attempting to assess and compare causes of stillbirth across different countries
due to a variety of different classification systems (Aminu et al., 2017). As
mentioned above, malfunctioning placenta is a contributor to stillbirth and
according to a systematic review and MA on risk factors for stillbirth (Flenady
et al.,, 2011), about 38 % of all stillbirths/neonatal deaths are related to a
malfunctioning placenta (23 % were related to small for gestational age fetuses
and 15 % were associated to placental abruption). However, there is evidence
that <20 % of stillbirths in postterm pregnancies are associated with growth
restriction defined as small for gestational age (small for gestational age
defined as <2 standard deviations, according to Swedish sex specific reference
(Marsal et al., 1996)) (Divon et al., 1998).

Fetal malformation is reported to account for less than 10 % of all stillbirths in
most countries and obesity, hypertension and diabetes are estimated to
contribute to approximately 10 % of the stillbirth rate in the world (Lawn et
al., 2016). The corresponding figures for late term and postterm pregnancies
are not known. In addition, both Flenady et al. and Lawn et al. recognise low
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socioeconomic status, advanced maternal age and smoking as important
preventable risk factors for stillbirth (Flenady et al., 2011; Lawn et al., 2016)

Non preventable risk factors for stillbirth are reported to be a nulliparous
women and carrying a male fetus (Flenady et al., 2011). However, when
Cnattingius et al. recalculated the incidence of stillbirth in the Swedish cohort
study by Ingemarsson et al. with the approach of fetuses at risk parous women
had an incidence of 0.73/1 000 at 40 GW, 1.00/1 000 at 41 GW and 1.51/1 000
at 42 GW indicating an increased risk with advancing gestational age
(Cnattingius et al., 1998)

In summary, a decreasing placenta function is a possible aetiology of stillbirth
in late term and postterm pregnancies. Furthermore, several risk factors are
known, yet, for most cases of stillbirth in late term and postterm pregnancies
the aetiology is unknown.

Neonatal adverse outcomes

Observational studies show that the risk of adverse perinatal outcomes, such
as asphyxia, umbilical cord complications, meconium aspiration syndrome
(MAS), sepsis, shoulder dystocia, traumatic injuries, pneumonia, neonatal
convulsions and peripheral nerve damage in low-risk pregnancies gradually
increases after 40 GW and is significantly elevated in postterm pregnancies
(Linder etal., 2017; Olesen et al., 2003). There is also evidence that the risk of
neonatal encephalopathy increases significantly in newborns born late term
and postterm (41 GW: aOR 3.3 and GW 42: aOR 13.2 versus 39 GW) (Badawi
et al., 1998). Furthermore, a Swedish cohort study reported a significantly
increased risk of MAS and Apgar score <7 at five minutes in postterm
nulliparous women, but not parous women, indicating that newborns of
nulliparous women are at risk in postterm pregnancy (Lindegren et al., 2017).

In addition, a higher rate of developmental delay, behavioural, emotional and
neuropsychiatric problems have been reported as long-term effects of being
born postterm (El Marroun et al., 2012; Lindstrom et al., 2005). A Swedish
study (n=354 newborns born postterm and a control group of 379 newborns
born term) implicated an increased risk of developmental delay at the age of
4-4.5 years if born postterm compared to being born at term (OR 2.20; 95 %
Cl: 1.29-3.85) (Lindstrom et al., 2005). A study from the Netherlands (cohort
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of 5 145 newborns with 382 newborns born postterm) assessed behavioural
and emotional problems using a validated checklist (Child Behaviour
Checklist, CBCL/1.5-5) at 18 and 36 months and reported an overall higher
risk of behavioural problems if born postterm compared to term (OR 2.10, 95
% CI1 1.32to 3.36) (EIl Marroun et al., 2012). Children born postterm were also
more likely to have attention deficit hyperactivity disorder symptoms (OR
2.44, 95% Cl 1.38 t0 4.32).

In summary, according to observational studies and systematic reviews and
MA, there is an increased risk of stillbirth, neonatal mortality and infant
mortality when a pregnancy turns late term and postterm compared with full
term. Furthermore, also according to observational studies, newborns delivered
late-term and postterm are at greater risk of neonatal morbidity as well as
adverse neuropsychiatric, behavioural and emotional long term effects.

Maternal risks in late term and postterm pregnancies

Complications for the mother also increase in pregnhancies at 40 GW and
beyond. A Danish register study demonstrated that the risk of labour dystocia,
cephalo-pelvic disproportion, cervical lacerations, emergency caesarean
deliveries, postpartum bleeding and puerperal infections was higher in
postterm than in term pregnancies (aOR 1.2-1.6) (Olesen et al., 2003). Linder
et al., also reported postterm pregnancy to be an independent risk factor for an
increase in caesarean delivery and operative vaginal delivery (Linder et al.,
2017). A retrospective cohort study from the US of low-risk pregnancies
reported a significant increased risk of caesarean delivery due to non-
reassuring fetal heart rate from 13.7 % at 39 GW to 23.5 % at 41 GW and
27.5 % at 42 GW (Caughey et al., 2007). Further, they reported an increase in
perineal lacerations 1l and 1V, chorioamnionitis, prolonged labour, postpartum
haemorrhage and endometritis.
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Women's experience

There are few studies exploring women’s experience of late term and postterm
pregnancy. A Norwegian randomised controlled trial (RCT) comparing IOL at
41 GW with expectant management until 43 GW asked the participants if they
would prefer the same management in the next pregnancy. The trial included
508 women and 98 % completed the childbirth experience part of the trial. In
the 10L group 74 % compared with 38 % of the women in the expectant
management group would prefer the same management again (Heimstad,
Romundstad, et al., 2007). Furthermore. In a trial comparing 1OL at 39+0-6
GW with expectant management until 41+0-42+0GW in women >35 years old
comprising 619 women, 83 % completed a questionnaire regarding their
childbirth experience. The childbirth experience was similar in both groups
(Walker et al., 2016). In addition, in an evaluation of women’s childbirth
experience in relation to IOL at 41 GW compared with expectant management
until 42 GW Nilvér at al. showed an overall favourable experience with no
significant between-group differences (Nilvér et al., 2021, Women’s childbirth
experience in the Swedish Postterm Induction Study [SWEPIS]: a multicentre,
randomized, controlled trial, revision submitted Dec 2020).

In a systematic review of qualitative studies (eight studies included) in
women’s experience of childbirth in relation to postterm IOL they identified
three different findings. Firstly, being subject of IOL due to postterm
pregnancy meant that the expectation of spontaneous onset of labour had to be
abandoned involving a shift in expectations. Additionally, women did not feel
a part of the decision for IOL. Finally, the IOL process was perceived to be
more focused on women fitting in to the delivery unit’s organisation than being
flexible to the pregnant woman’s needs (Lou et al., 2019). Furthermore, more
recent qualitative research by Wessberg et al. explored women’s experience of
not being delivered before 41 GWSs (Wessberg et al., 2017, 2020). Women
described the time from EDD to delivery as being in limbo and their negative
feelings increased with gestational age (Wessberg et al., 2017). In both studies
by Wessberg et al. women described a decline in trust in the body’s ability to
give birth, when the pregnancy exceeded 41 GW (Wessberg et al., 2017, 2020).

In summary, risk of adverse maternal outcome increases when the pregnancy
turns postterm compared to full term pregnancies. Furthermore, women that
reached 41 GW describes it as being in an indeterminate state and postterm
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women report a lack of trust in their ability to give birth. However, their
childbirth experience does not seem to be affected by a IOL or expectant
management policy.

Prevention of postterm pregnancy

One of the most important methods of reduceing the rate of postterm pregnancy
is to establish the gestational age as accurately as possible. Hence, as
mentioned earlier, an accurate estimation of EDD with first trimester
ultrasound decreases the incidence of postterm deliveries in a population.
Furthermore, preventive public health work in order to decrease obesity among
pregnant women could also decrease the incidence of postterm pregnancies.

In addition, there are several home remedies in different cultures in order to
start the delivery when full term. Examples of methods include unprotected
coitus (in order to get a prostaglandin effect in the cervix from the
prostaglandins present in semen) and physical exercise (Norwitz et al., 2007).
Further, castor oil has been suggested to have a ripening effect on the cervix,
as have acupuncture and acupressure, but evidence is low for a favourable
effect of these methods (Kelly et al., 2013; Smith et al., 2017). Sweeping the
membranes has been studied more extensively and a recent Cochrane review
has been published (Finucane et al., 2020). They conclude, with low certainty
of evidence according to the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) (G. H. Guyatt et al., 2008), that
sweeping the membranes might increase the probability of spontaneous onset
of labour and reduce the risk of formal 10L. However, timing of the procedure
and how many times to sweep the membranes is still uncertain. Furthermore,
sweeping the membranes is associated with increased risk of vaginal bleeding
and discomfort. A contraindication for the procedure is placenta praevia, which
sometimes is undetected during pregnancy. Sweeping the membranes in a
woman with undetected placenta praevia may result in heavy bleeding in an
outpatient setting (ACOG, 2014). The relationship between group B
streptococcus colonisation and sweeping the membranes is not known. If it
could result in more chorioamnionitis or neonatal infections is not clear. Thus,
how to council women with group B streptococcus colonisation regarding
membrane sweeping is uncertain.
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Management of late term pregnancies

Fetal surveillance

One possible way to reduce the risk of stillbirth and adverse neonatal outcome
in late term and postterm pregnancies is to detect fetuses at risk. Signs of a
fetus at risk are e.qg., intrauterine growth restricted fetuses or decreased volume
of amniotic fluid, both being a sign of a malfunctioning placenta. Another sign
of a fetus at risk is decreased fetal movements (Rayburn, 1987). Fetal
surveillance methods used, in late term low-risk pregnancies, for detecting
fetuses at risk, are maternal registration of fetal movement, non-stress test
and/or contraction/oxytocin stress test with cardiotocography (CTG), an
ultrasound assessment of the fetal biophysical profile (heart rate, measurement
of amniotic fluid, fetal breathing movements and fetal tone), a combination of
non-stress test and amniotic fluid measurement, estimation of the fetal weight
and Doppler assessment of blood flow in the umbilical artery (Alfirevic et al.,
2015; Lalor et al., 2008). A single estimation of the fetal weight will only detect
fetuses small for gestational age and not fetuses that are growth restricted. In
order to detect a growth restricted fetus at least two ultrasound assessments of
fetal weight two weeks apart is needed. In a Cochrane overview of Cochrane
reviews evaluating antenatal interventions for reducing stillbirth, perinatal
mortality and fetal loss they concluded that there are some interventions with
clear benefits. However, most of them are applicable to a low- and middle-
income country setting (balanced energy/protein intake, midwifery led care
and trained traditional birth attendants) (Ota et al., 2020). The recommended
frequency of surveillance varies and the optimal combination of method and
frequency is up to debate.

Evidence that antepartum fetal surveillance in late term and postterm
pregnancies reduces perinatal morbidity and mortality is weak. The evidence
that maternal registration of fetal movements reduces perinatal adverse
outcomes is conflicting (Bhatia et al., 2019; Mangesi et al., 2015; J. E. Norman
etal., 2018).

Fetal surveillance with CTG has shown to be associated with high false-
negative and false-positive results and without a clear effect on perinatal
outcome in both high and low risk pregnancies (Evertson et al., 1979; Grivell
et al., 2015; Manning et al., 1980; Schifrin, 1979).
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A Cochrane review from 2008 comparing biophysical profile with non-stress
test and/or the combination of non-stress test and measurement of amniotic
fluid in high-risk pregnancies, including postterm pregnancies, concluded that
there is insufficient evidence for the use of biophysical profile assessment as a
test of fetal wellbeing compared to CTG or the combination of CTG and
amniotic fluid assessment (Lalor et al., 2008). This review did not include any
trials assessing late term pregnancies but included one trial assessing low-risk
postterm pregnancies (n=145) showing no significant differences in perinatal
outcome between a modified biophysical profile (computerised CTG, amniotic
fluid index, and assessment of fetal breathing, tone and gross body movements)
and standard CTG and measurement of the single deepest pocket of amniotic
fluid (Alfirevic et al., 1995). The other four trials included a mixture of high-
risk pregnancies. Using Doppler ultrasound in order to detect fetuses at risk in
low-risk pregnancies lacks conclusive evidence of reduction in perinatal
adverse outcome (Alfirevic et al., 2015). In contrast, using Doppler ultrasound
in high-risk pregnancies was associated with a decrease in perinatal mortality
(Alfirevic et al., 2017).

Furthermore, studies assessing detection rate of intrauterine growth restriction
at term with routine ultrasound during the third trimester report conflicting
results (Henrichs et al., 2019; Sovio et al., 2015). A cohort study from the UK
reported a threefold increase in detection rate of small for gestational age
fetuses. The routine ultrasound assessment at 28 and 36 GW had a sensitivity
of 57 % compared with 20 % when indicated ultrasound assessment was
performed (Sovio et al., 2015). In the population identified as potentially small
for gestational age with routine ultrasound assessments an increased relative
risk of 1.6 (95 % CI 1.22 to 2.09) for neonatal morbidity was reported.
However, the rate of false positive results indicates that for every correctly
identified small for gestational age infant two false positive results were
present. Hence, the benefit gained from identification of small for gestational
age fetuses needs to be balanced against the potential harm of unnecessary
interventions due to false positive results. Moreover, they did not compare the
routine ultrasound with indicated ultrasound regarding perinatal outcome. In a
more recent stepped wedged cluster randomised trial from the Netherlands
(Henrichs et al., 2019) they showed an increase in detection rate of small for
gestational age fetuses with routine ultrasound assessment at 28-30 and 34-36
GW as compared with ultrasound assessment on indication from 19 % to
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32 %. However, no difference in perinatal outcome could be detected. In
addition, a Swedish cohort study from the Stockholm region compared a
routine ultrasound assessment at 41+0 GW with ultrasound assessment on
indication (Lindqvist et al., 2014). The routine assessment included a
biophysical profile and measurement of fetal abdominal diameter. One birth
centre performed ultrasound assessment on indication and another performed
routine ultrasound assessments. Baseline characteristics differed significantly
between the two centres. They reported an approximately two-fold increase in
adverse neonatal outcome in the whole small for gestational age group (both
centres) compared with average for gestational age newborns. The detection
rate of fetuses being small for gestational age was higher at the routine
ultrasound centre, but they could, however, not show a significant difference
in perinatal outcome including perinatal mortality between the centres
(Lindgvist et al., 2014). Ota et al. concludes that for fetal surveillance, in both
high and low-risk pregnancies, with CTG or ultrasound assessment there are
unknown benefits or harm or no effect or equivalence. An exception was
computerised assessment of antenatal CTG compared to non-computerised
antenatal CTG where a reduction in perinatal mortality was found (Ota et al.,
2020).

In summary, today, there is no evidence that current fetal surveillance methods
during late term and postterm pregnancy reduce perinatal morbidity and
mortality.

Induction of labour

Another approach to reduce the risks of late term and postterm pregnancy is
IOL. However, historically IOL has been associated with increased morbidity
for the mother e.g., from increased rate of caesarean delivery due to failed
inductions and operative vaginal deliveries compared with a spontaneous start
of labour (Luthy et al., 2004; Roos et al., 2010; Vahratian et al., 2005). Thus,
the balance when to induce labour in order to do good and not harm has been
an important issue and research has been interpreted differently in the world.
Hence, the time point when to induce late term/postterm pregnancies differs
from country to country, region to region and even hospital to hospital. In
Sweden, the general practice has been to induce labour at 42+0 GW, as in some
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other countries. Different international guidelines on IOL in late term and
postterm pregnancies are summarised in Table 1.

Table 1. Summary of WHO and several international guidelines on
management of late term and postterm pregnancy

Guideline
Country
Year of
publication

Recommendation on induction of labour

Recommendation on fetal surveillance

WHO
2018

ACOG
USA
2014

CNOGF

DSOG
Denmark
2011

NGF
Norway
2020

NICE

2008

SOGC
Canada
2017

IOL is recommended for women who are
known with certainty to have reached 41+0
GW

IOL after 42+0 GW and by 42+6 GW is
recommended, given evidence of an
increase in perinatal morbidity and mortality.
IOL between 41+0 GW and 42+0 GW can
be considered

In the absence of a specific disorder, IOL
can be proposed between 41+0 and 42 +6
GW

I0L should be initiated at a time point so
women have given birth before 42+0 GW
Women with increased risk for stillbirth
include women with advanced age and
obese women. These women are offered
IOL at 41+0 GW depending on the number
and severity of risk factors

Women with prior caesarean delivery should
be either induced or delivered by caesarean
delivery at 41+3 GW

In low-risk pregnancies, IOL is
recommended between 42+0 and 42+2 GW
All women should be offered routine
ultrasound assessment at 41+0 GW.

IOL is recommended at 41+0 GW if:

1. Estimated fetal weight <5th percentile

2. Reduced amniotic fluid volume (AFI <5
cm and/or deepest pocket <2 cm)

3. EDD estimated with ultrasound >14 days
later than latest normal menstrual period

4. Mother’s age> 38 years

Women with uncomplicated pregnancies
should usually be offered IOL between 41+0
and 42+0 GW to avoid the risks of
prolonged pregnancy

The exact timing should take into account
the woman's preferences and local
circumstances

Women should be offered IOL at 41+0 to
42+0 GW, as the present evidence reveals
a decrease in PNM without increased risk of
Caesarean section

NA

Initiation of antepartum fetal surveillance
241+0 GW weeks of gestation may be
indicated

CTG twice or three times a week > 41+0
GW. Ultrasound assessment of AFI is
recommended

If the woman wants to wait for a
spontaneous birth, antenatal monitoring
twice weekly >41+3 GW with CTG,
ultrasound and AFI assessment. If
possible membrane sweeping is
recommended

After 41+0 GW ultrasound assessing AF|
and CTG at 2-3-day intervals. IOL on
indication. The woman's wish on IOL must
be taken into account, but IOL must
primarily be done after assessment by a
specialist and on a medical basis

From 42 GW, women who decline IOL
should be offered increased antenatal
monitoring consisting of at least twice-
weekly CTG and ultrasound estimation of
maximum amniotic pool depth

Antenatal testing used in the monitoring of
the 41- to 42-GW pregnancy should
include at least a CTG and an assessment
of AFI

ACOG, American College of Obstetricians and Gynecologists; AFIl, amniotic fluid index; CNOGF National
College of French Obstetricians and Gynecologists, CTG, cardiotocography; DSOG, Danish Society of
Obstetrics and Gynaecology; EDD, estimated date of delivery; GW, gestational week; IOL, induction of
labour; NA, not applicable: NGF, Norwegian Society of Gynaecology and Obstetrics; NICE, National
Institute for Health and Care Excellence; SOGC, The Society of Obstetricians and Gynaecologist of
Canada; WHO, World Health Organization

27



Management of late term pregnancy

However, more recent research has challenged the view that 10L increases
maternal morbidity, more specifically the risk of caesarean and operative
vaginal deliveries. A large retrospective cohort study, showed an increased risk
for caesarean delivery if induced at 38+0, 39+0 or 40+0 GW compared with
spontaneous onset of labour or induction later on. Yet, at 41+0 GW the risk of
caesarean delivery was similar in the induced women and the women with
spontaneous onset of labour or induction later on (Caughey et al., 2006).
Several meta-analyses (MA) of RCTs in term pregnancies have found that IOL
decreases the risk of caesarean delivery (Middleton et al., 2020; Mishanina et
al., 2014; Wood et al., 2014). In one of them, the recent Cochrane review
comparing 10L at 37+0 GW or beyond with expectant management without
upper limit in gestational age, showed a slight reduction in caesarean delivery
in the 10L group compared to the expectant management group (RR 0.90,
95 9% C10.85 t0 0.95; 31 trials, 21,030 women; moderate certainty of evidence)
(Middleton et al., 2020). One of the largest trials included in the Cochrane
review was Hannah et al., 1995. According to the study protocol IOL was
performed with prostaglandin E2 in the IOL group but in the expectant
management group IOL was only performed with amniotomy and oxytocin
administration. If this was not possible a caesarean delivery was performed.
This might be an explanation for the difference in caesarean delivery rates in
the trial. Furthermore, it might have affected the total result of the aggregate
analysis in the Cochrane review, hence, it was this trial and the ARRIVE trial
(Grobman et al., 2018), that contributed with most data. The ARRIVE trial,
compared IOL in nulliparous uncomplicated pregnancies at 39+0-4 GW with
expectant management until 41+0 GW and reported a decrease in caesarean
delivery in the IOL group compared with the expectant management group
(18.6 % versus. 22.2 %, RR, 0.84; 95 % CI, 0.76 to 0.93) (Grobman et al.,
2018). In the INDuction of labour at 41 weeks versus a policy of EXpectant
management until 42 weeks (INDEX) trial, a non-inferiority RCT consisting
of 1 801 low-risk pregnancies comparing IOL at 41+0-2 GW with expectant
management and induction at 42+0 GW, there was no difference in the rate of
caesarean delivery between the IOL and expectant management group (Keulen
et al., 2019). In terms of operative vaginal delivery, the evidence is
inconsistent. In the Cochrane review the risk of operative vaginal delivery was
not different in the 10L versus expectant management group (Middleton et al.,
2020). However, a decrease in operative vaginal deliveries with a IOL policy
has been reported in some large observational studies (Stock et al., 2012; Zizzo

28



Maérten Alkmark

et al., 2017), and an increase in some (Cheng et al., 2012; Lindegren et al.,
2017).

Several RCTs have been conducted on IOL at term and beyond exploring
perinatal outcomes including perinatal morbidity, but most of them have too
small sample sizes and diverse comparison groups. There were only two RCTs
comparing induction at 41+0-2 GW with expectant management until 42+0
GW in the Cochrane review from 2018 (Gelisen et al., 2005; Keulen et al.,
2019).

The Turkish study (Gelisen et al., 2005) (n=600) enrolled low-risk singleton
pregnancies in cephalic presentation. Primary outcome was caesarean delivery
rate, length of hospital stay and neonatal morbidity. A decrease in meconium-
stained amniotic fluid and MAS in the 10L group was found. The caesarean
delivery rate was similar in both groups. There was one stillbirth in the
expectant management group.

The INDEX trial (Keulen et al., 2019), a non-inferiority trial (n=1801)
included women with a singleton pregnancy in cephalic presentation. The
primary outcome was a composite of perinatal mortality and neonatal
morbidity. The research group could not show non-inferiority for expectant
management compared with IOL. Hence, the composite perinatal outcome was
significantly reduced in the 10OL group. There were two stillbirths in the
expectant management group and one in the induction group. There were no
differences in maternal outcomes (Keulen et al., 2019).

In order to retrieve more information several systematic reviews and MA have
been performed (Table 2).

The most recent Cochrane review (includes SWEPIS), which included trials
with IOL as early as 37+0 GW and expectant management without no upper
limit (includes 34 RCTs and over 21 000 women), concluded that IOL at or
beyond term is associated with fewer perinatal deaths (RR 0.31, 95 % CI 0.15
to 0.64; 22 trials, 18 795 newborns, high certainty evidence). They also present
lower rates of caesarean deliveries in the IOL group, as stated previously,
compared with expectant management with a moderate certainty of evidence
of evidence according to the GRADE system (G. Guyatt et al., 2011). Hence,
the conclusion from the Cochrane review was that further research is needed
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to establish the optimal time point for IOL in pregnancies at and beyond term
(Middleton et al., 2020). In contrast to most systematic reviews addressing this
subject Rydahl et al., in a systematic review evaluating 1OL at 41 GW
compared to expectant management, (including two randomised trials and two
guasi-experimental trials, with a total of 5 119 women, and three cohort studies
with 356 338 women) report an increase in caesarean delivery rate (RR 1.11,
95 % CI 1.09 to 1.14). According to the authors the review lacked statistical
power to draw any conclusion regarding perinatal mortality.

Table 2. Summary of systematic reviews and meta-analyses: Induction of
labour at >4 1 weeks versus expectant management. Outcome: Perinatal
mortality, meconium aspiration syndrome, admission to neonatal intensive
care unit and caesarean delivery

Study
author,
year of No of
publication RCTs RR (95 % CI) RR (95 % CI) RR (95 % CI) RR (95 % CI)
Myers 15 Advantage No difference NA No difference
2002 induction
Sanchez- 16 3/3 159 vs 6/752 vs 12/666 291/2 495 vs 661/3 292 vs
Ramos 10/3 067 0.46 (0.18-1.21) 313/2 510 709/3 216
2003 0.41 (0.14-1.18) 0.92 (0.78-1.10) 0.88 (0.78-0.99)
Gulmezoglu 19 1/2 986 vs 12/860 vs 41 GW 41 GW
2006 9/2 953 31/853 548/2 512 vs 559/2 883 vs
0.30 (0.09-0.99) 0.39 (0.21-0.75) 294/2493 630/2 872
RR not 0.92 (0.76-1.12)
calculated 42 GW
42 GW 110/407 vs
23/210 vs 111/403
24/212 0.97 (0.72-1.31)
RR not
calculated
Wennerholm 13 1/3 119 vs 14/1 114 vs 279/2 766 vs 658/3 318 vs
2009 3/3 097 33/1 107 312/2 747 750/3 299
0.33(0.10-1.09) 0.43 (0.23-0.79) 0.89(0.77-1.03) 0.87 (0.80-0.96)
Hussain 16 1/3 315 vs 14/1 114 vs NA NA
2011 3/3 282 33/1 107
0.31(0.11-0.88)  0.43 (0.23-0.79)
Gulmezoglu 22 >41 GW 241 GW >41 GW >41 GW
2012 1/2 814 vs 33/1 189 vs 289/2 676 vs 591/3 004 vs
9/2 785 66/1 182 321/2 659 649/2 990
0.30 (0.09-0.99)  0.50(0.34-0.73)  0.90 (0.78-1.04)  0.91 (0.82-1.00)
Wennerholm 19 41 GW 41 GW 41 GW 41 GW
2012 0/3 164 vs 8/917 vs 279/2 766 vs 594/3 212 vs
8/3 137 24/916 312/2 747 670/3 201
0.28 (0.08-1.00) 0.39 (0.18-0.88) 0.89 (0.77-1.04) 0.91 (0.78-1.07)
Middleton 30 241 GW 133/3 887 vs 241 GW 241 GW
2018 2/4 217 vs 173/3 894 307/3 704 vs 77414 407 vs
13/4 191 0.77 (0.62-0.97) 350/3 693 857/4 407
0.33(0.13-0.87) 0.88 (0.76-1.01 0.90 (0.83-0.98)
Rydahl, 4 1/2 582 vs 11/554 vs 64/2 371 vs 420/2 582 vs
Eriksen 6/2 527 17/554 66/2 300 376/2 527
2019 0.22 (0.04-1.32)  0.65(0.31-1.37)  0.95(0.68-1.33)  1.11 (0.98-1.26)
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Table 2. Summary of systematic reviews and meta-analyses: Induction of
labour at >41 weeks versus expectant management. Outcome: Perinatal
mortality, meconium aspiration syndrome, admission to neonatal intensive
care unit and caesarean delivery. Continued

Study
author, No of
year of publication RCTs RR (95 % CI) RR (95 % CI) RR (95 % CI) RR (95 % CI)
Alkmark, Berglin 3 1/2 581 vs 6/2 581 vs 130/2 581 vs 298/2 581 vs
2020 9/2 580 17/2 580 165/2 580 311/2 580
0.20 (0.06- 0.38 (0.17- 0.79 (0.63- 0.96 (0.82-
0.70) 0.86) 0.99) 1.11)
Middleton 34 241 GW 152/8 325 vs 241 GW 241 GW
2020 2/5 472 vs 202/8 297 359/4 958 vs 882/5 662 vs
19/5 437 Peto odds 425/4 932 979/5 642
0.26 (0.11- ratio 0.84 (0.74- 0.90 (0.83-
0.64) 0.75 (0.62- 0.96) 0.97)
0.92)

CD, caesarean delivery; Cl, confidence interval; GW, gestational weeks; MAS, meconium aspiration
syndrome; NA, not available: NICU, neonatal intensive care unit; PNM, perinatal mortality; RCT,
randomised controlled trial; RR, risk ratio; vs, versus

In addition, several cohort studies have been performed. Table 3 summarises
six Nordic large cohort studies with conflicting results from a systematic
literature search (Alkmark, Berglin, et al., 2020).
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Table 3. Nordic observational studies with data from Medical Birth
Registries analysing the effect of induction of labour in late term and
postterm pregnancies on perinatal mortality and caesarean delivery. Results

from a systematic literature search

Author
Year of Outcome
publication Study Perinatal Caesarean
Country Period Study population mortality delivery Comment
Grunewald 2000- n=119 198 (total) No difference Rates of CD did  No national
2011 2007 241+3 GW in PNM, a not change in guidelines
Sweden Three study groups reduction in Sthim during Routines
241+3 according to Sthim 2005- the two time differed: IOL at
rate of deliveries 2007 (5.9 % periods 42 +0 or 43+0
242+3 GW 242+3 GW) vs GW. Sthim
2000-2004: n=27 2000-2004 changed
311, n=13 160, n=33  (21.0 % 242+3 routines in 2005
206 GW) PNM: from IOL at 43+0
2005-2007: n=16 AOR 0.52: GW to IOL at
865, n=7822, n=20 95 % CI 0.31- 42+0 GW
834 0.83)
Sthim formed a
separate group
Lindegren 2001- n=199 770 (total) EM vs most EM vs most No national
2017 2013 241+3 GW. Three active active guidelines during
Sweden groups according to management: management: study period.
rate of deliveries AOR not AOR (95 % CI) Routines
242+3 GW and significant Nulliparous: differed: IOL at
parity Nulliparous: different for 0.82(0.78-0.86) 42 +0 or 43+0
n=35 133, nulliparous or Parous: 0.85 GW. Those with
n=33 177, parous women (0.79-0.91) the most active
n=35 465 management
Parous: had, in
n=31 230, nulliparous
n=31 621, women, less
n=33146 women with
MAS and
Apgar>7 at five
minutes
Pyykonen 2006- n=212 716 (total) RR (95 % CI) RR (95 % CI) Policy of IOL at
2018 2012 I0L: Group 3: Group 3: 42+0 to 42+2.
Finland Group 1 40+0-40+2 1.00 (0.06- CD 1.17 (1.06- PS matched
GW n=6882 15.98) 1.28) control groups of
Group 2 40+3-40+5 Group 4: Group 4: equal size.
GW n=5543 2.00 (0.18- 1.19 (1.09-1.29)  Each group
Group 3 40+6-41+1 22.05) Group 5: compared to all
GW n=5115 Group 5: 1.01 (0.94-1.07)  births beyond
Group 4 41+2-41+4 2.50 (0.78- the studied GA
GW n=5581 7.97) period and the
Group 5 41+5-42+0 spontaneous
GW n=10 167 births during the
studied GA
period
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Table 3. Nordic observational studies with data from Medical Birth

Registries analysing the effect of induction of labour in late term and
postterm pregnancies on perinatal mortality and caesarean delivery.
Results from a systematic literature search. Continued

Author
Year of Outcome
publication Study Perinatal Caesarean
Country Period Study population mortality delivery Comment
Zizzo 2012- n=87 505 (total) 2012-2014 vs AOR (95 % ClI) National
2017 2014 2012-2014 0L 2008-2010: 0.98 (0.94-1.02)  guidelines in
Denmark and 41+2-41+6 GW AOR (95 % CI) Denmark
2008- (n=42 075) vs PNM: 0.62 changed in 2011
2010 2008-2010 IOL (0.39-0.96) from IOL at
242+0 GW (n=45 Stillbirths: 0.50 242+0 to IOL at
430) (0.29-0.89) 41+2-41+6 GW
Rydahl, 2000- n=152 887 (total) No significant No significant National
Declercq 2010 241+3 GW and difference difference guidelines in
2019 and onwards between a before and after ~ Denmark
Denmark 2012- predicted PNM policy change in  changed in 2011
2016 without change  the rate of from IOL at
in policy and caesarean 242+0 to IOL at
the actual PNM  deliveries 41+2-41+6 GW
after change in ITSA was
policy performed
Predicted
stillbirth rate with
and without
policy change
was compared
Lidegaard 2007- n=179 734 (total) PNM shows an NA National
2020) 2018 241+0 GW inverse guidelines in
Denmark correlation with Denmark
increase in IOL changed in 2011
at the time for from IOL at
policy change. 242+0 to IOL at
A decrease 41+2-41+6 GW
from 1.3/1 000
in 2007/2008 to
0.38/1 000 in
2011/2012

AOR, adjusted odds ratio; AS, Apgar score; Cl, confidence interval; EM, expectant management; GA,
gestational age; GW, weeks of gestation; IOL, induction of labour; ITSA, Interrupted Time Series Analysis;
MAS, meconium aspiration syndrome; NA, not applicable; PNM, perinatal mortality; PS, propensity score;

RR, relative risk; Sthim, Stockholm; vs, versus;

The publications from Zizzo et al., Rydahl et al. and Lidegaard et al. all
examined the same shift in policy regarding IOL in late and postterm
pregnancies in Denmark, but within different timeframes (Lidegaard @ 2020;
Rydahl, Declercq, et al., 2019; Zizzo et al., 2017). Lidegaard et al. presents an
inverse correlation between the rate of IOL in the population and the rate of
stillbirth (Figure 4 and 5).
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In contrast, Rydahl et al. presented an interrupted time series analysis of almost
the same population and concluded that there was no difference in perinatal or
stillbirth before and after the policy change (Figure 6). However, the predicted
time series analysis seems to have missed the increase in stillbirth between
2011-2012 and 2015-2016. In Rydahl et al. they reported the stillbirth rate each
year but if it was below five the actual number was not revealed due to
confidentiality reasons. Despite the fact that the tendency for the increase is
visible in the table in the publication, the authors does not comment on it.

In summary, before we started our trial presented in Paper | the evidence for
IOL at 41+0 GW improving perinatal outcome compared with expectant
management until 42+0-1 GW was still unclear.

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Figure 4. Induction rates from 41 gestational weeks in Denmark 2007-2018 (red
Y1). Proportion of non-induced women also shown (blue Y2). (Lidegaard @ 2020)
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Figure 5. Stillbirth rates per 1000 born from 41 gestational weeks from 2007 to
2018. (Lidegaard @ 2020)
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Figure 6. Perinatal outcomes, year 2000-2016 with change in protocol, 2011. (A)
Stillbirths per 1000 births (B) Perinatal death per 1000 births. (Rydahl, Declercq, et
al., 2019)




Marten Alkmark

Health economic evaluations

In modern healthcare today it is important that any change of practice is fully
assessed concerning both medical evidence as well as health economical
aspects. The most common way of evaluating health economical aspects
regarding a research question like ours is to perform a cost-effectiveness
analysis (CEA). When performing a CEA, you compare relative costs and
outcomes regarding an intervention and calculate an incremental cost
effectiveness ratio (ICER). The ICER is calculated by dividing the difference
in costs for the intervention group and control group with the difference in
health gained or lost. A more detailed description is presented in Figure 8 in
the section on statistical analysis under the subheading ‘Paper III’. The most
common measure of health gained or lost is quality adjusted life years
(QALYsS5), including both a quality and quantity aspect of health. The quality
component is measured on a scale ranging from 0 (dead) to 1 (perfect health)
and the quantity consists of the time spent in the health condition. QALY is
calculated by the multiplication of the quality and quantity measure. Life years
(LYs) gained or lost is also frequently used. To perform a CEA a difference
between intervention and control is needed. If no difference in health gained
or lost is present a cost-minimization analysis can be performed, comparing
the cost for the intervention group with the cost for the control group
(Svensson, 2019).

Today, information on health economic effects of IOL is not well explored. In
1995, within one of the largest (n=3 407) RCTs comparing IOL at >41+0 GW
with expectant management until 43+0 GW (Hannah et al., 1992) a CEA was
planned. However, due to non-significant differences in perinatal outcomes
between the groups a cost-minimization analysis was made instead (Goeree et
al., 1995). It showed that IOL was associated with a lower cost as compared
with expectant management of postterm pregnancies (Goeree et al., 1995).
However, this study was made more than 25 years ago and might not be
relevant today.

Another article in the field was published in 2011 assessing IOL at 41 GW
versus expectant management with antenatal fetal surveillance (CTG and
measurement of amniotic fluid index) in nulliparous women with a decision-
analytic model (Kaimal et al., 2011). A decision analysis allows the analyst to
compare the anticipated consequences of the different policies after taking into
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account all relevant events and complications with their probabilities and
considering all relevant clinical outcomes and costs. The ICER was $10 945
per QALY gained (the range of cost-effectiveness thresholds is commonly set
at $50 000-100 000 per QALY in the USA). Thus, the conclusion was that it
was cost effective to induce labour compared with expectant management
(Kaimal et al., 2011). However, the calculations were based on a theoretical
cohort with a caesarean delivery rate of 27 % in the induction group, which is
much higher than e.g., in the INDEX trial (Keulen et al., 2019).

More recent studies from UK and US have been published (Einerson et al.,
2020; Walker et al., 2017) and both are performed alongside a RCT comparing
IOL with expectant management. Walker et al. conducted a CEA (n=380,
61 % of the RCT population) in UK of IOL at 39+0-39+6 GW in nulliparous
women >35 years old compared with expectant management until 41+0 to
42+0 GW (Walker et al., 2016; Walker et al., 2017). They estimated a reduced
mean cost of £263 with 10L, a mean difference in QALY in favour of IOL of
0.002 and an ICER of — £114 526. Hence, they concluded that I0OL would save
money (Walker et al., 2017). A cost-minimisation analysis (Einerson et al.,
2020), from US was conducted on a subgroup (n=1 201, 20 % of the RCT
population) of the ARRIVE trial (Grobman et al., 2018) (IOL at 39+0-39+4
GW in nulliparous women compared with expectant management and 10L at
41+0 GW). In that study they reported no differences in total costs for IOL
compared with expectant management, but maternal intrapartum and delivery
costs were higher in the IOL group and outpatient costs were lower. Neonatal
care costs were similar in both groups (Einerson et al., 2020).

In summary, there is no recent study on cost-effectiveness regarding IOL at
41+0-2 GW compared with expectant management until 42+0-1 GW in a
government funded healthcare system. Hence, more research regarding
healthcare costs associated with IOL in low-risk women is needed.

Methods for induction of labour

In order to induce labour, in some cases you need to ripen the cervix in order
to perform amniotomy and start the delivery. There are in principle two
different methods for ripening the cervix; a mechanical and a pharmaceutical
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approach. The mechanical method mainly consists of using a transvaginal
balloon catheter (TVBC) inserted through the cervix with the inflatable part
just above the internal os. In case of a double balloon, one balloon will be
positioned below the external os. The balloons are inflated with 30-80 mL
NaCl, Other mechanical methods, not as commonly used as the TVBC method,
consists of membrane sweeping, nipple stimulation, extra-amniotic saline
infusion using infusion rates of 0—40 mL/h, hygroscopic dilators or osmotic
dilators (Laminaria japonicum). The pharmaceutical approach comprises of
low-dose synthetic prostaglandin E1 (misoprostol), administered either
vaginally or orally and synthetic prostaglandin E2 (dinoprostone) administered
vaginally. Which approach to use, a mechanical or pharmacological, is mostly
dependent on clinical tradition, but also partly dependent on how ripe the
cervix is from start. Commonly the Bishop scoring system is used to describe
the status of the cervix during pregnancy (Bishop, 1964; Edwards et al., 2000).
If the Bishop’s score is >six in nulliparous and >five in parous women the
recommendation is to perform artificial rupture of the membranes, hence
amniotomy, and start an oxytocin infusion in lack of contractions. A Bishop’s
score below five requires ripening of the cervix (ACOG, 2009; G. NICE, 2008;
SFOG, 2016).

In October 2019, a Cochrane review, including 113 trials and 22,373 women,
regarding mechanical methods for 10OL, regardless of indication for 10L, was
published (de Vaan et al., 2019). The aim of the review was to evaluate the
efficacy and the safety comparing mechanical methods to low-dose
misoprostol vaginally or orally, dinoprostone vaginally or intracervical and
amniotomy or oxytocin. The conclusion was that there is moderate certainty of
evidence, according to GRADE (G. H. Guyatt et al., 2008), that IOL with a
TVBC versus low-dose misoprostol orally might increase the risk of a vaginal
delivery not achieved within 24 hours (RR 1.28, 95 % CI 1.13 to 1.46) and
slightly increase the caesarean delivery rates (RR 1.17, 95 % CI 1.04 to 1.32).
Furthermore, it was unclear whether there was a difference or not regarding
uterine hyper-stimulation with fetal heart rate changes, serious neonatal
morbidity or perinatal death, serious maternal morbidity or death, five-minute
Apgar scores < 7 and NICU admissions. Moreover, a TVBC seems to increase
the risk of vaginal delivery not achieved within 24 hours compared with low-
dose misoprostol vaginally. However, a TVBC compared with low-dose
misoprostol vaginally might decrease the risk of uterine hyper-stimulation with
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fetal heart rate changes (RR 0.39, 95 % CI 0.18 to 0.85), but increases the risk
of caesarean delivery (RR 1.28, 95 % CI 1.02 to 1.60). As in the comparison
with low-dose misoprostol orally it is also uncertain if there are any differences
in serious neonatal morbidity or perinatal death, serious maternal morbidity or
death, five-minute Apgar scores <7 and NICU admissions. Lastly, comparing
TVBC with vaginal dinoprostone, no difference in effectiveness was seen i.e.
vaginal delivery not achieved within 24 hours (RR 1.01, 95 % CI 0.82 to 1.26)
or rate of caesarean delivery (RR 1.00, 95 % CI10.92 to 1.09). However, TVBC
may decrease the risk of uterine hyper-stimulation with fetal heart rate changes
(RR 0.35, 95 % CI 0.18 to 0.67), serious neonatal morbidity or perinatal death
(RR0.48, 95 % CI 0.25 t0 0.93) and might reduce the risk of a NICU admission
(RR 0.82,95% CI 0.65 to 1.04). The risk profile for serious maternal morbidity
and mortality or five-minute Apgar score <7 is unclear (de Vaan et al., 2019).
In the review only eight RCTs evaluated oral misoprostol (OM) compared with
TVBC and of those only two small trials included late term pregnancies
exclusively (IOL at 40+6 GW) (Goonewardene et al., 2014; Somirathne et al.,
2017)

In summary, mechanical induction with a TVBC seems to be less effective
than low-dose misoprostol orally and vaginally, but as effective as
dinoprostone. It seems to be safer for the neonate with a TVBC induction than
dinoprostone and vaginal low-dose misoprostol, but the safety profile remains
uncertain for oral low-dose misoprostol versus a TBVC. Further research
regarding efficacy and safety with low-dose misoprostol is needed specifically
in late term/postterm pregnancies.
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AIM OF THE THESIS

The aim of this thesis was to, in healthy women with a low-risk singleton
pregnancy, clarify if a policy of IOL at 41+0-2 GW was superior, in terms of
neonatal and maternal outcomes as well as health economic aspects as
compared with expectant management and induction at 42+0-1 GW.
Furthermore, different methods for cervical ripening and IOL in late term and
postterm pregnancies were also assessed.

The specific aims were:

» To examine if IOL at 41+0-2 GW compared with expectant
management and IOL at 42+0-1 GW was superior in terms of
perinatal outcome in healthy women with a low-risk
pregnancy.

» To examine if IOL at 41+0-2 GW compared with expectant
management and IOL at 42+0-1 GW was superior in terms of
perinatal and maternal outcomes overall and in different
subgroups such as parity (nulliparous and multiparous),
maternal age (<35 years and >35 years), and BMI (<30 and
>30).

» To examine total cost per birth and cost-effectiveness,
including costs for the woman and her child, of IOL at 41+0-
2 GW compared with expectant management and IOL at
42+0-1 GW.

» To examine if there were any differences regarding efficacy,
safety or women’s experience between IOL in healthy women
with a low-risk pregnancy and unripe cervix at 41+0 GW to
42+1 GW with the two preferred methods of cervical
ripening; OM and TVBC.
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PATIENTS AND METHODS
Setting and study design

This thesis consists of four studies with different study design, but all of them
are based on or includes Paper I. The study design, settings and analysis for

each study are summarised in Table 4.

Table 4. Study design, setting and analysis

Paper | Paper Il Paper IlI Paper IV
Setting 14 centres in Turkey, The 14 centres in 14 centres in
Sweden Netherlands, Sweden Sweden
Sweden
Study Register based One-step IPD-MA CEA Prospective
design superiority RCT cohort study
Study 2016-2018 Trials were 2016-2018 2016-2018
period published
(randomisation) 2005 - 2019
Study Low-risk Low-risk Low-risk Low-risk
Population 4140 — 42+01 41+0 — 42+01 GW 41+0 — 42+01 GW OM n=744
GW IPD: n=4 561 n=2 746 TVBC n=469
n=2 760 AD: n=5161 (TVBC ref)
n=1213
Intervention 0L, n=1 381 IOL IPD, n=2 281 I0L, n=1 373 NA
group IOL AD, n=2 581
Control EM, n=1 379 EM IPD, n=2 280 EM, n=1 373 NA
Group EM AD, n=2 580
Data SPR, SNQ, SCB Data collected from Each participating SPR, SNQ, SCB
Source and eCRF included studies centres’ accountant and eCRF
department, SPR,
SNQ, SCB
and eCRF
Primary A composite of A composite of PNM Cost/LY and Efficacy: vaginal
Outcome PNM and and morbidity Cost/QALY delivery within 24
morbidity hours
Safety neonatal:
composite of PNM
and morbidity
Safety maternal:
composite of
mortality and
morbidity
Main IOL versus EM* I0L vs EM* I0L vs EM* OMyvs TVBC
Analysis
Subgroup Maternal age Maternal age (<35 Robustness Parity (nulliparous
Analysis (<35 and 235 and 235 years), analysis on the Gbg  and parous) and BS
years), parity parity (nulliparous cohort using a more  (0-4 and 5-10)
(nulliparous and and parous), BMI precise cost data
parous), BMI (<30 and 230) and (cost/hour instead
(<30 and 230) fetal sex (male and of cost/day)
female)

AD, aggregate data; BMI, body mass index; BS, Bishop score; CEA, cost-effectiveness analysis; eCRF,
electronic case report form; EM, expectant management; Gbg, Gothenburg; I0L, induction of labour; IPD,
individual participant data; LY, life year; MA, meta-analysis; OM, oral misoprostol; Ref, reference; SCB,
Statistics Sweden; SNQ, Swedish Neonatal Quality register, PNM, perinatal mortality; SPR, Swedish
Pregnancy Register; TVBC, transvaginal balloon catheter; QALY, quality adjusted life years; vs, versus

*On the intention to treat population
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Paper | is a Swedish multicentre register-based randomised controlled
superiority trial in healthy women with a low-risk late-term/postterm singleton
pregnancy and a fetus in cephalic presentation. The trial was conducted in 14
centres, five university hospitals and nine county hospital, between 2016 and
October 2018. Paper Il is a one-step individual participant data (IPD) MA
including trials comparing 10L in women with a low-risk singleton pregnancy
and a fetus in cephalic presentation at 41+0-2 GW with expectant management
until 42+0-1 GW. Paper Ill is a CEA alongside Paper I. Paper IV is a
prospective cohort study investigating the efficacy, safety and women’s
experiences of IOL with OM compared with TVBC. The population studied
was women included in Paper | in need of cervical ripening for IOL.

Data sources

Paper |

In Paper |, data were collected from the SPR, Swedish Neonatal Quality
register (SNQ), Statistics Sweden and from individual electronic medical
record (EMR). Information from individual EMR was recorded in an electronic
case report form (eCRF). The unique personal identification number assigned
to all persons born or immigrated to Sweden was used to link eCRF data with
data from the three registers.

The National Board of Health and Welfare administrates a number of national
health data registers, e.g. the Swedish Medical Birth Register (MBR), to
facilitate analyses and development of Swedish healthcare and social services.
These health data registers are regulated by Swedish law and they are subject
to strict confidentiality. Healthcare services are obliged to report to the
registers. SPR and SNQ do not have health data register status, but are national
quality registers, certified by The Swedish Association of Local Authorities
and Regions (SALAR) and administrated by the profession. Hence, it is not
mandatory to contribute with data. However, the coverage of healthcare
providers regarding SPR is >90 % and for SNQ it is 100 %. The rate of
individual patients declining participation in the registers is <1 % (M. Norman
et al., 2019; Stephansson et al., 2018). We chose to work with the quality
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registers (SPR and SNQ) and not the Swedish MBR since the former are more
accessible and can provide more detailed information.

The Swedish Pregnancy Register (SPR)

The SPR is a national quality register and was initiated by Swedish healthcare
professionals in 2013. It was a merge of two pre-existing registers, the
Maternal Healthcare Register (started in 1999) and the National Quality
Register for Prenatal Diagnosis (started in 2006). The register collects data
with start at the first antenatal care visit, during the whole pregnancy and
delivery and the data collection stops at the follow-up visit to the antenatal care
unit. Hence, the data are collected from about 5-8 GW to 16 weeks postpartum.
Data collected concerns demographics, reproductive and maternal health
information, information on prenatal diagnostics e.g., ultrasound
examinations, delivery outcomes and perinatal and maternal outcomes. Data
are collected from three different sources:

1. Automatic transfer of approximately 220 variables from
EMR. The variables include antenatal care information,
biometry from ultrasound examinations performed during
pregnancy, data on delivery outcome and postpartum care
including international classification of disease (ICD) codes,
surgical codes and codes for other interventions e.g., CTG,
intravenous infusions and intravenous administration of
drugs.

2. Datathat is not registered in the EMR is manually entered via
the web by midwives at the first antenatal visit and the follow-
up visit eight to 16 weeks postpartum. It includes data, such
as, country of birth, level of education, main occupation, self-
rated health before pregnancy, prenatal diagnosis, use of
professional translator, parent support attendance, support for
fear of childbirth, treatment of psychiatric disorders,
screening for intimate partner violence, oral glucose test
values, physician attendance in antenatal care, maternal
weight postpartum, breast feeding at four weeks postpartum
and self-reported health during and after pregnancy.
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3. Data automatically transferred from a web-based system for
calculating the likelihood ratio for trisomy 13, 18 and 21
based on a first trimester combined ultrasound and
biochemistry examination.

In Sweden, between 2016 and 2018, three different EMRs were in use and
90 % of the antenatal and delivery care used the EMR Obstetrix©. From
Obstetrix© there was a transfer of data 24 hours after birth. The two other
EMRs were not fully connected to SPR at the time of our first study. However,
only one centre did not use Obstetrix© in our study, Uppsala University
Hospital, and data not transferred from their EMR (“Cosmic”) automatically
was manually entered in a separate data file. Both internal and external
validation of the registers’ quality have been made and the data entered via the
web by midwives showed good (70-94 %) or very good (>95 %) agreement
with medical records (Petersson et al., 2014). The external validation was made
with the MBR for deliveries in 2015 and the coverage was 98-100 %, when
direct transfer of data from the EMRs was done (Stephansson et al., 2018).

Swedish Neonatal Quality Register (SNQ)

In 2001, SNQ was launched and all neonatal units in Sweden (n=37) are
connected to the register. SNQ collects data on over 300 variables regarding
newborns admitted to neonatal units during the first four postnatal weeks.
Information on 27 medical, four surgical and three organisational key
performance indicators in neonatal care is collected. Additionally, 25 outcomes
including neonatal mortality and morbidity and health status at follow-up visits
are listed in SNQ. Furthermore, parental reported experience measures are
included as well as ICD codes, surgical codes and codes for other interventions.
Maternal, pregnancy and delivery data from EMRs are automatically
transferred via the SPR to SNQ. Data regarding the infant were, during the
study period, manually extracted and logged into a web report. Data from
neonatal transport teams are automatically logged into SNQ. The SNQ register
has excellent completeness and high validity (M. Norman et al., 2019).

Statistics Sweden

The authority responsible for official Swedish statistics is called Statistics
Sweden. Their assignment is to complete and present official statistics
regarding 22 subject areas and 112 statistical areas including healthcare
information on cause of death, health and disease (on aggregate level),

45



Management of late term pregnancy

population changes, information on income, socio-economic conditions,
educational level and country of birth on individual level. In order to gather
data related to healthcare a collaboration between Statistic Sweden and the
Swedish National Board of Health and Welfare, a government agency under
the Ministry of Health and Social Affairs, is vital. This agency is in turn
responsible for health data registers such as the Swedish MBR, the National
Patient Register and Cause of Death Register. In our study, we utilized
statistics from Statistics Sweden regarding vital status regarding mother and
infant.

Electronic case record form

Data that were not present in any of the three registers mentioned above were
extracted from EMR and manually entered into the eCRF after the mother and
infant were discharged from the delivery stay. Variables included in the eCRF
were randomisation group, eligibility for the trial, antenatal visits from
randomisation until delivery and stay in hospital from randomisation until
delivery. In addition, IOL according to protocol or not, including reason for
deviation from the protocol, IOL methods used and Bishop score assessments
during the IOL process were also recorded in the eCRF. Additionally, time
point for caesarean or operative vaginal delivery during the birth process, signs
of infection during labour, use of antibiotics as prophylaxis or therapy during
labour and admission to intensive care unit were entered into the eCRF.
Furthermore, a module in the eCRF was used for the randomisation process.

Paper Il

In Paper Il IPD were sought by contacting corresponding authors of the
included trials. The Swedish postterm induction study (SWEPIS)
(Wennerholm et al., 2019) and the INDEX trial (Keulen et al., 2019)
contributed with IPD. The Turkish trial (Gelisen et al., 2005) declined to
participate with IPD, due to difficulties retrieving the data. Aggregated data
from the Turkish trial were used for perinatal mortality and rate of caesarean
delivery.
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Paper Il

Data sources in Paper Il included outcome data from SWEPIS regarding
perinatal, maternal and delivery outcomes (Wennerholm et al., 2019). Cost per
patient (CPP) data were collected from the accountancy department at each
included centre in SWEPIS.

Cost per patient (CPP)

SALAR has developed a system called CPP in order for different healthcare
providers to easily benchmark costs (SALAR, 2020). The CPP system consists
of fixed and variable costs and reports costs per care event. Regarding hospital
stay, it reports a standardised fixed cost per day and not per hour. The fixed
costs include costs for staffing, rent, everyday materials, depreciation and
everyday laboratory costs. Variable costs include e.g., costs for being in the
operating theatre and/or intensive care unit, additional costs for advanced
laboratory work, and imaging diagnostics.

Quality of life assessment

Health-related quality of life effects for the women were estimated by means
of the EuroQol -5 Dimension measure (EQ-5D) QALY calculations (Rabin et
al., 2001). EQ-5D assesses mobility, self-care, usual activity, pain/discomfort
and anxiety/depression. The EQ-5D was assessed in a subpopulation of women
participating in SWEPIS at three centres representing one large delivery unit,
Sahlgrenska University hospital with 10 000 deliveries per year, one university
hospital, Orebro University Hospital with 3 000 deliveries per year and one
county hospital, Falu Hospital with 3 200 deliveries per year. Women filled
out the questionnaire at randomisation and 3 months after delivery. LY's were
measured based on differences in perinatal mortality between groups in Paper
I multiplied by Swedish survival probabilities from life table statistics
(Statistics Sweden, 2020).

Paper IV

In Paper IV the same data sources as in Paper | were used. In addition,
information regarding women’s childbirth experience was collected using the
Childbirth Experience Questionnaire (CEQ 2.0) and Visual Analogue Scale
(VAS) (Dencker et al., 2020; Dencker et al., 2010; Register, 2019).
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Childbirth Experience Questionnaire (CEQ 2.0)

The CEQ 2.0 is a validated questionnaire assessing women’s childbirth
experience by exploring four different domains of interest. The domains are
own capacity (eight items), perceived safety (six items), professional support
(five items) and participation (three items) (Figure 7).

mpac[ty
= Labourand birth went as | had expected.

= | felt strong during labourand birth.

= | felt capable duringlabourand birth.

= | was tired during labour and birth.

= | felt happy during labourand birth.

= | felt that | handled the situation well.

= Asawhole, how painful did you feel childbirth was?

= As a whole, how much control did you feel you had
during childbirth?

Perceived safety

= | felt scared during labour and birth.

= My impression of the team’s medical skills made me feel
secure.

= | have many positive memories from childbirth.

= | have many negative memories from childbirth.

Professional support \

= Both my partner and | were treated with warmth and
respect.

= | would have preferred the midwife to be more present
during labourand birth.

= | would have preferred more encouragement from the
midwife.

= The midwife conveyed an atmosphere of calm.

= The midwife helped me to find my inner strength.

Farticipation

= | wish the staff had listened to me more during labour
and birth.

= | took part in decisions regarding my care and treatment
as much as | wanted.

= |received the information | needed during labour and
birth.

= Some of my memories from childbirth make me feel
depressed.

K/&sa whole, how secure did you feel during childbirth?

Figure 7. Domains and items in the childbirth experience questionnaire (CEQ 2.0)

A

Items are evaluated on a 4-point Likert scale, ranging from 1=totally disagree,
2=mostly disagree, 3=mostly agree and 4=totally agree. The items regarding
pain, control and sense of security are rated with a VAS 1-100, which are
categorized as 0-40=1, 41-60=2, 61-80=3 and 81-100=4. Any negatively
worded items are reversed in scoring. The higher scores the more positive
childbirth experience. The total CEQ 2.0 score is the mean of the four
individual domain scores.

The questionnaire was retrieved from the same subgroup of women answering
the EQ-5D questionnaire, thus, from a subgroup of women representing
different geographical areas in Sweden and different sizes of delivery units.
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Visual Analogue Scale (VAS)

VAS was used to estimate women’s overall childbirth experience within three
days after delivery. It was retrieved from women in the hospitals where CEQ
2.0 was not distributed. The VAS ranged from 1, representing a very negative
experience, to 10, representing a very positive experience (Register, 2019).
Rating 8-10 was considered to be a very good childbirth experience and ratings
of 1-2 as very bad.

Definitions of outcome variables

Relevant outcome measures regarding management of late term pregnancy
includes perinatal adverse outcomes, maternal adverse outcomes,
delivery/efficacy outcomes, women’s experiences and healthcare cost
outcomes. Perinatal and maternal mortality and most severe neonatal and
maternal morbidity outcomes are rare and therefore difficult to use as
individual outcomes in both RCTs and cohort studies, as illustrated by the
Cochrane report from 2005 (Pattinson et al., 2005). Hence, it is not unusual to
combine perinatal mortality and morbidity into a composite outcome indicator
(Chenetal., 2019; Crowther et al., 2006; Keulen et al., 2019; Titaetal., 2011).

Aspects influencing the decision of components included in a composite
outcome in a study are the relationship to the intervention or the control
treatment. In a recommendation on core outcomes related to IOL published in
2018 they propose, in addition to perinatal mortality, indicators of birth
asphyxia (hypoxic ischaemic encephalopathy (HIE), MAS, neonatal
convulsions and need for respiratory support), birth trauma, neonatal infection
and admission to NICU (Dos Santos et al., 2018). In the same recommendation
core maternal outcomes are presented including cardiorespiratory arrest,
damage to internal organs (bowel, bladder or ureters), haemorrhage,
hysterectomy for any complications resulting from birth, intensive care unit
admission, length of hospital stay, maternal death, maternal infection, maternal
satisfaction, mode of delivery, more than one induction agent required,
oxytocin augmentation, postnatal depression, pulmonary embolus, stroke, time
from 10L to delivery, uterine hyperstimulation and uterine scar dehiscence or
rupture (Dos Santos et al., 2018).

We decided to use an adverse perinatal composite indicator outcome as
primary outcome in Paper I, Il and IV. Paper | was planned before Dos Santos
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et al. (Dos Santos et al., 2018) published their core outcome recommendations
for studies on IOL. However, despite this we included most of the
recommended outcomes except hyperstimulation of the uterus. We decided to
include, in our primary adverse perinatal composite indicator outcome,
perinatal mortality, indicators of asphyxia such as Apgar score <7 at five
minutes, metabolic acidosis, HIE I-Ill, neonatal convulsions, MAS and
mechanical ventilation within the first 72 hours. Furthermore, signs of birth
trauma such as brachial plexus injury and intracranial haemorrhage were
included. The components of the primary perinatal adverse composite
indicator differed slightly between the three papers as described below.

Adverse perinatal composite indicator outcome

Perinatal mortality

Perinatal mortality is defined as stillbirth and early neonatal death. WHO/ICD
defines stillbirth as the death of a fetus during pregnancy or labour that has
reached a birth weight of 500 g, or if birth weight is unavailable, gestational
age of >22 weeks or crown-to-heel length of >25 cm (Lawn et al., 2010). Early
neonatal death is defined as death of a live-born infant during the first seven
completed days after birth (day 0-6) and late neonatal death is defined as death
of a live-born infant during the first 28 completed days after birth (day 0-27)
(WHO, 1977). We excluded deaths due to accidents or lethal malformation not
known before randomisation.

Apgar score

Apgar score is a swift approach to assess clinical status of a newborn during
the first 10 minutes of life (Apgar, 1953). It was first introduced by Virginia
Apgar in 1953 and comprises five assessment criteria; skin colour, pulse rate,
reflex irritability grimace, muscle tone and respiratory effort. Each criterion
can get a minimum of zero points and a maximum of two points. Hence, the
maximum score indicating the status of an infant as good is 10.

Apagar score is not a predictor of neurologic outcome. However, the American
College of Obstetricians and Gynaecologists (ACOG) states a five minute
Apgar score of 7-10 as reassuring, a score of 4-6 as moderately abnormal and
0-3 as low in the term infant or “late-preterm infant” (ACOG, 2014). An
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outcome with Apgar score <7 at five minutes has been regarded as the golden
standard as a predictor of neonatal morbidity and used in many publications on
neonatal adverse outcomes. However, after ACOG published a committee
opinion in 2015 the new golden standard is regarded as Apgar <4 at five
minutes (ACOG, 2015). The rationale for the change in recommendation is
that Apgar score of 0-3 at five minutes correlate better with neonatal mortality
and morbidity in large populations than Apgar <7(Casey et al., 2001; Li et al.,
2013; Nelson et al., 1984).

Metabolic acidosis

Different definitions of metabolic acidosis in umbilical cord artery in newborns
have been used. According to ACOG and the American Academy of Pediatrics
metabolic acidosis in the newborn is defined as pH < 7.00 or base deficit > 12
mmol/L (or > 16 mmol/L for therapeutic hypothermia) or both (ACOG, 2014).
However, the definition pH<7.05 and base deficit >12 mmol/l has been widely
used (Amer-Wahlin et al., 2001; Wiberg-Itzel et al., 2008). We choose to use
this definition or pH<7.00 (with or without base deficit) (Wiberg-Itzel et al.,
2008). The reason for using pH<7.00 (with or without base deficit) was due to
the difficulties in retrieving a blood sample where both pH and base deficit
were present. The definition of a valid blood sample was if pH in the umbilical
artery was lower than in the umbilical vein and if the arterial partial pressure
of carbon dioxide was greater than the pressure in the vein. A sample was also
regarded as valid if pH in the umbilical artery was below 7.00 (no venous blood
sample needed).

Hypoxic ischaemic encephalopathy (HIE) I-111

HIE is the result of a hypoxic ischemic event affecting the brain and a clinical
diagnosis based on neonatal encephalopathy in combination with low Apgar
score and/or metabolic acidosis in the umbilical cord artery (Volpe, 2012). HIE
is divided into three stages, mild (1), moderate (I1) and severe (I11) and each
stage has its own ICD code. The diagnostic criteria used in Sweden is based
on the classification by Sarnat (Sarnat et al., 1976).

Neonatal convulsions
Our definition of neonatal convulsions was based on the ICD-10 diagnostic
criteria and included convulsions with or without electroencephalography
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confirmation. Electroencephalographic activity compatible with convulsions
without clinical signs of convulsions was also included in the definition. Most
common were clinical convulsions i.e., twitching either in a body part, or
throughout the body, or e.g., hiccups or similar. It is important to distinguish
this from benign sleep myoclonus, or other benign twitching. If
electroencephalography was completely normal despite suspected clinical
convulsions, it was a clinical decision whether the infant was diagnosed with
neonatal convulsions or not.

Meconium aspiration syndrome (MAS)

In Sweden, MAS is defined as a syndrome including meconiumstained
amniotic fluid in combination with severe respiratory distress with need for
mechanical ventilation after birth. A chest X-ray displaying asymmetric patchy
pulmonary opacities is usually present, however not mandatory.

Mechanical ventilation within the first 72 hours
The definition of this outcome was that a tracheal tube was inserted.

Intracranial haemorrhage
The diagnosis intracranial haemorrhage was based on imaging diagnostics
such as ultrasound, computed tomography or magnetic resonance imaging.

Brachial plexus injury

Brachial plexus injury is a clinical diagnosis and includes Erb Duchennes palsy
(level C5—C7 are affected in the spinal cord), Déjérine-Klumpkes palsy, (level
C7 —Th1 are affected in the spinal cord) and total damage (level C5 —Th1 are
affected in the spinal cord) (Dodds et al., 2000).

Paper |

The primary adverse perinatal composite indicator outcome was a combination
of perinatal mortality and neonatal morbidity as described in the previous
section.

Secondary neonatal outcomes included admission to NICU and indications,
such as e.g., neonatal jaundice, neonatal infections, hypoglycaemia and birth
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trauma. In addition, birthweight related outcomes such as small for gestational
age and macrosomia were also presented.

Secondary delivery outcomes included e.g., mode of delivery and duration of
labour and shoulder dystocia. Secondary maternal outcomes including e.g.,
hypertensive disorders of pregnancy, perinatal lacerations Il and IV
postpartum haemorrhage (>1000 ml), infections and mortality within 42 days
after birth.

Paper Il

In Paper Il the primary adverse perinatal composite indicator outcome was
adjusted according to the two ftrials that contributed to the IPD-MA.
Definitions of variables were compared and synchronised and a new primary
adverse perinatal composite indicator outcome was agreed upon. Changes
made compared to the primary outcome in Paper | were Apgar <4 instead of
<7 at five minutes, HIE II-111 instead of HIE I-I1l and removal of metabolic
acidosis. Additional perinatal outcomes in Paper Il included e.g., admission to
neonatal medium or intensive neonatal care, admission to neonatal care > 4
days as an indicator of sick newborns in need of longer treatment and/or more
extensive observation and, as in Paper I, birthweight related outcomes such as
small for gestational age and macrosomia.

Secondary delivery outcomes such as e.g., oxytocin during labour, pain
treatment during vaginal delivery and mode of delivery were reported.
Secondary maternal outcomes included e.g., hypertensive disorders of
pregnancy, perineal lacerations Il and IV, postpartum haemorrhage, fever
during labour (>38°C), intravenous antibiotics during labour (prophylaxis or
therapy) and maternal death up to 42 days after delivery.

Risk of bias

In Paper Il all included trials were assessed using the risk of bias tool developed
by Cochrane (Higgins et al., 2011). Risk of biases were adequacy of
randomisation (selection bias), blinding for participants and personnel and
statistician responsible for analysis (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data (attrition bias), selective
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reporting (reporting bias), and other bias (conflict of interest). The risks were
reported as low, moderate, high or unclear.

Paper Il

Primary outcome in Paper Il was defined as ICER per LY and per QALY.
Total cost of birth included costs associated with the delivery from admittance
to discharge, costs for outpatient visits and inpatient stay between
randomisation and admittance to the delivery ward and costs for neonatal care
(in association with the delivery, inpatient stay and/or home care).

Secondary outcomes were the individual components of the total birth cost
individually.

Paper IV

Paper IV has three primary outcomes including efficacy, neonatal safety and
maternal safety.

Efficacy outcome

The efficacy outcome was chosen in order to reflect both efficacy in time and
mode of delivery and consisted of vaginal delivery achieved within 24 hours
from start of induction.

Neonatal safety outcome

The primary safety outcome was defined as a neonatal adverse composite
indicator outcome, including intrapartum and neonatal mortality (stillbirths
that occurred before start of IOL and deaths due to accidents or lethal
malformation not known before randomisation were excluded) and morbidity.
Components of morbidity were chosen according to the core outcomes
presented in the article of Dos Santos et al. from 2018.

Maternal safety outcome
The maternal safety outcome was defined as an adverse composite indicator
outcome including maternal mortality and morbidity. The maternal morbidity
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components were also chosen according to core outcomes presented in Dos
Santos et al., 2018.

Women’s childbirth experience
CEQ 2.0 and VAS were used to measure women’s childbirth experience.

Statistical analysis

All statistical methods are presented in detail in each paper. An overview of
the statistical methods is presented in Table 5. Significance level was set to
0.05. All analyses were performed with SAS System Version 9 for Windows
(SAS, Cary, NC).

Paper |

The statistical analysis in Paper | was made in collaboration with professional
statisticians at Statistical Consulting Group, Gothenburg, Sweden. A summary
of the statistical analyses is presented in Table 5. The expectant management
group was the reference group and the primary analysis was made on the
intention to treat group. Analysis was also made in the per protocol population
and pre-specified subgroup analyses were made on maternal age (<35 versus
> 35 years), parity (nulliparous versus parous women) and BMI (<30 versus >
30). Whether the effect of treatment differed between subgroups was tested
with logistic regression and the interaction term treatment x subgroup variable.

Paper Il

In Paper Il the statistical analysis was made in collaboration with one
professional statistician at Statistical Consulting Group, Gothenburg, Sweden
and one at Amsterdam UMC, University of Amsterdam, Department of
Obstetrics and Gynaecology, Amsterdam Reproduction & Development
Research Institute, Amsterdam, the Netherlands. A summary of the statistical
analysis is presented in Table 5. The expectant management group was the
reference group and the primary analysis was made on the intention to treat
group. Peto odds ratio, in a two-step approach, was used when zero events in
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one arm of one or both trials were present. If zero events in both arms in all but
one trial, risk estimate and inferential statistics were not calculated due to

double zero events will add zero weight to the IPD-MA.

Table 5. Statistical methods used in the Papers

Paper | Paper Il Paper IlI Paper IV
Descriptive Categorical Categorical Categorical Categorical
statistics variables: variables: number variables: number variables: number
number and and percentage and percentage and percentage
percentage
Continuous Continuous Continuous
Continuous variables: mean variables: mean variables: mean
variables: mean (SD), median (IQR) (SD), median (IQR) (SD), median
(SD), median (max/min/IQR)
(IQR)
Comparison IOL vs EM IOL vs EM IOL vs EM OMvs TVBC
Main
analysis ITT ITT ITT
population
Analytical Primary IPD: One-stage MA. Arithmetic means: Categorical
statistics outcome: Dichotomous Linear regression variables: crude and

Fisher’s exact
test (one sided
p-value x 2)

variables: RR and
RD (95 % CI) using
general linear

where standard
error and Cl were
based on non-

adj RR and RD (95
% CI) were
calculated with

models with parametric regression adj for
Dichotomous categorical coding bootstrapping PS
variables: for study
Fisher's exact If zero events in one ICER: ratio Continuous
test and RR (95 arm in any or both difference in variables: Adj means
% CI) trials Peto OR was arithmetic mean with SEM and mean
used. costs and differences were
Continuous difference in calculated with
variables: Continuous arithmetic mean regression, adj for
Fisher’s non- variables: MD (95 % PS
parametric Cl) using a general LYs and QALYs:

permutation test
and MD

linear model with
categorical coding

Cl for ICER was
calculated with

Dichotomous
variables: Fisher's

(95 % ClI) for study Fieller's theorem exact test
Ordered Non-ordered Continuous
categorical categorical variables: Fisher's

variables: Mantel
Haenszel x? test

Non-ordered
categorical
variables:
Pearson’s x?test

variables: Pearson’s
X2 test

Heterogeneity: I?
and p-value of
variability

AD: RR (95 % CI)
using Mantel-
Haenszel fixed
effect model or Peto
OR

non-parametric
permutation

Non-ordered
categorical
variables: Pearson’s
X2 test

AD, aggregate data; Adj, adjusted; Cl, confidence interval: EM, expectant management; ICER, incremental
cost-effectiveness ratio; I0L, induction of labour; IQR, interquartile range; IPD, individual participant data;
ITT, intention to treat, MD, mean difference; LY, life year; OR, odds ratio; PS, propensity score; RD, risk
difference; RR relative risk; QALY, quality adjusted life year; vs, versus
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Pre-specified subgroup analysis on the primary outcome, perinatal mortality
and caesarean delivery was made on maternal age (<30 years versus >35
years), parity (nulliparous versus parous women) and BMI (< 30 versus >30).
In addition, a post hoc subgroup analysis was conducted on fetal sex. Statistical
method used for the subgroup analysis was the same as in Paper I.

Paper Il

Statistical analysis was performed by the senior author of the paper. A
summary of the statistical analysis is presented in Table 5. The expectant
management group was the reference and the primary analysis was made on
the intention to treat group. ICER was calculated based on the difference in
arithmetic mean in total cost per birth in the IOL group and the expectant
management group divided by the difference in arithmetic mean in LY as well
as QALYs (Figure 8).

4 T

|

Total birth costs 5, — Total birth costs ¢y,
ICER =
Life years o, — Life years ¢,
Total birth costs |, — Total birth costs g\,
ICER =

. /

Figure 8. Incremental cost-effectiveness ratio Paper IV
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Paper IV

The statistical analysis in Paper IV was made in collaboration with a
professional statistician at Statistical Consulting Group, Gothenburg, Sweden.
A summary of the statistical analysis is presented in Table 5. The TVBC group
was used as reference. We used a propensity score (PS) model; PS as a
covariate in a regression calculation, to control for confounders that might
influence group assignment and outcome (Rosenbaum PR, 1983). PS was
based on centre (n=15, Table S1 in Paper IV) and all baseline characteristics
presented in Table 1 in Paper IV except for medical history of pre-gestational
diabetes, medical history of chronic hypertension, height and last recorded
weight during pregnancy. Crude and adjusted RR with 95 % CI were calculated
and adjustments were made for PS.

In addition, Kaplan-Meier analysis and logrank tests on time-to-vaginal
delivery and time-to-delivery was performed. The time-to-delivery analysis
was also stratified by Bishop score and parity. Subgroup analysis on the three
primary outcomes was made on Bishop score and parity.

Ethic approval

The Regional Ethics Board in Gothenburg approved the study in May 2014
(Dnr: 285-14) and later its complementary applications (T 905-15, T 291-16,
T 1180-16, T 330-17, T 1066-17, T 087-18, T 347-18, T 961-18, T 1110-18,
and INDEX-SWEPIS 2019-04094).
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RESULTS AND COMMENTS

Paper |

Induction of labour at 41 weeks versus expectant management and induction
of labour at 42 weeks (SWEdish Postterm Induction Study, SWEPIS):
multicentre, open label, randomised superiority trial

A total of 10 038 women were planned to participate in this RCT, but the trial
was stopped early due to safety reasons when 2 760 (1 381 in the IOL group
and 1 379 in the expectant management group) women were included. The
reason for early stopping of the trial was a significantly higher perinatal
mortality rate in the expectant management group (p-value 0.03).

In the 1OL group 85.5 % (1 181/1 381) of the women were induced and
14.1 % (195/1 381) went into spontaneous labour while awaiting I0L, 0.4 %
(5/1 381) had a scheduled caesarean delivery. In the expectant management
group 33.1 % (457/1 379) had IOL and 66.7 % (920/1 379) went into
spontaneous labour before 42+0-1 GW, 0.1 % (2/1 379) had a scheduled
caesarean delivery.

Perinatal outcomes

The primary perinatal adverse composite indicator outcome and statistically
significant perinatal outcomes are presented in Table 6. The primary adverse
perinatal composite indicator outcome did not differ between the groups.
Perinatal mortality differed significantly with zero deaths in the IOL group and
six in the expectant management group. There were five stillbirths and one
neonatal death. The individual morbidity components separately or combined
were similar in both groups. Furthermore, admission to NICU was
significantly lower in the IOL group compared to the expectant management

group.
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Maternal outcomes

There were significantly fewer hypertensive disorders of pregnancy in the IOL
group and significantly more women with the diagnosis of endometritis in the
expectant management group (Table 7). Other outcomes such as postpartum
haemorrhage, cervical lacerations, uterine rupture, perineal lacerations Il and
1V, venous thromboembolism and birth related infections were similar in both
groups. There were no maternal deaths.

Table 6. Summary of primary adverse perinatal composite indicator outcome
and statistically significant perinatal outcomes

Induction Expectant

of labour management Relative risk p-
Variables (n=1381) (n=1 379) (95 % CI) value
Primary composite outcome* 33(2.4) 31(2.2) 1.06 (0.65 to 1.73) 0.90
PNMt 0 (0.0) 6 (0.4) NA 0.03
Stillbirth 0 (0.0) 5(0.4) NA 0.06
Neonatal morbidity# 33(2.4) 26 (1.9) 1.27 (0.76 to 2,11) 0.43
Admission to NICU 55 (4.0) 82/1 374 (6.0) 0.67 (0.48 to 0.93) 0.02
Birth weight (g) Mean (SD) 3815 (409) 3875 (436) <0.001
Small for gestational age$ 9(0.7) 22 (1.2) 0.41 (0.19to0 0.88) 0.03
Macrosomia (24 500g) 68 (4.9) 114 (8.3) 0.60 (0.45t0 0.80) <0.001
Jaundice' 16 (1.2) 32/1 374 (2.3) 0.50 (0.27 to 0.90) 0.03

Values are numbers (percentages) unless stated otherwise

ClI, confidence interval; NA, not applicable; NICU, neonatal intensive care unit; PNM, perinatal
mortality; SD, standard deviation

*Stillbirth, neonatal mortality, Apgar score <7 at five minutes, metabolic acidosis, hypoxic ischemic
encephalopathy I-11l, intracranial haemorrhage, neonatal convulsions, meconium aspiration syndrome,
mechanical ventilation within first 72 hours, obstetric brachial plexus injury

TStillbirth and neonatal mortality (live births with mortality <28 days)

*Apgar score <7 at five minutes, metabolic acidosis, hypoxic ischemic encephalopathy I-11l, intracranial
haemorrhage, neonatal convulsions, meconium aspiration syndrome, mechanical ventilation within first
72 hours, obstetric brachial plexus injury

§Small for gestational age defined as <2 standard deviations, according to Swedish sex and gestational
age specific reference (Marsal et al., 1996)

requiring phototherapy or exchange transfusion

Delivery outcomes

As shown in Table 7 there were significantly more use of epidural anaesthesia
and less women with meconium stained amniotic fluid in the IOL group
compared to the expectant management group. In addition, women in the 10L
group had a longer hospital stay from admission to delivery, but a shorter
duration of labour than the expectant management group. The duration of
postpartum stay did not differ (IOL group; n=1 333, mean 46.3 hours [SD:
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27.0] and expectant management group; n=1 333, mean 47.1 hours [SD: 29.7],
mean difference between groups 0.46; 95 % CI —0.82 [-2.99 to 1.32]).

No difference in caesarean delivery rate between the groups was shown.
Neither were there any differences in indication for caesarean delivery. Failure
to progress was the leading cause with 51.4 % (71/138) in the IOL group and

52.7 % (77/146) in the expectant management group.

Table 7. Mode of delivery and statistically significant delivery and maternal

outcomes
Mean difference (95
Induction Expectant % Cl)/
of labour management Relative risk
Variables (n=1381) (n=1 379) (95 % CI) p-value

Time from admission to
labour ward to delivery n=1 390 n=1378
(hours) 20.1 (14.8) 13.6 (12.2) 6.49 (5.50 to 7.50)* <0.001

Mean (SD) 16.2 (9.2-27.9) 10.4 (4.6-19.0)

Median (IQR)
Duration of labourt (hours) n=717 n=880

Mean (SD) 7.13 (5.39) 8.32 (5.94) -1.19 (-1.76 to -0.64)*  <0.001

Median (IQR) 5.67 (2.85-10.28) 6.86 (3.76-11.45)
Mode of delivery

g‘;?vgf;ra“"e vaginal 1150 (83.3) 1140 (82.7) 101(097t01.04)F 071

Caesarean delivery 143 (10.4) 148 (10.7) 0.96 (0.78 to 1.20) * 0.79

Operative vaginal delivery 88 (6.4) 91 (6.6) 0.97 (0.73t0 1.28) * 0.87

Emergency delivery 138/143 (96.5) 146/148 (98.6) 0.98 (0.94 to 1.01) * 0.42
][\I"Lﬁzon'”m stained amniotic | 5531 535 (188)  320/1127 (284)  0.66 (05710 0.77)F  <0.001
Use of epidural anaesthesia 729 (52.8) 669 (48.5) 1.09 (1.01to 1.17)* 0.03
Hypertensive disorders$ 19 (1.4) 42 (3.0) 0.45 (0.26 10 0.77) * 0.004
Endometritis 18 (1.3) 6 (0.4) 3.00(1.19to 7.52) 0.02

Values are numbers (percentages) unless stated otherwise

Cl, confidence interval

*mean (95 % ClI) difference between groups
TFrom start of active labour until delivery, time for cervical ripening excluded

*Relative risk (95 % Cl)

SHypertensive disorders of pregnancy including eclampsia and haemolysis, elevated liver enzymes, low platelets

count (HELLP)

Comments

Perinatal mortality and morbidity have been shown to increase already after 39
GW, but with a greater increase after 41 GW (Ingemarsson et al., 1997; Linder
etal., 2017; Muglu et al., 2019; Nakling et al., 2006; Olesen et al., 2006; Reddy
et al., 2006; Rosenstein et al., 2012). 10L has been proposed as a solution to
decrease perinatal mortality and morbidity in women in late term and postterm
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pregnancies (Hussain et al., 2011; Middleton et al., 2020; Wennerholm et al.,
2009). Our study is in agreement with these findings regarding perinatal
mortality. However, we could not show a difference in composite perinatal
morbidity and mortality as was presented in the INDEX trial (n=1 801) where
a significant decrease was reported from 3.1 % to 1.7 % (p-value 0.045) in the
IOL versus expectant management group (Keulen et al., 2019). The INDEX
trial did not show a significantly decreased perinatal mortality (one death in
the IOL group and two in the expectant management group).

In our study routine fetal surveillance with CTG or ultrasound assessment of
biophysical profile was not performed. Fetal surveillance was performed
according to local protocol and differed between centres. In the Stockholm
region an ultrasound was performed at 41 GW before recruitment to the study.
It can be argued that the lack of routine fetal surveillance might result in fetuses
at risk not being detected and therefore contribute to the high perinatal
mortality in our study. However, the rate of adverse perinatal outcome was not
higher in our expectant management group compared with the one in the
INDEX trial (2.2 % and 3.1 %, respectively). In addition, the gestational age
at delivery was higher (292 days) in our expectant management group than in
the INDEX trial (289 days) resulting in a higher rate of women at risk for
stillbirth in the expectant management group in our trial. This might contribute
to the higher mortality rate in our study.

Furthermore, the decrease in perinatal mortality was achieved without an
increase in caesarean and operative vaginal deliveries. Neither did the other
maternal morbidities increase with IOL management.

The present study has a major strength due to its size and the fact that, even
though only a small part of eligible women were recruited (22 %), the
participating women represent a Swedish low-risk pregnant population. This
was evident when the study population was compared with the Swedish
background population. However, the early termination of the trial due to
safety reasons is a limitation and results in an uncertainty of the magnitude of
the reduction of perinatal mortality (Bassler et al., 2010). Yet, the early
termination of the trial does not affect other outcomes, such as e.g. admission
to neonatal care, meconium stained amniotic fluid, rate of small for gestational
age newborns and hypertensive disorders of pregnancy that were all in favour
of IOL.
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Paper Il

Induction of labour at 41 weeks or expectant management until 42 weeks: a
systematic review and an individual participant data meta-analysis of
randomised trials.

For this IPD-MA we performed a systematic literature search for RCTs
comparing IOL at 41+0-2 GW with expectant management until 42+0-1 GW
and found three trials. The three RCTs included 5 161women (n= 600, n=1 801
and n=2 760) (Gelisen et al., 2005; Keulen et al., 2019; Wennerholm et al.,
2019). Two of the trials contributed with IPD (n=4 561) (Keulen et al., 2019;
Wennerholm et al., 2019). The two trials included in the IPD-MA had mostly
low-risk of bias (Table 8).

In total, 79.8 % (1 821/2 281) of the women in the IOL group were induced,
whereas labour started spontaneously in 19.9 % (455/2 281) of the women. In
the expectant management group 30.4 % (694/2 280) of the women were
induced, while labour started spontaneously in 69.5 % (1 584/2 280).
Scheduled caesarean delivery was performed in 0.2 % of the women (5/2 280)
in the IOL group and 0.1 % (2/2 281) in the expectant management group.

Table 8. Risk of bias within individual RCTs included in the individual
participant data meta-analysis

Author Gelisen et al. INDEX trial SWEPIS trial
Selection bias Unclear Low Low
Performance bias High* Moderate* High*
Detection bias Unclear Low Low
Attrition bias Low Low Low
Reporting bias Unclear Low Low
Conflict of interest bias Low Low Low

*The lack of blinding in all RCTs are due to the nature of intervention i.e. it is not possible to blind the participants
and staff

Perinatal outcome

The primary perinatal adverse composite indicator outcome was significantly
lower in the IOL group as was perinatal mortality, compared with the expectant
management group (Table 9). Number needed to treat (NNT) was 175 (95 %
Cl 94 to 1 267) and 326 (95 % CI 177 to 2 014), respectively. Furthermore,
admission to neonatal care and neonatal care >4 days were significantly lower
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in the 10OL group with a NNT of 103 (95 % CI 59 to 385) for neonatal care >4
days. Newborns in the IOL group weighed significantly less than newborns in
the expectant management group and were not as prone to have macrosomia.
Other perinatal outcomes did not differ between groups.

The meta-analysis on aggregated data from all three trials regarding perinatal
mortality did not differ much from the IPD-MA. Perinatal mortality was
significantly lower in the IOL group compared with expectant management

group (Figure 9).

Table 9. Statistically significant perinatal outcomes in the population
included in the individual participant data meta-analysis

Expectant
Induction management Relative risk/
group group Peto odds ratio p-

Variable (n=2281) (n=2 280) (95 % CI) value
Primary composite outcome” 10 (0.4) 23 (1.0) 0.43(0.21t00.91)t  0.027
PNM* 1(0.0) 8 (0.4) 0.21 (0.06t00.78)*  0.019
Stillbirth 1(0.0) 7(0.3) 0.22 (0.06t00.89)#  0.034
Admission to a neonatal care® 79 (3.5) 109 (4.8) 0.72 (0.54t00.96) T  0.024
e 24 (1.0) 46 (1.9) 0.52(0.32100.85)"  0.009
Birth weight (g)

Mean (SD) 3764 (417) 3823 (439) <0.001
Macrosomia (2 4500 g) 92 (3.9) 155 (6.7) 0.59 (0.46t0 0.76)"  <0.001

Values are numbers (percentages) unless stated otherwise
Cl, confidence interval; IPD, individual participant data; MA, meta-analysis; PNM, perinatal mortality; SD,
standard deviation. Relative risk is adjusted for RCT. P-value correspond to the method used to calculate

the relative risk/odds ratio

*Including perinatal mortality, Apgar<4 at five minutes, HIE II-lll, intracranial haemorrhage, neonatal
convulsions, meconium aspiration syndrome, obstetric brachial plexus injury, mechanical ventilation within

72 hours
tAdjusted relative risk

*Stillbirth and neonatal mortality (live births with mortality <28 days)

“Peto odds ratio

SNeonates admitted only for routine observation excluded

Testfor overall effect Z=2.53 (P =0.01)

Heterogeneity: Chi*= 0.94, df=2 (P = 0.63), F=0%

Induction Expectancy Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Gelisen 2005 o 300 1 00 10.0% 0.14 [0.00, 5.82]
Keulen 2019 1 400 2 a01  30.0% 0.51[0.05, 4.94] S
Wennerholm 2019 o 1381 B 1379 G00% 0.13[0.03, 0.67] ——
Total (95% CI) 2581 2580 100.0% 0.20 [0.06, 0.70] i
Total events 1 ]

[
001

01 10 100

Favours induction Favours expectancy

Figure 9. Meta-analysis on aggregate data regarding perinatal mortality
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Maternal outcome

Hypertensive disorders of pregnancy occurred significantly less frequently in
the IOL group compared with the expectant management group with a NNT of
57 (95 % CI 39 to 106) (Table 10). The only other maternal outcome that
differed was use of pain treatment (epidural/spinal anaesthesia or opiates) and
it was significantly higher in the 10OL group (Table 10).

Table 10. Mode of delivery and statistically significant maternal and delivery
outcomes in the population included in the individual participant data meta-
analysis

Induction Expectant
group management Relative risk p-
Variable (n=2 281) group (n=2 280) (95 % CI) value
Pain treatment (Use of
epidural/spinallopiates)’ 1153 (50.5) 1,058 (46.4) 1.09 (1.03t0 1.16)  0.005
Use of epidural
anaesthesia 998 (43.8) 906 (39.7) 1.10 (1.03t0 1.17)  0.006
Use of opiates 184 (8.1) 173 (7.6) NE NE
mg"”'”m stained amniotic | 545 133(17.8)  525/2028(25.9)  0.68 (0.61t00.77)  <0.001
Use of oxytocint 1440 (63.1) 1077/2 280 (47.2) 1.33(1.26 to 1.40) <0.001
Mode of delivery n=2,281 n=2,280
Spontaneous vaginal
delivery 1860 (81.5) 1 836 (80.5) 1.01(0.98t01.04) 0.41
Caesarean delivery 240 (10.5) 245 (10.7) 0.98 (0.83t01.16) 0.81
Operative vaginal delivery 181 (7.9) 199 (8.7) 0.91(0.75t01.10)  0.33
Hypertensive disorders# 26 (1.1) 66 (2.9) 0.39(0.25t0 0.61)  <0.001

Values are numbers (percentages) unless stated otherwise. Cl, confidence interval; HELLP, haemolysis,
elevated liver enzymes, and low platelet count; IPD, individual participant data; MA, meta-analysis; NE, not
estimated due to zero events in both arms in SWEPIS

*In the INDEX trial a combination of epidural and opiates was possible

tBoth induction and/or labour augmentation

* Hypertensive disorders of pregnancy including eclampsia and haemolysis, elevated liver enzymes, low
platelets count (HELLP)

Delivery outcomes

Meconium stained amniotic fluid was significantly less frequently present in
the 10L group and use of oxytocin was significantly more frequent compared
with the expectant management group (Table 10). Mode of delivery was
similar in both groups and the main indication, in both groups, for caesarean
delivery was failure to progress (50.0 % [120/240] in the IOL group and
49.8 % [122/245] in the expectant management group).
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Subgroup analysis

We found an interaction with a p-value of 0.01 in the treatment effect for parity
and the primary adverse perinatal composite indicator outcome. The risk of an
adverse perinatal composite indicator outcome was significantly reduced in the
IOL group compared with the expectant management group in nulliparous but
not in parous women. NNT in nulliparous women were 79 (95 % CI 49 to 201).
There were no other significant interaction effects for BMI, maternal age or
fetal sex with the primary outcome or caesarean delivery.

Comments

Our IPD-MA showed a significant decrease in the primary adverse perinatal
composite indicator outcome as well as perinatal mortality without increasing
maternal morbidity such as e.g., caesarean delivery, postpartum haemorrhage
and perineal lacerations Il and IV. These findings agree with the Cochrane
review (Middleton et al., 2020) and several other cohort studies (Grunewald et
al., 2011; Lidegaard @ 2020; Lindegren et al., 2017; Stock et al., 2012; Zizzo
et al., 2017). However, there are other large observational studies that report
an increase in caesarean deliveries, but a decrease in neonatal morbidity
(Pyykonen et al., 2018) or no differences in perinatal outcome or caesarean
deliveries (Rydahl, Declercq, et al., 2019). Furthermore, we showed in a
subgroup analysis that newborns of low-risk nulliparous women will benefit
substantially from IOL at 41 GW, whereas no such effect was found in
multiparous women. This agree with some studies (Ingemarsson et al., 1997;
Lindegren et al., 2017), but not all (Lawn et al., 2016; Middleton et al., 2020).

A strength of this study is that we performed an IPD-MA which is considered
to have the highest certainty of evidence value of all different study designs
(Stewart et al., 2002). However, a limitation is the low number of included
trials and women. This increases the risk that one trial’s limitations will have
a substantial impact on the result of the IPD-MA.. Furthermore, the low number
of included women limits the possibility of exploring rare severe perinatal and
maternal outcomes separately.
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Paper IlI

Induction of labour at 41 weeks of gestation versus expectant management and
induction of labour at 42 weeks of gestation: A cost-effectiveness analysis.

This CEA alongside SWEPIS included 2 746 of the 2 760 included women in
SWEPIS. Hence, costs for eight women in the IOL group and six in the
expectant management group could not be retrieved. All of these women had
an average length of hospital stay and the rate of caesarean deliveries were
similar I both groups. None of the newborns were admitted to neonatal care.

Total costs

The total cost per birth between the groups were similar, but all components of
the total cost did significantly differ individually. In the robustness analysis,
however, the total birth cost between the groups differed significantly and were
more expensive in the IOL group (Table 1 in Paper IlI).

Incremental cost-effectiveness ratio

The ICER per LY and QALY with IOL at 41 GW compared with expectant
management was slightly higher with a 95 % CI ranging from being dominant,
i.e., lower costs and better health outcomes, to slightly higher costs. The results
from the robustness analysis, based on cost data from the Sahlgrenska
University Hospital, showed a 4.5 times higher cost with IOL indicating a
higher ICER than the main analysis (Table 2 in Paper Il1).

In a cost-effectiveness plane 74 % of the ICERs ended up in the upper right
guadrant indicating that IOL gave a better health outcome, but were more
expensive, and 25 % of the ICERs ended up in the lower right quadrant
indicating better health outcome and less costly (Figure 2 in Paper I1I).
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Comments

Our study presented higher LYs and QALYSs in the IOL group based on the
reduction in perinatal mortality. The ICER had a cost level below €1 000 and
a 95 % Cl ranging from less expensive and better (dominant) to costs under €5
000. These costs are well below what both the Swedish National Board of
Health and Welfare (€50 000) and National Institute for Health and Care
Excellence in the UK (€21 750 — 32 635) considers to be high costs per QALY
(NICE, 2013; SBU, 2018). Within the robustness analysis ICERs for LYs and
QALYs were also below these thresholds by a large margin. Furthermore,
since our ICER is dependent on the reduction in perinatal mortality, which
might be overestimated in SWEPIS, we did a calculation where only one
perinatal death differed between groups. The ICER was still far below the
threshold for what considers to be cost-effective according to both the Swedish
National Board of Health and Welfare and National Institute for Health and
Care Excellence in the UK.

Our findings are supported by studies published earlier. The only two cost-
effectiveness studies exploring IOL at 41 weeks compared with expectant
management both show I0OL to be cost-effective (Goeree et al., 1995; Kaimal
etal., 2011). In addition, a health economic analysis alongside of the ARRIVE
trial (Grobman et al., 2018), including 20 % of the study population, concludes
that total costs are similar in both groups indicating a policy of IOL, compared
to expectant management, will not increase costs (Einerson et al., 2020).

Being a cost-effectiveness study alongside a large RCT conducted in the real
delivery/neonatal care context with a low number of lost to follow up was a
major strength of this study. A limitation was the short follow up time and lack
of information on additional health-costs after discharge from hospital.

Paper IV

This study evaluated 1 213 women in need of cervical ripening out of 1 638
induced women within SWEPIS (Wennerholm et al., 2009). Out of the 1 213
women, 744 were induced with OM and 469 with TVBC. The choice of
method was decided by the obstetrician in charge and women with a low
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Bishop score were more prone to receive OM while women with a high Bishop
score were more frequently induced with TBVC.

Efficacy outcomes

Our primary outcome regarding efficacy ‘vaginal delivery within 24 hours’
was significantly lower in the OM group compared with the TBVC group. The
same applied to vaginal delivery within 36 hours. Time-to-vaginal delivery and
time-to-delivery were both significantly longer in the OM group compared
with the TBVC group (Table 2 and 3 in Paper 1V).

Oxytocin (both induction and/or labor augmentation) was significantly less
used in the OM group compared with the TVBC group. Non-operative vaginal
delivery, caesarean delivery, operative vaginal delivery or using more than one
cervical ripening agent did not significantly differ between groups. Indications
for caesarean delivery were comparable in both groups (Table 2 in Paper IV).

Safety outcomes

Neither the primary neonatal or maternal safety composite outcome differed
significantly between groups. The secondary neonatal outcome metabolic
acidosis was significantly higher in the OM group versus the TVBC group.
Fever and therapeutic intravenous treatment with antibiotics during labor were
significantly less frequent in the OM group compared with the TVBC group.
However, the number of women with sepsis or endometritis were similar in
both groups. None of the other secondary neonatal or maternal outcomes
differed significantly between the groups (Table 4 in Paper 1V).

Women's childbirth experience

We had an overall high response rate for both CEQ 2.0 (72.0 %) and VAS
(78.3 %). The CEQ 2.0 total score was comparable in both groups. The
childbirth experience measured with VAS did not differ between groups, nor

69



Management of late term pregnancy

did the rate of women estimating the childbirth experience as very good (VAS
8-10) or as very bad (VAS 1-2) (Table 5 in Paper V).

Comments

These efficacy findings are comparable with another large Swedish cohort
study (Wollmann et al., 2017) comparing TVBC with both OM and vaginal
dinoprostone. Furthermore, a Swedish RCT in full term pregnancies
comparing TVBC, vaginal misoprostol and dinoprostone also report TVBC to
be more effective (Prager et al., 2008). In addition, a Turkish RCT on late term
and postterm pregnancies comparing TVBC and vaginal misoprostol reports
in favour of TVBC regarding efficacy (Gelisen et al., 2005). However, the
latest Cochrane review does not support our findings (de Vaan et al., 2019),
but only two trials (n=602 [India]) and n=180 [Sri Lanka]) formed the basis of
the conclusion in favour of OM regarding efficacy (Mundle et al., 2017,
Somirathne et al., 2017). The largest one included a high-risk population
(women with hypertensive disorder, IOL starting at 28 GW) and the smaller
one included a low-risk population (women at 40+6 GW). These conflicting
results can possibly be explained by different populations, different indications
for IOL, different dosages and intervals of misoprostol, different volumes in
the balloon or maximum duration of balloon treatment.

Our study lacked power to investigate safety outcomes. In contrast to two
RCTs (Mundle et al., 2017; Ten Eikelder et al., 2016) we found significantly
more metabolic acidosis in the OM group. Furthermore, also in contrast to
earlier published studies, we report less fever and less use of antibiotics during
labour in the OM group (Aghideh et al., 2014; Ten Eikelder et al., 2016).

In contrast to some qualitative and cohort studies (Falk et al., 2019;
Hildingsson et al., 2011; Lou et al., 2019), our study showed an overall positive
childbirth experience in both groups. In addition, Mundle et al., a RCT from
India comparing 10L with OM and TVBC in women with hypertensive
disorders reported more women being satisfied with their IOL in the OM group
(Mundle et al., 2017). However, these results are difficult to compare with ours
due to different indication for IOL and different cultural context.
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A strength of this study was the included population, consisting of low-risk
women exclusively, in combination with the comparison between OM and
TVBC. There are few studies evaluating OM compared with TVBC in late
term and postterm pregnancies (Goonewardene et al., 2014; Somirathne et al.,
2017). In addition, a strength was that we report on women’s childbirth
experience. The study was limited by the study design. A cohort study always
includes residual confounders. In this study the induction methods were used
at markedly different rates and applied somewhat differently in the
participating centres, which was a limitation. Hence, the effect of centre was
difficult to fully adjust for in our analysis.
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GENERAL DISCUSSION

The aim of this thesis was to clarify if a policy of IOL at 41+0-2 GW was
superior, in terms of neonatal and maternal outcomes and health economic
aspects, as compared with expectant management and induction at 42+0 GW
in healthy women with a low-risk singleton pregnancy as well as exploring
different cervical ripening methods. Our results show a reduction in adverse
perinatal outcomes without an increase in maternal adverse outcomes or
caesarean deliveries with a policy of IOL at 41+0-2 GW compared with
expectant management and IOL at 42+0-1 GW. Hence, our results are
reassuring for those who already changed management from I0OL at 42+0 GW
or beyond to IOL at 41+0 GW.

Perinatal and maternal outcomes

In Paper | we showed a decrease of perinatal mortality in the IOL group, but
not of the adverse perinatal composite indicator outcome or the composite
outcome including only the morbidity components. However, in Paper Il we
showed both a decrease in perinatal mortality alone and in the adverse perinatal
composite indicator outcome. Furthermore, in Paper Il a subgroup analysis
indicated that nulliparous women will benefit from IOL at 41 weeks. For
parous women we could not demonstrate an effect. However, the incidence of
adverse perinatal outcomes was very low in parous women and if there would
be a benefit/harm for them the number needed to treat/harm would be
substantially higher in order to prevent/cause one event of adverse outcome.
The overall reduction in adverse perinatal outcome was achieved without
increasing caesarean or operative vaginal deliveries or increasing maternal
morbidity.

The decrease in perinatal mortality without increase in caesarean deliveries are
in line with most MA published (Alkmark, Berglin, et al., 2020; Hussain et al.,
2011; Middleton et al., 2020; Wennerholm et al., 2009) but not all (Rydahl,
Eriksen, et al., 2019). The Rydahl et al. publication is a MA consisting of a
combination of RCTSs, quasi randomised studies (retrospective observational
studies) and observational studies and the authors conclude they do not have
the power to evaluate perinatal mortality. In contrast to our findings the most
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recent Cochrane review, including 34 RCTs, could not find any differences in
perinatal mortality or stillbirth for timing of IOL according to parity
(Middleton et al., 2020). However, observational studies have shown an
increased risk of PNM in nulliparous women with increased gestational age,
but not in parous women (Ingemarsson et al., 1997; Lindegren et al., 2017).

Regarding caesarean delivery, in the Rydahl MA, the pooled estimate from
RCTs of caesarean delivery is a mixture of RCTs and quasi randomised studies
(Rydahl, Eriksen, et al., 2019). The two true RCTs included in the MA reported
similar rates of caesarean deliveries in both groups (Gelisen et al., 2005;
Heimstad, Skogvoll, et al., 2007) Caesarean did not differ according to parity
in the latest Cochrane review, nor did admission to NICU, operative vaginal
delivery or lacerations Il and IV (Middleton et al., 2020).

We present other important differences between the IOL and the expectant
management groups in both Paper | and I, such as a decrease in admission to
neonatal care and macrosomia in the IOL group compared with the expectant
management group. In Paper Il we investigated the outcome ‘admission to
neonatal care >4 days’ in order to mirror only severe neonatal outcomes, and
we showed a significant decrease in the IOL group. In addition, in both Paper
I and I, we present a significant decrease in hypertensive disorder of
pregnancy in the 10L group compared with the expectant management group.

Cost-effectiveness outcomes

In Paper Il a CEA is presented and we found no significant difference of total
cost per birth for a policy of IOL at 41+0 GW compared with expectant
management. However, the delivery cost was significantly higher in the IOL
group. The difference was €342 (95 % CI 184-501), a 13 % increase. The costs
for neonatal care and costs for antenatal outpatient’s visits were significantly
lower in the IOL group. The LYs and QALYSs in the IOL group were higher,
due to the reduction in perinatal mortality. The ICER for a policy of IOL at
41+0 GW was low (€601) in relation to what the Swedish National Board of
Health and Welfare considers a threshold for high costs per QALY (€50 000)
(SBU, 2018). These findings concur with earlier studies (Einerson et al., 2020;
Goeree et al., 1995; Kaimal et al., 2011). In Walker et al. they even report a
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lower cost per birth in the IOL group and an ICER of —£114 500 per QALY
(Walker et al., 2017).

According to our findings, implementing 10L at 41+0 GW would involve 10L
of approximately 22 % of the pregnant population in Sweden. An increase in
delivery cost per women by €342 would result in an additional cost of
€8 652 600 (115 000 deliveries per year in Sweden) for the delivery care
system. However, this increase in costs will be compensated by a decrease in
costs for outpatient visits and costs for neonatal care.

In summary, the intervention IOL at 41+0-2 GW is cost-effective by far
according to the Swedish National Board of Health and Welfare and the
possible increase of costs for the delivery units will be compensated by a
decrease in costs for the antenatal clinics and neonatal units.

Methods for cervical ripening

The need for the safest and most effective method for ripening the cervix in
this low-risk late term population will be of even more interest when as much
as 22 % of the pregnant population could undergo IOL. In Paper IV we
evaluated OM compared with TVBC as a method for ripening the cervix. The
primary efficacy outcome was significantly lower in the OM group. Hence,
more women in the TVBC group gave birth within 24 hours and these results
persisted at 36 hours, but not at 48 hours. In the literature, we only found two
RCTs comparing OM with TVBC in low-risk almost (40+6 GW) late term
pregnancies. These relatively small trials (h=152 and n=180) were from the
same research group (Goonewardene et al., 2014; Somirathne et al., 2017). In
the trial from 2014, a regime of two doses of 25 pug of OM four hours apart
was compared with a regime of TVBC for 24 hours. There were no differences
in induction-to-delivery interval or caesarean delivery rate between the two
groups, but significantly more women (both nulliparous and parous) had a
Bishop sore > 6 in the TVBC group after 24 hours (Goonewardene et al., 2014).
The trial from 2017 compared three doses of 50 pg of OM four hours apart
with 24 hours’ treatment with a TVBC. Significantly more women (both
nulliparous and parous) gave birth vaginally within 24 hours in the OM group
compared with the TVBC group. There were no differences in caesarean
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delivery rate between the groups (Somirathne et al., 2017). The latest Cochrane
review evaluating TVBC compared with OM included eight RCTs (including
the two trials described above), but only two (n= 602 and 180) reported on the
primary outcome ‘vaginal delivery not achieved within 24 hours’ (de Vaan et
al., 2019). The primary outcome was in favour of OM. The largest trial (h=1
845) included in the review, but not in the primary outcome, also presented
results in favour for OM regarding efficacy (Ten Eikelder et al., 2016). They
reported delivery within 24 hours and not vaginal delivery within 24 hours,
hence this was probably the reason why it was not included in the analysis of
the primary outcome. Our findings are in line with a large cohort study
conducted in a Swedish population including both high and low-risk term and
postterm singleton pregnancies (Wollmann et al., 2017). Furthermore, our
study shows similar results as two RCTs comparing vaginal misoprostol with
TVBC (Gelisen et al., 2005; Prager et al., 2008).

Our study was not powered for evaluating safety outcomes and we only found
a significant difference in metabolic acidosis in favour of TVBC. However,
there were several missing results of the umbilical cord blood sampling
reducing the reliability of the results. Ten Eikelder et al. presented similar
safety results in the OM and the TVBC group (Ten Eikelder et al., 2016). The
Cochrane review concluded that it is still unclear whether there is any
difference between the two methods regarding safety for the newborns and the
women (de Vaan et al., 2019).

In Paper IV we also investigated women’s experience regarding the two
different cervical ripening methods. Overall women reported a positive
childbirth experience and the results were similar in both groups.

Methodological considerations

The basis of this thesis was a large RCT (SWEPIS) followed up by an IPD-
MA and a health economic evaluation using a CEA method. The two principal
cervical ripening methods used within SWEPIS, OM and TVBC, were
assessed by a cohort study. However, the best study design for evaluation of
rare outcomes, such as perinatal mortality and morbidity have been up for
debate.
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Randomised controlled trials

In order to establish a causal relationship between an intervention and outcome
RCTs have been considered the golden standard methodology because their
ability to minimise risk of bias regarding known and unknown confounders.
However, conducting RCTSs, especially when a rare outcome is studied is
costly, time-consuming and the external validity may be questionable. In
addition, when studying a rare outcome, the large number of patients needed
to be recruited will also be an obstacle hard to overcome. Hence, observational
studies based on large databases “big data” (Greenwood, 2014) have been
promoted to replace RCTs in these circumstances (Franklin et al., 2017;
Galson, 2016). Franklin et al. and Hernn et al. both describe how to plan and
conduct such observational studies in order to emulate the target trial as
appropriately as possible (Franklin et al., 2017; Hernan et al., 2016). Moreover,
a controversy regarding observational studies ability to estimate effect size is
ongoing. There is evidence for observational studies, especially retrospective
observational studies, overestimating the effect size (loannidis et al., 2001,
Oliver et al., 2010). Yet, it has been argued that this is not true and that well
executed observational studies does not differ regarding effect size compared
with RCTs (Concato et al., 2000; Golder et al., 2011). However, there are still
difficulties to overcome and large observational studies may incorrectly
conclude that there is no effect of the intervention or inaccurately promote a
causal effect where there is none (Collins et al., 2020). Furthermore, even
though adjustments for known covariates are made the treatment effect may
still be attributed to both unmeasured and unknown confounders.

A difficulty often discussed when assessing RCTs is the external validity.
External validity refers to how applicable the results of a study is outside the
study’s context. That is, are the results of the current trial generalizable to a
broader population? Roberts et al. argue that it is more important to focus on
the mechanism of the intervention than if the population studied is statistically
representative or not (Roberts et al., 2014). Hence, one should not confuse
statistical inference with scientific inference. In statistical inference, a
representative sample is important for the conclusion to be more accurate.
Regarding scientific inference, understanding how biology functions in
interaction with the intervention is more important (Roberts et al., 2014)
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(Rothman et al., 2013). Therefore, when evaluating external validity
consideration should be taken to the mechanism leading to the treatment effect
in relation to the study populations characteristics and ask if it is reasonable
that the treatment will have a similar effect in another population and under
other circumstances.

In summary, conducting a RCT generate a higher certainty of evidence than
observational studies, even though the latter are based on larger cohorts.

Meta-analysis

As stated in the previous section of this thesis, conducting a large RCT in order
to evaluate rare outcomes can be difficult. A method to overcome these
problems is to conduct a MA where you combine evidence from several studies
evaluating the same research question. Hence, a MA aims at summarising
estimates of individual trials into a pooled estimate for all included trials. In
order to perform a MA a systematic review of the literature is needed to gather
all evidence within the research field.

MA can be conducted with aggregate data or with IPD (Riley et al., 2010).
Aggregate MA is the most frequently used method due to its low-cost and time
effectiveness as the data is easily accessible (data from published articles). In
conducting an aggregate MA, a conversion of individual study results into a
common scale is made (events per population). Furthermore, each individual
study estimate is reported in a forest plot and finally a pooled estimate for all
included studies is calculated. The forest plot enables a direct interpretation of
estimates of the included trials and their contribution to the pooled estimate.
However, MA of aggregated data is vulnerable to publication bias (research
with negative results are less likely to be published) leading to a risk of
overestimating effects (Blettner et al., 1999). The researcher conducting the
MA has restricted control over the data, hence the heterogeneity between the
included studies is of most importance when interpreting the results of an
aggregate MA. The heterogeneity reflects the variation in study design,
analysis approaches, how the outcome variables have been categorised and
how the data have been collected (Blettner et al., 1999).
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An advantage of an IPD MA includes a greater control of the data and the
possibility to decrease the heterogeneity through harmonising definitions of
outcomes, inclusion and exclusion criteria and measures used in the different
studies (Stewart et al., 2015). An additional advantage is the possibility to
include unpublished data by approaching all researchers within the field in
order to increase the number of included participants and, hence, increase
power of detecting differences in rare outcomes (Riley et al., 2010; Tierney et
al., 2015). Furthermore, in addition to improving quantity and quality of data,
an IPD MA approach increases the possibility to undertake subgroup analyses
(Tierney et al., 2015). However, an IPD MA is time consuming and expensive
due to its need for collaboration between all researchers responsible for the
included trials, reanalyses and storage of data.
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Figure 10. Evidence pyramid. The hierarchy of evidence and the role of the
individual participant data (IPD) meta-analysis in knowledge creation is presented.
The reliability of evidence needed for the evidence informed decision making in
health increases as we move up the pyramid. It is expected that individual participant
data meta-analysis would speed up the knowledge creation. (Krleza-Jeri¢ et al.,
2016)

In summary, a well-executed IPD-MA is considered to create more robust and
detailed results, deliver the highest certainty of evidence and give more
possibilities to investigate subgroups (Figure 10). However, it is more
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expensive and time consuming to perform (Krleza-Jeri¢ et al., 2016; Tierney
et al., 2015; Tierney et al., 2020).

Individual participant data meta-analysis methods

When conducting an IPD-MA, consideration regarding the recruitment of
individuals according to different trial protocols must be taken. To merge the
IPD in to a mega file for analysis could lead to biased comparisons and
overestimation of effects. Hence, you need to account for participants’ origin
of trial during the analysis. The two-step approach, in relation to the one-step
approach, is more commonly used. In a two-step approach, the first step of
analysis includes harmonising the data from each included trial and calculate
new estimates for each outcome in each individual trial. In the second step
these estimates are combined using the same methods as in an aggregate MA
resulting in a forest plot. In the one-step approach a single model is adapted to
the individual study results and typically includes a regression model where
trial origin and/or important differences between studies are accounted for. The
one-step model usually reduces the risk of bias if the trials included are small,
the effect is large or outcomes studied are rare. Hence, a well-executed one-
step approach is to prefer over the two-step approach because it does not need
additional steps in order to make the most of the available data (Fanshawe et
al., 2019; Tierney et al., 2015).

In order to investigate rare outcomes and perform subgroup analysis we
preferred an IPD MA approach instead of a regular aggregate MA. In addition,
a one-step approach for our IPD-MA was chosen because of the rarity of
studied outcomes and the relatively large effect. However, for outcomes where
Peto odds ratio was used a two-step approach was chosen because Peto odds
ratio can only be used to pool odds ratio.

Health economic analyses

The method of choice regarding economic evaluation of interventions within
the healthcare system is CEA where you measure outcome in e.g., LYs or
QALYs gained or disability days prevented and total costs for an intervention
(Sanders et al., 2016). Other approaches are to perform a cost consequence
analysis, cost minimisation analysis or a cost benefit analysis (Husereau et al.,
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2013). The cost consequence analysis investigates costs and consequences in
a broader perspective without using LYs and QALYSs. Costs and outcomes of
a new intervention is presented in a descriptive table leaving the reader to
decide on relevance and importance of the information (Mauskopf et al., 1998).
A cost minimisation analysis is conducted when there are no differences in
treatment effects between the interventions compared. Thus, only costs
associated with respective intervention are compared (R. Robinson, 1993).
Lastly, cost benefit analysis is a method where all consequences, both health
and costs, are presented in monetary units. Hence, gain in health and lives are
converted into a monetary unit based either on what a person is paid (the human
capital approach) or on individuals’ observed or stated favourable treatment
(the estimate of money a person is willing to accept for an increased risk or is
willing to pay for a service) (R. Robinson, 1993).

All these approaches can be conducted alongside a clinical trial or be based on
a decision analytic model or both. In order to perform a valid health economic
analysis alongside a clinical trial it should be a pragmatic trial. That is, the trial
should be conducted in a real clinical situation and not in a special research
facility, the control treatment should be the most relevant cost-effective
treatment used, the trial should be sufficiently powered and the follow-up
period should be long enough to include relevant costs (Svensson, 2019). The
medical results of the trial and costs collected from administrative systems are
the raw data for performing a health economic analysis, usually a CEA if LYs
or QALYs have been evaluated within the trial (Svensson, 2019). If some or
all of these criteria are absent, a decision analytic model can be used. The
method is based on data from previously published studies, registers,
administrative systems or even expert estimates in lack of better options. A
health economic evaluation alongside a clinical trial meeting all the above
mentioned criteria renders the most reliable results. However, a decision
analytic model is of most help when no clinical trial is present or when the
follow-up is too short to include relevant costs.

Observational studies

Paper IV is an observational study within SWEPIS. As a result of the
investigated research questions nature, the large number of included centres
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and the IOL methods used being according to local protocol several
confounders were present. A confounder is a variable different from the
intervention itself, which affects both the exposure and the outcome (Figure
11). Therefore, a confounder could be the real cause of an established
relationship and not the intervention studied. For example, Bishop score may
influence both the choice of cervical ripening method and the delivery outcome
and if not adjusted for could be the real cause of TVBC being more effective
than OM.

Confounder
(Bishop score)

Risk factor

Association I

Exposure QOutcome
(cervical ripening (Time to vaginal

method) delivery)

Relationship of interest

Figure 11. Illustration of a confounder and its relationship with exposure and
outcome

A pragmatic criterion for conventional covariate adjustment in a regression
model is to have at least 10 events per covariate included. This might be
difficult when there are low numbers of events or few patients in an
observational study (Harrell et al., 1984). Considering the large number of
confounders in our study, conventional adjustment for covariates was not
possible. Adjustment with PS is a way to overcome this obstacle. In a RCT the
probability of allocation to either intervention is 0.5 but in an observational
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study the probability is unknown and dependent on the reported baseline
characteristics. A PS is the probability of intervention allocation based on the
reported baseline characteristics including important confounders such as
clinical environment and caretakers’ preferences (Haukoos et al., 2015; Kuss
et al., 2016). A regression model with the intervention as dependent variable
and baseline characteristics before the intervention and/or known confounders
as independent variables are often used to calculate the PS. Moreover, PS
strives to convert an observational study to mimic a RCT as much as possible
(Austin, 2011). Hence, we used the PS approach and included all centres
(n=15) and most baseline characteristics in the process of creating the PS.

There are four different PS models to choose from, matched PS, stratified PS,
inverse probability weighting PS and using the PS as a covariate in a regression
model (Austin, 2011). What model to use depends on the distribution of the PS
of the treatment and control group (Elze et al., 2017). In our study PS were
distributed with poor overlap between the OM and TVBC group and a large
number of PS was close to the value zero and one (Figure 12).

This distribution made it more difficult to choose the best PS model for our
study. PS by matching would result in exclusion of a large part of the
participating women because many women in the OM group would not get a
match and therefore be excluded. PS by stratification would be a problem
because possible strata would be too few due to the distribution but also due to
low numbers of safety events in each stratum. PS by inverse probability
weighting would give a substantial weight to a few women in both groups but
especially in the OM group leading to more imprecise estimates of treatment
effect and lack of covariate balance (Elze et al., 2017).

In Paper IV we choose to use the PS approach in order to construct intervention
groups similar to each other enabling a more accurate evaluation of the
relationship between the two interventions.

PS as a covariate in a regression model was the chosen method due to its
simplicity and the pitfalls in the other PS models.
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Figure 12. Propensity score distribution in Paper IV

Strengths and limitations

Strengths and limitations of the individual studies are presented in the result
section under the subheading comments. Being able to perform a pragmatic
RCT to evaluate rare outcomes is a strength. It was possible due to the
collaboration of several delivery units in Sweden and the possibility to use
national quality registers for collecting outcome data. Furthermore, an asset in
this thesis is the low number of women and newborns lost to follow up
increasing the reliability of the results. Lastly, evaluation of women’s
childbirth experience has been performed within SWEPIS (Wessberg et al.,
2017, 2020) (Nilvér et al., 2021, Women’s childbirth experience in the
Swedish Postterm Induction Study [SWEPIS]: a multicentre, randomized,
controlled trial, revision submitted Dec 2020), making it possible for us to
investigate the differences in childbirth experience in Paper IV.
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As stated in the result section regarding Paper I, a limitation affecting the
results of Paper I-111 is the early termination of SWEPIS. A study compared
truncated with non-truncated RCTs and concluded that there was an increased
risk of overestimating positive treatment effect/harm if an RCT is stopped early
(Bassler et al., 2010). This risk increases if the outcome is rare, the number of
patients included in the trial is low and if the effect size is small (Bassler et al.,
2013). However, according to another research group this conclusion is invalid
due to the fact that truncated studies are stopped early because a positive
treatment effect/harm was achieved earlier than expected and therefore one can
expect an average larger effect size than non-truncated trials (Goodman et al.,
2010). On the other hand, simulation studies indicate that the overestimation
effect is limited and exaggerated (Wang et al., 2016). Furthermore, the bias
related to truncating a trial usually disappears when included in a MA (Bassler
et al., 2010; Goodman et al., 2010). In Paper I, the outcome perinatal mortality
is rare, which may increase the risk of overestimation. On the other hand, the
number of included women are relatively high and the effect size is relatively
large, which may decrease the risk of overestimation. Since SWEPIS has great
weight in the IPD MA in Paper Il, the risk of overestimation might not be
completely neutralized. However, once again, the total number of patients is
relatively large and the effect size is large regarding perinatal mortality,
reducing the risk that the IPD MA overestimated the effect size due to that
SWEPIS was stopped early. Furthermore, the results of SWEPIS and our IPD
MA are similar to the results of the latest Cochrane review (Middleton et al.,
2020). Thus, one can argue that the higher perinatal mortality in the expectant
management group in Paper | is plausible as we know that the risk of fetal
death increases with the duration of pregnancy and that the relative risk of fetal
death is higher in late term/post term pregnancy (Muglu et al., 2019).

Another limitation of this thesis is the exclusion of women with a previous
caesarean delivery or major uterine surgery. The caesarean delivery rate has
increased considerably from 7 % in 1990 to 19 % in 2014 worldwide including
both high-, middle- and low-income countries (Betran et al., 2016). In Sweden,
the increase is similar, in 1973 the caesarean rate was 5.3 % and in 2019 it had
increased to 17.7 % (MBR, 2020). Between 1992 and 2015 a twofold increase
of caesarean delivery with a previous uterine scar as indication was reported in
Sweden (da Silva Charvalho et al., 2019). This situation results in a
considerable number of women with a previous uterine scar not delivered at
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41 GW. The latest Cochrane review assessing IOL compared with repeat
elective caesarean delivery in women with a previous major uterine scar did
not find any eligible RCTs (Dodd et al., 2017). Another Cochrane review
comparing different 1OL methods in women with a previous caesarean
delivery found eight RCTs, all evaluating different methods (West et al., 2017).
Presenting a pooled estimate of outcomes was not possible and most RCTs
were underpowered for detecting differences in relevant outcomes.

A reason for not including women with a previous caesarean delivery in RCTs
evaluating IOL compared to expectant management or repeat caesarean
delivery is the relative contraindication for using prostaglandins as IOL
method, due to an increased risk of uterine rupture. The risk of uterine rupture
after IOL in women with a previous caesareans delivery is estimated to 1-2 %
(ACOG, 2019). This causes methodological difficulties when planning a trial
comparing IOL with expectant management or repeat caesarean delivery.
Hence, including women with a previous uterine scar in a RCT in order to
evaluate them as a subgroup would increase the need of included women
significantly resulting in the RCT being impossible to perform. Including these
women without the intention to evaluate them as a subgroup would make the
interpretation of the results difficult. Therefore, we do not address the risks of
IOL or expectant management for this group of women and their newborns in
this thesis.

An additional limitation is the lack of patient involvement. It has been argued
that patient and public involvement increases the relevance, validity, quality
and success of research (Goodare et al., 1995; Gradinger et al., 2015) and
several funders require patent and public involvement (Boivin et al., 2018).
Furthermore, patient and public involvement in research has shown to increase
patient enrolment in clinical trials (Crocker et al., 2018). Hence, when planning
the next research project, we will consider patient and public involvement.

Ethical aspects

According to our research a policy change from IOL at 42+0 GW to 41+0 GW
will reduce perinatal mortality and morbidity without increasing caesarean
delivery, operative vaginal delivery or maternal morbidity such as postpartum
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haemorrhage or perineal lacerations IlI-1V. Inducing women at 41+0 GW
instead of 42+0 GW would potentially save 100 newborns per year in Sweden
from severe morbidity or mortality. In addition, a reduction in admissions to
neonatal care, newborns being small for gestational age or macrosomic and
neonatal jaundice may be a result of early 10L. Furthermore, it is likely to
decrease the number of women developing hypertensive disorder of
pregnancy. Negative medical effects of a policy change may be an increase in
use of pain relief and antibiotics during labour. However, overall, IOL in late
term pregnancy is in line with the ethical principle of beneficence and non-
maleficence.

The ethical principal of autonomy is important to consider. There are presently
diverse and strong opinions among caregivers regarding IOL and its efficacy
and safety. The absolute risks of mortality or severe morbidity are low with
expectant management and IOL is associated with need for more pain relief
and use of oxytocin (Alkmark, Keulen, et al., 2020; Keulen et al., 2019;
Wennerholm et al., 2019). Furthermore, IOL is an intervention in the natural
birth process and some women would like to avoid interventions and believe
that the individual benefits being greater with expectant management. Hence,
it is of utmost importance that written information on benefits and risks
regarding IOL versus expectant management is unbiased, understandable and
easily available for all women considering IOL at late term. In order to fulfil
the ethical principal of autonomy it is crucial that women have the opportunity
to make an informed decision.

The last of the four basic ethical principles within the healthcare system is
justice. Anincrease in IOL can potentially create displacement effects resulting
in women being referred to other hospitals or receiving substandard care. In
addition, a policy of IOL at 41+0 GW would result in increased costs for the
delivery unit, but not the total cost for the health care system. This might result
in other health care services within the delivery care receiving reduced
funding. However, the CEA in Paper 111 showed a cost per QALY far below
the threshold for what is considered a cost-effective intervention. If there is a
benefit in saved lives a higher cost would be justified.

In summary, there are no or little evidence supporting that offering IOL at GW
41+0 instead of expectant management until GW 42+0 should be unethical as
long as the autonomy of the patient is respected.
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CONCLUSION

This thesis has evaluated 10L at 41+0-2 GW as compared to expectant
management and IOL at 42+0-1 GW with respect to perinatal, maternal and
delivery outcomes. We have shown a benefit, especially in nulliparous women,
for a policy of IOL at 41+0-2 GW due to:

» Anoverall reduction in perinatal adverse composite indicator
outcome including perinatal death and severe neonatal
morbidity. In a subgroup analysis these benefits were shown
in nulliparous women. For parous women the effect is still
unclear. The magnitude of risk reduction of perinatal
mortality remains uncertain because the trial in Paper | was
stopped early due to safety reasons.

» An overall reduction in admission to neonatal care, and
especially a reduction of admission to neonatal care for four
days or more indicating a reduction in newborns with severe
morbidity.

» A reduction in women with hypertensive disorders of
pregnancy.

» No increase in caesarean deliveries or operative vaginal
deliveries.

» No increase in maternal morbidity such as postpartum
haemorrhage or 111- and IV-degree perineal lacerations.

» No significant increase in total costs for the health care

system. ICER for both LYs and QALY would be well below
the recommended threshold for being cost-effective.
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In Paper IV we showed an advantage of cervical ripening with a TVBC over
the use of OM in late and postterm pregnancies due to:

» An increase in vaginal delivery within 24 hours when a
TVBC is used for IOL. The results withstand at 36 hours.

» Shorter time from start of 10OL to vaginal delivery in the
TVBC group compared with OM.

» Similar results regarding caesarean and operative vaginal
delivery.

» Similar results regarding neonatal and maternal safety
outcomes.

» Similar results regarding women’s experiences in the two
groups.

In summary, there are medical benefits of IOL at 41+0-2 GW compared with
expectant management and IOL at 42+0 GW. The health economic evaluation
shows that IOL at 41 GW is cost-effective, i.e. entails a low cost per QALY
gained. Furthermore, OM and TVBC are almost completely comparable,
except for TVBC being slightly more effective regarding efficacy. Hence, it is
of importance that women approaching 41+0 GW receive unbiased and easily
understandable information, both oral and written, regarding benefits and risks
with IOL at 41+0 GW compared with expectant management. It is a
prerequisite in order to make an informed decision for herself and her unborn
infant.
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FUTURE PERSPECTIVES

Our four papers have contributed further information to the research question
about how to manage late term pregnancies. Nevertheless, there are still
scientific knowledge gaps. The extent of decrease in perinatal mortality in late
term pregnancies is still not established. However, the likelihood of a new RCT
powered to detect differences in perinatal mortality between IOL at 41 GW
and expectant management until 42 GW being conducted is low.

Women with a previous major uterine scar

One important knowledge gap is, as mentioned earlier, the lack of information
regarding management of women with a major previous uterine scar. The latest
Cochrane review comparing elective repeat caesarean delivery with IOL in
women with previous caesarean delivery found no RCTs addressing this
research question (Dodd et al., 2017). Hence, recommendations regarding
management strategies are based on non-randomised trials and benefits/harm
with either strategy should be interpreted with caution. It would be of utmost
interest to conduct a large RCT evaluating the risks with IOL at 41+0 GW
compared with expectant management or elective repeat caesarean delivery.
Several national guidelines do not consider 10OL after one caesarean delivery
as a contraindication, but stresses the importance that information regarding
risks/benefits with IOL and elective repeat caesarean delivery is given to the
women (ACOG, 2019; G. NICE, 2008; Sentilhes et al., 2013). In addition,
most clinical guidelines advice against use of misoprostol for IOL in women
with previous uterine scar due to a possible high risk of uterine rupture. As
mentioned earlier the latest Cochrane review investigating different 10L
methods in women with a previous vaginal delivery concludes there are not
enough evidence from RCTs to promote one optimal method of IOL, but points
out that one study using misoprostol was stopped early due to safety reasons
(West et al., 2017). The likelihood of a large well executed RCT powered for
investigating perinatal outcome being conducted is low due to the difficulties
associated with conducting RCTs described earlier in this thesis.

Exploring other risk factors

As presented earlier in this thesis, advanced maternal age, high BMI, being
nulliparous, and carrying a male fetus has been put forward as risk factors for
stillbirth. We explored maternal age >35 years, parity, BMI >30 and fetal sex
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in a subgroup analyses and found that parity was significant for adverse
perinatal composite indicator outcome. We showed that nulliparous women
benefit from I0OL at 41+0-2 GW but the risk for parous women to be affected
by an adverse perinatal outcome was considerably lower. However, an
interaction analysis for perinatal death was not possible due to the low perinatal
mortality rate. In Paper | all the perinatal deaths occurred in nulliparous women
but in the INDEX trial two out of three perinatal deaths occurred in parous
women (Keulen et al., 2019; Wennerholm et al., 2009). Furthermore, the
subgroup analysis in Middleton et al. 2020 did not find perinatal mortality to
bee differently affected by IOL in parous vs. nulliparous women. Therefore,
there is still some uncertainty about how to select women at risk in the low-
risk population of parous women (Delaney et al., 2008; Lawn et al., 2016;
Lawn et al., 2006).

Exploring the optimum time point for induction of labour in low-risk
pregnancies

In planning and conducting our trial in Paper | we received questions regarding
our choice of comparison groups. Opposing arguments for the optimal time
point for delivery e.g. 38 GW, 39 GW or 40 GW have been put forward by
several research groups (Grobman et al., 2018; Muglu et al., 2019; Rosenstein
et al., 2012). Grobman et al. conducted a RCT comparing IOL at 39+0-4 GW
with expectant management in over 6 000 nulliparous women and showed a
nearly significant reduction in perinatal adverse outcome (a 95 % Cl including
1.00 as the upper limit) and a significant reduction in caesarean deliveries
(Grobman et al., 2018). Perinatal mortality and morbidity increases gradually
after 38 GW but becomes progressively higher after 41 GW. A policy of I0L
at term compared with late term would comprise approximately 50 % of all
pregnancies. Hence, even though the rate of perinatal mortality and morbidity
is lower at the 39-40 GW, the absolute number of fetuses and newborns with
adverse perinatal outcomes are higher. Hence, conducting a trial comparing
IOL at 39-40 GW with expectant management until 41 GW has the potential
to save more fetuses and newborns from adverse outcomes. However, the NNT
in order to avoid an adverse perinatal outcome would probably be high
resulting in a need for a large study population in order to detect significant
differences between the groups. Furthermore, it would increase the workload
considerably at the delivery units.
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Increased surveillance

Fetal surveillance with ultrasound or ultrasound in combination with CTG or
CTG alone has been argued for in order to detect fetuses at risk. As described
earlier in this thesis there is low evidence that any surveillance method reduces
perinatal adverse outcome in late term pregnancy (ACOG, 2014; Delaney et
al., 2008; Henrichs et al., 2019; Lindgvist et al., 2014; Nabhan et al., 2008).
The possibility of performing a RCT comparing I0L at 41+0 GW with
expectant management with different fetal surveillance methods and IOL at
42+0 GW seems unlikely with regards to our research results. However, the
possibility to conduct a RCT comparing IOL in 39-40 GW with expectant
management and different fetal surveillance methods or just comparing
different fetal surveillance methods with no fetal surveillance might be
feasible.

Organisational aspects

By tradition it is common, in Sweden today, to start IOL at the delivery ward
and keep the woman there throughout the whole birth process until
approximately two hours after delivery. Recent research shows a significant
increase in time from admission to the delivery ward until delivery in induced
women compared with those with spontaneous onset of labour (Grobman et
al., 2018; Keulen et al., 2019; Wennerholm et al., 2019). If IOL at 41+0 GW
is introduced in Sweden it will result in a considerable increase in women being
induced and, thus, an increased burden on staff and room availability at the
delivery units. It may compromise patient safety by displacement effects and
an increase in referrals to other hospitals due to lack of available beds and staff.
However, if current management strategy prevails some kind of fetal
surveillance probably is needed (ultrasound assessment and or CTG) during
the time period between 41 and 42 GW, which also requires increased
resources.

In pursuance of maintaining safety, organisational changes have to be
considered. The increase in inductions will consist of low-risk late term
pregnancies with a fetus in cephalic position. Thus, one could argue that the
need for fetal surveillance and nursing of the women might not be as important
as when inducing a woman for other medical reasons. Hence, outpatient IOL
could be an alternative. A recent Health Technology Assessment report
regarding outpatient versus inpatient IOL in term low-risk singleton
pregnancies concluded that there is very low certainty of evidence regarding
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safety aspects for the mother and fetus (Berglin L, 2020). Further, they
concluded there is a need for well conducted RCTs addressing this question.
Another alternative could be to start the induction at a ward with less resources
in order to spare the high-resource delivery ward and, thus, maintain patient
safety.

Evaluation of policy change

If a policy change from IOL at 42+0 GW to IOL at 41+0 GW in women with
a low-risk pregnancy is introduced in Sweden a golden opportunity to plan and
perform a register-based cohort study will present itself. There have been
policy changes regarding IOL in women with low-risk pregnancies at late term
in other countries and several well executed cohort studies have derived from
them. In Sweden, we have a long tradition of using data from national health
data and quality registers for large cohort studies. Hence, a study comparing
five years before the policy change, e.g., 2010-2015 with five upcoming years
e.g., 2022-2027 would be of interest.

Summary

In summary, RCTs regarding how to manage women with a previous major
uterine scar is warranted but probably difficult to conduct. Hence, we might
have to rely on large cohort studies to gather more evidence. Moreover,
continuous research on the optimal time point for IOL in low-risk pregnancies
in order to reduce term perinatal mortality would be of interest, as would
research on subgroups of low-risk women who benefit most from IOL. In
addition, more research on effective fetal surveillance regimes that would
benefit pregnant women and their unborn infant in term pregnancies would
contribute to the understanding of the best management of low-risk
pregnancies at term. Lastly, continuous evaluation of any policy change
regarding IOL in low-risk late term pregnancies is of high interest.
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