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Abstract

Background: Short cervical length is a risk factor for preterm delivery (PTD) and
screening of cervical length using transvaginal ultrasound in the second trimester is
a proposed method to find women at risk

Aims: To examine the potential value of routine measurement of cervical length in
a Swedish population of women with singleton pregnancies in the prediction of PTD.
To estimate inter- and intra-observer agreement and reliability of cervical length
measurements.

Methods: Women at routine fetal scan examinations in the second trimester were
recruited to a study measuring cervical length with transvaginal ultrasound.
Assessments were performed by certified midwives. Women were recruited at two
Swedish centers in the PILOT study (Paper I) and at seven Swedish centers in the
CERVIX study (Paper II). In the PILOT study the results of the measurements were
not blinded but in the CERVIX study they were. The cervix was measured once in
the PILOT study and twice, at least two weeks apart, in the CERVIX study. The
isthmus was measured separately in the CERVIX study. The REPRODUCIBILITY
study (Paper III) forms part of the CERVIX study and consists of two studies: the
LIVE study and the CLIPS study. In the LIVE study, seven pairs of midwives
assessed cervical length in between 24 and 30 women each. In the CLIPS study, 16
trained examiners (raters) measured cervical length twice at least two months apart
on 93 video clips. The midwives were blinded to each other’s results and in the
CLIPS study also to their own previous results.

Results: Paper I: In the PILOT study, cervical length was measured in 2122 women.
Median cervical length at 16-23 gestational weeks (GW) was 39.0 mm and the
prevalence of a short cervix (<25 mm) was 0.5%. There was a significant association
between cervical length and spontaneous PTD <34 GW.

Paper II: The CERVIX study included 11 456 women. The prevalence of
endocervical length <25 mm was 4.0% at 18-20 GW (Cx1) and 4.4% at 21-23 GW
(Cx2). Isthmus was present in 23% at Cx1 and in 9% at Cx2. The discriminative
ability of endocervical length was better in women with no isthmus than in women
with isthmus and better at Cx2 than at Cx1. At Cx1, to predict spontaneous PTD at
<33 GW the best cut-off point for endocervical length was <29 mm, which had a



sensitivity of 43%, Area Under receiver operating characteristic Curve (AUC) of
0.68. The corresponding figure at Cx2 was <27 mm with AUC 0.76. Using the 27
mm cut-off at Cx2 identified 54% of spontaneous PTD before 33 gestational weeks
with 35 false positive test results per one true positive and 449 women were screened
to correctly identify one woman as being at risk.

Paper III: For the best examiner pair in the LIVE study the mean difference between
the two examiners’ measurements of endocervical length was 0.33 mm, the limits of
agreement -4.06 to 4.72 mm, for the poorest examiner pair it was 0.73 mm and -11.7
to 13.2 mm, respectively. In the CLIPS study, the repeatability for the best rater was
3.9 mm and that of the poorest 9.6 mm (median 5.9 mm).

Conclusions: In the second trimester short cervical length is a risk factor for
spontaneous PTD - the shorter the cervix the higher the risk. At this point cervical
length has a moderate ability to identify women at risk, the disciminative ability
being higher to predict early PTD (<33 GW) than PTD 34-37 GW. Inter-observer
agreement and reliability of second trimester cervical length measurements differed
substantially between examiner pairs in the LIVE study and so did intra-observer
measurement error, repeatability and reliability between the examiners in the CLIPS
study.

Key words: Cervical length measurement, preterm delivery, second trimester of
pregnancy, prospective study, cohort study, observational study, mass screening,
reproducibility of results, inter-observer variation, intra-observer variation, data
accuracy, quality control
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1. Introduction

1.1 Preterm delivery
Definition

Preterm delivery (PTD) is defined by the World Health Organization (WHO) as
delivery before 37 gestational weeks (GW) or fewer than 259 days from the first day
of the woman’s last menstruation!. PTD includes singleton and multiple deliveries
resulting in a live newborn or a stillborn infant.

For PTD, the International Classification of Disease (ICD) encourages the inclusion
of all live births. WHO’s definition of stillbirth is delivery of a fetus with birth weight
>500 g without evidence of life after birth!. ICD defines stillbirth as a stillbirth after
22+0 GW, and many countries use this cut-off to define the lower limit of PTD as
>22+0 GW. In high income regions stillbirths contribute to 5% to10% of all PTD?.
In Sweden, the perinatal statistics include all live births and stillbirths > 22+0 GW
since 2008. Before 2008, stillbirths were defined as delivery >28+0 GW.
Miscarriages before <22+0 GW are not registered in perinatal statistics in Sweden.

PTD can be further subdivided according to the gestational age: extreme preterm
(<28+0 GW), very preterm (28+0-31+6 GW) and moderate preterm (32+0-36+6
GW). Late preterm (34+0- 36+6 GW) is sometimes distinguished from moderate
PTD?. In Sweden, between 1991 and 2001, the proportions of all PTDs were: extreme
preterm 4.3%, very preterm 10.4% and moderate preterm 85.3%*.

PTD can be divided into two categories on the basis of the clinical presentation and
the onset of delivery: medically indicated PTD and spontaneous PTD (sPTD).
Indicated PTD is delivery for maternal or fetal indications (a decision of the
obstetrician) while sPTD starts either with spontaneous preterm prelabor rupture of
the membranes (PPROM) or spontaneous preterm labour with intact membranes. Of
all PTDs, about 60% t075% are spontaneous and 25% to 40% are indicated *°. In
2005 in the United States, among singleton PTDs, 69% were sPTD and 31% were
indicated deliveries, whereas among twin pregnancies, the rates were 45 % and 55%,
respectively®. Etiology, treatment of symptoms and prevention of PTD (if possible)
are different for indicated and spontaneous PTD. Spontaneous PTD is associated
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with subclinical inflammatory or infectious processes in the membranes and
placenta, and cervical collagen ripening’-%.

Gestational age can be estimated in three ways: according to the first day of the last
menstrual period, according to the first or second trimester ultrasound examination,
or in the case of assisted reproductive technology, according to the date of embryo
transfer. The first trimester dating scan is performed between 11 and 14 GW and the
second trimester dating scan between 14 and 21 GW. In Sweden, first trimester
ultrasound dating is currently recommended’.

The formulas of Selbing and Kjessler modified by Saltvedt et al'®!!. are used for both
first and second trimester dating. Accuracy of determination of gestational age with
ultrasonography is +5 days (2 standard deviations [SD]) if biparietal diameter (BPD)
is between 22 mm and 31 mm and + 7 days (2 SD) if BPD is 32 mm to 50 mm!%!2,
In Sweden, 97% of women have gestational age assessed by routine ultrasound scan

(https://www.medscinet.com/gr/dokumentarkiv.aspx).

Epidemiology

The WHO estimates the worldwide rate of PTD in 2010 as 11.1% of all live births,
which is 14.9 million babies out of 135 million live births. Of these, 1.2 million occur
in high-income regions and 0.5 million (42%) of the latter group occur in the United
States?. Rates of PTD vary from about 5% in Northern European countries to 18.1%
in Malawi (Figure 1).

In the United States the PTD rate decreased between 2007 (10.44%) and 2014
(9.57%) but after that it increased to 9.93% in 2017 (Births: Final data for 2017:
https://www.cdc.gov/nchs/nvss/new_nvss.htm). The increase in the total PTD is mainly

due to an increase among late PTDs (34-36 GW) and, in particular, among births
occurring at 36 GW.

In Sweden, the total PTD rate <37 GW has been stable at between 6.1% and 5.6%
between 1985 and 2016 (MFR arsrapport 2018
www.socialstyrelsen.se/publikationer2018/2018-1-6) (Figure 2).
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Figure 1 Preterm deliveries in 2010. (reproduced with permission from WHO. Blencowe et al
20123. WHO. Born Too Soon, the Global Action Report on Preterm Birth, WHO 2012.
www.who.int/maternal_child adolescent/documents/born _too soon/en/ Chapter 2:
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Preterm deliveries <37 and <33 gestational weeks
in Sweden between 1985 and 2016
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Figure 2 Preterm delivery before 37 and 33 gestational weeks in Sweden between 1985 and
2016 according data from the Swedish Medical Birth Register’s annual report 2018
(www.socialstyrelsen.se/publikationer2018/2018-1-6)

Neonatal mortality, morbidity and long-term follow-up

PTD is an obstetric and neonatal problem affecting the child and its parents, the
community and healthcare services. It is also associated with increased mortality,
morbidity and neurological disabilities. Mortality and morbidity associated with
PTD are high among extreme preterm neonates but decline with increasing
gestational age'®. Globally, the PTD is a major cause of neonatal deaths and PTD
comprises 35.4% of all neonatal deaths during the first 27 days'®. A notable
proportion, 17.8%, of child deaths up to five years of age is caused by PTD
complications'>. In most high-income countries the survival rate at 24 GW is 50%,
while in many low or middle-income countries the survival rate is 50% at 34 GW?2.
Interventions to prevent and treat pneumonia and diarrhoea (vaccinations, water and
sanitation improvements, oral rehydration solutions), improved labour and delivery
management, antenatal corticosteroids, and kangaroo mother care are the
recommended methods to reduce neonatal deaths and improve the outcome for
preterm babies!'®!7. A Swedish study showed a statistically significant improvement
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in the survival rate of extreme preterm births (<27 GW) during recent years'8. Two
cohorts of extreme preterm infants were compared, one born between 2004 and 2007
and the other born between 2014 and 2017. One-year survival rates were 70% and
77%, respectively'®.

Necrotizing enterocolitis, pulmonary complications (respiratory distress syndrome,
bronchopulmonary dysplasia, pneumothorax), retinopathy of prematurity and
blindness occur more frequently in preterm than in term neonates and especially in
neonates born <27 GW or with birthweight <1000g'*!°. The onset of PTD,
spontaneous or indicated, may influence neonatal morbidity due to different
etiologies?®. However, a study of extreme preterm neonates showed no difference in
morbidity and mortality for spontaneous versus indicated PTD after adjustment for
birth weight?!.

Neurological sequele, especially cerebral palsy (CP), are more common in infants
born extremely or very preterm (Figure 3)?>. CP causes a lifelong disability and
affects about 2 per 1000 live births in Sweden??. For infants born <28 GW the
prevalence of CP was 59 per 1000 live births in a Swedish study performed between
2007 and 2010?2. The prevalence of CP according to gestational week at delivery,
between 1973 and 2010, is shown in Figure 422,

Cognitive, language and motor development were assessed using the Bayley-III scale
at the age of 2.5 years in infants born <27 GW (of live births 69% of infants survived
to 2.5 years)*’. Moderate or severe disability was found in 27% of infants. Among
those born at 23 GW, 51% had moderate or severe disability, and among those born
at 26 GW the corresponding figure was 17%. A study from Norway analysed a cohort
of adults aged 19 to 35 years born preterm between 1967 and 1983, looking at long-
term effects?. Compared with adults born at term, they found that significantly more
adults born preterm had CP, mental retardation, autism, disorders of psychological
development, behavior and emotions, other major disabilities (blindness, hearing
loss, epilepsy) and medical disabilities severely affecting working capacity. Also
income, educational level and levels of biological parenthood were lower for adults
born preterm?*.
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Prevalence of cerebral palsy per 1000 live
births 2007-2010 in western Sweden
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Figure 3 Prevalence of cerebral palsy per 1000 live births between 2007 and 2010 in Sweden.
(with permission from Himmelman 2019, personal communication)
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Figure 4 Prevalence of cerebral palsy by gestational age group, in birth years 1975-2010
(Himmelmann, K., & Uvebrant, P. (2018). The panorama of cerebral palsy in Sweden part Xl|
shows that patterns changed in the birth years 2007-2010. Acta Paediatr, 107(3), 462-468%2,
reprinted with permssion from John Wiley and Sons, Acta Pediatrica)
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Risk factors

Why do some women deliver too early? This is still largely an unsolved question.
Most of the women who deliver too early have no risk factors>>. However, there are
many maternal characteristics that have been associated with PTD. If a women with
risk factor/s for PTD can be identified, prophylactic treatment can be targeted better.

Maternal characteristics associated with the risk of preterm delivery can be divided
into factors which include reproductive history and the characteristics of the current
pregnancy. The most common risk factors are listed in Table 1 and categorized into
slightly increased risk (+, relative risk [RR] 1.1 — 1.6), moderate increased risk (++,
RR 1.6 —2.3) or high risk (+++, RR >2.3), adapted from>2¢-3°,

Multiple pregnancy is a strong risk factor for PTD. In Sweden in 2016, 42.5% of
multiple deliveries occurred before 37 GW (1438/3383), and comprised 21% of all
preterm  deliveries (1438/6791)  (www.socialstyrelsen.se/publikationer2018/2018-1-6).
Uterine overtension mediated by inflammatory cytokines and prostaglandins is

thought to induce sPTD in women with multiple pregnancies*.

Nulliparous women have higher rates of PTD than multiparous women. Nulliparous
(singletons) comprised 53% of all PTD and 43% of all term deliveries in Sweden
between 1992 and 2010, counted from data in Cnattingius et al. JAMA 2013%!,

The rate of PTD varies with race/ethnicity>?!. In United States black non-Hispanic
women had a total PTD <37 GW rate of 13.9%, white non-Hispanic 9.1% and
Hispanic 9.6%, respectively. (Births: Final data for 2017: _https:/www.cdc.gov

/nchs/nvss/new_nvss.htm).

Important risk factors for PTD in singleton pregnancies are a a history of sPTD and
short cervical length, as measured by transvaginal ultrasound. Short cervical length
will be discussed further under “Prevalence of short cervix” in chapter 1.2 p. 26.

A history of sPTD is a strong risk factor, the earlier the previous sPTD the higher the
risk. A meta-analysis of 25 studies (52,070 women) showed an absolute risk of 30%
(95% confidence interval [CI] 27% — 34 %) for a recurrent sPTD in women with at
least one sPTD <37 GW?3°. The risk of a recurrent sPTD after a prior PPROM <37
GW was 7% (95% CI 6% — 9%) (four studies, 3138 women), while the recurrence
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risk of sSPTD after a spontaneous preterm labour <37 GW was 23% (95% CI 13% —
33%) (three studies, 2852 women)?°.

The number of prior PTD also affects the risk. The risk of PTD <37 GW increased
tenfold if woman had two prior deliveries <37 GW, compared with women with two
prior term deliveries®?. A history of prior indicated PTD increased the risk of
indicated PTD between seven and eightfold in subsequent pregnancies, but also the
risk of SPTD by RR 1.0 — 2.7%3233 The risk of sSPTD <37 GW also depended on
whether the prior PTD or the index pregnancy was a twin or singleton pregnancy*?.
The highest absolute risk, 57%, was among women with a twin gestation after a prior
singleton PTD*.

Women with a history of cervical conization have an increased risk of PTD. The
risk for PTD <37 GW is almost three times higher (RR 2.61; 95% CI 1.02-3.20) for
PTD <37 GW, and with repeated treatments the RR increases to fivefold (RR 5.15,
95% CI 2.45 — 7.84). Large or repeated cones increase the risk twofold (RR 2.45,
95% CI 1.38 — 4.53) when compared to smaller or medium-sized cones*. Weinman
et al found a RR of 2.15 (95% CI 1.16-3.98) for PTD <37 GW when the cone size
was >1.0 cm and the risk was higher among women who delivered within one year
after the surgery a RR 3.26 (95% CI 1.05 — 1.93)*.

There are different risk factors for indicated or spontaneous PTD, including whether
the sPTD starts with contractions (preterm labor) or with PPROM. Assisted
reproductive technology, preeclampsia and placental abruption are more likely to be
associated with indicated preterm delivery than spontaneous preterm delivery 4.
Women who experience PPROM are more likely to be nulliparous, smokers, of black

ethnicity or to have infections than those who experience preterm labour3*#3,
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Table 1 Risk factors for preterm delivery

Risk factor Risk for PTD
or sPTD
Maternal characteristics
Ethnicity, black ++
Smoking ++
Drug or alcohol abuse +
Low BMI (<19 kg/m?) +
Depression +
Uterine anomalies ++
History of cervical conization ++
Family history of preterm delivery, genetics +
Low socio-economic status +
Low (<16 years) or high (<35) maternal age +
Intercurrent maternal disease +
Nulliparity (no prior deliveries) +
Reproductive history
Prior preterm delivery +++
Prior spontaneous preterm delivery +++
Prior indicated delivery +++
Prior stillbirth ++
Prior miscarriage +
Priot induced abortion +
Short interpregnancy interval (< 6 months) +
Current pregnancy characteristics
Assisted reproductive technologies (IVF, ICSI, OD) +
Maternal complication during pregnancy +
(preeclampsia, diabetes)
Fetal growth restriction or distress +
Fetal malformation ++
Multiple gestation +++
Polyhydramnios ++
Infections (genitourinary or extragenital) +
Periodontal disease +
Stress +
Short cervical length (<25mm) +++

+; RR 1.1-1.5, ++; RR 1.6-2.3, +++; RR >2.3

BMI= body mass index; ICSI= intracytoplasmic sperm injection; IVF=

in vitro fertilzation pregnancy; OD= oocyte donation
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Preterm delivery syndrome

The underlying mechanisms behind sPTD are many and the women who deliver
preterm are a heterogenous group. The parturition mechanisms, uterine contractions,
ripening and dilatation of the cervix, are the same in term and sPTD patients and
follow a common process®. In labour at term this common pathway is activated
physiologically, whereas in sPTD several disease processes activate one or more
components in the process. Therefore, it is suggested that SPTD be considered as a
syndrome associated with multiple mechanisms of disease’**. The proposed
mechanisms of disease are: microbial-induced inflammation, decidual haemorrhage
and vascular disease, disruption of maternal fetal tolerance, decline in progesterone
action and other mechanisms of disease (such as uterine overdistension, stress) and
are shown in Figure 57.

Decline in ‘
Uterine progesterone action Cervical
overdistension disease

Nt/

) Breakdown of
Decidual # h matemal-fetal
senescence tolerance

¢ Stress

Vascular
disorders —p

Infection Unknown

Figure 5 Proposed mechanisms of disease implicated in spontaneous preterm delivery
(From: [Romero, R., Dey, S.K., & Fischer, S.J. (2014). Preterm labor: one syndrome, many
causes. Science, 345(6198), 760-765]7, reprinted with permission from AAAS)
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1.2 Cervix

Anatomy and histology

Cervix uteri is a cylinder which forms the lowest part of the uterus. It is situated
between the corpus uteri and vagina in the vertical axis and between the bladder and
rectum in the anterior-posterior axis. It bulges into the anterior vaginal wall and the
visible part seen from the vagina is called the portio. The endocervical canal in the
middle connects the uterine cavity to the vagina. The outer opening of the cervix to
the vagina is called the external os and the inner opening to the uterus is called the
internal os. The cervical upper third, called the isthmus of the cervix uteri, gradually
converts to make part of the uterus during the second trimester of pregnancy, forming

47

the lower uterine segment®’. The lower uterine segment is fully developed at around

28 GW. The consistency of the non-pregnant cervix is quite firm.

Histologically, the endocervical canal has a 2 to 3 mm thick mucosa layer with
cylinder epithelium and glands without spiral arteries. The cervix consists mainly of
extracellular connective tissue including collagen, glycosaminoglycans and
proteoglycans. Fibronectin and elastin are found between collagen and smooth
muscle fibers. Around the external os of the cervix the external cylinder epithelium
layer changes to squamous epithelium and the transformation zone can be seen on
the portio, using a colposcopy. The vaginal squamous epithelium has no glands and
all the lubricating mucus comes from the cervical glands*.

Cervical softening and ripening

During pregnancy, the anatomy of the uterus and cervix change when the uterus
grows, when smooth muscle cells become hypertrophic and increase seven to ten
times in size. The cervix remains closed during pregnancy but undergoes changes in
its muscle and connective tissue layers prior to delivery, leading to softening (Hegar
sign) and effacement. During delivery the cervix shortens further and dilatates to
allow the passage of the circumference of the baby’s head.

Softening, ripening/remodelling, dilatation and repair postpartum are the four
phases of cervical activation®. Together with processes in activation of chorion,
amnion and myometrium this leads to parturition®. The first cervical changes occur
directly after conception and continue until 32 GW. This is a slow process
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whereby degradation of collagen makes the cervix tissue softer, which is regulated
by high levels of progesterone and low levels of estradiol in the tissue*’. The
cervical ripening starts days or weeks before delivery. It is mediated by decreased
progesterone production, increased progesterone metabolism and the increasing
production of estradiol and relaxin®’. When the disorganization of collagen fibrils
increases and extracellular levels of glukosaminoglycans increase as does tissue
hydration, this lead to increasing elasticity and shortening of cervical length®!.
Matrix metalloproteinases activity increases in the cervix, the chorion and the
decidua, causing degradation of extracellular collagen. The process, together with
plasminogen activation, results in liberation of the extracellular matrix protein,
promoting the ripening, then the rupture of the fetal membranes and detachment of
the placenta’?.

Changes in the extracellular matrix during ripening include an influx of
inflammatory cells (macrophages, neutrophils, mast cells) into the cervical stroma
and cause an inflammatory response. These cells produce cytokines and
prostaglandins. Prostaglandins promote cervical ripening and artificial prostaglandin
analogues are used widely for induction of delivery? is evidence that inflammation
has a role in preterm ripening of the cervix but inflammatory cells are not necessary
for term ripening of the cervix>’. Pro-inflammatory cytokines, like interleukin -1, -6,
-8, prostaglandin E2, cyclooxygenase-2 and tumor necrosis factor-o have a role in
preterm cervical ripening and these mediators also increase myometrial contractility

and rupture of the membranes*.

Dynamic cervical changes during pregnancy

The cervix undergoes changes during the whole pregnancy. Longitudinal studies
show that the cervix shortens gradually from the first to the third trimester>*-°.
Gramellini et al followed normal pregnancies from first trimester until term (37-40
GW)*’. In nulliparous women there was a mean shortening of cervical length from
52 mm in the first trimester, to 45 mm in the second trimester and to 35 mm at term.
The corresponding figures for multiparous women were 55 mm, 45 mm and 40 mm.
Figure 6°7. With transvaginal ultrasound examination changes in cervical length can

be observed during a contraction of the uterus.
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Figure 6 Cervical length in relation to gestational age in normal pregnancy. Straigth lines
indicate 10, 50t" and 90 percentiles. (Gramellini D et al. Transvaginal sonographic cervical
length changes during normal pregnancy. J Ultrasound Med 21: 227-232, 2002, Reprinted
with permission from John Wiley and Sons>’.)

Short cervix

Maternal height has been associated with cervical length e.g. short stature — short
cervix, but the study results are not conclusive®°. A significant correlation between
maternal weight and BMI has been shown, with the lower weight or BMI correlating
with a shorter cervix®®. White ethnicity has a significant correlation with a longer
cervix 7%, Most of these associations are based on small differences, between 1 mm
and 3 mm in mean cervical length®.

A history of spontaneous preterm delivery, and a history of prior late miscarriage are

associated with a short cervix®.

Although a history of cervical conization is a risk factor for preterm delivery, in some
studies conization was not a significant risk factor for a short cervix®%°!,

Cervical insufficiency or cervical incompetence is a weakness, shortening and

asymptomatic opening of the cervix which occurs in about 1% of the total obstetric
population and in 8% of the population with recurrent mid-trimester losses®?.

25



Prevalence of a short cervix

There is no universally agreed definition of a short cervix. The cervical length <25
mm is the most common cut-off used in many studies®. For clinical use it is
convenient to have a dichotomous value to divide women into those who have a
“short” and those who have a “normal” cervical length. However, a rigid cut-off does
not take into account the distribution of cervical length in a population. The 10™
percentile of cervical length varies from 26 mm to 36 mm in the second trimester in
observational studies Table 2336465,

The prevalence of a cervical length <25 mm, measured in the second trimester by
transvaginal ultrasound, was between 0.3% to 10 % in the largest observational
studies shown in Table 233646 The large variation in the prevalence may depend on
the study population (high-risk or low-risk, ethnicity and other background variables)
or on the measurement technique, education and experience of transvaginal
assessment of cervical length.

Table 2 Overview of study populations and prevalece of short cervix in observational studies

Author, journal, year | Number of screened women, | Gestational week | Cervical length | Prevalence of
race; prior PTD, country at screening cervical length

Esplin et al 10038 16-22 <15 mm 1%

JAMA 201766 61% white Median 19.0 <20 mm 1.3%
5.0% prior PTD <25 mm 2.5%
Multicentre, USA

Heath et al 2702 22-24 <15 mm 1.7%

UOGS 1998°7 44% Caucasian Median 23 <20 mm 3.4%
48% Afro-Caribbean <25 mm 8.0%
3.9 % Prior PTD <30 mm 18.0%

lams et al 3000 22-24 <20 mm 5%

NEJM 19965 63% black 53% at 23 <25mm 10%
16% prior PTD 45% at 24 <30 mm 25%
Multicenter, USA

Leung 2880 18-22 <20 mm 0.2%

UOG 20158 100% Chinese Mean 20.1 <25 mm 1.8%
6.9% prior PTD <30 mm 10%
Hong Kong

Taipale and Hiilesmaa | 4206 18-22 <25 mm 0.3%

UOG 1998% 99% white Mean 20.4 <29 mm 3%
Finland <31 mm 9%

van der Ven et al 16 204 16-21 <15 mm 0.08%

AOGS 20155 88% white Median 20+2 <25 mm 0.5%
0% prior PTD <30 mm 1.8%
Multicentre,
The Netherlands

Waulff et al 3477 19-21 <15mm 0.24%

UOG 2018 97,5% Caucasian Median 19+6 <20 mm 0.3%
2.9% prior PTD <25mm 0.78%
Multicenter, Danmark

PTD= preterm delivery
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1.3 Prediction of preterm delivery
Measures of diagnostic accuracy
How well can a “short cervix” (<25 mm) discriminate between PTD <33 GW or

delivery >33 GW? The discriminative ability can be quantified by different measures
of diagnostic accuracy as shown in the example below.

Example test Delivery <33 GW Delivery >33 GW Total
Cervix <25mm a b a+b
true positive false positive
Cervix >25mm c d ct+d
false negative true negative
Total atc b+d atb+tct+d
Sensitivity _ true positive _a

All Delivered<33 GW  a+c

Specificity = true negative _d
p y All Deliveredz33GW  b+d

Positive predictive value (PPV) = Lrue positive ==

All with cervix <25mm  a+b

The PPV tell us the proportion of those with cervix <25 mm and who deliver <33 GW

true negative _a
All with cervix >25mm  c+d

Negative predictive value (NPV) =
The NPV tell us the proportion of those with cervix >25 mm and who deliver >33 GW

Positive Likelihood ratio (LR+) = %

LR+ tells us how many times the odds of PTD <33 GW increases if the cervical length is <25

mm.

Negative Likelihood ratio (LR-) = 1;:;?#

LR- tells us how many times the odds of PTD <33 GW decreases if the cervical length is >25 mm.
The mathematically optimal cut-off point of cervical length for predicting preterm

delivery at a particular GW can be determined from the Receiver Operating
Characteristic (ROC) curve (Figure XX). It is the point on the ROC curve situated
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farthest from the reference line on the ROC curve which is equal to the point at
maximize the sum of sensitivity and specificity.

Area Under the Curve (AUC) can be used as a measure of predictive ability.

Area Under the Curve = 0.8504
1.00
Best cut-off
0.75
2
>
= 0.50
2 "
(] .
14
0254 ¢
)12
0.00
Points labeled by minA21wIC2
T T T T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity
Number needed to harm (NNH)

The number (ratio) of false positive results per one true positive test result.

NNH =2
a

Number needed to screen (NNS)
Number of women needed to screen to detect one true positive test result

a+b+c+d _ Total number
NNS = =

a
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Prediction of spontaneous preterm delivery using fetal fibronectin

The main screening modalities that have been studied for prediction of sPTD are
assessment of cervical length and fetal fibronectin (fFN)”. Cervical length
assessment is studied in asymptomatic women with singleton pregnancy at high risk
or low risk (universal screening), in women with multiple pregnancy and in
symtomatic women with threatened labour’®’!. Cervical length and prediction of
sPTD are presented in Chapter 1.3 p. 30 and in Table 4 and Table 5 in p. 40-43.

Fetal fibronectin is a bedside test using vaginal or cervical secretions. Exceeding the
qualitative test cut-off ( > 50 ng/mL) is associated with an increased risk of sPTD.
Qualitative fFN and different threshold values are also studied to predict sPTD.

Qualitative fFN and its predictive value has been studied in asymptomatic women
with singleton pregnancies alone or in combination with cervical measurement, for
symptomatic woman with singleton pregnancies, and for women with multiple
pregnancies. For asymptomatic women, fFN was evaluated in the Preterm Prediction
study, and it had a PPV of between 17% and 25% to predict sPTD <34 GW,
depending on the gestational age at the time of sampling’?. For symptomatic women
with preterm labour the fFN test can be used to decide whether to hospitalize or not.
A negative test result (<50 mg/ml) in symptomatic women before 34 GW had a NPV
0f99.5% for no delivery within seven days’>.

Quantitative fFN tests have been evaluated for thresholds 10, 50, 200 and 500 ng/mL
in symptomatic women with a PPV of 19%, 32%, 61%, and 75%, respectively, to
predict sSPTD within 14 days’. For asymptomatic high-risk women at the same
thresholds, the PPV was 17%, 24%, 38% and 48% to predict sSPTD<34 GW when
tested in late second trimester’>. Esplin et al evaluated self-collected vaginal fFN in
nulliparous women with a singleton pregnancy in their first trimester (6 to 11 GW),
in the second trimester (16 to 22 GW) and between 22 to 33 GW with three thresholds
of fFN: <10, <50 and <200 ng/mL%. All gestational ages and thresholds had very
low PPV, between 2% to 6% for prediction of sSPTD <32 GW and between 6% to
14% for prediction of sSPTD <37 GW. When they combined cervical length and fFN,
AUC was 0.67 (95% CI 0.64 — 0.70) for prediction of sPTD <37 GW, {FN alone
had an AUC of 0.59 (95% CI 0.56- 0.62) and cervical length alone had an AUC of
0.67 (95% C1 0.64 - 0.70) when screening was performed between 22 and 30 GW®,
The optimal cut-off of fFN was found at 7.1 ng/mL and cervical length at 31.7 mm.
Their findings do not support screening of cervical length or fFN in asymptomatic
low-risk woman.
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Prediction of preterm delivery using cervical length measurement

Asymptomatic women in the second trimester, with a singleton pregnancy and a
short cervix have an increased risk of sPTD. lams et al found RR 6.2 for sSPTD <35
when cervical length was below 26 mm (10" percentile) and RR 9.9 at cervical length
below 22 mm (5" percentile)®*. Taipale and Hiilesmaa found RR 8 at cervical length
29 mm (3" percentile) for sSPTD <35 GW®.

How good is cervical length at predicting PTD and which cut-off gives the best
estimations? Observational studies have used such predictive estimates as sensitivity,
specificity, PPV, NPV, LR+ and LR- for prediction of PTD. To predict sPTD <34
GW or <35 GW in blinded observational studies, PPV varied between 14% and 40%
when cut-off of cervical length was <20 mm or <25 mm, NPV varied between 97%
and 99%23:6467:69.76 To predict sSPTD <32 GW using cervical length measurement,
the AUC varied between 0.57 to 0.64, and to predict sSPTD <37 GW the AUC was
0.51 to 0.72 in low-risk populations®-®77_In Chapter 1.5.5., a systematic review is
presented of cervical measurement of asymptomatic women at low risk of PTD using
transvaginal ultrasound in the second trimester.

Women at high risk of PTD may have more benefits from screening. Women with a
history of sPTD and a short cervical length in a current pregnancy are at high risk of
sPTD8. A cervical length <25 mm had a PPV 0of 20% and NPV of 97% for prediction
of sPTD <34 GW in the study of 469 women by Guzman et al. To predict PTD <34
GW was AUC 0.76 and for PTD <30 GW AUC was 0.85 when cervical measurement
between 15 and 24 GW was assessed in a high-risk population’®. For prediction of
sPTD <35 GW, the corresponding values are 75% (PPV) and 77% (NPV) in a small

study by Owen et al of a high-risk group’®”.

Women with multiple pregnancies are at high risk of PTD and have shorter cervical
lengths than women with singleton pregnancies, while a cervical length <25 mm is
an independent predictor of sSPTD®’. However, so far, its predictive value is unclear
and routine screening of the population for short cervix length is not recommended”’.
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1.4 Interventions to prevent preterm delivery

Primary preventive interventions to reduce the consequences of preterm delivery are
directed at all women. Secondary interventions are limited to a sub-group who have
known or identified risk factor/s, and tertiary interventions to women showing the
first signs of early parturition®!. A recent systematic review of 112 reviews of
primary and secondary interventions found positive effects from some primary
preventions: lifestyle and behavioural changes, nutritional supplements (calcium and
zink included) and screening for lower genital tract infections®?. Screening for, and
treatment of, asymptomatic bacteriuria have also been shown to reduce the rate of
PTD®.

Secondary preventive interventions for high risk women shown to have a significant
effect on the prevention of PTD are cerclage, progesterone, low-dose aspirin,
lifestyle and behavioural changes. Aspirin reduces the risk of PTD <37 GW and PTD
<34 GW in women at risk of preeclampsia, RR 0.93 (95% CI 0.89-0.98) and RR 0.90
(95% CI 0.83-0.98), respectively®*. The systematic review by Matei et al reports
positive effects from treating periodontal disease, stopping smoking, clindamycin
for bacterial vaginosis, and calcium supplementation in women at risk of
hypertensive disorders in some studies®?.

Interventions for preventing PTD can be considered for women with a history of late
pregnancy loss or PTD. Other risk factors for PTD include uterine malformation,
multiple pregnancy, conization, cervical insufficiency, short cervical length in the
first or second trimester. Interventions which have been studied in women with these
risk factors including short cervical length are progesterone®-#8, cervical cerclage®
or pessary”’®?!
(comprising 11,300 women) of progesterone, pessary and cerclage concluded that

. A recent systematic review with a meta-analysis of 40 studies
vaginal progesterone was the only intervention that could prevent preterm delivery®2.

Tertiary preventive treatments of sPTD in symptomatic women are: early diagnosis
of preterm labor, short term (max 48 hours) tocolysis to delay delivery that allows
transport and corticosteroid treatment (for reducing neonatal morbidity), and the
detection and treatment of infections®!. There is also the so-called rescue cerclage in
emergencies, where the amniotic membranes are bulging and there is a risk of
miscarriage.
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Cerclage

Cervical cerclage (cervical stich) is a suture placed around the cervix with the
purpose of providing mechanical support of the cervix (Figure 7). Two transvaginal
techniques are used: the McDonald suture or the Shirodcar suture. Transabdominal
cerclage can be considered for women who have had a trachelectomy procedure.
The transvaginal suture is placed under local, spinal or general anaesthesia. A history
of cervical insufficiency or a very short cervix in first or second trimester can lead to
second trimester pregnancy loss or extremely preterm delivery, and cerclage can be
offered to those women as prophylactic treatment. A recent systematic review
showed that cerclage in women at high risk had RR of perinatal death of 0.82 (95%
CI 0.65-1.04)%. For the risk of PTD <34 GW, the average RR was 0.77 (95% CI
0.66-0.89), compared with those without cerclage®® (Table 3).

The risk of maternal pyrexia increases after cerclage placement, which should be
taken into account®. For other complications such as PPROM and
chorioamnionitis no significant risks were found.

U

Sca—

Figure 7 Cerclage placed around cervix (permission from @bo.jacobsson)
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Pessary

The pessary is a silicone, concave cup-formed device with a hole in the middle. It
can be applied around the cervix to keep the cervical canal closed and change the
inclination of the cervical canal, thereby reducing the pressure on the internal os
(Figure 8). There are conflicting results from RCTs and systematic reviews (Table
3) about the effect of a pessary in reducing the rate of PTD, neonatal morbidity and
mortality in singleton pregnancies®!93 7 A single center study in women with a
history of PTD and cervical length <25 mm showed a reduction of sPTD <34 GW
by 52%, RR 0.48 (95% CI 0.24-0.95), but adverse events (vaginal discharge) was
more common in women with a pessary, a RR 1.88 (95% CI 1.57-2.27)°. Women
with cervical length <20 mm also received treatment with vaginal progesterone”®.
Another study could not confirm the reduction of PTD in combination with vaginal
progesterone and pessary if the cervical length was <25 mm in singleton
pregnancies’®. A Spanish study compared the use of the pessary with progesterone,
but could not show any differences in frequency of sSPTD <34 GW between the
groups, although the prevalence of vaginal discharge was significantly higher in the
pessary group (27% vs. 3%, p<.001)*°. It is still unclear if a pessary can be
recommended in singleton pregnancies. A systematic review did not show any
reduction of PTD or improved perinatal outcome in singletons® (Table 3). Another
systematic review could neither show any reduction of PTD <34 GW in twin
pregnancies’® however more recently promising results were published regarding
multiple pregnancies where there was a 35% reduction of SPTD<34 GW? (Table 3).

Figure 8 Pessary placed around cervix (permission from @bo.jacobsson)
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Progesterone

The effect of progesterone in the prevention of PTD has been studied in multiple
RCTs. Intramuscular weekly injections of 17-a- hydroxyprogesterone caproate (250
mg)'%1%0 or vaginal natural micronized progesterone (90 mg, 100mg, Crinone®,
Lutinus®) have been used®¢37:192-105 progesterone influences the myometrium and
cervix via progesterone receptors. It supresses smooth muscle contractility and
cervical ripening. Trials have included singleton pregnancies with a short cervix
and/or risk factors for PTD8687:101-105 'Some studies have included twin pregnancies
with a short cervix!%>1%3_ Recently, an individual patient data meta-analysis showed
that vaginal progesterone significantly reduced PTD <33 GW by almost 40% (RR
0.62;95% CI1 0.47-0.81, p=0.0006) and composite neonatal morbidity/mortality, RR
0.59 (95% CI 0.38-0.91, p=0.02) in women with a singleton pregnancy and a short
cervical length <25mm in the second trimester®®. The most important systematic
reviews on progesterone used to prevent PTD are summarized in Table 3. In the
OPPTIMUM trial (n=1228) women were randomised to vaginal progesterone or
placebo and children follow-up was performed up to two years of age®’. No
significant effect on the child’s neurodevelopment between the groups was found.

The administration of progesterone (either intramuscularly or vaginally) for women
with twin pregnancies does not appear to be associated with a reduction of PTD or
with improved neonatal outcome in a systematic review of 17 trials involving a total

of 4773 women!%.
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Table 3 Overview of systematic reviews of interventions (cerclage, pessary and progesterone) for

prevention of preterm delivery

Included 974 singleton pregnancies in IPD MA,
midtrimester cervical measurement, vaginal progesterone
treatment (n=498) vs placebo (n=476)

Neonatal deaths
1.7% vs 3.2%

Adverse perinatal
outcome

0.44 (0.18 -1.07)

0.59 (0.38-0.91)

Systematic reviews Cervical Primary outcome |RR (95% CI)  |Comment
Population length/
inclusion
criteria
Cerclage: Systematic reviews (n=2)
Alfirevic et al PTD <34 GW (9 0.77 (0.66- 0.89) Effect of cerclage to
Cochrane Database Syst Rev 2017” RCTs) reduce PTD <37 and
Systematic review and meta-analysis <34, but no effect
15 studies included, 11 studies including singleton PTD<37 GW (9 0.80 (0.69-0.95) on neonatal
pregnancies, 3 included mixed singleton and multiple studies, 2898 women) outcomes
pregnancies, 3 compared cerclage with progesterone,
others cerclage to expectancy (Althuisius 2001, 2003, All perinatal loss (10 [0.82 (0.65-1.04)
Beigi 2003, Berghella 2004, Chandiramani 2010, Ezechi studies)
2004, Tonescu 2012, Keeler 2009, Lazer 1984,
MRC/RCOG 1992, Owen 2009, Rush 1984, Rust 2009 Serious neonatal 0.80 (0.55-1.18)
Simone 2009, To 2004) morbidity (6 studies)
Baby discharges home [1.02 (0.97- 1.06)
healthy
Berghella et al UOG 2017”7 <25mm PTD<35 GW 0.88 (0.63-1.23) No progesterone
Systematic review and meta-analysis treatment
Including 5 RCTs. Asymptomatic singleton without prior |<15mm 0.68 (0-57-1.13) No difference in
sPTD n=419 women neonatal outcome
(Althuisius 2001, Berghella 2004, Otsuki 2016, Rust <10mm 0.68 (0.47-0.98)
2001, To 2004)
Pessary: Systematic reviews (n=2)
Saccone et al J Ultrasound Med”® <25 mm sPTD<37 GW 0.50 (0.23-1.09) No effect on
Systematic review and meta-analysis perinatal morbidity
Including 3 RCTs ( Goya 2012, Hui 2013, Nicolaides sPTD <34 GW 0.71 (0.21-2.42 or mortality
2016)
Total 708 women with pessary and 712 women in control sPTD32 GW 1.32(0.87-2.01)
group. Singleton pregnancies, pessary vs expectancy
Zheng et al J Matern Fetal Neonatal Med 2019”7 <15-25 mm sPTD <34 GW 0.65 (0.44-0.96) No significant effect
Systematic review and meta-analysis (singleton and on perinatal
multiples) mortality or
Included 11 studies: 4 singletons (3 RCTs, 1 cohort composite adverse
study) (Arabin 2003, Goya 2012, Hui 2013, Nicolaides sPTD <34 GW 0.71(0.21-2.42) perinatal outcome in
2016) and 8 on multiple pregnancies (3 RCTs, 5 cohort), (singletons) singletons or
(Arabin 2003, Carreras 2012, Liem 2013, Goya 2016, multiple
Nicolaides 2016, Monfrance 2016, Fox 2016, Di sPTD <34 GW 0.64 (0.44-0.96) pregnancies
Tommaso 2016) (multiples)
Progesterone: Systematic reviews (n=2)
Dodd et al Cochrane database Syst Rev 2013'® <I5mm <34 GW (2 studies) |0.64 (0.45- 0.90) Major
Systematic review and meta-analysis 10-20 mm neurodevelopmental
<30 mm <28 GW (2 studies) 0.59 (0.37-0.93)  |handicap was not
Progesterone for women with short cervix, 1554 women reported.
from four studies included (Fonseca 2007: cervix < 15 <37 GW (3 studies) 0.97 (0.82- 1.15) More uriticaria in
mm 200 mg vaginal progesterone; Grobman 2012, cervix progesterone group
<30 mm, 250 mg 17-OH progesterone caproate i.m. (one study)
1x/week, Hassan 2011 cervix between 10 and 20 mm, 90 No effect on
mg vaginal preogesterone; Rozenberg 2012 cervix <25 perinatal outcome
mm, 500 mg 17-OH progesterone caproate im 2x/week)
Romero et al AJOG 2018* <25mm PTD <33 GW 0.62 (0.47-0.81)  |No long-term child
Systematic review and meta-analysis of individual patient outcome
data (IPD MA), 974 woman, black 36%, white 38%, prior PTD <37 GW 0.90 (0.77 - 1.05)
sPTD 29%
Five studies included (Fonseca 2007, O'Brien 2007, sPTD <33 GW 0.70 (0.51- 0.95)
Cetingoz 2011, Hassan 2011, Norman 2016)
sPTD <34 GW 0.72 (0.55 -0.95)

CI=confidence interval, GW=gestational weeks, PTD=preterm delivery, RR=relative risk, sPTD=spontaneous prterm delivery
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1.5 Measuring cervical length

Different cervical assessments

Cervical length can be measured with transvaginal, transabdominal or transperineal
ultrasound. Comparative studies with transvaginal ultrasound have been performed
with  transabdominal and transperineal ultrasound'®!'7,  with  digital
examination''®!", and with measurement with a cervicometer'?’. Cervicometer
(Cervilenz™) is a stitch which can placed in lateral fornix in speculum examinations.
The bulging part of cervix into vagina, ie. distance from lateral fornix to the top of
the cervix, is measured with the measuring stitch!?’. Most RCTs are performed with
transvaginal ultrasound and it is considered the method of choice in many guidelines

to measure the cervical length, however, some prefer transabdominal ultrasound'?!-
124

Measurements to evaluate the softness of cervix has been studied with elastography
or Hitachi- Real-time Tissue Elastography (HI-RTE)!?>-128. Other examinations
performed with transvaginal ultrasound to predict preterm delivery are: cervical
consistency index (counted from endocervical longitudinal measures with and
without pressure)'?>13% volume of cervix (2D or 3D way)!3!"!33, uterocervical
angle'3*135 tissue specific grey scale analysis'*®, evaluation of endocervical
glandular area'3”!*8 vascularization index/vascularization flow-index/flow index
measured with 3D transvaginal ultrasound'3%!4? or measuring the pulsatile index of

arteria uterina with doppler!*!.

Measurement technique and criteria for cervical measurement with
trasnvaginal ultrasound

The most common definitions of cervical measurement with transvaginal ultrasound
are referred to the descriptions according to lams 1996, Heath 1998 or Kagan
20156064142 Tn some studies, the measurement criteria of cervical length are defined
separately!'4>145. Most observational studies have defined the measurement criteria
well, in contrast to the RCTs including women with “short cervix”, which have
described poorly or not at all how the measurements of cervical length were
assessed38791.103.146 - Tt makes the most important criteria (a short cervix) for
inclusion of women in RCTs a bit uncertain and may be questionable. The
measurement criteria, as shown below is a modification from Iams’ and Heath’s
criteria with addition of consciousness about lower echogenicity around the
endocervical canal and sometimes the presence of the lower uterine segment, e.g.
isthmus.
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List of the criteria for cervical length measurement with transvaginal ultrasound:

Lithotomy position

Emptied urinary bladder

Sagittal view, cervix occupying 75% of image, 180° angle

Equal thickness of anterior and posterior lip

Endocervix visible from external (A) to inner (B) cervical os and correct

placement of calipers, low echogenicity in cervical mucosa (Figure 9)

o Ifisthmic part is visible, it is not included in endocervical measurement (Figure
10)

e Distances are measured as straight line between A-B (endocervix)

e Three repeated measurements, minimum 3 min examination time, still images

and video-clips saved, the shortest endocervical measurement is recorded

60,64,142,147

Figure 9 and 10 shows the placement of the markers

S

Figure 9 Cervix without isthmus Figure 10 Cervix with isthmus

Learning, training

Measurements from ultrasound examinations are always individual visual
assessments based on well-defined criteria including knowledge of anatomy and the
performance of ultrasound equipment. Examination technique and a good
professional relationship with the patient are also important. The learning process
for the medical professional is divided into a theoretical part (with e-learning) and
hands-on training'#. This leads to certification'*®. An online course combined with
carrying out a transvaginal cervical evaluation under the supervision of an instructor
improved the quality of cervical measurements in residents in obstetrics and
gynecology'®. For certification, assessments are performed according to the
certification program and then images are sent for audit. After certification the
sonographer can assess the measurements independently. Quality review protocols
are proposed for cervical measurements in the same manner as for nuchal

translucency measurements'4’.
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Web based learning and certification programs for transvaginal ultrasound
measurement of cervical length are available on the internet (https://clear.
perinatalquality.org/, https://fetalmedicine.org/education/cervical-assessment/,
https://www.isuog.org/resource/how-to-measure-cervical-length.html ). One study showed
a positive effect on image quality in those who had followed an e-learning module
on cervical measurement, compared with those who had not'*®. YouTube provides
a lecture on cervical measurement by MD Celeste Sheppard
(https://www.youtube.com/watch?v=SbMKkQ7Qa0s).

Pitfalls

Two certification programs (Cervical Length Education and Review program,
CLEAR, and Maternal-Fetal Medicine Units, MFMU) have reported certification
rates of 85% and 83% respectively at the first attempts'4”-!5°. The two most common
criteria missed by those who did not pass the certification exam were the inadequate
enlarging of the image i.e cervix does not fill 75% of the image'¥’, and too much
pressure on the anterior lip leading to unequal thickness of the lips'4"!30. Other
difficulties were incorrect caliper placement, the urinary bladder not being empty or
insufficient examination time.

A long and curved cervix, as well as cysts or myomas in the cervix, can create
shadows and so limit image quality and make the assessment of cervical length
difficult’>!. A low-lying placenta near or over the internal os, or the presence of
isthmus, may complicate the identification of the internal 0s'#?. Identification of the
outer os is usually easier but it can sometimes be difficult to distinguish it from the
posterior vaginal wall.

When cervical measurement is used to decide to treat or not, a dichotomous cut-off
value is often used, for example at <25 mm. One study of the distribution of cervical
measurements noted a dip at the cut-off value'*?. They suggested that a predefined
cut-off value for a short cervix influences the distribution of the cervical length
measurements and may result in fewer measurements around the cut-off value'>2.
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Cervical measurement using transvaginal ultrasound in the second
trimester in asymptomatic women for prediction of preterm delivery —
a systematic review of the literature

A systematic literature search was carried out on PubMed on 2018-11-21 to find all
observational studies on cervical measurements and their ability to predict PTD,
using transvaginal ultrasound in the second trimester. The following search terms
were used:

(((((("cervical length measurement"[MeSH Terms] OR "cervical length"[tiab] OR "Cervix length"[tiab] OR SCL[tiab] OR
"short cervix"[tiab] OR "short cervical length"[tiab] OR "uterine cervical incompetence"[mh] OR "cervix"[tiab] OR
"cervical"[tiab]) AND ("premature birth"[MeSH Terms] OR '"pre-term"[tiab] OR "obstetric labour"[All Fields] OR
"preterm"[tiab] OR "spontaneous preterm birth"[tiab] OR "premature"[tiab])) AND ("sonography"[tiab] OR "ultrasound"[tiab]
OR '"ultrasonography"[mh])) AND ("transvaginal"[tiab] OR "Cervix Uteri/diagnostic imaging"[MeSH Terms] OR
(("diagnostic imaging"[Subheading] OR ("diagnostic"[All Fields] AND "imaging"[All Fields]) OR "diagnostic imaging"[All
Fields] OR 'ultrasonography"[All Fields] OR "ultrasonography"[MeSH Terms]) AND Prenatal[All Fields] AND
"methods"[MeSH Major Topic]))) AND ("prediction"[tiab] OR "risk"[tiab] OR "diagnosis"[tiab] OR "screening"[tiab] OR
"sensitivity"[tiab] OR "scan"[tiab] OR "significance"[tiab])) AND (hasabstract[text] AND ("1990/01/01"[PDAT] :
"3000/12/31"[PDAT]) AND "humans"[MeSH Terms] AND (English[lang] OR Finnish[lang] OR Norwegian[lang] OR
Swedish[lang] OR Danish[lang]) AND "female"[MeSH Terms])) NOT ("twins"[All Fields] OR "pregnancy, multiple"[MeSH
Terms]) AND (hasabstract[text] AND ("1990/01/01"[PDAT] : "3000/12/31"[PDAT]) AND "humans"[MeSH Terms] AND
(English[lang] OR Finnish[lang] OR Norwegian[lang] OR Swedish[lang] OR Danish[lang]) AND "female"[MeSH Terms])

Inclusion criteria were: 1) prospective cohort studies or systematic reviews, 2)
cervical length evaluated with transvaginal ultrasound in asymptomatic women with
singleton pregnancy in the second trimester between 14 and 24 GW, 3) participating
women considered at low risk of spontaneous preterm delivery or from the general
population, and 4) English and Scandinavian languages were accepted.

Results of systematic literature search

The search retrieved 520 articles. After abstract screening 59 full text articles were
identified. Twenty-one articles of these fulfilled our inclusion citeria and were
included: 3 systematic reviews’!!13%15* and 18 original articles. Original articles are
divided into blind or not blind. A study was defined as blind if participants and
caregivers were blind to the results of the cervical length measurement. Of the
included studies, six were blind, three were unclear whether they were blind or not,
and nine were not blind.

A summary of the blind®68:69.76.155156 and not blind studies®>3%-06:67.77:138,157-162 are
presented below and in Table 4 and 5

Summary of blind studies

None of the blind studies compared the study population with the general population
and selection bias can therefore not be excluded®63:6%76:155.156 Ty studies excluded
women with indicated PTD in the analysis®>!5, while three studies excluded women
with risk factors for PTD®!5%:156 including conception after assisted reproductive
technology, prior conization or prior PTD.
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A cervical length <25 mm had a sensitivity to predict sSPTD <35 GW of between 7%
and 39.1%, and a specificity of between 92.2% and 100%. PPV varied between
12.9% and 15%. A cut-off of cervical length <25 mm corresponded to between 0.3™
and 10™ percentile. Diagnostic accuracy is shown in Table 4.

Table 4 Summary of blind observational studies

Study Population Gestational Cervical length Sensi [Speci|PPV |LR+ |LR- |AUC
week - -
tivity |ficity
Carvalho et al. [Single center, Sao Paolo, [sPTD <33 GW [<20 mm 40 (97 |23.5 |13.1 |0.62
UOG 20037 |Brazil sPTD <35 GW
529 women (34.6 % 42.3 196.7 |37.9 |7.4 ]0.60
white, 18. 7% smoker,
7.6% had prior sPTD)
Davies etal.  [Single center, Kingstone, [PTD <37 GW <20 mm 0.5% (5) (2.2 [99.8 |20 |5.0 ]0.98
JOGC 2008'*° |Canada 4.8% (46)
963 women (9.2% had <25mm3.2% (31) {13 |97.3 {12.4 |4.8 [0.89
prior
sPTD) <30 mm 14.7% 26.1 [85.8 [8.5 (1.8 [0.86
(142)
PTD <35 GW |20 mm 0.5% (5) [6.3 [99.6 |20.0 |14.8 [0.94
1.7% (16)
<25mm 3.2% (30) |25 |97.1 {12.9 |8.8 [0.77
<30 mm 14.7% 50 (859 [5.6 (3.5 ]0.58
(142)
Tams et al. Multicenter, 10 sites, SPTD <35 GW [<20 mm (22 (59%) 23 |97 [25.7 |7.7 |0.8
NEJM 1996% |USA 4.3% (126)
2915 women (16% had <25mm 10" (26) [37.3 [92.2 [17.8 |48 [0.7
prior PTD)
<30 mm 25" 54 1763 (9.3 (2.1 (0.6
Leungetal. |Single center, Hong kong, |[PTD <37 GW 0.56
UOG 2005%  |China
2880 women, general PTD <34 GW  [<20 mm 0.2" 10.5 99.9 |40.0 |100. [0.9 [0.68
population (6.9% prior 4
PTD, 100% chinese) <25 mm 1.8 263 1983 (9.4 [15.7 [0.7
<30 mm 10" 36.8 [90.1 (2.4 (1.8 (0.7
<35 mm 35" 63.2 1655 (1.2 (1.8 0.6
Matijevic et  |Single center, Zagreb, sPTD <34 GW |<26 mm 5% 87.5 [97.4 |46.6 |33.7 [0.13
al. Croatia 2.5% (8)
izt Cpmazaal| S lowy Wil wymm sPTD <37 GW 47.8 |98.6 73.3 [46.7 [0.53
Obstet 2010'5 7.2% (23)
Taipale and Single center, Espoo, sPTD <35 GW  |<25 mm 0,3 7 100 |15 |- 0.9
Hiilesmaa. Finland, one examinator, |0.8% (31)
Obstet one controller <29 mm 3% 19 (97 |6 6.3 (0.8
Gynecol 3694 women (99%
1998%° white), (n=20) <35 mm 27" 45 |73 |14 |1.7 |0.8
sPTD <37 GW  |<25 mm 0,3" 6 100 (39 |- 0.94
2.4% (88)
<29 mm 3% 16 |97 (13 |53 (0.9
<35 mm 27" 35 |73 3 1.3 109

AUC= area under curve (Receiver operation characteristics curve), GW= gestational week, LR-=negative
likelihood ratio, LR+= positive likelihood ratio, NPV= negative predictive value, PPV= positive
predictive value, PTD= preterm delivery, sPTD= spontaneous PTD
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Summary of non blind studies and studies with unclear blinding

Studies were not blind if they recruited women to RCTs: Hibbard!¢!, (cerclage if CL
<25mm), Kazemir’’ (Dutch population, progesterone, if CL <30), van der Ven®
(progesterone, if CL< 30 mm). In some studies women with cervical length below a
certain cut-off point were treated with progesterone, cerclage or pessary decided by
the clinician33-66:67.7%.157.158 ‘The study from Malaysia was not blind if cervical length
was <20 mm because the ethical committee did not approve it'®.

Wulff et al® compared the study population with women who had declined to
participate in the study and revealed more risk factors in the study population than
among decliners. Van der Ven® compared maternal background data of the study
population with both the estimates from the Dutch population as a whole and with
those in the study population who had missing delivery data. Both of these
populations had more nulliparous women than the study population. Delivery
outcome data from the study population were compared with national delivery
outcome data in two studies®®!®!, and both reported fewer women with PTD and
sPTD in the study groups. Only four studies report the number of women who
declined to participate®>67:138:159,

A cervical length <25 mm could predict sPTD <37 GW with a sensitivity between
8% and 77%, a specificity of between 95% and 99%, and PPV varied between 7%
and 56%. AUC was between 0.51 and 0.91. Diagnostic accuracy is shown in Table
5.
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Table 5 Summary of non-blind studies and studies with unclear blinding

african-american, 51%
nulliparous)

Author, journal |Population, country, ethnicity, |Gestational week Cervical length cut-  [Sensi- [Speci-[PPV |LR+ |LR- |AUC
and year IVF, prior PTD (PTD/sPTD) off mm percentile/ tivity |ficity
Prevalence % (n) prevalence % (n)
Barber et al. Single center, Las Palmas de PTD<37 GW <28mm 3™ 26 98 63.6 (13 035 |-
Int J Gynaecol |Gran Canaria, Spain 7.2% (184)
159
Obstet 2010712351 women <29mm 5" 34 Jo7 [t [113 Jos |-
<30mm 10" 39 91 31 5.6 |0.67 |-
Dilek et al. Single center, Mersin, Turkey, |PTD <37 GW 7.4% 353 mm (at 16 GW) [26.3 [93.7 |25 11.4 10.79 |0.57
Gynecol obstet  |single examinator (19)
: 162 :
invest 2007|257 women, low risk 343 mm (at24 GW) [842 [815 [267 |46 [0.19 [0.91
Esplin et al. Multicenter, 8 centers USA sPTD <32 <20mm 149 [98.8 8.6 12.3 |0.86 |0.57
Jama 2017% 8871 women at visit 2. 0.76% (67)
(E@7% wriitez, 5076 Lol st =25mm 239 [97.9 |74 104 [0.78 |0.61
sPTD) = ! 9 |7. 4 0. )
sPTD <37 GW <20 mm 41 (988 |[15.5 (3.5 [0.97 [0.51
5.0% (439)
<25 mm 8.0 [98.8 [16.2 |3.67 |0.94 |0.53
Heath et al. Single center, London, UK sPTD <27 GW <15 mm 1.7% (43) 100
UOG 19987 1232 with cervix >15mmand  |0.3%
21 with cervix <I5Smm and‘no PTD <33 GW 58
cerclage (expectance), (white 1.5%
47.6%, smokers 14.7%, 3.8 % -
prior sPTD, nullipara 30.4%) sPTD <37 GW 20
5.0%
sPTD <33 GW <20 mm 3.4% 579 (929 (2.8 815 (045 |-
1.5% (19)
<30 mm 18% 68.4 1629 |11.2 [1.29 [0.50 |-
Heath et al. Single center, London, UK sPTD <33 GW <15 mm 1.5% 27.9 199.5 (308 |55.8 [0.72 |-
BJOG 2000'  |5068 women (white 50%, 0.8% (42/5069)
smokers 14.7%)
Hebbar and Single center, Manipal. Malaysia [sPTD <37 GW <25 mm 77 95 56 154 (0.24
Samjhana. 168 women 7.7% (13/168)
Medical J
Malaysia 2006'®
Hibbardet al.  [Single center, Chicago, USA sPTD <32 GW <22 mm 2.5" 185 (979 [27.0 (8.8 [0.11 |-
0bGyn 2000'"" 760 women (77.2%black, 14.8% (3.5% (27/760)
whiia) <27 mm 5™ 296 [958 [22.9 [7.0 [o.14 |-
<30 mm 10™ 444 1899 |148 |4 023 |-
sPTD <35 GW <22 mm 2.5" 21.6 (97.7 |47 94 011 |-
6.7% (51)
<27 mm 5% 294 1964 (439 (8.2 [0.12 |-
<30mm 10" 412 (90.7 |27 5.0 023 |-
sPTD <37 GW <22 mm 2.5" 129 [98.5 (30 84 0.12 |-
11.2% (85)
<27 mm 5% 20 96.6 1469 [59 [0.17 |-
<30 mm 10™ 329 |91.3 |32.7 (3.8 [0.26 |-
Jwala et al. Single center, Seattle, USA sPTD <37 GW <20 mm (6) 1.1 [99.6 [66.7 |27.8 ]0.04 |-
A0GS 2016'* (528 women (32% white, 55% 6.82% (36)
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Kazemier et al. |Two cohorts sPTD <32 GW <25 mm 0.9% 0.65
J Perinat 2016”7 |3409 from The Netherlands 60 (1.8%)
White 86.9%, smoking 0.6%.
> > sPTD <37 GW 0.63
IVF 3%, prior PTD 8% 198 (6.3%)
3334 from Chicago, USA sPTD <32 GW <25 mm 0.8% 0.72
White 61.3%, smoking 0.7%, 33 (1.0%)
S 1% prior PID 7% |spTD <37 Gw 0.64
rom rutine transvagina 175 (5.3%)
ultrasound screening, not
blinded, treatment offered
Pires et al. Int J |Single center, Sao Paolo, Brazil [sPTD <35 GW <20mm 27.3 1979 |30 13 0.74 |-
Gynaecol Obstet |338 women 3.2% (11)
138
2006 PTD <37 GW 6.2% |<20mm 18 |98 |40 |9 |oe3 |-
(21)
van der Ven et |Multicenter study, 59 centers, sPTD <37 GW 464
al. AOGS 2015%|The Netherlands. (3.9%)
11943 women divided to 5710  [PTD <37 GW 666
nulliparous and 6233 (low-risk  |(5.6%)
multiparous, 88% white)
5710 Nulliparous sPTD <32 GW 0.70% |<30 12.5*
Included: 30 (0.5%) women with |(40)
progesterone. sPTD <34 GW 1.3%  |<30 10.8 (98 5.4*% 0.91* [0.63
()
<35 33.1 [86.6
sPTD <37 GW 5.3%  |<30 6.3*% 196.1* |15.2* [1.62* [0.98* [0.61
(300)
<35 282 (873
6233 Low-risk multiparous sPTD <32 GW <30 13.3*
Included: 11 (0,2%) with
g . |sPTD<34GW 04% |<30 9.1 [96.7 0.58
Excluded: multiparous with prior ©s)
sPTD<34
<35 23.6 (90.2
sPTD <37 GW 2.6%  |<30 5.4% 198.7* [10.6* |4.23* 0.96* (0.56
(164)
<35 10.0 [90.4
‘Wulff et al. Multicenter, Denmark sPTD <28 GW 0.1% (4)|<25 mm 0.78% (26) |75* [99* [11.5* |112* |0.25
U0G 2018% 3442 women (97.5% white)
sPTD <34 GW 0.8%  |<25mm 0.78% (26) |20.7* {99.4* |23* |34.2* |0.80*
(29) <25 mm 1.79% (59)
sPTD<37 GW 3.3% 8.8% 199.5*% 38.5*% [17.7 (0.92

(114)

*counted from the data in the article

1.6 Intra-observer and inter-observer reproducibility
and reliability

General methods to study reproducibility and reliability

The reproducibility of a measurement can be studied by two or more observers,
which is called inter-observer reproducibility, or by the same observer, which is
called intra-observer reproducibility. Depending on whether the measurement result
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is a categorical (e.g. <25 mm cut-off of cervical length, or isthmus or not in our study)
or a continuous variable, different statistical methods are used. Observers should be
blinded from each other’s (inter-observer) or from their own (intraobserver)
measurements, and the equipment and the scale used should be the same.

A typical way to study differences between observers is to see whether the absolute
inter-observer differences increase with increasing measurement value or not by
calculating Spearmans rank correlations coefficient. If no significant correlation is
observed, Figure 11a, the differences are plotted against the mean difference. The
Limit of Agreements (LoA) (mean difference = 1.96 SD) shows in dotted lines in
Figure 11b, a Bland-Altman plot. LoA is an interval between mean difference where
95% of future measurements by two examiners, working as a pair, are expected to
fall.
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o R R o
L0 P A O = B e D= m = = =
% 0 o %° S
5 % o DA
S B I I
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Figure 11a Figure 11b

Figure 11a Inter-rater Bland-Altman plot with Spearman correlation coefficient Absolute
difference vs mean difference, for all pairs of examiners (from LIVE study, Paper IIl).

Figure 11b Inter-rater Bland-Altman plot: Absolute differences against mean difference and
limits for agreement (LoA), total for all raters (From LIVE study, Paper lll). Dotted lines are
mean and LoA.

An overview of statistical methods used in reproducibility studies are listed in
Table 6.

The common terms used in reproducibility studies are!63:

e Agreement means the degree to which scores or ratings are identical among
the observers/examiners

e Repeatability is a degree of how close scores or ratings obtained under similar
conditions are.

e Reliability may be explained as a ratio of variability between subjects (e.g.
women) or objects (e.g. transvaginal ultrasound) to the total variabilty of all
measurements in the sample. And, therefore, can be defined as the ability of a
measurements to differentiate among subjects or objects.
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Table 6 An overview of the most important statistical methods in reproducibility studies

Method

]Abbreviation | What it measured and how?

| Interpretation

under similar conditions

Inter-observer measurement, two (or more) observers assess the measurement of the same subject

Bland-Altman plot

Mean difference between observers
(in y-axis) against the mean
measurement value (x-axis).

Graphical way to see if
differences between observers
increase in increasing
measurement values and how
the differences are distributed
around the mean

Mean difference

Observer 1 measurement - observer
2 measurement = difference
between observers

Mean difference = sum of
differences / number of
observations

The difference between
observations (in mm etc) in a
pair

Limits of LoA

Agreement

LoA= mean difference +/- 1.96 x
SDdift‘cncncc

95% of differences between the
two examiners fall between these
limits in future measurements

Prediction interval for
observer 2 given a measurent
for observer 1

conditions

Intra-observer measurement, the same observer repeats the measurement again under similar

Intra-individual 1ISD
standard deviation=

measurement error

Yd?
2n

d;= difference between two
observations

IISD =

Measurement error, difference
between a subject’s
measurement and the true
value is expected to be less
than 1.96 xIISD for 95% of
observations'**

Repeatability

V2 x 1.96 x 1ISD ~ 2.77 x 1ISD

The difference between two
measurements of the same
subject is expected to be less
than IISD x 2.77 in 95% of
pairs of observations'®

Inter and intra-observer reliability

Intra-Class 1CC
Correlation
(ANOVA two-way

random model)

Express inter and intra-observer
reliability

The ICC is the proportion of
variance between examined
individuals and the total variance
Used for continous variables

If ICC is near 1, it has high
reliability
If ICC is near 0, it has low
reliability

Cohen’s kappa

Express agreement adjusted for
that expected by chance
Used for dichotomous variables

The range of Cohen’s kappa
is between 0 and 1, values
near 1 are excellent
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Reproducibility studies of cervical measurement using transvaginal
ultrasound in the second trimester — a systematic review of the
literature

To find all reproducibility studies performed on cervical measurements using
transvaginal ultrasound in the second trimester, a systematic literature search was
carried out in PubMed, Embase and Cochrane library in 2018-12-21. No language or
time restrictions were applied. Search strategy, flow chart and a list of excluded
articles with reasons for exclusion are shown in Appendix pp 3-7 in Paper I11.

Only two papers were included which presented data on reproducibility in cervical
length measurement using transvaginal ultrasound in the second trimester, Franga et
al'®> and Heath et al®,

Franga et al studied inter- and intra-observer reproducibility in the first and second
trimester. In the second trimester, 31 women were examined by three of four doctors
one after each other and each doctor made three measurements in a live situation.
Inter-observer reproducibility was studied in pairs (Observer 1-2, 1-3, 2-3, 2-4, 1-4,
3-4). Intra-observer reproducibility was evaluated by examining each observer’s
three measurements. Intra-observer reliability was high, ICC being 0.90 (between
0.85 and 0.91). The inter-observer ICC was 0.58 (min 0.53, max 0.64)!%. The width
of the LoA ranged from 12 mm to 23 mm, which is similar to a study by Valentin
and Bergelin, who had 21 mm for one pair when measuring cervical length in the
second and third trimester!®°.

In the study by Heath et al the cervical length of 100 women was measured by two
of four observers (well-trained operators). The first observer made two live
measurements, then the other observer made a measurement of the first observer’s
second frozen image, where the calipers had been removed. The second observer
then made two of his/her own live measurements.The first observer then made a
measurement of the second observer’s second image. Thus six measurements were
obatined on each woman. The number of examiner pairs is not mentioned. The
observers were blind to all results. The standard deviation of the intra-observer live
measurements was 1.76 mm, and of the inter-observer measurements 2.13 mm. On
95% of occasions the difference between two measurements of the same observer
(intra-observer) was <3.5 mm and between two observers (inter-observer) <4.2

mm®°.
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Both studies by Heath and Franga®®!% included few examiners (n=4), and so the
generalizability of the results may be questioned. The profession of the people
performing the measurements was unclear in the Heath study. When the accuracy of
measurements is based on only a few observations for each pair, the general
conclusions cannot be applied to clinical practice or compared with multicenter
studies where there can be 30 to 100 different examiners from different professions.
It is desirable that the LoA should not increase =5 mm, but in a clinical context it
may be necessary to accept higher LoA because of the heterogenicity of both the
examiners and patients.
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2. Aims

The overall aim of this thesis is to measure the cervical length of asymptomatic
women in their second trimester in Sweden, using transvaginal ultrasound. It is also
to investigate the relationship between cervical length and PTD and to study the
agreement and reliability of the measurement method in the hands of several
examiners.

The specific aims are to evaluate:

e cervical length as a risk factor for PTD (Paper I and II)
e the prevalence of a “short cervix” in Sweden (Paper I and II)
e the optimal cut-off of cervical length to predict PTD (Paper I and 1)

e the optimal time period to measure cervical length in order to predict PTD
(Paper II)

e whether the difference between two measurements is more predictive than
one measurement of cervical length (Paper II)

e the discriminative ability of “short cervix” to predict sSPTD <34 GW (Paper
I) and PTD <33 GW (Paper 1I)

e the discriminative ability of “short cervix” to predict sSPTD <28, <29, <30,
<31, <32, <33, <34, <35, <36, and <37 GW (Paper II)

e agreement repeatbility, and reliability of cervical measurements, when using
transvaginal ultrasound (Paper I1I)

e agreement regarding the presence /absence of the isthmic part of the cervix
uteri and regarding the cervical length <25mm or >25 mm (Paper I1I)

e whether cervical screening is a method to apply in Sweden and if an RCT of
prophylactic treatment with progesterone is realistic (Paper II)
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3. Patients and methods

Overview of Paper I-111
OPPTIMUM study PILOT study Paper |
7 e 2122 women P
CERVIX study
11 456 women Paper Il
v
LIVE study CLIPS study
198 women 93 women
p
REPRODUCIBILITY study Paper Il
AN

3.1 Study populations
Paper |

Women attending the routine ultrasound scan in the their second trimester were
recruited for a study to measure cervical length using transvaginal ultrasound at
Sahlgrenska University Hospital, Gothenburg and Norra Alvsborg County Hospital,
Trollhdttan in Sweden. Certified midwives measured endocervical length between
16+0 GW and 24+0 GW. Three measurents of endocervical lengths were performed
and the shortest length was recorded in the medical record. The study lasted between
August 2012 and May 2013. Women with fetal malformations, multiple pregnancies,
age <18 years, or signs of ongoing miscarriage (bleeding, leakage of amniotic fluid)
were not included. Women with a cervical length <25 mm were recruited to
participate in an RCT and were randomised to vaginal progesterone or placebo as
treatment for prevention of PTD (OPPTIMUM study®’). Women with a cervical
length >25 mm followed the ordinary antenatal care program. Women with singleton
deliveries at Sahlgrenska University Hospital during the study period, who were not
screened for cervical length, consituted a control group. The sample size was
calculated in order to recruit 750 women with cervical length <25 mm to a Swedish

51



RCT on vaginal progesterone. The prevalence of cervical length <25 mm was
estimated to be 2.5% so cervical length measurements of 10,000 women were needed
annually over 3.5 years. After ten months only seven women were recruited and the
RCT was discontinued.

Paper 11

Women attending the routine ultrasound scan in the second trimester were recruited
for a study to measure cervical length with transvaginal ultrasound at seven centers
in Sweden (Sahlgrenska University Hospital [Gothenburg], Skane University
Hospital in Malmé and Lund, Solna and Huddinge Hospitals, Karolinska Institute
[Stockholm], Falu Hospital [Falun] and Orebro University Hospital) between May
2015 and June 2017. This was called the CERVIX study. Women with fetal
malformations, multiple pregnancy, age <18 years, difficulties to understand oral and
written information, gestational age <18+0 GW or >20+6 GW, or -earlier
participation in the study were not eligible. Women with signs of ongoing
miscarriage (bleeding, leakage of amniotic fluid, amniotic sac bulging into vagina),
using progesterone or cerclage were excluded. Cervical length was measured twice:
the first between 18+0 and 20+6 GW (Cx1) and the second between 21+0 and 23+6
GW (Cx2) with a minimum of 14 days between the measurements. Both the women
and the health care providers were blind to the results of the cervical length
measurements. Women who declined cervical length measurement but consented to
data collection comprised one of the two control groups, the No Cervix measurement
population. The other control group consisted of a Swedish background population
from the Pregnancy Register. The Background population comprised all women >18
years old with a singleton pregnancy delivering in Sweden during the study period
(the first singleton delivery occurring during the study period). Sample size was
calculated with the aim of getting at least 100 women with PTD <33 GW, which
could give a reasonable confidence interval to assess the sensitivity of cervical length
in predicting PTD. The study population then needed to include 11,000 women.
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Paper III

Paper II consists of two parts, the LIVE study and the CLIPS study. The main
purpose of the LIVE study was to estimate the inter-observer agreement and
reliability of cervical length measurement. In the LIVE study, thirty women
participating in the CERVIX study in each seven centers were asked to have their
cervical length measured by transvaginal ultrasound by two midwives, one after the
other. In the LIVE study in each examiner pair, the first examiner’s measurement of
cervical length was included in the CERVIX study. In the CLIPS study, the main
purpose was to estimate intra-observer agreement (measurement error and
repeatability) and reliability. Sixteen midwives from the CERVIX study individually
measured cervical length twice at least two months apart but in a different order on
100 video clips from participants in the CERVIX study. The examiners were blinded
to each other’s measurements and in the CLIPS study also to their own previous
results. The LIVE and CLIPS studies were performed between January 2016 and
June 2017.

Sample size was not calculated in the reproducibility studies but was based on the
availability of examiners in the participating centers.

3.2 Transvaginal ultrasound measurement of cervical
length

Criteria for cervical length measurement (Figure 12)

We measured cervical length in the same manner as described in Chapter 1.4 p 37
and:

e we measured the endocervical length from A to B in Papers I-1II and added the
following in Papers II and III

e  we measured isthmus length from B to C. The point C is called the “virtual
inner os” and is the innermost end of the juxtaposed anterior and posterior
isthmus

e we measured the straight distance between A and C

e  we calculated the sum of A to B and B to C, i.e. endocervical length and
isthmus length

e ifisthmus length >0 mm in at least one of three measurements, it was denoted
as isthmus being present
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e if cervical length was not measurable, the reason was given

Figure 12 Measurement of cervical length when isthmus is present. A denotes the external os,
B denotes the internal os. C (called the “virtual inner os”) is the innermost end of the
juxtaposed anterior and posterior isthmus. Measurements are taken as a straight line from A
to B (the endocervical canal), B to C (isthmus length), and Ato C

Certification and quality control

All cervical length measurements were performed by trained and certified midwives.
They had two theoretical lectures; one from the Fetal Medicine Foundation

(Www.fetalmedicine.org/cervical-assessment-l) and one from the steering committee of the
CERVIX study. Practical training consisted of hands-on training supervised by a
physician or by a certified midwife. For certification the midwife needed to produce
ultrasound images fulfilling the quality criteria as shown below from five
consecutive women examined at 18 to 23 GW. The midwife was certified if all five
members of the quality control committee of the CERVIX study agreed that the
images fulfilled the quality criteria.

e Quality criteria for correct transvaginal cervical length measurement

e Cervix occupies at least 75% of the screen

e Anterior and posterior lip of the cervix are of equal thickness

e Full endocervical canal is clearly seen

e Inner and outer cervical os are clearly seen as well as the virtual inner os if
isthmus is present Calipers are correctly positioned
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In the CERVIX study, regular quality controls were carried out twice a year without
prenotification. Images from five consecutive women examined during a specified
week were selected retrospectively by each midwife and submitted to the quality
control committee. Also pre-planned controls were performed twice a year. The
midwives selected three different ultrasound images (from three different women)
considered by themselves to meet all the quality criteria. The quality control
committee asked for new images if they did not meet the criteria. After three failed
attempts the midwife was no longer allowed to examine women in the CERVIX
study.

3.3 National registers

For Paper II data was collected on the study populations from:
The Swedish Pregnancy Register

Information on pregnancy, delivery and neonatal data of the index pregnancy
The Swedish Medical Birth Register

Information on previous preterm deliveries before the index pregnancy
The Swedish National Patient Register

Information on previous cervical conization and cerclage during index pregnancy
The Swedish Prescribed Drug Register

Information of redeemed prescription of vaginal progesterone during the index
pregnancy

The Pregnancy Register is a national quality register. The Swedish Medical Birth
Register, the National Patient Register and the Prescribed Drug Register are health
data registers hosted by the Swedish National Board of Health and Welfare
(www.socialstyrelsen.se). Linkages between the registers are possible via the unique
personal identity number given to all citizens in Sweden.

The Pregnancy Register

Since 2013, data on pregnancy, ultrasound examinations during pregnancy, delivery
and neonates has been collected in the Pregnancy Register!'®’
Register covered 93% of all deliveries in Sweden in 2017. Data is obtained from

. The Pregnancy

three different sources: 1. Manually entered data by antenatal care midwives at
registration for antenatal care (variables which are not registered in electronic
medical records) 2. Data on first trimester combined ultrasound and biochemistry 3.
Electronic transfer of data from the electronic medical records from 2013 and
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onwards. The electronic data transfer includes data from antenatal care, second
trimester ultrasound examinations, delivery and postpartum care for the mother and
infant, including diagnoses and procedures. The Pregnancy Register was started by
merging the Maternal Health Care Register (established 1999) and the National
Quality Register for Perinatal Diagnosis (established 2004). The Maternal Health
Care Register database has been validated and has very good validity (>95%) in
more than 50% of variables and good validity (70-90%) in the remaining variables'6%.
Individual, de-identified and aggregated data from the Pregnancy Register is
available for care providers and researchers.

The Pregnancy Register publishes annual reports about maternity care and deliveries,
the latest report being published in 2018 for the year 2017
(https ://www.medscinet.com/gr/uploads/hemsida/dokumentarkiv/ GR_Arsrrappon_20 1 7_4.0.pdf).

The Medical Birth Register

The MBR has collected data on pregnancies, deliveries and neonates since 1973 and
includes about 99% of deliveries in Sweden'®’. The data was validated in 1988 and
2001 and is considered to have good validity'®,
www.socialstyrelsen.se/publikationer2002/2002-112-4). Maternal diagnoses were correctly
reported in 98% of cases, data on onset of the delivery was missing in 3.4%
(spontaneous onset 82.9%, induction of labour 8.3% and cesarean section 5.3%), and
some had more than one onset marked for deliveries between 1992 and 1998.
Individual de-identified and aggregated data is available for researchers with a delay
of about one year. The pregnancy, delivery and neonatal data from 2016 was

published in January 2018 and data from 2017 is not yet available (2019-03-15).

The National Patient Register

The National Patient Register started in 1987 and has collected data on in and
outpatient diagnoses according to the International Statistical Classification of
Disease and Related Health Problems (ICD)-9 between 1987-1996 and ICD-10 from
1997. Primary health care is not yet included. Validity was reported in 2011 and data

was shown to have high validity for most of the diagnoses!°.

The Prescribed Drug Register

The Prescribed Drug Register has collected individual-based data from redeemed
prescriptions since 2005. It contains information on Anatomic Therapeutic Chemical
(ATC) -code, prescription amount, date of prescription and date when the product
was redeemed (www.socialstyrelsen.se). All data is collected electronically and there
is little missing data. Drugs used during hospitalization are not recorded.
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3.4 Overview of methods in Papers I-111

Table 7 Overview of the studies and statistical methods in Papers I-II1

Paper I

Paper I1

Paper I1I

Study design

Observational, prospective
study, two centers

Observational, prospective
multicenter study, seven
centers

Reproducibility study,
prospective, multicenter
study, seven centers

Sample size

Study population
2122 women

Study population
11 486 women

Control group
7216 women

Control groups
9799 women
347 398 women

LIVE: 7 examiner pairs, 24-
30 women each
CLIPS: 16 raters, video clips
from 93 women

Study period

2013 -2014

2014 - 2017

20162017

Data sources and
cross-linking

eCRF, Obstetrix*

eCRF, PR, MBR, NPR,
PDR

eCRF, Obstetrix*

Statistical methods

Descriptive continuous
variables

Mean, SD, median,
minimum, maximum

Mean, SD, median,
minimum, maximum,
interquartile range

Mean, SD, median,
minimum, maximum,
interquartile range

Descriptive categorical
variables

Numbers, percentage

Numbers, percentage

Numbers, percentage

Analyses of ordered Mantel-Haenszel chi-
categorical variables | squared test
Analyses of t-test

continuous- variables

Association between
dependent and
independent variables

Univariable and
multivariable logistic
regression analysis,

OR with 95% CI, adjusted
OR with 95% CI, RR with
95% CI

Univariable logistic
regression analysis (results
not showen)

Diagnostic test

Sensitivity, specificity,
PPV, NPV, LR+, LR-,
ROC, AUC

Sensitivity, PPV, ROC,
AUC, NNH, NNS

Survival analysis

Kaplan-Meier plots

Test of correlation

Spearman rank correlation
coefficient

Agreement of
continuous variables

Bland-Altman plots. Mean
difference and

Limits of Agreement (mean
difference £1.96 SD), Width
of Limits of Agreement

Agreement of
dicotomous variables

Percent total agreement,
percent positive and percent
negative agreement. Cohen’s
kappa

Inter and intra-
observer reliability of
continuous variables

Intra-class correlation
coefficient (ICC), ANOVA
two-way random model

Inter and intra-
observer reliability of
dicotomous variables

Cohen’s kappa, Fleiss kappa

Intra-observer
measurement error

Intra-individual standard
deviation (IISD). The
difference between a
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subject’s measurement and
the true value is expected to
be less than 1.96x IISD for
95% of observations
Intra-observer The difference between two
repeatability measurements on the same
subject is expected to be less
than 2.77xIISD
(\N2x1.96xIISD) for 95% of
observations

AUC, area under the receiver operating characteristics curve; CI, confidence interval; eCRF, electronic Case
Record Form (MedSciNet AB, Stockholm, Sweden, www.medscinet.com); ICC, intraclass correlation
coefficient; IISD, intra-individual standard deviation; LR, likelihood ratio; MBR, The Swedish Medical Birth
Register; NNH, number needed to harm, i.e. number of false positive results per one true positive test result;
NNS, number needed to screen, i.e. number of women needed to screen to detect one true positive test result;
NPR, the Swedish National Patient Register; NPV negative predictive value; PDR, The Swedish Prescribed
Drug Register; PPV positive predicitive value; PR, The Swedish Pregnancy Register; ROC receiver operating
characteristics curve; SD, standard deviation

*Obstetrix: an electronic medical record system (Cerner AB Sweden)

3.5 Ethical permissions and considerations

The studies were approved by the Regional Ethical Review Board in Gothenburg for
Paper I: Dnr 311-12 and for Papers Il and I1I: Dnr 825-13, T053-14, T691-14, T972-
15, T122-16, T896-17, T645-18, T878-18, and T970-18. All women signed the
written informed consent form. All participation in the studies was voluntary and the
woman could withdraw from the study at any time.

The ethical aspects in Paper I mainly concerned whether it was safe and ethically
acceptable to treat pregnant women with vaginal progesterone. Women in Paper |
with a “short cervix” were invited to participate in the OPPTIMUM trial
(http://www.opptimum.org.uk) an international, multicenter RCT in which women
considered to be at risk were randomized to vaginal progesterone or placebo groups.
Extensive human data has not shown any teratogenic effects of progestogens in the
late second or third trimester!”!-17%, In assisted reproductive technology the same drug
has been used in the first trimester in women without any reports of increased fetal
risks. Administration of progesterone in the OPPTIMUM study (22-34 GW) was
therefore unlikely to have any teratogenic effect.

In the CERVIX study (Paper II) the cervical measurement was not disclosed to the
women or the caregivers. The CERVIX study may therefore be considered unethical
as studies from other countries have shown that a “short cervix” is a risk factor for
PTD and there may be possible preventive strategies. There was no data before
Papers I and II on the prevalence of a “short cervix” in Sweden, nor on the best cut-
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off point in cervical length for the prediction of PTD, nor the best time to measure
cervical length. A meta-analysis has shown that treatment with vaginal progesterone
for women with a “short cervix” can reduce the rate of PTD®. However, not all
studies have shown a positive effect on PTD®7-10L104105 ¢ j5 also important to take
into consideration that it is the consequences of PTD for the infant that are most
important. Reducing the rate of PTD in itself is not a value and PTD may be
considered as a surrogate outcome measure. Spontaneous PTD is associated with

intrauterine inflammation and infection®!7

and prevention of sSPTD may cause harm
by maintaining the fetus in an adverse environment. Significant reduction of short-
term neonatal adverse outcome has been reported in some studies®®®® but not in
all¥”193 There is little follow up data on infants and a long-lasting positive effect on
infants has not been proved®”!”®. In Sweden, there are no national guidelines for
universal screening for cervical length , or for screening of women at risk. A
recommendation for screening or preventive treatment is up to the decision of the
individual clinician. The participating women were informed that the measurement
results would not be disclosed to themselves or to the caregivers and not used for
pregnancy management. Only if it was found during examination that membranes
were bulging into the vagina, was the woman informed and referred to an
obstetrician.

When evaluation of intra-observer agreement was planned in the reproducibility
study, we thought a maximum of two examinations would be acceptable to women.
Therefore intra-observer reproducibility was evaluated in the CLIPS study but not in
the LIVE study.
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4. Results and comments

4.1 Paperl
Results

In total, 2122 asymptomatic women underwent cervical length measurement using
transvaginal ultrasound between 16+0 GW and 23+1 GW (mean 18+4 GW), of
whom 94% were screened between 16+0 and 19+6 GW. Ninety two per cent of all
cervical measurements were performed in Gothenburg and 8% in Trollhdttan.
Cervical length was approximately normally distributed and mean (SD) cervical
length was 39.9 (6.5) mm. Eleven women (0.5%) had a cervical length <25 mm and
73 (3.4%) <30 mm. Seven out of 11 women with a cervical length <25 mm were
included in the OPPTIMUM trial®” and were excluded from further analysis, as well
as women with indicated PTDs (n=35) and women lost to follow-up (n=19). In total,
2061 women were analysed regarding the risk of sSPTD.

There were significantly more nulliparous women in the study population (923/2061)
than in the non-screened population (2843/7216), 49% vs 43%, but otherwise the
groups were comparable concerning maternal characteristics (Table 1, Paper I). In
the study population the rate of SPTD <34 GW was 1.0% (n=22) and <37 GW 4.2%
(n= 87), in the non-screened population it was 1.0% and 3.7%, respectively. The
relative risk (RR) of sPTD <34 GW was 15.8 (95% CI 1.9-134.5) if cervical length
was at or below the 10™ percentile (<32 mm).

The mathematically best cut-off point on the ROC curve was a cervical length of 37
mm corresponding to the 35" percentile (Figure 13) which for a prediction of sPTD
<34 GW and <37 GW had a sensitivity of 59% and 53%, a PPV of 2% and 6% and
an AUC of 0.689 and 0.582, respectively.

The univariable logistic regression analysis showed a significant association between
cervical length and sPTB <34 GW (OR 1.78; 95% CI 1.19-2.65, p=0.005, for a
decrease of cervical length by 5 mm) (Figure 14). No significant association was
found for CL and sPTB <37 GW. Adjustment for relevant confounders only
marginally changed the result.
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Figure 13 Receiver operating characteristics curves showing the ability of cervical length to
predict spontaneous preterm delivery before 34 GW (a) and 37 GW (b). The arrows indicate
the mathematically best cut-off point (cervical length 37 mm)

005 010 025 050 1 2 4 8 16 OR(95%Cl) p-value
Cervical Length | —e—i 1.78 (1.19-2.65)  0.0047
Per 5 mm decrease
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othor's Age | —e—H 0.69 (0.43-1.09)  0.1141
Per 5 yr increase
BMI
. - —— 1.00 (0.58-1.74)  1.0000
Per 5 unit increase
Mother's Helght | ——i 0.69 (0.48-0.98)  0.0366
Per 5 cm increase
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Figure 14 Results from univariable logistic regression analysis of selected maternal
characteristics for the risk of preterm delivery <34 GW. For cervical length, odds ratio (OR) is
the ratio for the odds of a decrease of the predictor by five units. For mother’s age, BMI,
mother’s height, OR is the ratio for the odds of an increase of the predictor by five units. Parity
(parity 0 or parity 1+) and smoking (yes or no at first antenatal visit) were categorical variables
Cl, confidence interval
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Comments

Short cervical length and smoking were associated with sSPTD <34 GW (the primary
outcome), but not with sPTD <37 GW in this study. It confirmed the findings from
other studies that the shorter the cervical length, the higher the risk of sSPTD°. The
prevalence of short cervix, if defined as <25 mm, was lower, 0.5% (n=11), than
expected. Seven of these women with a short cervix were included in the
OPPTIMUM trial and were randomised to progesterone or placebo. They delivered
at term except two: one at 36+4 GW and another at 36+5 GW. Four women with a
short cervix who declined participation in the OPPTIMUM trial delivered at term.
Other studies have found a prevalence of short cervical length (<25 mm) varying
between 3.2% and 10.7%54+67-90.15517 One study from Finland showed a prevalence
of cervical length <25 mm of 0.3% which corresponds to our findings®’.

Measurement of cervical length had poor sensitivity and low PPV to predict sPTD.
However, the results were based on only 22 women who had a sPTD <34 GW and
we concluded that a larger study was needed before cervical length measurement
could be recommended as a universal screening method.

4.2 Paper II
Results

During the study period 54 668 women in seven participating centers attended the
routine pregnancy scan at 18 GW and 76% of them were assessed for eligibility. Of
the eligible women, 46% declined participation leaving 11,456 recruited women for
cervical length assessment. A flow chart shows the study populations and reason for
exclusions (Figure 2, Paper II). The study populations consist of 11,072 women in
the Cx18W population (result from cervical measurement at Cx1 and outcome data),
6288 women in the Cx21W population (result from cervical measurement at Cx2 and
outcome data) and 6179 women in the Cx18W2IW (result from cervical
measurement at both Cx1 and Cx2 and outcome data). The No Cervix measurement
population consists of 9799 women and the background population of 347,398
women. There are some differences in background and outcome data between the
groups (Table 8 and Table 9). In the study populations and No Cervix population
fewer women were born outside Europe at between 7% and 10%, compared with
18% in the Background population. In the study populations there were more women
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with in vitro fertilization pregnancies and women with a history of conization or
previous singleton sPTD (Table 8). The rate of sSPTD was higher in the Background
population than the study populations (Table 9).

Table 8 Background characteristics by study groups

Variable Cx18W Cx21W Cx18W21W No cervix Swedish
n=11 072 (n=6288) n=6179 measurement  |background

(decliners) population
n=9799) (n=347 398)

Age at delivery [31.3 (28.3; 34.8) |31.3 (28.3;34.6) |31.3(28.3;34.6) (30.9 (27.7;34.3) |30.7 (27.1; 34.4)

(years)

Maternal country [1008 (9.9%) 426 (7.3%) 420 (7.3%) 854 (9.5%) 56 439 (18.2%)

of birth outside

European

countries

BMI at first 23.7(21.6;26.8) (23.8 (21.6;26.9) [23.8 (21.6;26.9) (23.7 (21.5;27.0) |23.8 (21.5;27.1)

antenatal visit n=9968 n=5730 n=5634 n=8530 n=322 139

Smoking 390 (3.9%) 189 (3.3%) 186 (3.3%) 375 (4.5%) 15 868 (4.7%)

IVF in current  |587 (5.5%) 359 (5.9%) 350 (5.9%) 376 (4.0%) 15260 (4.6%)

pregnancy

Conization of 654 (5.9%) 403 (6.4%) 396 (6.4%) 415 (4.2%) 14 710 (4.3%)

cervix before n=341 000

pregnancy

Nulliparous 5223 (49.5%) 3131 (51.6%) 3084 (51.7%) 4175 (45.2%) 160 345 (47.7%)

Previous PTD 503 (4.5%) 303 (4.8%) 295 (4.8%) 308 (3.1%) 11357 (3.3%)

(<37 GW) >1” n=341 000

Previous 372 (3.4%) 223 (3.5%) 221 (3.6%) 205 (2.1%) 7825 (2.3%)

singleton n=341 000

spontaneous PTD

(<37 GW) >1

For categorical variables n (%) is presented

For continuous variables Median (interquartile range Q1; Q3) is presented

BMI=body mass index (kg/m?), GW=gestational weeks, [VF=in vitro fertilization, PTD=preterm delivery

* previous singleton, multiple, spontaneous and indicated PTDs are included
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Table 9 Pregnancy and delivery outcome by study groups

Variable Cx18W Cx21W Cx18W21W | No cervix Swedish
n=11 072 (n=6288) n=6179 measuremen | background
t (decliners) population
n=9799) (n=347 398)

Redeemed prescription of |18 (0.2%) 9 (0.1%) 8 (0.1%) 0 (0.0%) 823 (0.2%)

vaginal progesterone after n=341 000

inclusion/18+0 GW* until

delivery

Cerclage after inclusion/ |1 (0.0%) 0 (0.0%) 0(0.0%) 0 (0.0%) 244 (0.1%)

18+0 GW* n=341 000

Preeclampsia or gestational|619 (5.6%) 368 (5.9%) 359 (5.8%) 534 (5.4%) 16 890 (4.9%)

hypertension (at delivery)

Induction of labour 1946 (17.6%) |1090 (17.3%) {1066 (17.3%) [1591 (16.2%) |59 259 (17.1%)

Caesarean delivery 1704 (15.5%) |944 (15.1%) 923 (15.0%) 1475 (15.2%) |60 088 (17.3%)

Late miscarriaget (before |8 (0.1%) 0 (0.0%) 0 (0.0%) 7 (0.1%) NA

22+0 GW)

Spontaneous late 7 (0.1%) 0 (0.0%) 0 (0.0%) 4 (0.0%) NA

miscarriage (before 22+0

GW)

PTD 22+0-32+6 GW 109 (1.0%) 53 (0.8%) 52 (0.8%) 72 (0.7%) 3765 (1.1%)

PTD 22+0-36+6<37 GW 577 (5.2%) 321 (5.1%) 313 (5.1%) 412 (4.2%) 18 101 (5.2%)

Spontaneous PTD 22+0- (15 (0.1%) 3(0.0%) 3(0.0%) 18 (0.2%) 993 (0.3%)

27+6 GW

Spontaneous PTD 22+0- (56 (0.5%) 26 (0.4%) 26 (0.4%) 42 (0.4%) 3302 (1.0%)

32+6 GW

Spontaneous PTD 22+0- 410 (3.7%) 225 (3.6%) 220 (3.6%) 293 (3.0%) 15357 (4.4%)

36+6 GW

For categorical variables n (%) is presented.
GW=gestational weeks, PTD=preterm delivery
*18+0 GW for Swedish background population
fincludes induction of labour for missed abortion

The ability to predict sPTD between <28 and <37 GW was comparable for the nine
measurements of cervical length (minimum [shortest], mean or maximum distance
of A-B, A-C, A-B + B-C) (Figure 15), whether the isthmus was present or not.
Therefore, only the results showing the minimum (shortest) endocervical length are

presented below. This is the measurement most widely used by others

63,88,154

Results for min A-C and mean A-C are presented in Appendix in Paper II.

The median gestational age at Cx1 was 19+0 GW (interquartile range [IQR] 18+3 to
19+3) and at Cx2 23+0 GW (IQR 22+4 to 23+3), the median interval between Cx1
and Cx2 was 28 days (IQR 24-31). Median cervical length was 36.0 mm (min 3.0,
max 60) at Cx1 and 36.0 mm (min 4, max 60) at Cx2. Isthmus was present in 23.3%
of the women at Cx1 and 8.9% at Cx2. The prevalence of different cut-offs of

endocervical length is presented in Table 10.
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The probability of continued pregnancy without delivery at different gestational ages
before 37+0 GW in relation to cervical length at Cx1 and Cx2 is shown in Kaplan-
Meier plots in Figure 16a. Figure 16b with indicated PTD is censored.

Table 10 Prevalence of different cut-offs of shortest endocervical length at Cx1 and Cx2

Cervical Cx1 (18102016 GW) Cx2 (21+0-23+6 GW)
length cut-off
n=11072 n=6288
n % n %
<10 mm 7 0.06 6 0.10
<15 mm 15 0.14 14 0.22
<20 mm 67 0.61 71 1.13
<25 mm 441 3.98 274 4.36
<30 mm 2175 19.6 1166 18.6
<=32w <=36wW
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Figure 15 shows a scatter plot of all measurements of shortest endocervical length at Cx1 vs
time of delivery (days)
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Figure 16 Kaplan-Meier plots to illustrate the probability of continued pregnancy at different
gestational ages before 37+0 GW in relation to cervical length at 18+0-20+6 gestational weeks
(Cx1) in Figure 16a, and at 21+0-23+6 GW (Cx2) in Figure 16b. Women with indicated PTD
being censored. w= weeks
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The ability of endocervical length to predict PTD between 22+0 and 32+6 GW
(primary outcome) at Cx1 and Cx2 was poor (AUC 0.57 and AUC 0.59,
respectively). The ability of endocervical length to predict sPTD <33+0 GW,
including late miscarriage (secondary outcome), at Cx1 was better (AUC 0.74) if the
isthmus was absent than if the isthmus was present (AUC 0.57). To study which of
the measurements at Cx1 or Cx2 was best to predict sPTD, the Cervix18W21W
population was analysed. Endocervical length at Cx2 was better than Cx1 at
predicting sSPTD <33 GW (AUC 0.76 and 0.65, respectively) and also better than
changes in endocervical length between Cx1 and Cx2 (AUC 0.67).

In Table 11 the ability of endocervical length to predict sSPTD <28, <33 and <37 GW
at Cx1 and Cx2 is shown. In the Cx18W population, the 25 mm endocervical length
cut-off identified 27% (17/63) of the women with sSPTD <33 gestational weeks with
NNH 25, and NNS 651. Using the mathematically best cut-off (29 mm) the
corresponding numbers were 43% (27/63), 60 and 410.

There were seven late spontaneous miscarriages in the Cx18W population, three of
which occurred after PPROM. They occurred between 3 and 16 days after Cxl
measurement. Cervical length varied from 3 mm to 41 mm (four were <25 mm). In
Cx21W population there were no women with late miscarriages.
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Table 11 Discriminative ability of endocervical length measured at 18+0 to 20+6 GW (Cx1);
Cx18W population (n=11,072), and at 21+0 to 23+6 GW (Cx2); Cx21W population (n=6288),
with regard to predicting spontaneous preterm delivery

Cervical length at Cx1
0-25 mm (n=441) Best cut-off*
sPTD No. sPTD |[AUC Sens PPV NNH/ Sens PPV NNH/ mm
(%) (%) (%) NNS (%) (%) NNS
<28GW |22 0.83 9/22 9/ 441 48/ 1230 |18/22 18/3383  |187/615 |32
(0.20%) (40.9%)  [(2.0%) (81.8%)  [(0.5%) (n=3383)
<33GW |63 0.68 17/63 17/441 25/ 651 27/63 27/1638 |60/410 29
(0.57%) (27.0%)  |(3.9%) (42.9%)  [(1.7%) (n=1638)
<33 GWT |56 0.66 13/56 13/437 33/ 851 38/56 38/4682  [122/291 |34
(0.51%) (23.2%)  |(3.0%) (67.9%)  [(0.8%) (n=4682)
<37GW |417 0.60 38/417 38/441 11/291 207/417 |207/4013 |18/54 33
(3.77%) (9.1%) (8.6%) (49.6%) |(5.2%) (n=4013)
Cervical length at Cx2
0-25 mm (n=274) Best cut-off*
sPTD No. sPTD |[AUC Sens PPV NNH/ Sens PPV NNH/ mm
(%) (%) (%) NNS (%) (%) NNS
<28GW |3 0.96 13 1/274 273/6288 |3/3 3/510 169/2096 (27
(0.05%) (33.3%) |(0.36%) (100%) (0.59%) (n=510)
<33GW |26 0.76 1026 10274 27/629 14/26 14/510 35/449 27
(0.41%) (38.5%)  [(3.65%) (53.9%) |(2.8%) (n=510)
<37GW [225 0.63 34/225 34/274 7/185 144/225 |144/2926 |19/44 35
(3.58%) (15.1%)  [(12.41%) (64.0%) |(4.9%) (n=2926)
AUC=area under receiver operating characteristic curve, CI=confidence interval, GW=gestational weeks,
NNH=number needed to harm, i.e. number of false positive results per one true positive test result, NNS=number
needed to screen, i.e. number of women needed to screen to detect one true positive test result, No=number of,
PPV=positive predictive value, sens=sensitivity, sSPTD=spontaneous preterm delivery,
*the mathematically best cut-off being the one corresponding to the point on the receiver operating characteristic
(ROC) curve situated farthest from the reference line.
n=11 064 as denominator (late miscarriage excluded).

Comments

There was an association between cervical length measured at Cx1 and Cx2, and
PTD. The shorter the cervical length, the higher the risk for PTD, as shown in the
Kaplan Meier plots. Cervical length in the second trimester was poor at predicting
PTD, but better at predicting sPTD, especially for spontaneous, extreme and very
early PTD. Endocervical length at Cx2 discriminated better than endocervical length
at Cx1 between women who delivered spontaneously preterm and those who did not.
The mathematically best cut-off value for short cervical length measured at Cx1 or
Cx2 varied between 27 mm and 35 mm to predict sSPTD <28, <33, <37 GW and with
an AUC, between 0.60 and 0.96. A cervical length cut-off of 27 mm at Cx2
measurement (8% [510/6288]) identified 54% (14/26) of sPTD <33 GW, with 35
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false positives per one true positive test result. Four hundred and forty-nine women
needed to be screened to identify one woman with a sSPTD <33 GW.

The prevalence of cervical length <25 mm was much higher than in our previous
study, 4.0 % vs 0.5% (Paper I). This did not correspond to a higher rate of SPTD in
Paper II. The rate of sPTD <37 GW was 4.2% in Paper 1 (87/2061) and 3.7%
(410/11072) in Paper II. The corresponding figures for sPTD <34 GW were 1.1%
(22/2061) and 0.8% (87/11 072), respectively. This study was a multicenter study
and cervical measurements were assessed by 25 midwives at seven centers, while the
first was mostly done in one center with measurements performed by eight midwives.
In the first study (Paper I) the median cervical length was four mm longer than in
this study (39.9 mm vs 36.0 mm at both Cx1 and Cx2). This is discussed further in
Chapter 5.5 p.81-84.

The total rate of PTD was comparable in the study populations and the Background
population. However, the rate of sPTD was higher in the Background population
(sPTD <37 GW: 4.4% vs 3.6-3.7%). The differences in rates of sSPTD may be
explained by different data sources and definitions. For categorization of PTD into
spontaneous or indicated PTD the medical records of women with PTD in the study
populations were manually scrutinized, but for the Background population only
register data was used.

4.3 Paper III
Results

A summary of background data of the study populations in the LIVE and the CLIPS
studies is shown in Table 12.

The LIVE study

Inter-observer continuous variables

Each pair of examiners (n = 7) assessed between 24 and 30 women each.The median
length of the shortest endocervical length (n =198) was 35.0 mm (range 20.0 to 58.0
mm). The intraclass correlation coefficient (ICC) (reliability) varied between 0.31
and 0.91 for the seven examiner pairs. For one examiner pair, ICC was high and
limits of agreement (LoA) was narrow; for two pairs of examiners ICC was low and
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LoA wide (Table 13 and Figure 17). Agreement and reliability were better if both
examiners in a pair agreed that isthmus was not present. (Figure 17).

Table 12 Background data for the LIVE and the CLIPS studies

Maternal characteristics Live Clips
(n=198) (n=93)
Maternal age 32 (21; 45) 31(22; 41)
BMI 24 (17, 41) 24 (18; 42)
Nulliparous 84 (42%) 47 (51%)
Ethnicity
white 168 (85%) 82 (88%)
other 30 (16%) 11 (12%)
History of late miscarriage or preterm 16 (8%) 5 (5%)
delivery
History of cervical conization 15 (7.6%) 10 (10.8%)
Gestational age when CL was 19+4 (18+0; 23+6) 19+2 (18+0; 23+4)
measured, weeks, days
For categorical variables n (%) is presented.
For continuous variables Median (Min; Max)
BMI= body mass index, CL= cervical length

Table 13 The LIVE study: Agreement and reliability of seven pairs of examiners with regard
to shortest endocervical length

Difference in mean Limits of ICC
endocervical length (95% agreement, mm
CI of mean difference), mm
Best Pair F 0.33 (-0.61; 1.28) -4.06 to 4.72 0.91
Pair A 0.97 (-0.26; 2.19) -5.35t07.28 0.76
Pair B 1.37 (-0.02; 2.7) -5.92 t0 8.65 0.63
Pair E 0.14 (-1.31; 1.59) -7.34 to 7.61 0.70
Pair G 0.86 (-0.57; 2.29) -6.37 to 8.09 0.79
Poorest Pair C 0.73 (-1.64; 3.10) -11.70 to 13.17 0.58
Pair D 0.14 (-2.08; 2.37) -11.11to 11.39 0.31
Limits of Agreements (LoA): 1.96 standard deviations on either side of the mean We expect 95%
of differences between future measurements by two examiners in a pair to fall within the LoA '*.
Intraclass correlation coefficient (ICC): ANOVA, two-way random model, absolute agreement as
an estimate of reliability in general.
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Measurement value

Examiner 1 Examiner 2 Mean diff

mean(min;max) mean(min;max) (LoA) ICC
Shortest endocervical length (A-B), mm

Pair A e 35.2(20;44) 34.3(23;40) 1.0(-5.4;7.3) 0.76
Pair B ———e—— 36.3(28;44) 34.9(27:42) 1.4(-5.9;8.7) 0.63
PairC |} | | 35.4(23;49) 34.7(18:52) 0.7(-11.7;13.2) 0.58
PairD | | | 30.3(22;40) 30.1(17:38) 0.1(-11.1;11.4) 0.31
Pair E e e | 32.7(23;41) 32.6(24:40) 0.1(-7.3,7.6) 0.70
Pair F | 36.5(29;49) 36.2(27:51) 0.3(-4.1;4.7) 0.91
Pair G —1e—— 40.0(30;58) 39.2(28;52) 0.9(-6.4;8.1) 0.79

Shortest endocervical length (A-B), mm (isthmus no for both examiners)
Pair A F——t— 34.8(20;44) 34.3(23;40) 0.5(-5.2,6.2) 0.83
Pair B T 36.0(29;44) 34.3(27:42) 17(-42;75)  *|0.72
PairC | | | | 35.4(23;49) 34.9(18;52) 0.5(-11.3;12.3) 0.64
Pair D e 33.1(25;38) 31.1(26:40) 21(-42:83) *|057
Pair E 71— 34.7(24;41) 33.2(24;40) 1.4(-4.8,7.7) 0.75
Pair F —e— 36.9(29;42) 36.9(27;43) 0.0(-3.3;3.3) 0.95
Pair G e 39.6(30;58) 39.3(28;52) 0.3(-4.1;4.7) 0.92

T T T T
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Figure 17 LIVE study. Forest plots showing mean difference (dot) and Limits of Agreements,
LoA, (lines) for seven pairs of examiners taking measurements of shortest endocervical length,
and for the shortest endocervical length when both examiners agreed on absence of isthmus.
All mean differences in mm are shown as positive differences with LoA adjusted accordingly.
Asterisks denote systematic differences between the two examiners. The measurement
results and the intraclass correlation coefficient (ICC) for each pair is also shown.

Examiner 1 is the examiner with the highest mean value of the studied variable. Examiner 2 is
the examiner with the lowest mean value of the studied variable.

The CLIPS study

Intra-observer continuous variables

Sixteen raters assessed 93 video clips twice with at least two months between the
assessments. Seven video clips of the original 100 were excluded because some
women contributed two clips.The first video clips were included in the CLIPS study.
Median length of shortest endocervix (n=1485) at first assessment was 35.0 (min 10
mm; max 53 mm). Median mean difference between two measurements (intra-rater)
(n= 16 raters) in endocervical length was -0.15 mm (range -1.48 to 1.27 mm) (second
measurement subtracted from first), median I[ISD 2.14 mm (range 1.40 to 3.46 mm),
median repeatibility 5.93 mm (range 3.88 to 9.58). ICC for endocervical length was
0.84 (range 0.66 to 0.94). The corresponding values are shown in Table 14 for each
of the 16 raters.

Figure 18 illustrates with a Bland-Altman plot the differences between each rater’s
measurements and the mean of all 16 raters’ measurements of endocervical length.
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Table 14 CLIPS study. Intra-observer differences, measurement error (intra-individual
standard deviation [IISD]), repeatability and reliability with regard to measurements of
shortest endocervical length for each of 16 raters (n=93 video clips for each rater, except rater
7 [n=92], rater 12 [n=91])

Endocervical length
Unique rater Difference, mm Measurement Repeatability, Reliability
number Mean (SD), Min; Max error IISD, mm mm ICC
Rater 1 -0.01 (2.77),-10.0; 11.0 1.95 5.40 0.85
Rater 2 -0.04 (2.60), -13.0; 8.0 1.83 5.07 0.87
Rater 3 1.27 (2.83),-8.0; 9.0 2.18 6.04 0.80
Rater 4 -0.74 (2.77), -15.0; 6.0 2.01 5.57 0.87
Rater 5 -0.63 (2.31), -12.0; 6.0 1.68 4.65 0.88
Rater 6 -0.03 (3.32), -14.0; 16.0 2.34 6.48 0.86
Rater 7 0.61 (4.88),-12.0; 11.0 3.46 9.58 0.73*
Rater 8 0.43 (3.88),-19.0; 15.0 2.75 7.62 0.80
Rater 9 0.52 (3.14),-10.0; 11.0 2.24 6.20 0.80
Rater 10 0.45 (3.97), -6.0; 24.0 2.81 7.78 0.69*
Rater 11 -0.25 (3.44), -15.0; 12.0 2.43 6.73 0.79
Rater 12 -1.32 (2.68), -11.0; 8.0 2.10 5.82 0.84
Rater 13 -0.51 (2.93), -11.0; 10.0 2.09 5.79 0.83
Rater 14 -1.33 (1.58), -7.0; 3.0 1.46 4.04 0.92F
Rater 15 -1.48 (4.68), -17.0; 12.0 3.45 9.56 0.66*
Rater 16 -0.30 (1.96), -7.0; 8.0 1.40 3.88 0.94+
*denotes the three poorest raters
T denotes the two best raters
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Figure 18 CLIPS-study. Plot of differences between each rater’s measurement (Y-axis in mm)
against the mean of all 16 raters” measurements (X-axis) of shortest endocervical length. Each
rater is represented by one symbol, but symbols may be superimposed. The dotted horizontal
lines represent the 95% Limits of Agreement (LoA) with the mean®®!. The lower LoA is -5.7 mm
and the upper LoA is 5.7 mm. Rater 7, 10 and 15 seem to deviate from the others
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LIVE and the CLIPS study

Agreement on and reliability of categorical variables

Agreement on and reliability of the shortest cervical length <25 mm (present or not)
was studied in the seven pairs in the LIVE study. In the CLIPS study, agreement on
and reliability of the shortest cervical length <25 mm (present or not) was studied in
the first analysis in 120 rater pairs (constructed from 16 raters) and between first and
second analysis of 16 raters in the CLIPS study (Table 15). In the LIVE study four
out of seven pairs recorded the shortest cervical length <25 mm, measured by at least
one of the two examiners.

Negative agreement between examiners and within raters was good, while positive
agreement was quite poor.

Similarly, agreement and reliability about whether isthmus was present or not in the
LIVE study and the CLIPS study is shown in Table 16.

As for cervical length <25 mm negative agreement between examiners and within
raters was generally good, while positive agreement was quite poor.

Table 15 Inter-observer (LIVE, CLIPS) and intra-observer (CLIPS) agreement and reliability for
cervical length <25

Agreement Reliability
Total Positive Negative Cohen’s kappa
agreement (%) | agreement (%) |agreement (%)
LIVE (inter-observer), 100.0 32.5 100 0.26
7 examiner pairs (78.6; 100) (0; 100) (87.5; 100) (-0.05; 1.00)
CLIPS (inter-observer), 120 rater | 94.6 58.8 97.1 0.56
pairs (16 raters). Analysis 1 (84.9; 98.9) (13.3;92.3) (92.3;99.5) (0.12;0.92)
CLIPS (intra-observer), 95.2 69.7 97.4 0.68
16 raters, Analysis 1 and (87.1; 98.9) (28.6;93.3) (93.3;99.4) (0.27; 0.93)
Analysis 2, >2 months apart

Distribution over all seven examiner pairs, 120 rater pairs and 16 raters, respectively: Median (Min; Max)
*Positive agreement = (2x Yes both Examiners)/(Yes Examiner 1 + Yes Examiner 2)'%?
"Negative agreement = (2x No both Examiners) /(No Examiner 1 + No Examiner 2)'%?
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Table 16 Inter-observer (LIVE, CLIPS) and intra-observer (CLIPS) agreement and reliability on
presence or absence of isthmus

Agreement Reliability
Total Positive Negative Cohen’s kappa
agreement(%) | agreement (%) | agreement (%)

LIVE (inter-observer), 93.3 70.6 95.8 0.69

7 examiner pairs (82.8; 96.4) (0.0; 94.7) (87.8; 98.2) (0.27-0.91)

CLIPS (inter-observer), 120 rater | 81.7 52.0 88.9 0.42

pairs (16 raters). Analysis 1 (59.1; 93.5) (22.2;92.7) (71.3; 96.5) (0.12; 0.87)

CLIPS (intra-observer), 16 raters, | 89.2 70.7 93.4 0.66

Analysis 1 and Analysis 2, (74.2; 94.6) (40.0; 90.2) (80.3;97.1) (0.36; 0.87)

>2 months apart

Distribution over all seven examiner pairs, 120 rater pairs and 16 raters, respectively: Median (Min; Max)
*Positive agreement = (2x positive isthmus both Examiners)/(positive isthmus Examiner 1 + positive isthmus
Examiner 2)'82

fNegative agreement = (2x negative isthmus both Examiners) /(negative isthmus Examiner 1 + negative
isthmus
Examiner 2

)lsz

Comments

We found substantial differences between the seven pairs of examiners in the LIVE
study regarding inter-observer agreement and reliability, and substantial differences
between the 16 raters in the CLIPS study regarding intra-observer measurement
error, repeatability and reliability. The differences in results between examiner pairs
and between raters are likely to be explained by differences in the skill and
carefulness of the examiners, and also perhaps by differences in stringency of local
supervision.

In the LIVE study inter-observer differences (LoA) in endocervical length was < =+5
mm in one pair, between = 5 and 9 mm in four pairs and approximately £11 mm in
two pairs. When both examiners agreed that isthmus was absent, then two out of
seven pairs had LoA < +5 mm when the endocervical length was measured (Figure
17). In the LIVE study the width of LoA varied between 9 mm and 25 mm for the
seven examiner pairs and in the CLIPS study between 10 mm and 25 mm for the 120
pairs of raters. These are similar to the study by Franga et al who reported a width
of LoA between 12 mm and 23 mm)'®,

In the CLIPS study, repeatability varied between 3.9 mm and 9.6 mm among the 16
raters.

Inter-observer agreement and reliability differed markedly between different
observer pairs in both LIVE and CLIPS studies for the two categorical variables,
isthmus present or not and cervical length <25 mm or not. It was easier for pairs to
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agree that the isthmus was absent than it was for them to agree it was present. If an
isthmus is present the recognition of the inner cervical os can be difficult and
endocervical length may be measured as longer if an isthmus is incorrectly included
in the measurement. Only three other studies have described how to measure cervical
length when the isthmus is present, and awareness of its existence may not be

widespread!4>183.184,

A cut-off of cervical length <25 mm is often used to identify women at risk of PTD.
In this study negative agreement on cervical length <25 mm was generally good,
while positive agreement varied considerably. The results from the LIVE study are
difficult to interpret because there were very few women with cervical length <25
mm. Our results show that intra-observer and inter-observer agreement and reliabilty
with regard to cervical length <25 mm are not very reliable. If used for clinical
decisions regarding preventive treatment and hospitalization, or recruitment to
RCTs, re-assessment by a second examiner may be needeed.
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5. General discussion

5.1 Study design

One of the goals of transvaginal cervical length measurement is to find women at
risk of PTD. We have performed two observational studies (Paper I and II) and two
reproducibility studies (Paper III). The first observational study (Paper I) may be
considered as a PILOT study where women were also recruited to an RCT and
therefore cervical measurements were not blind. The primary outcome differed
between the studies; spontaneous PTD <34 GW versus any PTD <33 GW. In the
second observational study (Paper II) the results of the cervical measurement were
blind both for the woman and the care providers.

Sample size calculation in the second observational study was based on the aim of
getting at least 100 women with PTD <33 GW which could give a reasonable
confidence interval when it came to sensitivity to predicting PTD. The study
population then needed to include 11,000 women.

(www.socialstyrelsen.se/publikationer2018/2018-1-6). We reached the goal with
almost 11,500 women included and 109 women with PTD between 22+0 and 32+6
GW, rising to 117 women when late miscarriages were included. A more optimal
primary outcome would have been sPTD <33 GW, however the study population
would then have needed to include almost twice the number of participants. The

distinction between spontaneous and indicated PTD is not always easy and therefore
we found it relevant to include all PTDs.

Our first observational study indicated a need for a larger observational study as only
22 women had sPTD <34 GW (1.1%). Risk calculations are uncertain and there are
often wide confidence intervals when studies are based on few cases, which was the
case in the early gestational weeks. Our study population in Paper II is more than
three times as large as the largest blind study (n=3694 women)®® and comparable
with the largest non-blind study (n=11,943 women)® that we found in a systematic
literature review of observational studies of cervical measurements on asymptomatic
women (Table 4 and 5, p 40-43).

In our systematic literature, 13 studies showing reproducibility data on cervical
measurement were identified (presented in Appendix pages 3 to 7 in Paper
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[11)3460.165.166,184-192 = A]] 13 studies were single center studies. Only two relevant
studies were included®®!%3, Reproducibility of measurements was studied by only a
few examiners. Our reproducibility study was performed by several specially trained
midwives (7 pairs of examiners in the LIVE study and 16 raters in the CLIPS study)
at seven centers, making the results more generalizable.

5.2 Methodological aspects - Internal validity
(information bias, selection bias and confounders)

Internal validity

Information bias

In Paper II quality controls of values of cervical measurement and dates in eCRF
were performed before closing the data set. Measurement values in eCRF from a
sample of twenty random cases (9-19 values per case) per center were checked
against documented images. A maximum error rate was set at <1%. Five out of seven
centers were approved at the first attempt, the rest at the second attempt.

All extreme values and all endocervical lengths <7 mm were identified in eCRF and
checked against the documented images.

Incorrect classification of PTD into spontaneous or indicated PTD may have
occurred in the Pregnancy Register and the Medical Birth Register. For the
Background population in Paper II, aggregated registry data was used for
classification of PTD. e.g. ICD 10 codes and procedures registered at discharge from
the hospital after delivery. For the study populations, both individual registry data
and medical records were used for classification of PTD. Scrutinizing the medical
records changed the classification of PTD from registry data in some cases i.e. if a
PPROM code was missing and induction of labour was performed, the delivery was
incorrectly classified as an indicated PTD by using registry data. The validity of other
registry data is commented on in Chapter 3.3 p.55.

In Paper III the data was collected in a study protocol in the LIVE study (Paper III)

from both examiners in the seven pairs. All data transferred from the paper protocol
to Excel was manually checked by two controllers (PK and UBW).
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Selection bias

The study population should be representative of the population where the results are
to be applied. To investigate whether there was any selection bias, we compared the
background characteristics between the study populations and control groups. The
control group in Paper I consisted of those who were not screened. In Paper 11, one
control group consisted of decliners and another of the Swedish Background
population. None of the six blinded observational studies in the systematic literature
review (see Chapter 1.5 p. 39) has used a background population for
comparison®+68:6%76,155.156 The comparison of the study populations and the control
groups showed some differences regarding background characteristics with more
high risk women in the study population. However, there was no evidence of
substantial selection bias.

Recruitments in Paper II were mostly from university hospitals and not from private
caregivers. Gothenburg recruited 35% of the women, Malmé and Lund 28%, Falun
16%, Stockholm 13% and Orebro 9%. Gothenburg and Malmé recruited during the
whole study period while the other centers started recruitment later.

Confounding

Confounding factors are variables that correlate with both the outcome and the
explanatory variable and may confuse the effect if not accounted for in the analysis.
In observational studies there is always a risk of potential residual confounding by
unknown confounders. In Paper I for example, smoking was found to be a potential
confounder. In Paper II we found in an univariable analysis that ethnicity, height,
level of education, infertility, parity and previous PTD were factors associated with
PTD (data not shown in Paper II).

External validity

External validity refers to whether the conclusions drawn from a study are applicable
to other populations. Is is reasonable to apply the result from our studies to the entire
population in Sweden or to other populations in other countries? As previously
mentioned, the prevalence of PTD and a short cervix differs between countries and
between multicenter studies. It may affect how easily the results can be generalized
to apply to another population. The results from the CERVIX study (Paper II) have
good internal validity and substantial selection bias was excluded by comparing the
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study population with the non-participants and the Background population. Our
study cohort was fairly representative of the total underlying population but had more
women born outside Europe. However, we believe that our results are generalizable
to the general Swedish population.

The reproducibility study is the first multicenter study to assess reproducibility of
transvaginal ultrasound measurements of cervical length, a study which involved a
large number of well trained and certified examiners. We believe that our results are
generalizable and reflect clinical reality.

5.3 Strengths

The main strength in Paper I was that the study population was compared with a
control group that were not screened. All examiners were certified and all the
cervical lengths <25 mm were also re-assessed.

The CERVIX study (Paper II) has several strengths: the study size, blinding of
cervical measurements for participants and staff, a minimal loss to follow-up, careful
description of the measurement technique, certification of the midwives, and
rigorous quality controls of cervical measurements. Furthermore, the study included
two control groups for the comparison of background data and outcome data, for the
evaluation of selection bias and generealizability of results. The goal for the primary
outcome, at least 100 PTDs <33 GW, was achieved. Study data (eCRF data) had
good validity as well as all register data. A Statistical Analysis Plan was made in
advance before the data set was locked. The study flow was described in detail. All
three cervical measurements were registered and analysed without predefining which
type of measurement would give the best prediction; minimum, maximum or mean.
Outcome data included information on late miscarriage which was manually
collected, because data was not available in registers.

The reproducibility study is a multicenter study with a large number of
examiners/raters, who carried out the measurements in the LIVE and CLIPS studies.
This is the first study to evaluate agreement on presence of isthmus and cervical
length <25 mm. Quality control and certification was the same as in the CERVIX
study.
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5.4 Limitations

The main limitation in Paper I was that the sample size for cervical length
measurements was low for the prediction of sPTD. Another limitation in Paper I
was the low participation rate (22% of all eligible women) and that 92% of the study
was performed in one center. Furthermore, the isthmus was not measured separately
and it is possible that the isthmus was measured as a part of the endocervix, which
may have contributed to the almost 4 mm longer median cervical length than in the
CERVIX study. Finally, the study in Paper I was not blind for the women and for the
health care providers, and thus interventions to prevent PTD were possible .

One limitation in the CERVIX study (Paper II) is that not all women were assessed
for eligibility (76%). Almost half of eligible women (46%) declined the transvaginal
cervical measurement but consented to data collection. Only 56% of women
participating in the Cx1 measurement came back for Cx2 measurement. Despite
translation of the study information into eight languages, the study population had
fewer women born outside Europe, and language problems were the most common
reason for ineligibility. Because the sample size was calculated for PTD <33 GW
and not for sPTD <33 GW, our estimates regarding the sensitivity of endocervical
length for the detection of sPTD <33 GW are less precise. Our secondary outcomes
sPTD are more clinically relevant because sPTD is potentially preventable®.

In the reproducibility study (Paper III), agreement on cervical length <25 mm was
evaluated both in LIVE and CLIPS studies. Inter-observer agreement from the LIVE
study is based on data from only four pairs, and findings from so few cases per pair
of examiners must be interpreted critically. The inter-observer agreement of cervical
length <25 mm was analyzed by the 120 pairs constructed from the 16 examiners in
the CLIPS study. A limitation in the LIVE study is that intra-observer repeatability
was not evaluated. It was doubtful whether the women would accept two cervical
assessments by two examiners (i.e four examinations) in the same session. Intra-
observer repeatibility and agreement are studied in the CLIPS study instead, but they
are not completely generalizable to a live situation.

5.5 Difference in prevalence of short cervix

The prevalence of cervical length <25 mm was 0.5% in our first study in Paper I and
4.0% in the CERVIX study (Paper I1). How could this difference be explained? The
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sample size was over fivefold in the CERVIX study compared to the study in Paper
I, but overall the study populations were comparable concerning maternal
characteristics. However, there were slightly more high-risk women in the first study
than in the CERVIX study, 9% compared with 4.5% to 4.8% of women with a
previous PTD. The measurements of cervical length differed in some points. In the
first study the isthmus was not measured separately and the certification and training
of medical personnel did not emphasize the presence or absence of the isthmus.
Furthermore, in the first study the cut-off of cervical length at 25 mm was applied in
order to find women suitable for recruitment to an RCT (OPPTIMUM trial®’, and all
cervical lengths <25 mm were re-assessed by a doctor. In the first study 92% of the
measurements were performed in one center, whereas the CERVIX study was a
multicenter study performed in seven centers. The CERVIX study had no set cut-off
value for a short cervix, the measurement values were blind for the women and care-
givers, and cervical length was not used for clinical management.

The median cervical length differed 4 mm between the studies, 39 mm as opposed
to 36 mm. With a lower median cervical length, the distribution of cervical lengths
moves to the left in the Gaussian (normal) distribution curve. The distribution of
cervical lengths is shown in Figure 19 where the shortest endocervical length (A to
B) is shown for the CERVIX study and the PILOT study. The distribution of the
CERVIX study has a more normal distribution than the PILOT study, but the form
of the curves is similar.
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Figure 19 Distribution of the endocervical length in the CERVIX and PILOT study.
Cut-off at 25 mm is shown with a dotted line
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Is it possible that the isthmus is included as a part of the endocervical length and
therefore the median length is longer in the PILOT study? When the distribution of
endocervical length in the PILOT study is compared to the distance A to C in the
CERVIX study the distributions are more similar, Figure 20.
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Figure 20 Distribution of the distance A to C in the CERVIX study and endocervical length in
the PILOT study. Cut-off at 25 mm is shown with dotted line.

Of all cervical measurements, 35% were performed in Gothenburg, 19% in Malmo,
16% in Falun, 9% in Orebro, 9% in Lund, 8% in Solna (Stockholm) and 5% in
Huddinge (Stockholm). The median endocervical length in these centers varied from
34.0 mm to 38.0 mm. In Gothenburg the median endocervical length was 35.0 mm.
Variations between pairs of examiners could also be seen in the
REPRODUCIBILITY study. Local supervision, personal skills and number of
examiners per center can contribute to these differences.
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The distribution of endocervical length is shown in the Figure 21
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Figure 21 Distribution of endocervical length in the CERVIX study, per center
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5.6 Screening or not

Today, there are screening programmes for women for the detection of breast cancer
and cervical cancer in Sweden. Universal screening has also been discussed for
colorectal cancer'®?. Screening is targeted at women within certain age ranges and is
repeated at certain intervals. The number needed to screen (NNS) to prevent one
death caused by breast cancer was 543 for women between 50 to 74 years and 3125
for women 40 to 49 years of age in the United States!**. The corresponding figure
for NNS in Sweden was 1252 for women between 40 and 49 years of age!®. The

NNS to prevent one death from cervical cancer screening was 11401%4,

Universal screening of cervical length measurement using transvaginal ultrasound
and treatment with vaginal progesterone have been proposed for the prevention of
PTD®1%, Several studies have shown that universal screening for cervical length is
also a cost-effective strategy compared to risk-based screening or no screening'?’-2%,
If universal screening of cervical length to prevent sPTD is introduced for
asymptomatic women in the general population, several points of view must be taken
into account according to the WHQO’s ten criteria for establishing a good screening
test?”!. The screening program should respond to a recognized need, there should be
a defined target population, there should be scientific evidence of screening
programme effectiveness, the program should integrate education, testing, clinical
services and programme management, there should be quality assurance with
mechanisms to minimize potential risks of screening, programme evaluation should
be planned from the outset and the overall benefits of screening should outweigh the
harm 2%, A few of these points will be discussed with regard to universal screening
to assess cervical length for the prevention of sPTD: the scientific evidence of the
effectiveness of the screening along with the benefits, as opposed to any harm, and
the target population.

The evidence from our studies and other studies to screen the entire population with
a low risk of PTD showed poor predictive values for PTD-66:689 (Paper I, Paper I).
The ability of cervical length measurement to predict sSPTD depends on which GW
is chosen as an outcome variable. It can be discussed whether it is more important to
prevent a PTD at <37 GW or <33 GW, or even earlier, where the neonatal benefits
are larger. A reasonable NNS for cervical length measurement to identify one woman
at risk of PTD, could be around 500. A false positive test result may initiate
unnecessary treatments and anxiety and may cause extra follow-ups and sick leaves.
How many false positive test results are acceptable to find one true positive? From
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our point of view, the acceptable NNH should be around 30 to 35. In our studies most
of the cervical length cut-offs did not fulfil these criteria. However, in the CERVIX
study when the mathematically best cut-off (27 mm) was used at Cx2, the detection
rate of sSPTD <33 GW was 54%, NNH 35 and NNS 449, thus fulfilling the criteria
above.

Screening of cervical length at 21+0 -23+6 GW (Cx2) and using the mathematically
best cut-off point (<27 mm) identified 8% (510/6288) of the screened population as
being at risk, while screening at 18+0 — 20+6 GW (Cx1) using the mathematically
best cut-off (<29 mm) identified 15% (1638/11,072) as being at risk. Screening at
Cx2 therefore seems preferable to screening at Cx1. However, screening at Cx2 will
miss some women with a short cervical length at Cx1 who are at risk of a late
miscarriage. Furthermore, screening at Cx2 will also lead to an extra visit for cervical
length assessment since routine fetal anatomy screening is performed at around 18
GW. One possibility could be to assess the cervical length at the time of the routine
fetal scan between 18 and 20+6 GW and to make a re-assessment of cervical length
at between 21 and 23+6 GW and then offer treatment to those confirmed as being at
risk.

This thesis has created a scientific basis for further discussions and studies as to
whether universal cervical length screening or risk-based screening in Sweden
should be implemented. There are still challenges before screening can be adopted.
The current evidence of the effect of prophylactic treatment with progesterone (or
other treatments) for women at risk of PTD is still under discussion. Furthermore, a
health economic analysis on different screening strategies, universal or risk-based, is
needed. This analysis may use the population data from the CERVIX study.
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6. Conclusion

A short cervical length measured in the second trimester is a risk factor for SPTD. The
shorter the cervical length, the higher the risk of sSPTD (Paper I, II)

Cervical length in the second trimester provided no or poor discrimination between
women who did and did not deliver preterm. However, it discriminated between women
who did and did not deliver spontaneously preterm, the discriminative ability decreasing
with advancing gestational age at delivery (Paper II)

The ability of endocervical length to predict sSPTD (Paper II) was better when cervical
length was measured at 21+0-23+6 GW than at 18+0-20+6 GW and was better in
women with no isthmus than in women with isthmus (Paper II)

A change of cervical length between Cx1 and Cx2 did not discriminate better than
cervical length at Cx1 or Cx2 alone (Paper II)

The prevalence of short cervical length <25 mm was low in Paper I (0.5%) and
considerably higher in Paper II (4.0%) (the CERVIX study)

The matematically best cut-off of endocervical length was 37 mm to predict sSPTD <34
GW (Paper 1), 29 mm at Cx1 and 27 mm at Cx2 to predict sPTD <33 GW (Paper II).
These cut-offs had sensitivity of 59%, 43% and 54% and AUC 0.69, 0.68 and 0.76,
respectively

Isthmus was present in 23% of cervical measurements at Cx1 and in 9% at Cx2 (Paper
1)

Inter-observer agreement and reliability of second trimester cervical length
measurements differed substantially between examiner pairs. There were also varying
levels of intra-observer measurement error, repeatability and reliability between the
raters (Paper I1I)

Inter-observer agreement for endocervical length was more accurate when the isthmus
was judged to be absent (Paper IIT)

Agreement that isthmus was absent was superior to agreement that isthmus was present
(Paper II). Agreement that cervical length was > 25 mm was superior to agreement that
cervical length was <25 mm (Paper III)

Before universal cervical screening and treatment for the prevention of sSPTD can be
implemented in the general population in Sweden, an analysis of cost-effectiveness is
needed. Ideally, an RCT on progesterone treatment in women with a short cervical
length and with the same background characteristics (ethnicity, prior PTD etc) as the
general Swedish population should be performed
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7. Future perspective

This thesis showed that measurement of cervical length in the second trimester had
a poor ability to discriminate between women who did or did not deliver preterm but
discriminated better between women who did or did not have sPTD. Whether the
discriminative ability is better in a high-risk group of women with a history of
sPTD/PTD, previous late miscarriage, cervical incompetence or a history of cervical
conization needs to be explored.

Because sPTD is associated with multiple mechanisms and etiologies, prevention in
one case may not help in another case. A short cervix is a result of a process, which
can start already in early pregnancy. If it is possible to find a marker to use together
with the cervical measurement (or alone) it could give a new tool to find women at
risk.

If universal screening is to be recommended, a health economic evaluation is needed
with an analysis of screening costs, treatment costs, cost of sick leave and neonatal
care etc. Furthermore, the low participation rate must be analysed and improved. Few
studies have evaluated the woman’s experience and their levels of acceptability of
cervical measurement using transvaginal ultrasound. Such a study may include a
study of the pain, discomfort and embarrassment caused by the scan.

To reduce the rate of PTD is a global challenge. The WHO’s approaches to reducing
PTD are: family planning (birth spacing, adolescent-friendly service); education and
nutrition; prevention and screening for sexually transmitted infections; screening and
management of high blood pressure and diabetes; behaviour change for lifestyle
risks; targeted care of women at increased risk for PTD; smoking cessation;
education to promote appropriate induction and caesarean section (Born too soon:
www.who.int/maternal_child_adolescent/documents/born_too_soon/en/). In Sweden, although

there is a low rate of PTD, we can do more to identify the women at increased risk
of PTD and target care more precisely by establishing national guidelines for the
prevention of this condition.
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Sammanfattning pa svenska

Fortidsbord definieras som en forlossning som sker fore 37 fullgdngna
graviditetsveckor. Den utgér globalt en av de storsta utmaningarna inom
forlossningsvérden. I Sverige utgjorde fortidsbord 5-6 % av forlossningarna mellan
ar 1986-2016. I ménga lidnder &r frekvensen hogre, t.ex. i USA 9,9% ér 2017.
Sjuklighet och dodlighet under nyfoéddhetsperioden dr hogre vid fortidsbord én vid
forlossning 1 fullgangen tid. For tidigt fodda barn 16per ocksa storre risk att fa
bestaende handikapp, sdsom cerebral pares, jamfort med fullgangna barn. Ju tidigare
forlossningen sker, desto storre &r riskerna for barnet. Manga riskfaktorer for
fortidsbord har identifierats, men varannan kvinna med fortidsbord har inga kénda
riskfaktorer. Kort livmodershals (cervix) dr en riskfaktor associerad med spontan
fortidsbord. En del av studierna har visat att behandling med progesteron forldnger
graviditeten och minskar den neonatala sjukligheten.

Syftet med denna avhandling var att studera sambandet mellan cervixldngden, métt
med vaginalt ultraljud, och fortidsbord hos svenska kvinnor. Syftet var ocksé att
studera mitmetodens reproducerbarhet och palitlighet, d.v.s. utfallet mellan olika
undersokare och hos samma undersékare vid upprepade mitningar.

Tva observationsstudier genomférdes dir cervixlingden méttes med vaginalt
ultraljud pa kvinnor med enkelbord i samband med rutinultraljud under den andra
trimestern. Métningarna utférdes av barnmorskor som efter teoretisk undervisning
och praktisk uppldrning certifierats for att utféra ultraljudsméitningarna av
cervixldngden enligt faststdllda kriterier for den aktuella studien. Den forsta studien
(Paper I) genomfordes under 2012 och 2013 vid tva kliniker (Goteborg och
Trollhdttan), och omfattade 2122 kvinnor. En métning utférdes mellan
graviditetsvecka 16 och 23. Kvinnor med kort cervix (<25mm) rekryterades till en
behandlingsstudie med progesteron. Den andra studien (CERVIX-studien, Paper II)
genomfordes under 2014 till 2017 vid sju kliniker, och inkluderade 11 456 kvinnor.
Cervix mittes forsta gdngen under graviditetsvecka 18 till 20 och dérefter, med minst
tva veckors mellanrum, under graviditetsvecka 21 till 23. I CERVIX-studien var
miétresultatet oként for kvinnan och vérdgivaren.

Reproducerbarhetsstudien (Paper III) var en del av CERVIX-studien och bestod av
tvd delstudier, LIVE-studien och CLIPS-studien. I LIVE-studien deltog sju par
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certifierade barnmorskor, ett par fran varje klinik. Varje barnmorskepar undersokte
samma grupp av 24 till 30 kvinnor efter varandra utan att se varandras resultat. I
CLIPS-studien deltog 16 barnmorskor som fick utféra mitningar pa 93 videoclips
fran CERVIX-studien. Efter tvd méanader upprepades proceduren pd samma
videoclips men i annan ordningsfoljd.

I den forsta studien (Paper 1) var medianvirdet for cervixlingden 39,0 mm. Kort
cervix (£25mm) aterfanns hos 0,5 % av kvinnorna. Cervixldngden var korrelerad till
spontan fortidsbord; ju kortare cervix, desto storre risk for fortidsbord. I CERVIX-
studien var medianviardet 36,0 mm. Vid den forsta métningen (graviditetsvecka 18
till 20) hade 4,0 % av kvinnorna en kort cervix (<25 mm) och vid den andra (vecka
21 till 23) hade 4,4 % en kort cervix. I CERVIX studien framkom ocksa att
cervixldngden korrelerade till spontan f6rtidsbord och korrelationen var starkare vid
en tidig forlossning (fore vecka 33) én vid forlossning i vecka 34 till 37. Prediktionen
av fortidsbord var béttre niar mitningen gjordes under vecka 21 till 23, jamfort med
mitning vecka 18 till 20. Bista brytpunkt for att forutséiga spontan fortidsbord fore
vecka 33 var en cervixlangd <27 mm, métt under vecka 21 till 23. Med cervixlangden
<27 mm, uppmitt under vecka 21 till 23 (8% av alla undersokta), kunde man
identifiera 54 % (14/26) av de kvinnor som fick spontan fortidsbord fore vecka 33.
For att hitta ett korrekt positivt testresultat (cervix <27 mm och féder vid <33 veckor)
far 35 kvinnor falskt positivt testresultat (cervix <27 mm men foder vid >33 veckor)
och totalt 449 kvinnor behover undersokas (screenas).

For det bista paret i LIVE-studien var medelskillnaden mellan undersékarnas
mitningar 0,33 mm, och i 95 % av de parvisa undersokningarna var skillnaden
mellan métningarna +5 mm. For det ”sémsta” paret var motsvarande siffror 0,7 mm
och £12 mm. I CLIPS-studien f6ll 95 % av skillnaderna mellan den bista
undersokarens tva matningar under 3,9 mm (“repeatability coeftficient”) medan 95 %
foll under 9,6 mm for den ’sédmsta”. Medianvirdet for 16 undersokares “repeatability
coefficient” var 5,9 mm.

Slutsats: Kort cervixldngd &r en riskfaktor for spontan f6rtidsbérd: ju kortare cervix,
desto storre risk. Som screeningmetod hade métning av cervixlingd en mattlig
formaga att identifiera kvinnor som kom att féda for tidigt. Formagan att forutsiga
fortidsbord var béttre vid méitning i sena graviditetsveckor (21 till 23 veckor) én i
tidiga veckor (18 till 20). Trots undervisning, trdning och certifiering varierade
graden av Overensstimmelse avsevért mellan olika undersokare och for samma
undersokare vid upprepade métningar.
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Tove Jansson. Muumipapan urotyét. suom Laila Jarvinen, Schildts 1950

" Myrskyt, ah! Niiden merkitys lienee siind, ettd jilkeenpdin néiikee auringonnousun.
Karttahytti saisi uuden kultanupin. Join kahvini ja olin tyytyvdinen.

Ja nyt kdicintyi lehti, eldmdsscni oli alkamassa uusi luku. Maata néikyvissd, suuri yksincinen
saari keskelld merta! Vieraan rannikon ylped ddriviiva!”

Tove Jansson. Muminpappans Bravader skrivna av honom sjcilv. Schildts 1950

“Stormar ack! Meningen med dem dr antagligen att man ska fa en soluppgang efterat.
Navigationshyttens skulle fa en ny guldknopp. Jag drack mitt kaffe och var nojd.

Och nu viinde sig bladet, jag ndrmade mig ett nytt kapitel i mitt liv. Land foréver, en stor
ensam & mitt i havet! Den stolta silhuetten av en frdimmande kust!”
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