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ABSTRACT

Background: Preterm birth (PTB) is a major cause of infant morbidity and maortality, and
accurate assessment of women in threatened preterm labour (TPTL) is vital for identifying
need for appropriate intervention, Risk assessment in TPTL is challenging, however, due to
its complex and multifactaral nature. In many women, TRTL symptams do not progress ta
spontaneous PTB (sPTB) sa assessment that reassures quickly, often through use of tests,
e.g. fetal fibranectin {fFN) and cervical length {CL}, may reduce unnecessary intervention
and decrease anxiety. Aims: This PhD project had two main abjectives: first to improve
TPTL risk assessment by further developing the clinical decision support toal, the “QUIPP”
maobile phone application, which simplifies risk assessment by calculating individual 26 risk
of sPTB based on risk status, fFN and CL results. The secand objective was to understand
TPTL from the women’s perspective in arder to inform future improvements in care.
Methad: The study comprised three companents: 1) a prospective cohart study, collecting
data on risk factors, test results and interventions. Predictive utility of fFN and CL were
investigated, as well as generation and wvalidation of risk prediction algorithms for the
second version of QUIPP; 2} a qualitative study of women’s experience of TPTL through
one-to-one semi-structured interviews; 3} a gualitative study of clinicians using the first
version of QUIPP. Results: Cohort study: 1186 women were recruited at 11 UK hospitals
between March 2015 and Qctober 2017, with data available for analysis on 1037.
Prevalence of sPTB was 3.9% (40/1037) and 12.1% {125/1037) at <34 and <37 weeks’
gestation, respectively, Validation of QUIPP algorithms, using risk factors and fFN results
alone, demonstrated good prediction of sPTB <30 weeks’ gestation (AUC 0.96, 95% (I
0.24-0.99] and at <1 week of testing (AUC 0.91, 95% Cl 0.87-0.86). Qualitative study: Four
themes emerged following interviews with 19 wamen: i} coping with uncertainty; ii)
dealing with canflicts: iii) aspects of care and iv) interactions with professionals. QUIPP
users’ study: 10 clinicians expressed predominantly positive views and suggested
improvements. Conclusion: All components of this project informed development of
QUIPP v.2 {algorithms and design), which appears superiar in predicting sPTB compared to
previously reported predictive utility of fFN, CL and QUIPP v.1 algarithms. The qualitative
study was the first exploring women’s experience of TPTL in a UK hospital with a specialist
preterm service, and findings further support the need for women of all risk groups to

have timely access to advice and information, and cantinuity of care.
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LIST OF ABBREVIATIONS

Abbreviatien Description

ADU Antenatal Day Assessment Unit

AFP Alphafetaprotein

App Mobile phone application

APS Antiphospholipid syndrome

AUC Area under the ROC curve

BMI Body mass index

CL Cervical length

CRF Case report form

CRP C-reactive protein

FDA Food and Drugs Administration

FDCS Full dilatation caesarean section

fFN Fetal fibronectin

GSTIT Guy's & St Themas' NHS Foundation Trust

IMD Index of Multiple Deprivation

IPDAS International Patient Decision Aids Standards Collabaration
IuT in utero transfer

MHRA Medicines and Healthcare Products Regulatory Agency
NICE National Institute for Health and Care Excellence
MIHR National Institute for Health Research

NNU Neonatal unit

PPI Patient and Public Involvement

PPROM Prelabour preterm ruptured membranes

PTB Preterm birth

PTL Preterm labour

qfFN Qualitative fetal fibronectin

REC Research Ethics Committee

ROC Receiver Operating Characteristic

sD Standard Deviation

sPTB Spontaneous preterm birth

TPTL Threatened preterm labour

TVS Transvaginal scan

TVS CL Transvaginal ultrasound scan measurement of cervical length
UKPCN UK Preterm Clinical Network

UTI Urinary tract infection
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1. Background

This PhD project focusses on threatened preterm labour {TPTL) risk assessment and
management, and the experience of women with symptoms. The project has two
major elements, the first being the development of a clinical decision support tool that
predicts risk of preterm birth far individual women based on their background risk
factors and test results. The second element is a qualitative study explaring women’s
experience of TPTL and identification of aspects of care that could be improved. Both
elements together were designed to inform future changes to TPTL management that
could result in a more positive experience for women. This chapter outlines current
assessment and treatment options for women with symptams of TPTL, and then
maves on ta discuss the broad concept of risk assessment in maternity care along with
some of its challenges. It provides insights into how decision aids can be utilized to
support both the communication of risk and decision making. The chapter concludes

with the argument that this area of maternity care has potential for improvement.

1.1. What is preterm birth and threatened preterm labour?

Preterm birth {PTB), defined as birth before 37 weeks' gestation, is a major cause of
infant death, as well as physical, developmental, emotional and financial problems for
families, and health and social care systems {(Marlow et gf, 2014). The incidence of
preterm birth appears to be increasing globally (Blencowe et of, 2013), currently
affects around 7% of births in the UK (Office for National Statistics, 2015; Information

Services Division, 2017) and it has been estimated to cost the NHS £2.9 hillion every
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year {(Mangham et af,, 2008). Efforts to reduce the incidence and consequences of

preterm birth are therefore of paramount importance.

Approximately two thirds of preterm births are associated with preterm labour and/or
prelabour preterm ruptured membranes {PPROM) (Blencowe et ¢!, 2013); the rest
being medically indicated, or iatrogenic PTB. Preterm labour is the initiation of regular
and painful contractions with dilatation of the cervix, before 37 weeks' gestation. If
pregnant women present with symptoms of abhdominal pain and/or uterine
tightenings, but established [abour is not diagnosed on speculum or digital
examination, it is unknown whether, or not, they are indeed in the early stages of
“true” labour, and they are described as having symptoms of threatened preterm

labaur (TPTL) (McPheeters et al., 2005).

1.2. What are the causes of threatened preterm labour?

The physiological mechanisms driving the onset of preterm labour remain unclear, but
evidence suggests that it can be caused by inflammation or infection, uterine ischemia
or haemorrhage, uterine over distension, cervical insufficiency and stress, by way of
activation of the maternal/fetal hypothalamic-pituitary-adrenal axis (Goldenberg et af.,

2008; Ramero et al., 2006; Duthie and Raynalds, 2013) {Figure 1).
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Figure 1. Causes of preterm labour. HPA=hypothalamic pituitary adrenal;
CRH=Corticotropin-releasing hormone; ACTH= adrenocorticotrapic harmane;
MMPs=matrix metalloproteinases (Tribe, unpublished).

Abdominal pain associated with TPTL may not, however, be the onset of “true labour”
as it may have other causes, such as urinary tract infection (UTI), fibroid and ligament

distention.

1.3. Who is at risk of threatened preterm labour?

Many factars affect a woman’'s risk of preterm labour and birth. These include
demagraphic factars, including age, ethnicity, weight and socioeconaomic status (Di
Renzo et al, 201la; Ferrero et aol, 2016). Lifestyle factors such as smaking,
recreational drugs and environmental factors such as air pollution have also been

assaciated with increased risk {Dew et al., 2007; Bertin et o/, 2015). A woman's risk is
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alsa influenced by previous medical and obstetric histary, e.g. cervical surgeary, uterine
anomaly, previous preterm hirth or late miscarriages, previous full dilatation caesarean
section and factors specific to this pregnancy, for example multiple pregnancy, or
conditions such as polyhydramnios or obstetric cholestasis {Berretta et af, 2013;
Epstein et of.,, 1998; Fisk and Storey, 1988, Goldenberg et af, 2008; Grimbizis et of,,
2001; Watson et ol., 2017a). However, many women who have no known risk factors,
particularly those experiencing their first pregnancy, will have preterm labour and/or

birth {Mercer et af,, 1996).

The implications of preterm birth are widely known, so the development of symptoms
or problems that may indicate premature birth can cause considerable stress and
anxiety. This state is not only unpleasant, but may even increase the risk of preterm
birth., A large body of literature susgests an association between stress and preterm
birth and plausible aetiologies, such as the interaction between stress hormenes and
the inflammatory response, have been suggested (Christian, 2012; Latendresse, 2009;
Rich-Edwards and Grizzard, 2005; Ruiz et a/., 2003; Wadhwa et af., 2001). The form of
stress may also be important. Lobel et al, {2008) in their study of state anxiety,
perceived stress, life events, pregnancy-specific stress, and health behaviours in 279
pregnant women, found that pregnancy-specific stress, i.e. stress resulting from
factors relating directly to their pregnancy, which includes concerns about the baby's
health, may be an even more impartant contributor to adverse birth outcomes than

general stress.
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1.4. Current methods of TPTL assessment

When a woman first presents with symptoms of threatened preterm labour, her
clinician will review her maternity notes and take a history. This is in order to establish
the woman's current condition and assess her risk of delivering early. Clinical signs and
symptoms are noted, and a speculum examination is carried out in order to visually
assess whether the cervix is dilating. If still unclear, the clinician may undertake a
digital vaginal examination (NICE, 2015). If the diagnosis of preterm labour is
uncertain, which is often the case in early labour, other tests may be performed.
Methods of assessment vary around the UK but can also include transvaginal
ultrasound scan measurement of cervical length {TVS CL) and various bhiochemical
vaginal swab tests {Stack et al., 2015). The first NICE guideline related to pretarm hirth
was published in 2015 (NICE, 2015). A summary of the recommendations for care of
women with symptoms suggestive of preterm labour with Tntact membranes are
shown in Figure 2. It is not currently known how many hospitals are strictly using the
guideline in practice, however, findings fram a DeIphi consensus of preterm specialists
in the UK, undertaken separately fram this PhD, indicated that they were not fully
supportive of implementation, and they were particularly concerned about the

IH

recommended “treat-all” strategy for women at less than 30 weeks” gestation {Carter

et al., 2016).
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Figure 2. Summary of NICE {2015) Preterm Labour and Birth Guideline {NG25)
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1.4.1. Transvaginal ultrasound scan measurement of cervical length

Transvaginal ultrasound scan measurement of cervieal length (TVS CL) has been shown
to be useful in the risk assessment of women with symptoms of TPTL {Fuchs et o/,
2004; lams et al,, 1996; Leitich et ¢/, 1999a; Owen et of., 2003, Sotiriadis et of, 2010).
It is more accurate than digital examination because measurement ¢an be made of the
full length of the cervical canal including the internal os, and the presence or absence
of eervical “funneling”, where the cervix begins to open from the inside, can he
determinad (Crane et al., 1997). A cervical maasurement of 25 mm or less is generally
cansidered short {Lim et af, 2011). Risk of PTB is increased if cervical length is
between 15 and 25 mm, and is significantly increased if less than 15 mm {Heath et af,,
1998; Tsoi et ol, 2005; Berghella et al, 2009). Although recognised as a useful
predictor of preterm birth in womean with symptoms of TPTL, it is not currently widely
performed in the UK, possibly due to a paucity of staff adequately trained in
ultrasound scanning, and the availability of suitable equipment in relevant clinical
areas. This was recognised by the National Institute for Health and Care Excellence
(NICE) who proposed that the Royal College of Obstetricians and Gynaecologists
(RCOG) should extend their obstetric trainees ultrasound module to include TVS CL

(NICE, 2015).

In addition to its role in risk assessment, clinician knowledge of cervical length also

might even prevent preterm birth. Berghella and colleagues’ {2017) systematic review
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and meta-analysis identified three trials, where a total of 287 participants with TPTL
symptoms were randomised to CL screening with knowledge of the cervical length
(n=14%) or no knowledge {n=142). The known CL group had a significantly lower rate
of preterm birth at less than 37 weeks than the control group (22.1% vs 34.5%; RR,
0.64 (95% Cl 0.44-0.94)) and a later gestational age at delivery (mean difference (.64
(95% €1 0.03-1.24)). The biological impact of TVS CL on PTB is unknown, however the
authors suggest that knowledge of the result may reduce the need for repeated digital

vaginal examinations.

1.4.2. Fetal fibronectin

Fetal Fibronectin {fFN} is an extracellular glycaprotein found in amniotic fluid, placenta
tissue and in the decidua basilis. It is believed to be released following mechanical or
inflammatory damage to the membranes and its potential as a predictive marker for
preterm hirth, particularly its high negative predictive value, has been established for
several years {Abbott et of, 2013; Honest et ai., 2002: Leitich et al., 1999b; Lockwood
et al., 1991; Matsuura et al.,, 1988; Peaceman et al, 1997). Originally, analysis was
carried out by ELISA laboratory test. Mare recently bedside test analysers have been

manufactured and are marketed by a US company, Hologic Inc. {Massachusetts, USA).

In the UK, test results for fFN were, until relatively recently, presented as dichotomaous
(i.e. positive or negative), based on a threshold of 50 ng/ml. Newer analysers can now
provide results as concentrations in ng/ml, and it has been suggested that using

alternative thresholds, i.e. <10 ng/ml and >200 ng/ml, rather than a cut off of 50
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ng/ml, may improve pasitive prediction of the test and further aid clinical management

(Abbott et gf., 2013; Foster and Shennan, 2014).

How beneficial fFN testing is in directing management or reducing nagative outcomes
remains unclear, however, as studies evaluating such effects report varying findings. A
systematic review and health economic analysis, undertaken on behalf of the NIHR
Health Technology Assessment {Deshpande et af., 2013) concluded that use of fFN in
the assessment of women with symptoms of TPTL is likely to reduce health care costs
without adversely effecting outcomes, providing women with negative results are
managed appropriately. Basak and Babhur {2012) undertook an audit of in utero
transfers {IUT) over three years in their UK district general haspital, and found that the
intraduction of fFN testing reduced the propartian of IUTs for TPTL from 60% ta 26.7%.
More recently, however, a systematic review and meta-analysis of randemised
controlled trials found no difference in the incidence of preterm hirth at any gestation,
in the management of wormen with TPTL or in nechatal outcames, although they did
find a slight increase in healthcare cost (Berghella and Saccone, 2016). As
management, which included interventions such as the administration of tocalysis or
steroids for fetal lung maturation, was similar in both groups, it is not surprising that
there was no difference in rate of preterm hirth or neonatal outcomes. The authors
suggest that, bhased on their findings, routine use of fFN in women with TPTL is not
justified. However, this conclusion must be viewed with caution. Four of the six
included trials were published in or before 2004, ane was available only in abstract
form, and in two of the four where time frame was indicated, data were collected

between the years 2000 and 2002. At this time, fFN was a relatively new test,
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providing only dichotomaus results, and it is possible that clinicians may not have been

so confident in allowing the results to influence their management.

1.4.2. Other biomorkers

Since the establishment of fFN as a recognised predictor of preterm hirth the detection
of other proteins, such as insulin-like growth factor binding protein-1 {ILGF-1} and
placental alpha microglobulin-1 {PAMG-1} have been the basis of newer bedside
prediction tests. Although findings of some small studies suggest they may have a role
in TPTL assessment (Ehsanipoor et al., 2016; Nikolova et al., 2014; Wing et al., 2017)
the body of evidence supporting their efficacy is currently substantially smaller than

that relating to fFN (Di Renzo et af, 2011b).

Other potentially useful biomarkers far the prediction of preterm birth have been
suggested, and these include albumin and vitamin D-binding protein in cervico-vaginal
fluid (Liong et al, 2014) and cell-free RNA {cfRNA] transcripts in maternal blood
samples {Ngo et af., 2018). Lucaroni and colleagues {2018) undertook a review of 14
systematic reviews of biomarkers for predicting spontaneous PTB (sPTB) and
concluded that, after fFN, which had the strongest association with sPTB, maternal
serum alpha fetoprotein {AFP), C-reactive protein {CRP) and the cytokine, interleukin-6
also had potential roles in prediction of sPTB. AFP was associated with an OR of 4 and 3
for sPTB <34 and < 37 weeks, respectively; CRP had odds ratios for sPTB of 2 {95% Cl 1-
2) and 8 {95% Cl 4-16) in maternal plasma and amniotic fluid, respectively, and

interleukin-a, had an odds ratio of 2 and a positive likelihoad ratio of 12.
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1.4.4. Combining biomarkers

Whether combhining biomarkers can increase accuracy of prediction is contentious
issue. Some commentators suggest that taking the two most strongly established
predictors of preterm birth, combining fFN and TVS CL is likely to lead to better risk
assessment (Bolt et of., 2011; Bruijn et of., 2016: DeFranco et af, 2013; Gomez et a/.,
2005; Ness et g/., 2007) and significant reduction in healthcare costs {van Baaren et df.,
2013). Others, however, disagree. Levine and colleagues (2018) found that combining
fFN and CL did not improve prediction over using either test alone in a cohort of 537
USA women with symptoms of TPTL. In another prospective cohort study, carried out
in four UK and two South African hospitals, where test results were blinded to
attending clinicians (n=195), Tsoi and colleagues {2006) concluded that the addition of

fFN result to TVS CL did not improve prediction of preterm hirth within seven days.

1.5. Interventions to reduce risks associated with TPTL

Following examination and assessment, if a woman is considered to he at risk of
delivering prematurely, she may be offered a number of interventions that have been
shown to reduce the risks of neonatal marbidity and maortality associated with preterm
hirth. These include administration of antenatal corticosteroids far fetal lung
maturation, drugs to reduce or stop uterine contractions (tocolytics), magnesium
sulphate for fetal neuroprotection, and hospital admission with 1UT, if necessary, to
ensure the availability of appropriate neonatal intensive care. As with all

interventions, however, the risks must be considered alongside the benefits.
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Administration of steroids, usually in the form of dexamethasone or betamethasone,
substantially improves outcomes in babies born preterm {Rovyal College of
QObstetricians and Gynaecologists, 2010], and is recommended for all women at
significant risk of delivery between 24 weeks’ [or earlier, if the fetus is considered
viable) and 34 weeks’ gestation. A full course consists of two doses 24 hours apart, and
the optimal clinical effect is seen between 24 hours and seven days (Norberg et al.,
2017). This can, of course, be difficult to judge and evidence suggests that many
women may be receiving them at inappropriate times. In a retrospective cohort study
of 630 women who had had preterm birth between 24 and 34 weeks, Levin and
colleagues (2016) found that although 93% (589/630) had received steroids, only 40%
(238/589]) received them between 24 hours and 7 days. If the birth does not take
place within the optimal window and the women has a further episode of TPTL,
repeated administration of steroids may occur. There is evidence, however, that
multiple courses of steroids may be harmful and lead to growth restriction and
possible longer term cardiovascular effects in the baby {Asztalos et af,, 2014; Murphy
et al, 2008; Norberg et of, 2013). Although the balance of risk indicates
administration of steroids should be repeated if preterm birth remains likely after the
time of maximum effect {McKinlay et ., 2012}, this should be avoided if possible, and
so appropriate timing of the first course is of great importance. Additionally, although
not appearing to have lasting adverse effects on the woman, the administration of
steroids can substantially affect blood sugar levels and those with impaired glucose
tolerance or diabetes require extra monitoring {Royal College of Obstetricians and

Gynaecologists, 2010).
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Tocolytic drugs are designed to stop uterine cantractions. A range of drugs have be
used for this purpose and these include ritodrine, terbutaline, indomethacin,
nifedipine, atesiban and magnesium sulphate {Gyetvai et al., 1999). Evidence suggests
that they can delay delivery for up to seven days, but with no proven reduction in
necnatal morhidity {Gyetvai et of, 1999; Haas et al, 2009; Smith et al, 2009).
Currently, the main rationale for tocolytic use is to delay the birth for at least 48 hours
to allow completing of a course of steroids, and for IUT, if necessary, to a hospital with
an appropriate level of specialist necnatal care {Haram et o/., 2015). Many tocolytics
have unpleasant and potentially dangerous side effects, including nausea, vomiting,
palpitations and hypotension, and if offered, must be used with caution {NICE, 2015]).

Tocolytics most offered in UK currently include nifedipine and atosiban.

Evidence suggests that administration of antenatal magnesium sulphate substantially
reduces the risk of cerebral palsy in children of women at risk of preterm hirth
(Constantine et ol., 2009; Crowther et o/, 2014). Howsver, magnesium sulphate
overdose can lead to less of deep tendon reflexes and respiratory depression and both

the woman and fetus require careful monitoring.

Women may be admitted to hospital for observation and to ensure neonatal facilities
are available should their symptoms progress quickly to established labour, as this can
substantially improve the outcomes of preterm babies (Marlow et a/f., 2014). They
may also be advised to stay in for “bed rest”. There is, however, no evidence to
suppert the use of bed rest for women at risk of PTB (Sosa et of.,, 2015) and there may

be other potential adverse effects such as weight gain and risk of deep vein thrombosis
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due to lack of mability. Despite the lack of avidence bed rast is still frequently advised
(Sciscione, 2010). Hospitalisation is costly, both for the NHS, and for the woman, and
can mean loss of income, difficulties with childcare and worle, as well as isolation and
increased anxiety {Lowenkron, 1999; Mackinnon, 2006). In contrast, for women with a
histary of preterm hirth, hospital admission may be reassuring.  Although the
mechanism is unclear, as discussed in more detail in Section 11.2.2, anxiety and
depression are known to increase the risk of spontaneous preterm birth {Dole et dl.,
2003]) and a reduction in anxiety may help these high risk women (0O'Brien et ol., 2010).
The very process of being monitored carefully, or perceptions of additional support,
may have a protective effect. Indeed, Sandall and colleagues’ systematic review found
a reduction of preterm birth in women who had received midwifery-led continuity
models of care compared to those with “shared-care” models {Sandall ef of., 2016).

The hiological pathways for this effect remain to be clarified.

If a woman in TPTL is admitted to a hospital that does not have adeguate neonatal
facilities for her gestation, she may be transferred to another, which could be located
at a significant distance from home. As well as practical and financial difficulties, the
emotional impact on women is likely to be significant, with increased anxiety as a
result of being in an unfamiliar environment and feelings of isolation and separation
anxiety (Porcellato et of,, 2015). 1UT can be a complicated and costly procedure for the
doctors organising the transfer {Gale et af, 2012), and if the woman does not
subsequently deliver preterm, it could result in an antenatal bed and neonatal cot
being unnecessarily "blocked”, potentially leaving a woman living closer to the

receiving hospital requiring IUT elsewhere, or her baby being transferred postnatally,
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which is more dangercous {Watson et ol., 2017h). Currently, there are no data
available to estimate the number of seemingly unnecessary transfers in the UK, but
Badgery-Parker and colleague’s {2012) large Australian retrospective cohort study of
women admitted to hospital at 20 to 36 weeks’ between 2001 and 2008 {n=110,439)

found that of women transferred for suspected TPTL only 38% delivered prematurely.

1.6. Challenges in providing appropriate ¢are in TPTL

Although advances in care have led to mare, and earlier, babies surviving preterm
hirth, it remains hard to accurately predict, even when a women presents with
symptoms of threatened preterm labour {TPTL). If cervical dilation is not evident on
speculum or digital examination it is difficult to know whether labour has indeed
started and will progress to preterm birth, and whether the woman should be

admitted and receive clinical care, or be discharged.

Symptoms of TPTL {e.g. abdominal pain and/or uterine contractions) are not accurate
predictors of preterm birth (Copper et ofl., 1990, lams et al, 2002} but because the
consequences of not treating women n “true” preterm labour could be devastating,
Mmany receive uhnecessary interventions. Overtreatiment of women with symptoms of
TPTL is a problem because of the danger of adverse effects of the interventions, as
detailed in Saction 1.5, as well as significant, and potentially unnecessary, healthcare

expenditure (Lucavnik et af, 2013; Mozurkewich et o, 2000; van Baaren et al,, 2013).

The extent of this problem is significant. At least half of women with symptoms of TPTL

will deliver at term {Kiefer and Vintzileos, 2008; McPheeters et af, 2005). One study
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reported as many as 82% of women with preterm labour symptams eventually being
discharged home with a diagnosis of false preterm labour {Chao et ol., 2011], while in
lams and colleagues’ (1995) study of the utility of fFN in TPTL, using a threshold of 50
ng/ml, only 32% of women delivered preterm. Boesveld et af,, (2014) found that in
their retrospective cohort study of 984 women receiving antenatal corticosteroids for
fetal lung maturation, only 40.1% of those with suspected preterm labour delivered

within 7 days, the time within which the drug has its optimum effect.

1.7. Risk assessment in maternity care

The purpose of antenatal care is to prevent and/or treat conditions that threaten the
life or health of pregnant women and their babies, as well as to help women to
“approach pregnancy and birth as positive experiences” {Banta, 2003, p.4). A
fundamental element of maternity care is risk assessment which aims to identify those
in need of extra surveillance or intervention. This is important because, while
healthcare interventions are designed to prevent or mitigate poor outcomes they need
to be appropriately targeted, both to avoid iatrogenic adverse effects and to protect
finite health resources [Hoffman and Cooper, 2012; Pathirana et af, 2017). Risk
assessment in healthcare involves clinicians taking note of the patient’s history and
current symptoms, and applying their knowledge and experience of previous cases
with known outcome. This assessment is then used as a basis for shared decision
making, whan the clinician and patient come to a conclusion on the best course of

action {Godolphin, 2009),
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1.7.1. Uncertainty in risk assessment

Whilst it is a fundamental part of healthcare, the process of risk assessment is not
always straightforward. An individual’'s risk is often caleulated based on a statistical
probability that an event, or hazard, will occur. These probabilities are based on
frequencies observed in past studies of hetercgeneous populations. 5o, whilst they
can provide some assistance in approximating the risk and informing decision making,
they cannot eliminate the inherent uncertainty of future events {Dhawale et af., 2017).
Although maternal and neonatal mortality rates have decreased dramatically in high
income countries since the first half of the 20™ century, pregnancy outcomes for

individual women remain impossible to predict with certainty.

The issue of uncertainty resanates in all areas of healthcare, where the best course of
action is often unclear and there has to be a trade-off between potential benefits and
possikle harms {Politi, 2015]. The communication of uncertainty can also be very
challenging. Han {2013) describes a humber of difficulties that include the reliability of
the probability information it is based upon, the lack of evidence on the best methods
for communicating it and the ethical issue of whether the communication of
uncertainty can affect patient autonomy to the extent that it does more harm than
good. Politi and colleagues {2011) found that the communication of uncertainty can
lead to lower patient satisfaction, although the authors argue that this is a necessary
part of shared decision making. A later review of the literature concluded that
uncertainty must at least be acknowledged and that clinicians should aim to help
patients through “the emotionally laden process of grappling with unknowns.” {Politi

2015, p.4);
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“Acknowledging uncertainty and collabarating with patients through the
unknowns of medical care is not easy, but can have long-lasting benefits
for both patient care and the patient-clinician relationship.” (p.4).

Although now recognised as an important element of informed decision making {David
and Akintomide, 2018), evidence remains lacking on the most effective methods of
communicating uncertainty (Ahmed et af, 2012; Politi et al, 2007; Royal College of
Obstetricians and Gynaecaologists, 2008). |n the absence of this evidence, the Roval
College of Obstetricians and Gynaecologists has published guidelines and general
principles, which advise the clinician to:

“accept and involve patients as a partner by informing them of the risk;
plan what you wifl say and be appropriately informed about the potient’s
medical, sociod and educational circumstances; ensure that your advice is
up to date and in line with vour departmental practice; evaluate the
patient’s understanding of what you have discussed; listen ta their
concerns; maintain trust and credibility by being honest, frank and open.”

{Roval College of Obstetricians and Gynaecologists, 2008, p.5).

Anather issue with communication of uncertainty and risk probabilities is a lack of
numerical understanding in both patients and clinicians (Lipkus et al., 2001; Lloyd et
al., 2001}. Recognising a particular nead to address the lack of numerical literacy of
patients which results in difficulties in understanding probability statistics, Fagerlin and
colleagues (2011) made 10 recommendations on how best to communicate complex

information on risk {(Figure 3).
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1 Use plain language to make written and verbal materials more
understandable.

2 Present data using absolute risks.

3 Present information in pictographs if you are going ta include graphs.

4 Present data using frequancies.

5 Use an incremental risk format to highlight how treatment changes risks from
pre-existing baseline levels.

6 Be aware that the order in which risks and benefits are presented can affect

risk perceptions.

7 Cansider using summary tables that include all of the risks and benefits for
each treatment option.

8 Recagnize that comparative risk information (e.g., what the average person’s
risk is) 1s persuasive and not just informative.

g Consider presenting only the information that is most critical to the patients’
decision making, even at the expense of completeness.

10  Repeatedly draw patients' attention to the time interval over which a risk
OCCUrs.,

Figure 3. Summary of recommendations for risk communication to
patients, adapted from Fagerlin et af., 2011, (p.1437).

Even when an individual's probability of risk has been reliably calculated, how that risk
is perceived, what it means to the patient as an individual and how it influences their
decision can be very varied, and not necessarily in line with that of their clinician
(Brewer et al., 2007; Herxheimer, 2005; Lee et al,, 2012). This risk perception can be
influenced by the way the risk is communicated. Simply the way the risk is framed,
that is, whether it is presented as a gain or a lass, e.g.: “you have a 5% chance of your
baby being born early” as apposed to “yvou have a 95% chance of your baby being barn
at term”, can have a profound effect on an individual’s perception of risk {Paling,
2003). Gigerenzer and Edwards (2003) warn that care should be taken that risk is not
presented in such a way as to serve the best interests of the institution, rather than

that of the patient, far example, a sereening programmae aiming to increase uptake.
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1.7.2. Decision support tools

Decision support tools, or decision aids, ¢an help both patients and clinicians to
evaluate the often vast and complex information required before they can come to an
informed decision. These tools come in various forms, including booklets,
questionnaires that help a patient to consider what is most important to them, videos,
or interactive computerised tools. Use of decision aids in clinical practice has grown
substantially over the last two decades, but recognition of the important influence
they can have on patient decisions, and the variability of their guality, inspired the
establishment of the International Patient Decision Aids Standards (IPDAS)
Collaboration (Elwyn et af,, 2006). This collaboration developed a set of internationally
recognised standards that could be used as a checklist by developers and evaluators

for improving the quality of decision aids and the reporting of their evaluations.

Despite publication of these standards, and while the quantity of available patient
decision aids increased, quality was not always assured. A systematic review of
papers, published in 2013, describing development and evaluation of patient decision
aids using an adapted framewark based on an earlier set of criteria, the Ottawa Patient
Decisian Aids Framewark {Q'Connor et al., 1999), and IPDAS criteria found that: “Only
about half [patient decision aids] appear to have been field tested with patients, and
even fewer had been reviewed or tested by clinicians not involved in the development

pracess” {Coulter et al., 2013, p.4).
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More recent evidence appears to support the use of patient decision aids. A Cochrane
Systematic Review {Stacey et al., 2017) found good guality evidence that using decision
aids can improve accuracy of risk perceptions {accuracy of risk perceptions (relative
risk 2,10; 95% €l 1.66 to 2.66)) and reduce decisional conflict {mean difference in
decisional conflict score {DCS) -9.28/100; 95% Cl -12.20 to —6.36). Nilsson et al,
(2015), in their systematic review, also found a decrease in decisional conflict in

women using decision aids when considering vaginal birth after caesarean section.

The popularity and acceptance of decision aids in healthcare appears to now be well
embedded in the UK. The NHS Rightcare initiative makes available a number of
evidence-based natient decision aids through their website. However, the number of
aids is currently limited, with anly ane related to maternity care: “Birth ontions after

previous caesarean section decision aid” {NHS England, 2018).

1.7.3. Improving the presentation of risk information

The way the information is presented in a decision support toal can have a major
influence on decision making. This is particularly important with the presentation of
risk infarmation (Ahmed et af, 2012). As described earlier, numerical literacy can
affect the ways people interpret risk, so ratios and percentages may be mare halpfully

reported as frequencies, e.g. 1 in 100 people {David and Akintomide, 2016).

Personalised risk estimates have also been shown to increase informed choice. Of the
three good quality studies included in Edward et ol,’s {2013) Cochrane Systematic

Review, 45.2% {592/1308) of participants receiving personalised risk information made
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informed choices, compared to 20.2% (229/1135) who received generic risk

information.

In an attempt to identify best practice in risk communication used in decision aids,
Trevana et af, (2013) developed an evidence summary by expert consensus and
proposed a set of guiding principles that should be considered when including

numerical estimates in decision aids. These are shown in Figure 4.

1 The inclusion of numeric estimates with PtDAs [patient decision aids)
improves patient’s accuracy of risk comprehension.

2 Consider the cognitive tasks required of DA [decision aid] users and choose
the appropriate format for presenting the informaticn (e.g. comparing the
chanee of two independent events at a defined paint in time).

3 Define a relevant reference class {i.e. denominator} for your target audience
and try to keep this consistent throughout the DA, In defining the reference
class, take time into consideration.

4 Try to use a consistent format throughout the DA.

5 Avoid using 1 in x formats with variable denominators.

6 Consider your target group's graph literacy and numeracy and include
appropriate formats.

7 Consider the magnitude of the humbers you are presenting and the possibility
of format hias. This may be reduced through concurrent use of appropriate
visual farmats.

Figure 4. Guiding principles for including numeric estimates in decision aids. Adapted
from Trevana et al., 2013.

Graphical representations, such as icon arrays, can be used to illustrate risk visually,
and may even save time during consultations {Edwards et o/, 1999). Galesic and
colleagues’ (2008) study of older adults and university students found using icon arrays
increased accuracy in understanding risk reduction in both groups. Icon arrays display
a number of dots, or other figures representing people, and highlighting is used to

depict those affected by the risk within the context of the population,
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A relatively recent example of an icon array can bhe found in a decision aid far women
choosing place of hirth {Coxon, 2014, Figure 5). This visually demonstrates the
differences in neonatal outcome - as defined in the Birthplace Study (Hollowell et al.,
2011) — by planned place of birth, and is designed to help women compare these risks
as they make this important decision. Although the use of these icon arrays in this
decision aid booklet aims at simplifying risk in different scenarios, some women,

particularly those with limited literacy, may need assistance in interpretation.
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Figure 5. lcon array displaying risk of poor neonatal outcome by planned place of birth.
From Caxon (2014).
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1.7.4. Mobile technology in healthcare

The use of digital technology inh healthcare has been recent and rapid and the
advantages of mHealth, i.e. digital health technologies that utilize maobile phanes, is
seen as a hatural progression (Perera, 2012). Maobile technolagy has been found ta be
useful for data collection, provision of health information and communications,
particularly in lower and middle income countries, where mobile phones are very
common [Amoakoh-Coleman et af, 2016; Kay et af, 2011; Sondaal et af, 2016). An
increasing body of evidence suggests mHealth interventions can improve outcomes
and health service utilization {Bush et &/, 2017; Chen er o/., 2018; Sondaal et al,, 2014).
One of the particular advantages of mabile phone applications is that they can be
updated regularly, ensuring information is based on current evidence, and they are s0
readily accessible {Arbour and Stec, 2018).  Clinical decision support tools that
incarporate an element of personalised risk calculation may be most suited to a
computer-based programme which calculates an individual’s risk based on inputted
risk factors and variables such as age. Caomplex toals such as these ara sometimes

referred to as Computerized Decision Support Systems {(CDSSs) {Liberati et a/., 2017).

Mobile phone health applications are widely used by clinicians as well as patients. A
survey of UK medical students {n=257) and junior doctors {n=131) carried out in 2011
found a high level of smart phane ownership {79%, 203/257 and 75%, 98/131,
respectively) and mobile application usage ({76%, 155/203 and 72%, 71/98,
respectively) with both groups expressing an interest in the development of additional

apps to enhance their education and professional practice (Payne et of., 2012). As
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technology has moved on in recent years, this is likely to have increased. A maore
recent survey of 197 Californian obstetrics and gynaecology doctors found that 95%

used mobile apps in the clinical setting (Perry et ai., 2017).

There are concernhs, however, that without official validation and regulation some
medical apps may produce erroneous results and lead to incorrect, inappropriate or
even dangerous decisions (Bierbrier et af., 2014). In 2015, in recognition of the
growing number of medical apps in use, the USA’s regulatory body the Food and Drugs
Administration (FDA) issued guidance (FDA, 2015). This guidance stipulates that if a
mobile app is defined as a medical device it will be regulated in the same way as other
medical devices. Inthe UK, the Medicines and Healtheare products Regulatory Agency
(MHRA) alsa considers and regulates medical mohile apps providing they meet the

regulatory bady's definition of a medical device {(MHRA, 2018).

1.8. Relationship of this PhD preject with the QUIPP app.

One of the objectives of this PhD project, as explained in detail in Chapter 4, was to
inform development of a risk assessment tool that had already been created by the
King’s College, London (KCL) Department of Women and Children’s Health Preterm
Birth Group (Abbott et ai., 2011; Kurht et al., 2016a, 2016b). This section explains the

relationship between my PhD project to the ongoing development of the tool.
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1.8.1. Creation of the preterm birth risk assessment tool

The risk assessment tool was first manifest as a Microsoft Excel spreadsheet (Figure 6),
where risk factors, gestation and test results were entered in defined cells {highlighted
in mauve in Figure 8) and a probability of preterm delivery was generated and shown
in other cells {highlighted in green, Figure 6). The algorithms used in generating the
risk prediction scores were developed using data collected during the EQUIPP study
(REC Ref. 10/H0806/68) and are reported in Kuhrt et @/, {2016a) and Kuhrt et g/,

(2018b).

- E 1

B C [B] E
Previcus cervical surgery?
{Y/N/Unknown! Y
Previous praterm birth?
{Y/N/Unknown! Y
Gestation of test:
Weeks 23
Days 1
Shertast cenvical length (mm) 18
fFN result {1= positive, 0 =
nzgaliva) 1
Probahility of delivery befors 18.8%
2] weeks gestation
Prohahility »f dalivery hafora 41.2%
34 weeks gesTation
Probahility of dalivery befare 57.2%

37 wooks gestation

Probshility of dalivery within 2

waeks 1.5% 25+1/7
Probakbility of delrrery within 4
weeks 7.58 27+1/7

Figure 6. Excel spreadsheet showing first version of the KCL Department of Women
and Children’s Health preterm birth risk assessment tool.
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1.8.2. First version of the risk assessment tool as an iPhone App.

Before commencement of the recruitment phase of this PhD project, an independent
mobile phone app designer {James Appatta) was engaged to develop the risk
assessment tool into an iPhone app, QUIPP version 1 {Figure 7). This app utilized the
same prediction algorithms into a more user-friendly format, which was then used in
the Preterm Surveillance Clinic at Guy's and 5t Thomas' NHS Foundation Trust (GSTfT)
and by other members of the UK Preterm Clinical Network {UKPCN), a body of

clinicians running specialist clinics for women at high risk of preterm birth.
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Figure 7. Risk assassment taol for high risk asymptamatic wamen — QUIPP App versian

1.8.2. Developments accurring during PhD project

The next phase of development was planned to commence after the completion of this

PhD project. However, before the participant recruitment phase was complete, a

44



1 PhD thesis 17/13/2018

funding application to evaluate the QUIPP app in practice was successful (EQUIPTT,
REC Ref. 17/L0/1802, funded by Guy’s and 5t Thomas’ Charity, Registered Charity No.
1160316; ISRCTN trial registry number ISRCTN17846337). The opportunity was taken
to procead with developing the second version of the app and to ensure the prediction
algarithms were as up-to-date as possible before commencement of that study. A
decision was taken by the Preterm Birth Research group, of which | am a member, to
update the predictive algorithms prior to completion of PETRA using data already
gathered (as at the end of May 2017) along with relevant participant data from earlier
studies that | had been closely involved in {EQUIPP REC Ref. 10/H0806/68 and POPPY
REC Ref. 09/H0R02/97). My involvement at that stage had been to prepare the data
set used in creation of the new algorithms. These were tested by calibration before
being applied in the new version of the QUIPP app. Formal validation was carried out,
by myself and the department statistician, Mr Paul Seed, after completion of the

PETRA study and is presented in Section 8.7 as part of the final results of this thesis.

Data obtained from the qualitative components of the PhD project were also used to
inform developments in usability and visual illustration of risk. These will be explained

in maore detail in later relevant chapters.

1.9. Summary and justification for thesis

In summary, for those women whase symptoms develop into preterm labour and
hirth, accurate risk assessment and diagnosis is vital so interventions that minimize the
associated risks can be instigated quickly. What is also very important, however, is the

fact that many women who experience symptoms of TPTL will not subsequently
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deliver early, so clinical assessment and test results that can reassure as guickly as
possible are likely to be beneficial by both reducing unnecessary intervention and

decreasing anxiety.

Risk assessment in TPTL remains complex, partly because clinicians need to make
judgements based on the woman’s history as well as at least three other continuous
variables, i.e. preghancy gestation, fFN result and cervical length. A simple-to-use,
accurate tool, which combines risk factors and test results into one % risk score, was
proposed to improve the process of decision making {Abbott et of., 2011; Kuhrt et of,,
2015). Because data from symptomatic women was limited, in the first version of
QUIPP, prediction algarithms far use in TPTL were limited to singletonh preghancies and
gfFN test results. This study would address this by gathering data, including TvS CL,

from a large prospective cohort.

Other aspects of a weman’s clinical care may also affect her experience of TPTL in
positive and negative ways. Levels of anxiety, as discussed earlier in Section 1.3 may
also independently influence risk of preterm birth. A deeper understanding of the
experience from the woman's perspective may highlight areas for potential
improvement in TPTL care that could be subsequently incorporated into c¢linical

guidelines.

This PhD project sought to address these two issues: i) the need for improved risk
assessment and ii) the identification of how TPTL care could be improved. This was
achieved through developing a clinical decision support tool that predicts individual

risk of preterm delivery and undertaking a qualitative study exploring women’s

46



1 PhD thesis 17/13/2018

experience. Prior to addressing these questions experimentally, two literature reviews
were undertaken to determine the current knowledge pertaining to the use of mobile
apps in pregnancy and to establish what is currently known about women’s experience

of TPTL.
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2. Literature Review 1: Mobile Apps for Clinical Decision Support in

Pregnancy

2.1. Intraduction to literature review
Despite the apparent extensive use of medical mobile phaone applications (apps) by
both clinicians and patients, there appears to be a paucity of peer-reviewed
profassiohal journal publications, particularly in relation to preterm hirth. A review of
the Cochrane Preghaney and Childbirth Group's Trials Register {Davey et al., 2015),
found no trials of risk-scaring systems, of any kind, for predicting preterm birth with

the aim of reducing assaciated adverse outcomes.

As development of a TPTL risk assessment toal was a care element of this PhD project,
the main purpose of this literature review was to explore use of mabile phane apps far
clinical decision support or risk assessment, and to identify papers that could provide
insights that could be used to inform further development of the QUIPP app. An initial
scaping exercise undertaken for this thesis identified anly one paper reporting any sort
of evaluaticn of a mahile app for decisian suppart specifically related to preterm hirth
(Watson er af, 2017b). This paper, in fact, relates ta the first version QUIPP apn
developed hy our research team, as outlined in section 1.8, and it reparts results of a
study using retrospectively collected data on 355 women with symptoms of
threatened preterm labour to evaluate the predictive accuracy of the app. Watson et
al., (2017h) modelled the effect of a “treat all” strategy for 188 women presenting in
TPTL under 30 weeks’ gestation, as per the contemporary NICE Preterm guideline

(NICE, 2015). The findings of this exercise suggested that 89% {n=169) of hospital
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admissions could have been safely aveided if a threshold of 5% risk of delivery within
the next seven days had been used to guide clinical practice. However, whilst the
paper reports an evaluation of reliability of the statistical algorithms used in the risk
prediction calculations, no other aspects of the QUIPP app, such as usability or

acceptability by clinicians or women are reported.

In view of the paucity of relevant literature relating to preterm hirth, the scope of the
review was expanded to include evaluations of any mobile phone applications used by
clinicians for decision support or risk assessment in any area of pregnancy care.
Specific objectives were to:

1. Determine the current landscape of mobile phone apps use for decision
support or risk assessment by clinicians in pregnancy care.

2. Identify perceived benefits and potential hazards of use in ¢linical practice.

3. Identify facilitators and harriers to implementation of these apps inta clinical

practice.

2.2. Search Strategy

Inclusion and exclusion criteria for the review were decided upon prior to initiating a

database search and are listed in Tahle 1.

Table 1. Inclusion and exclusion criteria for the literature review “Mohile apps for
clinical decision support in preghancy”.

Inclusion Exclusion

Mabile phone applications {apps] for Decisian aids not utilizing mabile app technology, e.g.
decision suppert or risk assessment in clinical guidelines/models/decision trees

preghancy Apps for data collection or delivery of

information/health promotion
Statistical prediction models

Primary research or report of app Literature review

development and evaluation published Study protocals

in peer reviewed journals Commentaries or editorials

App for use by clinicians ar hoth App for use by pregnant women only

cliniclans and pregnant women
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The research databases used in the search included: Medline, Embase, Psycholnfo and

the Cochrane Database of Systematic Review, with search terms and limits used for

aach database listed in Table 2. Reference lists and citing articles were also reviewed

for other potentially relevant papers.

Inh addition to these research databases, the

online journals IMIR MHealth and UHealth, which have a specific focus on digital

health, were alsa searched for papers reporting on pregnancy, labour aor birth.

Table 2. Search terms and limits for the literature review "Maobhile apps for elinical
decision support in pregnancy".

Search term

Search term

Limit

Medline Pragnancy OR Exp Lakour, mHealth.mp OR mabile Papers published
{n=598} Obstetric OR application.mp OR since 2007 {when
Labour QR Exp Mobile Applications the iPhone and
Premature Birth OR OR smart phone.mp first mobile apps
Ohstetric Lahar, AND | OR Exp Smartphane were available};
Premature OR preterm.mp OR Decision aid$.mp Humans
OR Risk assessment tos!s.mp OR
Predictive madel.mp OR App.mp
Embase Pregnancy OR Exp Labour, mHealth.mp OR mobile Papers published
{n=187)} Obstetric OR application.mp OR since 2007 {when
Labour QR Exp Mobile Applications the iPhone and
Premature Birth OR AND | OR smart phone.mp first mobhile apps
Obsteatric Labor, OR Exp Smartphone ware available);
Premature OR preterm.mp OR Decision aidS.mp Humans; Full text
OR Risk assessment tools.mp OR | (33 large number,
Predictive model.mp OR App.mp | n=479, of abhstract
anly references
were returned)
Psychinfo Preghancy OR Exp Labour, mHealth.mp OR mobile Papers published
{n=61) Obstetric OR AND | application.mp OR since 2007 {when
Labour OR Exp Mohile Applications the iPhone and
Premature Birth OR OR smart phone.mp first mobile apps
Obstetric Lahar, OR Exp Smartphone were available);
Premature OR pretarm.mp OR Decision aid$.mp Humans
OR Risk assessment toolS.mp OR
Predictive model.mp OR App.mp
Cochrane Preghancy: tl,ab,kw mHealth OR decision aid OR risk No limits
Database of {including word variations) | AND | assessment tool OR smart phone
Systematic OR mohile phane
Reviaws
{n=48)
JMIR MHealth | Preghancy OR Labour OR Risk Na limits
and UHealth Labor OR Birth AND | OR
{n=43) Decision
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2.3, Results of search strategy
After removal of duplicates, the database and IMIR journals search produced a total of
909 articles for screening. Review of the titles and abstracts identified 774 of these to
be ineligible based on the inclusion criteria, leaving 135 papers for full text review. Of
these, only 13 were eligible for inclusion, with 122 being excluded for the reasons

shown in the PRISMA flow diagram {Figure 8].
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Figure 8. PRISMA 2009 Flaw Diagram of results of literature search far “Mabile apps
for clinical decision support in pregnancy”.
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2.4. Characteristics of the papers included in the review

Details of the 13 included papers are shown in Table 3. A formal review of quality was
not undertaken because this was not a rigorous attempt at establishing the efficacy of
an intervention. Instead, the aim was a hroad exploration of the use of maobile apps,
with the added objective of gaining helpful insights into the development process
gleaned from reports published by their developers. Of the included papers, the
majority {n=10) described early development of the mobile application with results of
feasibility, usability studies and/or satisfaction studies (Dunsmuir et of., 2014; Jeon et
al, 2016; lonas et al., 2016; Lim et a/., 2015: Mackillop et af., 2014; Marko et al., 2016;
Peleg et ol., 2017; Stroux et af., 2014; Tsai et of., 2014; von Dadelszen et of, 2015). Two
reported results of studies evaluating maternity care prajects in which the app was a
central component of care delivery (Battle et al, 2015; Vélez et al, 2014] and one
(Watson et ol., 2017k) reparted a study testing the reliability of the risk prediction

scores created by the QUIPP app, as noted above.

Seven papers reported on studies or projects based in low and middle income
countries, including Africa and Guatemala (Battle et af., 2015; Dunsmuir et af., 2014;
Lim et af., 2015; Stroux et af,, 2016; Tsai et a/., 2014; Vélez et af,, 2014; von Dadelszen
et al, 2015)., Two were based in the UK (Mackillop et af.,, 2014; Watson et ¢l., 2017b),
one in Spain and Italy (Peleg et al., 2017) and one in USA (Marko et af., 2016). In two
papers the location of the project was unclear, however ane of the corresponding
authars was based in Korea (Jeon et of,, 2016) and the other in Germany {(Jonas et of,
2016). All were published between 2014 and 2017: four in 2014; three in 2015; four in

2016 and two in 2017.
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Four papers repaorted on apps focusing on preeclampsia (Dunsmuir et ol., 2014; Jonas
et al., 2016; Lim et al., 2015; von Dadelszen et gl, 2015). Three of these, however, all
referred to the same project, Pre-eclampsia Integrated Estimate of Risk {PIERS)
(Dunsmuir et al, 2014; Lim et af, 2015; von Dadelszen et af., 2015). Gestational
diabetes was the focus for two papers {Mackillop et al., 2014; Peleg et al, 2017). The
aims of the maternity care projects were to increase the number of births in a health
facility in Zanzibar {Battle et gf., 2015) and to improve access to maternity care for
women in Ghana {Vélez et o/, 2014). The pregnancy focus of each of the remaining
five papers were: metabolic syndrome {Jeon et oi., 2016); weight and blood pressure
manitoring {Marko et al, 2016); identification of fetal compromise (Stroux et of,
2016); antenatal depression {Tsai et «f, 2014) and preterm birth (Watson et g/,

2017b).
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Table 3. Characteristics of papers included in literature review "Mobile apps faor clinical decision suppart in pregnancy”.
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trainerl pereanael in alimast
aty eiviranrens, from ar
1tbnan medical rontie 120
haht w staffed field clin 2”

Sharphoie-based diagnostic tou thatis indepaadant of
cammLnicAtiah data rate, suality of servies, and data teanstar ssourity.
A sbsjactive alament to the clivical waork-up for praaclampgsia which
agparizlly in low razsuies sallings ialise haavily an subjarlive
inteparctatian of sgns and symptams by Ioalthaare providers,

Mus Lails simpic’ly and Lhe o cost o edquiced maleria s, Lhe RO Les)
has the patontial t fill this gz for diagnosieg pres:lanosia in
rBLAUreE-posr sellings,”

57




I PhD thesis 1771372018

5. Lt ool
[#115)

Dgssription of paper and study
dezign

Setting, Time periad &
parlicipanls

Ares of
focus in
progharsy

App Tunstinng

Drcisian
SURpNrT

Data
Lollartisn

Zenmnuni
ratish

Comnect-
i Nevica

App -charackaristics

Main Findings

Dagerilaes deve spiment of app
and rasulls of & uszbilily znd
fezsilaility stusies.

Paper reports firdings of stuey
sssessing Lhe usabil by and
fzsiliility of PIERS on the h.ove,
3n ek aslibh App far pre-
eclamps a triage, with nid-laeel
agallh weorkars Tor ileralicely
efiting the systern.

T usanility studies w.ore
aarfannad v th the potancial
erd-usars, Each stepin tac
davelopman: process asa.] the
firditngs of tae praviaus, thus
taratively improving v ths
dasign and features availalile i
the

Usability study 1:
avalualion by advaneed
Inidwifory studerts at
Tygarberg Hosailal
WCape Lavwn, South
Alrica =15

Usability slucy
evaluati-sh of the et
ileralicn Ly nalen-al
1ursing staff at Fr=re
Maternity Fospital i(Eas:
L-ated sk, Soutly Afriza),
4n=2M.

Mewe 2012 t5 D 20713,

Pra-
arlanpsia

YES

YES

YES

"Pra-zclamipsia Integratad
Exlineate af Ri%k {PIERS! an 1he
Mowe PIotM) is a3 low cost,
aagy-lo-use, maobile heallh
ik aalthy slatform that has
bees crealed Lo aid haal b
warkers in making decsiors
aroune lhe mgnagaienl af
Irypertengive pregnant
waren, Tlhe app conbiney
tw [areviausly successful
imnevations into a inHeazlth
apps: te: miniPIERS risk
asgagstent nadel and the
Phote Camictes”

“Study 1o majoc issues incthe functiorality oF the couch-scoreen kaybecard
ang cale serollwhesls were ideniified flalal prears n=2151

Study 20 maar impravenents nonavigatior of the apu wers suggested
{lolzl arrars n=144),

Onverall, us=rs fe t the app was usable using the Zamput=r Syst=nis
Usalili » Zueslicneaire; mediar frangel ~alues far Sludy 1= 7 ¢1-53) aad
Study 2 = 7 41-40.

Usahili » problems were allen ralaled Lo mobile gl ane falyres (o,
sopall whezls, touch soreen usal

Ta demanslrale fezsibilily, FalM wzs used by ore rezeacch nurse far Lhe
pilot clinical study. In total, mare than SO0 evzluations wers perfornce
2n more than 200 patienzs. The median {interguartile ranga! tine to
Zomialete a0 cva Uation was 4 nin 55 see {3 ik 25 e te & 11 GG

se)t

Authers enphasiss the impartance of using target end-users in tha
il and evaluatisn aed that iswl result in casicr integration ints
| ealth care s2tzings.

. Wlackillop et
al, [2014]

Dreserilies dewe apinent 2 app
and results of 2valuation study.

Faper Jescribes Javelounart o°
3 prstatype sottaae applicatisn
for the manag=r=nt of warnen
with o At ainh risk o Gearatiael
Diakuwetes,

& LJst0In weosize was hult for
elinivian ravisw: of the darm
transinitted by the sirarphon =
Altar syutamy ratinarasnt, furrhay
svaluati-an was undertaken for
neability and raliability in 3 48
2ht service developinent
arsyjarl

Uk

Sewel wa e
participated in the Lata
testing il ad 50 of
the 104 warien
Appkasherl voluntesrsd
1o test the syaten in the
sarvics davelaptrsnt
pr@se,

Coctational
Liialietas

¥LS

LS

LS

¥LS

Tuptianal -ahjestives
includad tha ability to:

1. Al veman a2 zourately
and easiby racend klosd
gluz e mieasurnents, whizl
are than automat caly
Ipknaded tooa wehsita,

2. Al health care
pra*scainaale ta arcass thasa
InEasur=izits renrately and
rasnand fuizkly to tham, thus
paentially irpraving
Alyrasmiz rantesl witkaur the
2] far mare intesive face-
to fare contact,

3. Allow Z=pnay Communicationr
e lwman wesrn2n and hazllh
care prafessianals.

4, Framola usar parlicipalion
ot re ) of oregnant
waren i1 lhair imeadical
management.”

Tl vt ractivity of the applizatian iz 5 beo saended with patizits
kaing able to2dd 3 conwmen: te 2ach reading-ofte using this to
cxlain a ligh reading ar 1 pecord what they [ave juet catea,

Lo raming jaatizats te perform a BS readivg after shair ineal, an spational
alert s implemerted.

Ihe disp ays were thanged to show BS reacings in woth graplical and
tahular tormiats

Toamzkes the apphation more intuitive to ravigats, ilustretions aave
ke added fthoon ackesh BUttons to il istiate ey “Unstinba, Ueer
instrucsi-ang are embadded iy the applization in the formn of videos tiaz
autametically run Tl istears spacifie artinne.

Mambers of the Clinical team wers giver the fadlit taadd a nate an
the wehsita, far sxampla 13 rerord 2 rasdieatinn channs ar distan:
advize irtervent on, whan the manageainznt of patients is shared
katwssn savaial membe s of the clin‘ca team.

Alerts wers a-ded o help proritiz= and higalight patients who regaired
an inlervanlisn,

A s counter was acdos] ta el the inidwife ko whar mor
kload clucoss reeasurzment slrigs reedad 1o besarl [ apalznl
Patints are alsa alile to place a pecuest *ar strips fram the midwife
us g ailhar Lha frae- 2el cammanl ar phonea-ragu st lunclisnalibzs,
Tinelings doprsmstrate Wigh usazcc ard ceccllant zamplianes with tle
syslem, will 85% ol women recording Lhe minimum seguired nunskar
=f B readings cach weck,
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T Markaetel,
[H1LE)

<= it : - - : ; Arsa of App Tunstions
Desaription SLE?FI:“” and sludy sem"g‘_'”-ll—i:ine E‘f;ad & focus in Oecisia Diata Zenmnuni Cornect- App -charackaristics Main Findings
4 B pa PrcnANLY SRR Lrilletisn ratisn ~d Mevies
Whzight and ¥ES wES YES YES Mclai = phene app with a “Patient engageinent with the mobile app avaraged b5 times per wesk

Prospactive obszavational study
assassing feasibil ly, o Micacy aad
satisfactior.

Paper raports firdings of a
araspeclive obseraliong ilal
stusly to det=rmine the feasibility
al manilaring paliznls remmalely
o prehatal are us ag a neshile
chore aop and connecled digilal
devices,

Ag vzasures of tle fozeibilizg of
the systain, particpants weee
studicd for engageinenit with s
3pp, acodracy Jf remate data,
ofticary of alert syatom, and
aetient satisfaction.

Patiant satisfaction was
mwasuted Uiy 2 2-guestian
survey that was comnpleted Ly
sziticipants after 20 weeks of
olatforny Jszge.

Uzpartmant of Obstetrics
A Gynecolagy al the
deorge Washingtan
Univargily Hospilal, USA,

July #0714 1o Jaruay
201,

=8 weximets with low Fisk
pragaangy in lhe firg|
Tritnestsr

hilnad
paressurs
FarLaring
in
pRregnIngs

ronnacl=d dinilal weighl seals
and lalood pressure 22 for at-
hame dala callaclian for Lhe
duraticn of pregnancy. K-
hame dala vias ssseseed far
abnannal values of Lla.d
presaure ar weigal 13
geherzte dimiczl aleits t: the
palienl and providar,

aver The & monlh sludy period, Weighl dala callaclion and hlood
Eressure data collection averaged 1.9 tinvzs and 1.7 times pesweek,
respas livaly,

At-hane Measurenents of weicht and bload pressuse were highly
accurs e eompaqed Loir-oflice measaremeals,

Autaratic cinical alerts identi<ed twa gpisades of abnonmal weight
gain wilkh Ao (3lse Lr ggers,

Aft=r reviewany data sets of all <linical variabl=s awd all arganiz=d al=rs,
no inddences of insppropriale alerls or wraddressad alerls vare
discov=red.

Al a part cipants vl 2 comaolatad the sunvey felt comfartals 2 with the
cohecpit and techin - asacots of reMate manitaring, were ab o to casily
acoass provider resources,

Mast {633, 5/5) of the participancs telt that th app assisted with

haa thy praynznoy-ralated bel aviours, were satis®iad with prenatal care,
felt mare canieted with thedr provider, aad felt moee khowledsg able
aliwut heir pregnancy,

Pati-nts deinanstrazee tigl satisfaction with the system.

Th dszribed manitarivg systein has the abilig ta callod data iyape
frzguanthy than offie wisits alons allowing for the potentizl ta Jevelop
prediztwe madels te sokcch normal pregrandes and idertify seognancy
rigk =arlier. ”
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2, Peleg etul,
(#0117

. ) B X . Brag of 1 TuRstinng
Do ription of paper and study seing, 'I'_lr_ne reriod & focus in Oecisia D;::Sr Zenmnuni Cornect- App -charackaristics Main Findings
design Rarlicipants PrcnANLY SURpart Liollarrisn ratisan ~i Neviea
Mized mzthods stady of Italy and Sgain Lestatiznal ¥YES wES YES YES "Wakiduide 5 a camats “Cotingous monitaring of the inost imwsrtant health parameters
enmpliznes, salisfaclion and diahelas rhoanie paliz2l nanagemand {alyeasntia, kelonuria ard BR for QDM palienls) was peTormes al

qualty of lif=.

I e tdabl Suide project zimed to
eslablish 3 aser-frierdhy, palienl-
centres mooils Jeciston-support
syularn Tor pal erls 2nd for [eir
care [iroviders, ased anthe
coningows apalicalian of diviczl
guidel nes and o somantically
nteyrated alactranic healtn
sroords.

The abjoctive =f this pajasr was
to svaluate whetler the nitial
doployrert of the bdakiguid.:
systam, for teeo diferent <in ca
damaing - atrial filirllation d50
and gastational diakeetas (ELM) -
aad achioed thres main
outcames: 2] high patizrts and
are providers camplianse to
ditical-guideline Lase.]
TIsRitaring reminde s an:d
cecaminendati-ns, (L higa
Antisnts and care providers
satisfactior, and ) increased
satisnts’ quality st lit=

April to Decembes 2075,

I h= study involved ten
AF paliens fram IRCCS
FaunrJation *Sal-
walara Maggen®, Mavia,
Italy and twnty
geslalional Gk
patients frorm Pere Touli
Saliace | Lnivesioy

Husp tal, Saliade |, Spain,

&5 o canteal groups tar
Al researcers
rofaresd o data fram a
histurical yroap of 227
pativtits, shilarin
characteriztics, wha had
L tallsved us duting
201¢-2013 at the same
A0 clinic.

systern that has five main
nhjeclivas

i1 Increasing patient safety
and qualily of eare hroy gh
praviston of persoralized
Jbiguilaus decigion-supparl,
to th e patisnts, £2) Sohiantic
dalainlegralion inlo 3
persanal healh recards, )
Lreation of @ generic
arzlitectir: tnzt supparts
interoparation v th a variaty
of prartalile sensors, e
diffarant qaspital slzctroric
Inzzlth Fezards. (47 Distribautioon
of the Jegsion support systen
055, betweea 2 mohile 0SS
tlat runs on the patiens's
smart phizie and o baskend
LIS that is accessible via the
Inzermet by the pationts’ cane
praviders, f9) Perfarmance of
intedliz) oAt lata ana weis,
digoreer <l niczl data patterns
in individual patisrts, thus
pravid ng addit anal dedsion-
Alppnr”

Ity the 800 doamair, Mlaaed
gluczse monitar an.d

ArMYANIAREAN TS 81 s e
aohkectod to tae paticnt's
smarl phang by Alusloah,

enceuraging v high complianee rat=s oy GUM patieints. The contpliare
af Lhe MaliiGuide coborl wag significanlly Figher Lhaa lhal of 1e
historical cohot $1.870 we, Q&7 with p-valuz of Q03712

The facl Lhal Lhe megsarentaal dals weare augilalble 1o the plrsiciang ia
the syst=nt without nzed ng ta rely on tae patiznts bringing n thei-
manlaring devices and paper diarizs had 2 graal benefil, Since Lhe
Zinigiars khew the rzal Jata valu=s, they f2lt that the decisions wers
matle fasler and were be ler as hey cow d review Lhe resulls before Lhe
visizs, the time spert rzviewng the data was shoter

Thay statad tl at thay liked very rmuch the svstenrs ability to adapt to
T A

Al AF ard G0 clinicians agresd {ie, provided ratings of 4 or 5) that
Mk auizls aclps themin dontifving peicrities and inceeases patient
safaty via its data guality awaraness dwhich oronspts patisnts to re-21ter
data, ppeeat easurMishts, thus improving the: recoirmehdati sng
dalivarzs oy the systam that Jz2o=nd on data gquality).

Overall, the senss ot s2fety that the gpsten has peovided to the paticats
vas te Jreatze; assat”
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G SEr At o,
[H1LE)

. ) B X . Brag of 1 TuRstinng
Do ription of paper and study seing, 'I'_lr_ne reriod & focus in Oecisia D;::Sr Zenmnuni Cornect- App -charackaristics Main Findings
design Rarlicipants PrcnANLY SURpart Liollarrisn ratisan ~i Neviea
Mized mzthods stady of Gdatemzla Fatal caim- ¥ES wES YES YES "foamartsranz-based systam e sin staff wh o provided written fzzdback faund all sysz=m
[=zsililing and acesplehilily, prnmiss including paripheral sensars, companerls 2a5y L operale and indepandsatly agrasd on lhe palsniial

Fajrer describes lindings of 2
mirged inethads feasibility stuey
Lo evaluale a smarl phane based
systern Jesigizd to identify fetal
LOMpromise,

Tl & Teasily iy asgessmenl was
designed to eveluate whether
frantling healtheare workers
ol apperate the study
squipment 010 foaetzl Doppler,
sulse owineter amd recarding
spplication) and record sigrals
suezessfully using 3 star paaise

The study 2 59 507 aut t2 gaug.-:
user n2ad and to assass tha
Asreptaliity by bath healtears:
arowider and petisnt.

N=E2 regnant wonien.

Writt=n feedhads veas
pravvided by & rembsers
of staf.

61

pulse oximetzr and handhald
Noppler Tar Lhe idanlificalionr
of foetal compromise.
Mesigned "or use by llilerale
Lirh attendents, the systarm
JsEs e qrams, audio
guidan.e, [acal and o-aud
prazassing, SMS alerls and
waice caling.”

kenefit of such systermn.

Thraa key aragas for suceessiul ‘oelal cardiae signa racarding haea
atvaryed, the auility to oszrat= th e sgquijppment provided, the Zhical
knevidedge Lo idenlify and Lo Largel Lhe besl possikzle signal, ane The
degree of willirgress to srploy such tesnology.

The Leching amy-relalad difficullies exaer encad Ly he parliciparis vers
largely relat=] 3 the participants’ sducationzl el dncludiag a very
high illi_eracy rale amangsl radilional birlh sllerdanls and experience
i handling simi 2 equijinent.

“everal of the observed challenges could tu some ewtan: be attributad
o a lack of apprapriate Fainong and guidance mserial,

Several areas for improvement veare idencified during the feasililizy
testitg. The famiiliarity with the technoslogy and the dinica
understanding of the physiological signals and their <1 aractar stics, the
gystarm’s usabiling and altinately signa guality, zould all be improwed by
a wombination af edycationa measdrzs such as training 2nd training
manuzls, an 2 ppropriats apolication intertace and hule-in quidanze an
thae phiane with real time guality feedbacd:.

The implementation of sigra analysic zapabilities such ag the
discriininzticn of matzral from fosmal casdize signal by carmparing he
pulse axitreter ta the Loz couad measure, waale provide real time.:
quality inprovenent and redu.e false read ngs.

Ta b e mally inglusive the applicstinn atrrtae was theretar
adapted using a camkination of audio and vissal instructians oaly,
1eplaring any written confant, Likewice, tha merhanism to reeord
patient infoarmati.on inarual v was changed ta waice and image capture,
alimiraring the nasd farwkitten inpur. As 3 sas (It park cerear prassnrs
an illustrat 3n serving as a visual s to proampt a certa ozt o

The findings of tais study have mformed for the nest stage o
Asvpslpmanl:

1, Maliilz aapliezlian - Conlinuurm af gare; Frlaasion af Lhe applicalian
fram prenata assessmicnt only, to the irclusion of intraparturs and
paslnalal heallh chagks: 30 Comprahengive heallh chacks [1clusion af
ratemial Bloos pressure measurein oits and chedks forF pregranag-
ralalad comp icabiang inla Lhe appl calion vark o b) User in grface
I The design ot 2 user-contred neskbile applizatian irtertae:, = ke
inclug we of an illilerale vser graup: < Signa 3rahsis nplamenlslion of
bt pat analysis including eiscriming tian hetwees the mate ol 2ad
faetal rhvthm; 2] Emergeney respanse: Inple mertation of log < to
gyt calls T higher level sars staft in eose o detectad amerrengise,

2. Intaguatinn inta tradieal 1assans ~ Data cansalinatinn: Autnmarad
apluad of recurdad signals, petisnt and health irformation ta the
meadizal rarard system, as=nbd 35, 2 glohaly adoptad aper soures
slactrori inedical record EME) systam.

3. Usar training ard aducation = Usarmanaals: Thz developnant of an-
phone uszar manuals, inelsive al anillil2rale use2egeoop, Usar baininng:
e develapmean: of rain ng sessions which wall zezch participants in the
application af 2l devizes and the amgopriale clinizal kngwledge (2
zialile the recarding of Joaod guality poysiol sgiczl signals and the
assessrenl of complicalions,”
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. ) B X . 1 TuRstinng
Desaription SLE%FI;QI. and sludy semnﬁé;{}:?:ﬂggmd & fAUI?LIaS{i)r: Oecisia D:-:Sr Zenmnuni Cornect- App -charackaristics Main Findings
PrcnANLY SRR Lrilletisn ratisn ~d Mevies
13 Trai et v, Papar describes findings of 2 Kaays itsha Soutlh Africe, Anzenatal ¥ES ¥ES "In Loth studies, the ¥hosa “Ie estinzted sperating characterist s kased oncata collected by
[d014] [=zsilility sluey aimed al Apprressinn warainn Al tha ERDS 190 was comnwiniy heallh verkers using rnbile phores during roulins
determiining the extent to whi:h May 200% to Septenozr acministered using sLrvey antetztal wellness cerz were coinparabls to those based 2 data
camminily healll workars could T =114 sollwars goagrammad inlo a collaclzd by Uainad resaarch assislanls,
oz trained to condaot case mobile phone ™ Irrespective of whether the data wers col =oted Ly reszarch assistants ar
finding using sharl and May 2013 La Felinary by carumnunily heallh warkers, Lhe socio-cemagraghic profiles snd
ultrashat screening instrurmsnts 2071 {n=3&10 estiriates of rel ability and validity wer- qualitat vely s milar azross tle
aragramired inla mogils Loy sludias,
shores The firdings Jenonstrated tle fzzsibilizg o using community hea th
woorkers, who had ro previous regsearch kaimieg, lo conducl case flinding
Pregnant waornieh wers reoroite.d for anzenatal depress ahousing short ard ultrask.:r screening
ndepandently in twa cross- instrurments progeannied irta mokile 3l ones.
seational studios and assessed The firdings hav.: important ragramnat < inplications foo imHcalth
far antenazal Jeprassion, inte~ventions and leverading @xizting human resources to mprovs
maternal mental healta and child health in sesoaree-limited settings.”
11, ¥éler & e, Miwed mathuods stady eva uating Bonsaaso, Ghana, Beless to ¥Fy wFS P "B inwbile haalth fmHealth “Goad ergansntis and minimalist Jesign applizd primarily to the
(2014] A pEagiam Uihg App. hiztal hity Applisatian, kb s pad Taie, TIWERTY {kepyhasaredy phohs salsetad for tacting, Ths leayaoai was sl
Iay 2011 Lars capturzs datz for managing ans the midvy ves had o fficu ty pressing oae button at a time, reading

Tha Millshnnitm Willanas Pajsct
INTEE was an integratee noral
Azuplnpman, pramam o arkisgos
the Mill-nsium Davelaprent
Geals (MAGE) I ko incame
aral Africa oy 2003, The
Filleanivm Village Hazllh
Systony MYIIS) i = majar
caompanenl af 1e prajecl, =058
£abe StrAte gy IS ta ansure
universal access Lo senvizes (ree
at “large ot the poiat Af e,
with 3 conzinuurm of services
tram the hotissholzd 1o the < linic
and the refarral haspital Tais
Anpek dads tides 3 dascriptive
usalnlity study conyased of 3
Ahazad tnoevaluata an mdlings
arstutyae 11 hybarid lah- ive
sattasie sualuatiah ot e linie 1
Jentiby usaaility ssuas;
eamplation of 3 usakilmy
Auestisanaice and 3 intzrisws
LhaL included lerv-lidelily
ar-stotyuing of rew functionality
araposed Ly midvives,

Al midwivas warkirg in
Ih= elugler a7 MYP n=7

|ATIBAT £k, Program
ayzluatian ane monitorng,
Asrig’an raakirg, and
manageiment, and allows
rigvsives |3 2ccess Lhe WS

the keaybaaid, ard using The funeTisn key 1o selaet bonchers, Thers s
yreater success with the touch-sorezn phone,

I rsepar] of privasy, and 2ocia rarenlisne, in 2
hecessity of application-level password protction because itis
comnan for eellular phones Lo bz shaed aneong sLal” and Tmily
memibers, and thersfare phone level locking would e inad--juate.
Midviiwes slrangly agreed Lhal mliniz was useiul gnd weea in
agreciment o neuteal akaot case of use and user cantral.

I Lhe irlerdiews, some midwives irdiczled thal Lhey believed Lhal
el will e haelptul to them and reeuss the tine thoy cpend zreating
marithly raparls.

Aftk beimgy sheen the |y S ity pratatypes, seversl widwives
exarassed corcern thet the pratotype matarnal healzh fanm et veould
b 2 Titns infensive ancl fumbersamme T Lse,

Al the midhwives ware dis migsiva of designs that included axtansive

fras tat fizlds, Moke positive itterect wag renerated for 2xpanding tha
registar-type fonms and expanding them ta capture marthly reparting
fata

Qthar potential bansfits inchuJe Lower start Lp and mairtenance coss
Aha Thapkear] aecliboy AR fimslinass ot ata coallastion,

A5 i cansistent wizh the Itzraturs, the midwives prefarred when th e
serespn cortainad less dars ard did nat equine seralling,

Ao ke faitor to the success of eHealth inplzimentat anin developing
counlrias s user aceeplance, Malhads far nerescing user acceplangs
ineldde pesw ding adeguat= support and training for larning the new
syslam, encauraging lacal awnershio 3nd dala use, cullivaling logsl
leadership and jroject cnarpions, and being sensitive to local culture,
Addilional sludizs have showm L al aligrienl of _he eHaal b
intenvettion with user needs ane oravider technial szif-effiragy is alss a
sigrificant fazlor nlechng ogy acceplarce.”

e ravedlar Lha
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PrcnANLY SRR Lrilletisn ratiah ~d Mevies
12, van Papar describing obserdations Forusa in lowe and Pra- ¥ES wES YES YES "Iha PIERS on the Fovs e ful PIERS model, which incudes demograplics. symptsms,
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2.5. Themes emergent fram review of the included papers

A number of themes emerged from the review, which were: i) acceptability and
satisfaction; ii} ease of use and portability; iii) multiple functionality and iv) the
importance of user involvement in development and evaluation. These are discussed

in detail below.

2.5.1. Acceptobility and Sotisfoction

All papers reporting on acceptability, feasibility, usability and/or satisfaction were
generally positive, both with the mobile application being evaluated, and also with the
care it was designed to support. This was demaonstrated by direct questioning and
evaluation tools, but also by increased patient engagement with, for example,
compliance with self-monitoring {Jeon et af, 2016; Mackillop et gf,, 2014; Peleg et of,
2017). Increased confidence of health providers, enhanced positive relationships and
trust in the professionals and feelings of support and safety were also reported (Battle
et al., 2015; leon et al, 2016, Mackillop et of., 2014; Marko et ¢/, 2016). Validation of
data and monitoring readings were often a feature of the application, and this was
recaghised by clinicians as a valuable improvement in care {Dunsmuir et af, 2014;
Stroux et al., 2016). Additionally, the app could help clinicians identify priarities and
they recognized the potential for the system to he time saving. The automatic transfer
of data to electronic central databases or health records was also identified as a useful
mechanism which could save clinicians' time as they could remotely review the data in
advance of the patient’s haspital appointment {Peleg et al, 2017; Vélez et af., 2014).

Alerts systems were utilised in some applications to remind patients of, for example,
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appaintments, medication, and monitoring {Mackillop et ai.,, 2014; Marko et al.,, 2016),
or alert remote clinicians who could either respond with advice, either directly to the

patient or their local care givers {(Mackillop et af., 2014; Stroux et g, 2016).

2.5.2. Ease of use and portability

Most medical app users were familiar with smart phones, and the henefit of portability
was regarded as a great asset {Battle et al, 2015; Marko et o/, 2016). Some users
reported problems which were often related to the phone’s features, e.g. difficulties
with entering data on a small mobile phone screen and the need for scrolling
(Dunsmuir et al., 2014; Lim et ol., 2015). Adaptation of features such as reducing the
need for scrolling by having fewer data on each form, training and on-phone manuals
were used to address these issues in later stages of app develapment (Jeon et al.,

2016; Stroux et al., 20186).

With the relative low cost of smartphones and convenience in terms of weight and
size, along with the increasing connectivity to mobile networks, mobile applications
appear to be accepted as an excellent opportunity for improving healthcare,
particularly for those in low resource settings. One reason, proposed by a number of
authors of the papers included in this review, is that less educated health care staff can
be trained in providing front-line care using devices that are easy to use, with internal
validation and warning alerts, with the added benefit of support from remote experts

(Stroux et af., 2016; Tsai et al., 2014; von Dadelszen et af., 2015).
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2.5.3. Multiple Functionality

The versatility and multi-functionality of smartphanes appeared to be an important
issue in the papers reviewed. As decision support toals, mohile apps can utilize
statistical prediction models or decision trees and make recommendations for action
based an input of individual risk factors and test results (Dunsmuir ef al,, 2014; Peleg
et al, 2017; Watson et al, 2017h). In addition to decision support, however, mast
apps (10/13) were also used for data collection, communication, or hath. Other apps
also incorparated Bluetooth internet connectivity with other devices: pulse-oximetry
(Lim et ai., 2015; Stroux et af., 2016&); blood glucose manitors {Mackillop et af., 2014;
Peleg et al, 2017); blood pressure monitors {Marko et af., 2016; Peleg et af, 2017);
digital weighing scales {Marko et al, 2016} and fetal Doppler devices {Stroux et al,,
2016). One mabile app utilized the smartphaone’s awn camera far processing pictures
used in the Congo Red Dot test, which assesses the presence of misfolded proteins in
urine {lonas et gl., 2016). This test has been proposed as a possible diagnostic test for
pre-eclampsia that could be particularly useful in low resource settings where more

sophisticated laboratory facilities are unavailable.

Communication between patients and healthcare workers, or between healthcare
workers and celleagues or other experts, was valued as an important element in the
success of the projects in which the apps played a central role (Battle et o/, 2015;
Dunsmuir et af., 2014; Mackillop et g/., 2014). This appeared to be so whether the
communication was carried out directly through the app, or simply by the user being

able to communicate using the same device, i.e. mobile phone.
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Data collection, validation, transfer and integration with other health records and
research databases, and the ability to set alerts, as noted above, along with other
integrated features of mebile phone technology, such as time stamping and Global
Positiohing System {GPS) tracking of phone location, were also noted as important and
useful attributes because, for example, the time and place of the clinical visit could he
recorded (Dunsmuir et gf., 2014; Mackillop et af., 2014, Peleg et ai., 2017; Stroux et of,,

2016; Vélez et gl., 2014).

Delivering healthcare interventions through mobile technelogy also provided the
oppeortunity to adapt programmes relatively easily to account for specific needs of the
end-users. Accessibility was enhanced, e.g. picture and video instructions for illiterate
users {Stroux et of., 2016). Language and cultural diversity issues were also relatively
easily addressed and incorporated inte different versions of the app {Dunsmuir et g!.,

2014; Mackillop ef o/., 2014; Stroux et af,, 2016).

2.5.4. The imporiance of user involvement in development and evaluation

The importance of user involvement in the development and evaluation of their app
was emphasized in several papers {Dunsmuir et gi., 2014; Lim et ol.,, 2015; Vélez et of,,
2014 von Dadelszen et of., 2015). The authors noted that this was not only a key step
in enhancing the acceptability and usability of the device/programme, but also a
mechanism by which they could foster engagement by local stakeholders, community
leaders and healthcare funders. This interaction was seen as part of the pathway to

ensure acceptability of the programme and maximize its chances of being sustained.
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2.6. Summary and discussion

This literature review has identified and considered a number of relatively recent
papers, mainly reporting early stage development and feasibility or acceptahbility
studies deasighed to inform further development of the mabile application the paper
was concerned with. The number of papers identified was relatively small compared
to the number of medical apps readily available far download onte mobile devices. It
is likely that many clinicians and other health care professionals are using them on an
ad hac basis. However, there are still anly very few peer-reviewed publications in high
guality professional journals that can confirm their utility, reliahility and effect on
outcomes. Mane of the papers reported application for regulatory approval by either

the FDA or MHRA.

It is possible that the search strategy employed may have missed some important
papers due to the lack of standardised search terms associated with the relatively new
field of mobile healthcare. An extensive number of potentially eligible papers
required a review of the full text because the nature of the decision support tool or
mobile application was not clear from the title or abstract alone. In addition, the
speed with which new papers are published makes efforts to undertake a truly

comprehensive review of such a fast growing literature base challenging.

A number of themes emerged from the review and are reported above. The issue of
data security, however, briefly mentioned in two papers {Dunsmuir et af., 2014; Vélez

et af., 2014) did not appear to be particularly important. Where it had been raised as a
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concern, passward protection at app, rather than phane, level {Vélez et af., 2014) and
data encryption {Dunsmuir et ol., 2014} appeared to provide acceptable solutions.
This may become a more important issue in the future, however, following recent
scanhdals regarding the misuse of personal online data (Cadwalladr and Graham-

Harrison, 2018).

This literature review has considered papers reparting on mobile phone applications
for clinical decision support in prégnancy. It appears that the body of literature
relating to this precise area remains sparse and relatively recent. No papers were
found of studies reporting effects on clinical outcomes, although the two papers on
programmes to improve healthcare utilization reported success. It is expected,
however, that more publicatiohs will follow in due eourse, as the papers reviewed
were largely reporting results of feasibility studies of projects that will have entered
later phases of development. The findings of this review will be considered and
incorporated into the later discussion around the development of the mobile
application clinical decision support tool {the QUIPP app] which is the focus of this PhD

thesis.
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3. Literature review 2: Women's experience of threatened preterm

labour

3.1. Introduction to literature review

A major element of this PhD project was to establish a deeper understanding of the
experience from the woman's perspective in order to highlight areas for potential
improvement in TPTL care. This second literature review aims to explore what is
currently known about women's experience of threatened preterm labour and/or

being at risk of preterm birth and how the care they received affected that experience.

3.2. Search Strategy
Inclusion and exclusicn criteria for the review were devised in order to achieve the aim

of the review and are listed in Table 4.

Table 4. Inclusion and exclusion criteria for the literature review “Women's
experience of threatened preterm labour”.

Inclusion Exclusion

Focus on women's experience of threatened | Women's experience of other aspects of
preterm labour, preterm labour and/or pregnancy or birth at term and related
being at risk of preterm birth and related interventions

tests (i.e. fetal fibronectin and cervical
length measurement) and interventians, {i.e.
steraids and tocolysis)

Primary research ar literature reviews Commentaries or editarials
published in peer reviewed journals

Studies or reviews including studies using Studies or reviaws relating only to studies
qualitative methodologies using quantitative methodologies

Full text papers published in English
language
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The following electronic data bases were searched; Medline, CINAHL, HMIC, PsyelNFO,
Embase, Scopus, Maternity and Infant Care for papers published up to October 2017.
Terms used included: “Obstetric Labor, premature OR preterm labour”, “preterm” AND
“birth”; “MH Labor, premature”, “experience®” QR "views” QR “perceptions” OR
“heliefs” OR “attitudes”; “fetal fibronectin” OR “cervical length” OR “cervical length
measurement” OR “steroids” OR "tocolys®” AND “experience® OR “views”. Reference
lists of papers considerad suitable for inclusion were also reviewed. As the focus was
on women'’s experience the search was restricted to papers reporting studies using
qualitative methods, or reviews including studies which had used gualitative methods.
There was no geographical restriction on where studies had been carried out or year of
publication. Papers where the full text was not available in the English language were

excluded,

3.3. Results of search strategy

After removal of duplicates, searching the databases produced a total of 290 articles
for screening. After review of the titles and abstracts 264 were deemed to be
ineligible for inclusion in the review, Twenty six papers were assessed for eligibility by
full text review, of which 11 were subsequently excluded for the reasons shown in the

PRISMA flow diagram (Figure 9).
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Figure 9. PRISMA 2009 Flow Diagram of search results for the literature review
“Women’'s expetience of threatened preterm labour”.
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3.4. Characteristics of the papers included in the review

Details of the 15 included papers are shown in Table 6. Thirteen primary research
papers were included along with two literature reviews. One literature review focused
oh bed rest for women at risk of preterm birth {Maloni, 2010) while the other saught
to identify research papers on TVS CL that reported additional, psychosocial effects
(Vis et al,, 2011). A quality assessment of the 13 papers reporting primary research
was carried out using the Critical Appraisal Skills Programme (2018} CASP Qualitative
checklist. As there is no consensus on the best method for assessing quality in reports
of qualitative research (Dixon-Woods et o¢f., 2004; Leung 2015) this method was
chosen because it was desighed to assist healtheare professiohals assessing gualitative
research and its application ta practice. In arder to reduce the danger of excluding
impaortant concepts, a decision was taken not to exclude studies on the basis on quality
unless they were “fatally” flawed {Dixon-Weoods et o/, 2006, p.4]. However, all of the
paners were of sufficient quality to be included. The results of this guality assessment

are shawn in Table 5.
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Table 5. Quality assessment of studies included in the literature review “Wamen’s experience of threatened preterm labour” using CASP
Qualitative Checklist {Critical Appraisal Skills Programme, 2018),
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3.5. Themes emergent fram review of the included papers

A review of the included studies revealed a number of common themes that throw
light on women's experience of threatenad preterm labour. These themes are
discussed below, and include: the anset of threatened preterm labour; living with
threatened preterm labour and wamen's experience of TPTL tests and healthcare

interventions.

3.5.1. Theme 1 - The onset of threotened preterm lobour.

The experience of threatened preterm labour begins with the onset of symptoms that
may hot be immediately recognised by the woman as signs of 2arly labour. A women
may ga through a pracess of attempting to understand what is causing the symptams
and whether they represent a threat to herself ar her haby, before deciding to call far

professicnal help.

3.5.1.1, Sub-theme 1: Seeking to understand the symptoms and being

unbalanced

Pregnancy is a period of bodily transformation and it is difficult for women to
recognise whether the symptoms of TPTL are simply part of normal pregnancy changes
(Mackey and Coster-Schulz, 1992; Weiss et af., 2002). TPTL symptoms can be varied,
from an increase in frequency or intensity of tightenings, abdominal or back pain, or
watery or blood stained vaginal discharge. Symptoms are often difficult to distinguish
from other symptoms that may have other causes. Tightenings may be Braxton Hicks

cantractions, abdaminal or back pain could be a result of a gastric disturbance, urinary

75



1 PhD thesis 17/13/2018

tract infection or increased weight and posture changes, watery discharge could be

caused by stress incontinence.

Patterson et ai. (1992]) describe this period as a state of “Diagnostic confusion”. This
confusion arises from the fact that PTL symptoms often lack clear distinguishing
features or pattern and that it is difficult for women to differentiate between these

|H

and the “normal” discomforts of pregnancy. Another factor in this confusion is that
most women have not considered that their symptoms might be early signs of labour.
They will go through a process of becoming aware of the symptoms before comparing
with past experiences, gathering extra data, such as timing their contractions, and
seeking information from a variety of sources. They will then develop a “working
diagnosis” which will direct their next actions. Strategies to deal with symptoms
depend on the “working diagnosis” and the woman’s assessment of whether the
symptoms were “normal” or potentially threatening and could include ignoring the

symptoms, trying not to think about it, positive thinking or waiting until perceived

threat has become serious enough to warrant seeking professional help.

“Diagnostic confusion arises from the interplay of several factors. First,
the noture of the symptoms of preterm labour contributes to confusion.
The symptoms most likely to be atltended to, ie. pain, croamps,
contractions, and pressure, often begin subtly and lack clear distinguishing

features”. {(Patterson et al. 1992, p.369).

Coster-Shultz and Mackey {1998) describe women’s experience of PTL in five stages,
the first two of these are the awareness that something is wrong which gives them a

sense of unbalance, making sense of the experience and seeking to understand why
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labour had started.  Others report similar findings. Barlow and colleagues {2007)
found that the onset of symptoms was often unexpected and that while some women
had no idea what had caused it, others had some ideas of possible causes. Many
women appear to attribute causes to something they had done, such as increased
activity, the fact that they had been emationally stressed, or ather medical ar physical
problems {Mackey & Coster-Shultz, 1992; Weiss et af., 2001):

“One holf of women (n=8) thought that physical octivity could be o
cause of their preterm labour. They primarily described excessive and
continuous housework, sometimes on top of work outside the home,
or coupled with caring for o smali child.” (Mackey & Coster-Shultz,
1592, p.373).

“Several women identified stress associated with the pregnancy os a
nossible factor underiying the onset of preterm labor.” {\Weiss et al.,

2001, p.70).

3.5.1.2, Sub-theme 2: Deciding when to seek professional help

The decision of when to seek professional help appeared to depend on the women's
judgement of the causes of the symptoms and whether they constituted a threat to
their or their baby's well-being. Mackey & Coster-Shultz (1992) describe two types of
women: the “waiters” and “non-waiters”. The “non-waiters” were very anxious and
called for help within minutes, while the “waiters” would first monitor the symptoms
for same time, between 2 days and 2 weeks, befare seeking help and in the meantime
instigate strategies for dealing with the symptoms, such as resting, increasing fluid

intake, taking warm baths and stroking their abdomens. Women struggle as they
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become increasingly concerned by the symptoms, but do not want to been seen as
“over-reacting” (Palmer et al. 1992). Both Patterson et gf. (1992) and Weiss et al.

(2001) found women often waited to seek help until the threat became immediate.

“When the above strategies for making sense of and dealing with
symptoms of preterm labor fail to alleviate the diagnostic confusion
and when symptoms continue, recourse to a professional for evoluation

and/or treatment is deemed in order.” Patterson et al., 1992, p.371

“In highly certain situations with no perceived threat, interaction with o
health care provider was not sought. In situations of uncertainty,
precautionory health core seeking was initioted to provide verification
or clarification of symptom meanings. In situgtions characterized by
certainty and perceived threat, the provider was contacted with very

little defay.” Weiss et al., 2001, p. 72

Previous experiences with preterm labour or birth can affect a woman’s decision
making in a subsequent episode or pregnancy. Palmer and Carty {2006) explored the
experience of women undergoing a second episode of TPTL and how they decided
when to seek further help. They found that women compared symptoms to the first
episode and judged whether they were different or more intense. They sensed that
“saomething’s not right”, but still did not want to be seen as over-reacting, Weiss and
colleagues {2001} found that, after having decided that the threat was real and seeking
help, if they were told that the symptoms were nothing to worry about, this would

result in delays to help-seeking in future episodes of TPTL symptoms:
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“Women who hod substantial concern about the threot to their
pregnancies self-referred to hospitals or urgent care focilities. In these
cases, if o physical examingtion did not validate the onset of preterm
labor, the woman received validation of the normalcy and nonthreatening
noture of her symptoms. This vafidation of the symptoms as non-
problematic resulted in delays in care seeking for future symptom
patterns.”’p.72.

Wamen who had experienced pretarm birth in an earlier pregnancy were less
concerned abaout aver-reacting. In their study of high risk women attending a
specialist preterm clinic in a subsequent pregnancy, O'Brien et ol. (2010] found that
women often experienced guilt if they had dismissed symptoms they now considered
may have been warning signs. These women were determined to trust their intuition

and seek help more quickly this time.

3.5.2, Theme 2. Living with the threat of preterm birth

3.5.2.1. Sub-theme 1: Fear and uncertainty

The sense of imbalance and uncertainty that started in the early stages continues into
the experience of TPTL. The implications of preterm birth are widely known, sc the
development of symptoms or problems that may indicate premature labour can cause
considerable stress and anxiety. The women’s primary coneern is for the life and
health of their unborn baby, but the uncertainty and loss of control over their lives is
often reported as making the situation even harder to cope with {Lowenkron, 1999;

Maloni, 2010).

79



1 PhD thesis 17/13/2018

“Stress resulted from feelings of nervousness related to their situation,
lack of ohility to control important ospects of one’s life, ond the

happening of unexpected events.” {Lowenkron, 1993, p.557).

Coster-Schulz and Mackey (1998) described how the participants of their study
priaritised keeping their unborn baby and themselves safe, fearing loss of the baby
while feeling their life was “on hold”.  MacKinnon {2006]) also talked about women

¥y

“suspending their lives” whilst under threat of preterm labour and the women in
Hoglund and Dykes’ (2012) study described a great sense of insecurity, fear for the

baby and lack of contral over their bodies and symptoms.

“The mast commean symptoms were fatigue, back muscle soreness,
sieep eycle changes, round ligament pain, dry lips, nasal congestion,

reflux, indigestion, mood changes, tenseness, and boredom.”p.470.

Women with a previous history of preterm birth experience great anxiety throughout
subsequent pregnancies, even before, or without, experiencing TPTL symptoms.
Although they may find reassurance immediately following specialist preterm clinic
appaintments, the relief is only temporary and much of the pregnancy can feel like an

emotional rollercoaster {(O'Brien et ¢f., 2010).

3.5.2.2. Sub-theme 2: Adjusting to life changes, loss of cantrol and identity

Women whose symptoms do not quickly develop into established preterm labour
appear to continue feeling this fear and sense of uncertainty. They may be admitted
to hospital or advised to rest at home, and this means having to make and come to

terms with albeit temporary life changes. This can have a profound effect on a
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woman's sense of identity, as well as cantrol aver her life and even her hody. As Adler

and Zarchin {2002) explained:

“Unlike a nhormal pregnancy, in which o woman balances her own needs
with those of her developing fetus, the woman on bed rest gives up
virtually all of her own needs to maintain the pregnancy. This unbalanced
fiving con cause o woman to feel as though she has given up her former

identity and sense of self.” {Adler and Zarchin, 2002, p.424).

It can be very difficult for a woman to adjust to role changes from perhaps
autonomous employee and/ar caring far other children to focusing on herself and
unborn baby while accepting support and practical help fram others {Adler and
Zarchin, 2002; Coster-Schulz and Mackey, 1998). Although restriction of activities and
rest is intended to reduce stress, it may reduce physical stress, but often leads to
increased emotional stress, and can lead to feelings of boredom, frustratian, isolation
and depression {Hoglund and Dykes, 2013; Mackey and Coster-Shultz, 1992). Coster-
Schulz and Mackey {1998) described how this additional stress can threaten the
woman's ability to maintain a sense of balance as she tries to follow medical advice,
while adjusting to her changing role and possikly even dealing with financial hardship if
she is unable to work outside the home. At the same time, women can feel a
profound sense of personal responsibility for taking care of themselves and doing
everything possible to reduce the risk of their baby being born too soon (MacKinnon,

2008).
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“Overall, preterm labor was experienced as o profound sense of personal
responsihility for preventing preterm birth ond was procticed as being

careful’.” (p.703).

3.5.2.3. Sub-theme 3: Effects an personal relationships

The experience of threatened preterm labour may also have an effect on the waman’s
relationships with other members of her family. Many women worry about neglecting
the needs of other children, or placing an additional burden on their partners, who
may be required to take on more household or childcare duties. Assistance may be
sought from members of the wider family or friends and although some women do not
find this s always forthcoming, others may develop deeper bonds with thase who are
able ta help them at this time (Adler and Zarchin, 2002; Barlow et al., 2007). The high
risk women in O'Brien et al.’s (2010} study spoke about how the emational burden of
living with the threat of preterm birth had a profound effect on their partners which

was often under acknowledged.

“Women acknowledged thot whilst their own physical ond emotiona!
needs were considered and addressed, partners who were already
struggling to cope emotionally were effectively ignored by health
professionals and olso expected to take on the odded pressures in the

hame and family plus continue working as well. "p.83.

3.5.2.4. Sub-theme 4: Coping strategies

The available evidence throws some light on how women living with the threat of

pretarm birth cope. The women in Adler and Zarchin's (2002) study appear to have
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developed a number of coping strategies, which included learning to accept the
amotional and practical help of others and developing their relationship with their
unborn baby which they saw as a positive effect of the bedrest they had been
prescribed. Coster-Schulz and Mackey (1998) also described allowing others to take
over responsibilities as a coping strategy employed by women in their study and, in an
earlier paper, focusing on the baby and thinking positive thoughts {Mackey and Coster-
Shultz, 1992). Thinking positively, not thinking at all or trying to think of something
else, was a coping strategy identified by Hoglund and Dykes (2013) in their study of
women oh sick leave for threatened preterm labour symptoms. These women also
coped by taking each day or week as it came, rather than thinking too far ahead, which

was a strategy also employed by the women in O'Brien et af.’s {2010) study:

“They were reluctant to fook too far ahead to the future and would,
instead, set themselves markers to reach, approaching the preghoncy
journey through a series of ‘boby steps’... [describing] how they lived
‘week to week’ and each successful clinic appointment was anather

target achieved”, (p.81).

3.5.3. Theme 3: Women's experience of PTL tests and heaithcare
interventions
In this project, we sought to explore both the women’'s experience of TPTL and the
factors that influenced this experience, including women'’s views on the healthcare and
interventions they received. The literature search revealed a notable paucity of
avidence arocund women’s experience and views on specific tests used as part of TPTL
assessment or common interventions. There was only one study, identified in this

literature review that explored the experiences of women who received fetal
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fibronectin testing as part of their assessment for TPTL symptoms (Peterson et af.,
2014). The authors concluded that the test was acceptable to women, but also
described how participants felt increased anxiety as they waited for the results. Vis et
al. {2011) undertook a systematic review of papers assessing the additional effects
(such as reassurance) of cervical length measurement in threatened preterm labour,

but did not find a single study that had measured the psychosocial effects.

In terms of interventions for reducing the risks associated with preterm birth, no
qualitative studies were found on women's experience of antenatal corticosteroid use
for fetal lung maturity, or the use of tocolysis to stop contractions, which are both
cammon interventions offered to women with TPTL symptoms. One study deseribed
women’s experiences of in utero transfer (IUT), where the woman is transferred to
anather hospital it no neonatal cots are available locally. Findings suggested that,
despite little knowledge of IUT and feelings of unpreparedness, most women were
resighed to accept the intervention {Porcellato et al., 2015):

“..there was resigned acceprance from those transferred for o higher
fevel of care that 1UT was necessary to optimise the welfare of their

unborn chiid. ”{p.5).

O'Brien et ol. {2010} also found that women whao had a cervical cerclage or received
progesterone treatment to prevent preterm birth were prepared to accept them,

without hesitation, despite being afraid of the procedure and unpleasant side effects.

Studies reporting women’s experience of bedrest are included in the above as they

demanstrate a more complete picture of the overall experience.
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3.6. Summary and discussion

Literature on women's experience of preterm labour or being at risk of preterm birth is
limited with most published studies being qualitative in nature with few participants.
A picture emerges, however, of a challenging experience where women with
symptoms of preterm labour try to cope with anxiety and uncertainty. They are called
upon to make decisions on when to seek help, dealing with fears for the health of the
baby, and often having to cape with a loss of control as they try to balance other
respansibilities such as those to other children or work commitments. The experience
of hospitalisation or home bedrest for preterm labour has been described by a number
of authors where similar themes describe women’s anxiety, loss of control and
conflicting responsibilities. There is greater paucity of evidence around women’s
axperience and views on specific tests used as part of TPTL assessment or common
interventions, but that which exists tends to suggest that women are willing to accept

them.

Many of the studies included in this review were carried out several years aga, with
only ane study relating to women's experience of TPTL in a UK setting (Barlow et ai.,
2007). Two other studies carried out in the UK related to women's experience of a
specialist preterm clinic for women at high risk (O'Brien et al., 2010) and women’s
experience of in utera transfer {Porcellato et al, 2015). There is clearly a need 1o
further explore women’s experience of TPTL and related interventions in current UK
setting. The qualitative study undertakan as part of this PhD project was designed to

cantribute ta this gap in knowledge.
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Table 6. Characteristics, main findings, conclusions and implications for practice of papers included in the literature review “Women's
experience of threatened preterm labour”.

Reference Study Design Setting/Country Sthiy time Participants Main findings Author Conelusions Impllcathns for
perind practice

Adler and Qualitative, Data collection Auglst A purposive sample | “Three major categories and seven “Confinement to bed rest at “The use of the
Zarchin, 2002 explaratory, was conducted via 1998, of 7 wamen who subcategaries regarding the lived home dramatically alters virtual focus

descriptive the internet and were on home bed experience of home bed rest were women's daily activities, self- group allows
“The “Virtuod investigation, cansisted of a rest for tha identified: perceptions, and interpersonal nurses to
Focus Group™ carried out series af sequential treatment of s the effect of bed rest an participants’ relationships.” embrace the
Lising the through the use | questions preterm lahaur. lives {transitioning onte bed rest, loss of tachnalogy of
internet to of a virtual presented by the control and activities, changes in the Internet ta
Reach focus group. reselart:hers tf..) the identity and role, coping and perscnal study and
Pregnant par_tlmpants via &- growth, transitioning off bed rest). connect
Women on mail over g 4-week ) . WOMEN on

. » the effect of bed rest on relationships
Home Bed period. ) i i . home bed rest,
" with others {relationships with the fetus

Rest. as well as other

USA.

and other children, relationships with
hushands and extended family
members), and

the virtual focus group as an online peer
support group.

Participants ware unanimous in thair
appreciation of the virtual focus group. All
participants stated that their participation
was valuable and beneficial in helping
them tn cope with the hardships of bed
rest.”

isalated and
understudied
patient
groups.”
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Reference Study Design Setting/Country Stuc_:lv time Participants Main findings Author Conclusions Impll::atuj‘ms for
period practice
Barlow et al., The views of 8 Waomen's Unit, Unclear. n=g8 “A key aspect of women's experiences “Women admitted to hospital in
2007 women University Hospital concernad their search for meaning to PTL could be assisted in their
admitted ta of Coventry and Inclusion criteria help them make sense of their sudden and | search for meaning by provision
“An exploratory, | hospital with Warwickshire, were: admission to unexperted hospital admission. Several of consistent information, having
descriptive PTL were Coventry, UK hospital at a waomen continued to feel anxious despite their views acknowledged,
study of ohtained gestational age of assurances from staff that everything was satisfactory social support, and
waomen’s through semi- <37 weeks, ‘0OK', whereas others had overcame initial dealing with any previous history
experiences of structurad singleton andiety and were excited about the of perceived traumatic birth
hospital interviews, pregnancy, English- | imminent birth. experiences.”
odmission speaking, no
during pre-term | Data were physical or chranic There was consensus that the information
fabor.” analysed using condition, and no received whilst in hospital was
content major cognitive or inconsistent, and some women bhelieved
analysis. psychiatric disorder. | that their eoncerns were being ‘ignored’.
some women attributed PTL to daily
stress, such as working leng hours. Sacial
support from women’s mothers and other
patiznts appeared impartant.”
Coster-Sehulz Maturalistic USA Unclear, 10 “matura” “PTL experience oecurred in 5 recursive *PTL experience can be “Murses should
anhd Mackey, inguiry. Part of hut pre - women (24+ years) stages: conceptualized.. as being caught provide
1938 3 larger study. 1995, with private 1.  Awareness of something wrong in astorm.” Great conflict opportunities

“The preterm
fabar
experience: o
bhalancing act.”

Semi structured
interviews.

insurance
haspitalisad for PTL.
In order to cormpare
with younger
Women on
Medicaid.

and sense of unbalance.

2. Making sense of experiance,
sought to understand why
labour had occurred.

3. Attempting different strategies
to re-balance lives.

4, Efforts ta address ather stressars
that threatened ahility to re-
halance

5.  Emergence fram the PTL
experience with added growth.

Priority to keep unborn baby and
themselves safe. Needed to learn to
aceept support and assistance from
others.”

between meeting their own
neads and those of unborn child.

Mature women had mare
available resources, but
adolescents found it easier to
accept help, especially fram their
own maothers.”

for women to
exert control
over how they
manage their
PTL. That their
concerns and
decisians are
respected and
accapted.”
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Reference Study Design Setting/Country Stuc_:lv time Participants Main findings Author Conclusions Impll::atuj‘ms for
period practice
Héglund and Qualitative, 10 antenatal clinics | Unclear. 15 pregnant women | “Four categories were identified: “To be on sick leave for “Supportive
Dykes, 2013 descriptive in tha south of who were on sick » How to interprat unpradictable pramature contractions can be information
using open Sweden, leave for premature contractions in the uterus. compared with enduring a offers the
“Living with interviews. labour. » Having concern regarding premature situation of inactivity. womeh in
wncertainty: A labour of their child, premature
Swedfsh . . . The woman finds herself in a labour the
5 » Handling the new situation and i ) ) .
quolitotive - strassful situation which she must | opportunity of
interview study finding a balanc.e, and l2arn to handle this and find a increased
of wamen at * From work to sick leave balance." participation
hame an sick and
feave due to responsibility
premature which thereby
fehour.” pasitivaly
affects her
wellbeing
Lowenkron, Theoretical Pregnant waomen Unclear, Women treated at “The women reported experiencing a “Women at risk
1933 framewark: located in a large but pre- hame for moderate amount of stress. for ineffective
Lazarus's model | city in the Midwest | 1999, premature labor. coping because
of Strass, USA. The wamen appraised their situatian as of personal
“Coping with Coping, and n=50. hoth threatening and challenging. factors such as
the Stress of Emation. 20 guastionnaire law self-
Premature ahly; 10 They describad thair amational response estearn,
Ltabor," Descriptive interviewed only maost frequently as frustration because of overwhelming
correlational 20 completed the fear concerning the pregnancy outcome, stressors in
design questionnaire and loss of control aver their life, and inability their
the interview. to perform their usual roles af mother, environment,
wife, and worker.” o inadequate
social suppart
should be
identified and
counselled
appropriately.”
Mackey and Maturalistic Sauth eastern USA, | Unclear. 20 wamen “Wamen eithar waiting for a period of “woamen did repaort typical “The emotianal
{oster-Schulz, approach. Semi- | Regional perinatal hospitalised for PTL. | time before seeking care or saught care symptoms of PTL but did not and social
1952 structured centre. immediately. respond in the same way, Waiting | needs of
interviews, an appeared to be related to women should
“Wamen's process of Woaomen interpreted the experience by previous experience with PTL, he addressed

views of the

becoming a PTL

identifying causes of PTL and by worrying

difficulty accessing care and

during routine
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Reference Study Design Setting/Country Stuc_:lv time Participants Main findings Author Conclusions Impll::atuj‘ms for
period practice
preterm lobor patient and about the outcome for the babwy.” feeling changes were normal.” prenatal care
experience ™ living with a and antenatal
diagnosis of PTL haspitalisation.
Cannot
separate
medical from
social and
emotional
needs.”
MacKinnon, Institutianal City in Western Unclear. Eight women who "“Wamen spake about their fear of going "The assumption that the family is | “Nurses nead
2006 ethnography. Cahada. exparienced hame and feeling alone with the privately respansible for care ta listen
preterm labour. responsibility for their work of ¥ keeping work in the home results in the carefully to
“Living With the the baby in. ¥ lack of assessment of resources what women
Threat of 4 had PTB. for managing the medical plan on | have to say
Preterm Labor: 4 term delivery. Overall, preterm labour was experienced discharge and the lack of about their
Wamen’s Work as a prafound sense of personal resources available or offered to expariences,
of Keeping the respansibility for preventing preterm hirth | assist families.” their neads,

Bahy in.*

and was practiced as being * careful. ¥

The wark of keeping the baby in conflicts
with family care work responsibilities and
can cause significant hardships for same
women and families.”

and the wark
they duin the
family.
Together wa
could help
these women
get the
recognition and
support they
need for their
work of
keeping the
baby in."”
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Reference Study Design Setting/Country Stuc_:lv time Participants Main findings Author Conclusions Impll::atuj‘ms for
period practice
Maloni, 2010 Review. Integrative review Unclear. 26 articles about “There is a bady of research that has “Even with an
of literature physiological, identified numerous adverse physiolagical understanding
provides a behavieural, and and behavioural effects of ABR upon of some of the
“Antepartum comprehensive experiential side pregnant and postpartum women. side effects of
Bed Rest for analysis of the effects of antenatal ABR, decisional
Pregnancy evidence for the bedrest (ABR) , 17 The experience of bed rest far mothers is conflict may
Complicotions: practice of articles comparing harrowing and characterized by fear for contribute to
Efficacy and prescribing ARR antepartum self and fetus, tha prasence of a variety of continuad usa
Safety far and its physiologic, hospital and horne negative ermotions including depression of bed rest.
Preventing behavioural, and care, 5 meta- and anxiety, and altered temporality that
Preterm Birth.” experiential side analyses of RCTs of makes enduring the present a majar task. The continued
effects. the effectiveness of use of bed rest
ABR, and 4 articles Additionally, some research suggests that indicates a
about physician use | the fetus/infant may also be affected, neglect to
of bed rest. particularly in the critical area of infant consider the
hirth weight. full range of
evidence about
However, as there are few and canflicting hoth the
reparts, further resegarch is neaded on tha efficacy and
effects of ABR on fetal and infant health safety of bed-
and well-being.” rest treatment
for both the
mather and the
infant."
{'Brien et al., Qualitative A preterm Unclear. 14 pregnant women | “Wamen struggled with "halancing the “Women's journey through “By setting
2010 interpretive antenatal clinic at attending preterm risks' associated with the threat of pregnancy after a previous PTB mutually
approach, focus | a major tertiary survaillance clinic. pretarm hirth, they developed ‘persanal experience is one of emotional agreed short
“IWamen's groups and one- | referral eentrein coping strategies to survive the pregnancy” | and physical endurance.” term goals,
views of high to-ohe the North West of and they watched as the strain made their significant
risk gregroncy interviews. England. ‘whaole family crumbla'.” milestones can

under threat of
preterm birth

be reached so
that women
feel they are
successtully
prograssing
through a high
risk pregnancy
through a
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Reference Study Design Setting/Country Stuc_:lv time Participants Main findings Author Conclusions Impll::atuj‘ms for
period practice
series of “baby
steps’!
Palmer and Grolnded 2 Canadian Unclear. 12 woamen who “Study participants reported knawing “Ta avaid
Carty, 2006 theory method. | antepartum home received samething's not right and fallowed delayed help
care antepartum eare at | decision guides to seek help. If, when they sosking,
“Deciding When programs., hame for praterm returned to the hospital to see what 5 nursing
It's Llabor: The labour. going an , they felt dissanance hetween interventions
Experience of what their hodies were telling them (hody should be
Women Who knowrledge) and what their health care geared to
Heave Recefved providers were telling them {professional reducing
Antepartum knowledge) an overriding tension anxiety and
Care ot Home developed between not wanting to take a validating the
for Preterm risk for the bahy versus not wanting to experiences of
Lobor” averreact. womean with
recurring
These women re-astablished thair preterm lahour
haselines of honthreatening symptoams at symptoms.”

a higher level by setting a new normal to
avoid the humiliation associated with
appearing to overraact.

Attempting to ighore recurring symptoms
of preterm lakour delayed help seeking
and caused anxiety.”
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Reference Study Design Setting/Country Stuc_:lv time Participants Main findings Author Conclusions Impll::atuj‘ms for
period practice
Pattersan et of., | Grounded One private and Unclear. 28 wornen who had | *Ambiguous symptoms, absence of a “Women who are not known to “Recommends
1952 theory. ane university experienced PTL. meaningful label to attach to symptoms be at risk of PTL do not always research to
Interviews hospital. and the rontext of pregnancy with its seek help immediately fwhich was | quantify the
“Symplams of Unclear which expected discomforts come together to previously assumed).” duration of the
preterm lobor cauntry but create a situation of diagnostic confusion. care-seeking
and self- authors are based Deliberate and protracted efforts to make process and to
diggnastic in USA_ sense of and deal with symptoms of PTL determine if a
confusion.” are attempted. relationship
Making sense consists of 3 sub-processes: exists bhetween
1. Comparing. duration of
2. Gathering data. care seeking
3. Seeking information. during PTL and
Strategies used to deal with symptoms cervical status
include: an admission.”
1. Self-treating.
2. lgnoring.
3. Paositive thinking,
4. ‘Waiting.
5. Recourse to a professional is
used as the strategy of last
resart wheh syMptams can na
longer be contained.”
Peterson et al., Descriptive Ontaria, Canada. Neawvember 17 women. “Fetal fibronectin testing as an emotional “Fetal fibronectin testing was “These findings
2014 qualitative 2010 and process that moves from expecting, to acceptable and heneficial to these | indicate the
desigh was Five hospitals June 2011, feeling, to hoping for reassurance; and wornen with symptorns of importance of
“Wamen's usad, employing | participated. then to re-dafining what is required to fael | preterm labour.” providing
perspectives of semi-structured reassured. comfort
the fetel telephone and Wamen described feeling anxious while measures to
fibronectin face-to-face walting for fetal fibronectin results. minimize
tasting process: | interviews. When test results were negative, women anxiety and
a qualitative described feeling a sense af relief that increase
descrintive their symptoms would not likely lead to an reassurance
stugy.” imminent preterm birth. during fFN
Warmen with positive results expressed testing,
feeling reassured by the care decisions and including
guick action taken by the haalth care claarly

team.”

explaining test
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Reference Study Design Setting/Country Stuc_:lv time Participants Main findings Author Conclusions Impll::atuj‘ms for
period practice
results to
wormean and
their partners.”
Porcellato et o)., | Qualitative Participant's home | August Fifteen wormen “Findings suggest that IUT is an emotional “The experignce of IUT for service | “Effortsto
2015 descriptive or hospital in the 2010 te transferred in utero | experience that financially disadvantages users could be enhanced by minimise the
study using tdidlands, UK. December | 1o a tertiary level patients and their families. ensuring that they are better emotional and
semi-structured 2011, maternity hospital; Male partners were perceived ta he mast informed akout the process and sacin-ecanomic
“it's something | interviews. five male partners negatively affected by the experience. the circumstances that impact of IUT
vou have to put and two The quality of the [UT exparience was necessitate displacement, that on women and
up with'— grandmathers. influenced by a range of factors, including they are hetter informed abaut thair families
service users’ the lack of proximity to hame and the lack | the hospital to which they are also need ta be
experiences of of information. being transferrad, and that they considerad
in utern Patients had little knowledge or awareness | are transferred as close to home
transfer: o of IUT, and most felt unprepared far as possible.”
quolitative displacemeant,
study.” Despite this, there was resigned
aceceptance that IUT was a necessary
rather than adverse experience.”
Visetaf, 2011 Systematic Review of Unclear. 12 articles that “There appears to be a gap between the “This review illustrates that *..suggest that
review of the literature. reported additional | presumed effects of cervical length empirical evidence ahout an future

“Additional
effects of the
cervical length
measurement in
Women with
preterm
contractions: o
systematic
review.”

literature to
identify articles
reporting on
carvical langth
measuremeants
in women with
symptoms of
preterm labour.

effects of cervical
length
measurement in
symptomatic
woman, such as the
reassurance or the
sansory
consequences
related to the
trahsvaginal
procedure. None of
the articles
guantified such
additional effects

measurement onh patient outcomes, such
as patients’ reassurance, and the actual
assessment of these effects during test
evaluations. They did nat find a single
study that had measured the psychosocial
effects of perfarming a cervical length
measurement in woman with symptoms of
preterm labour. However, such additional
effects were considered relevant by
several authors, who often referred to
them in the discussion section of their
articles.

Multiple authors have pointed to the
potantial of carvical length measuremants
to affect a range of patient autcames, such
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expected reassuring effect of
cervical length measurement in
wornen with threatened preterm
labour is lacking.”

evaluations of
prognostic
preterm labour
testsinclude a
comprehensive
assessment of
patient
autcomes.

Future studies
evaluating
transvaginal
cervical length
measurement
for praterm
labour should
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Reference Study Design Setting/Country Stuc_:lv time Participants Main findings Author Conelusions Impll::atuj‘ms for
period practice
as reassurance and anxiety, but these include a more
effects have not yvet been measured.” complete
assessment of
patient
outcomes.”
Weiss et of, Qualitative, Described as Unclear. 30 pregnant women | “Themes that emerged from the interview | “The language used by expectant “Patient
2001 using grounded | “Southwestern” who were less than | data included the following: recognition wormen in their deseriptions of education
theary tartiary woarnan's 35 weeaks gestation, | and naming of sensations, a consistent praterm labour symptams shauld | should be
methods. hospital, but had experienced pattern of attribution of symptams, the be incorporated in the directed not
“Resolving the unclear which PTL within the past threat ar risk inferrad by the attributed educational materials available to | anly toward
Uncertainty of Taped and country but 7 days, and had no cause of the symptom pattern, the all pregnant women to assist providing
Preterm transcribed authors hased in previous experience | associated certainty or uncertainty about them in the early recognition of materials to
Swmptoms: interviews. LISA. with PTL. these attributions, the process of PTL. Every expectant woman assist in
Women's interpreting and verifying symptom needs education about the cues recagnizing and
Experiences Constant The interviews meaning, and the decision 1o self-manage | to use in recognition of preterm attributing
\With the Onset comparative took place in each the symptoms or engage health care labour as differentiated from symptom
of Pretarm method of participant’s room assistance. term labour. experiences
Ltobor” analysis, after PTL FTL but also to

symptoms
stahilized and were
tape recorded with
the woman's
knowledge. IMast
af the interviews
were completed
within 72 hours
after admission.

The care process of warmen expeariencing
the onset of PTL symptoms was identified
as "resalving the uncertainty of PTL
symptams: recognizing and responding te
the paossihilities.

PTL often is not within expectant women's
consciousness. They may attribute the
symptoms to nonthreatening causes,
which results in delays in seeking care for
PTL.

Even previous term labour does not
provide a good experiential background
for recognizing PTL."”

Expectant women should be given
decision guides to assist them
with self-management, timely
cantacts with the provider, and
acress points for seeking health
care”

increasing
awareness
amang
pregnant
women of the
passibility af
PTL.

Health
educators must
balance the
need to de-
medicalize the
narmal procass
of pregnancy
and birth with
the need ta
maintain
sensitivity
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Reference

Study time Implications for
Study Design Setting/Country _V Participants Main findings Author Conelusions P ]
period practice
among
expectant

women of the
possihilities of
health
symptoms
requiring their
attention and
action.”
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4. AIMS AND OBJECTIVES

4.1, Overall aim and overview of the PhD research

The overall aim of my PhD research was to improve the experience of women with
symptoms of TPTL by addressing two issues: a} the need for better risk assessment in
TPTL and b} the identification of areas where TPTL care could be enhanced. |
hypothesised that this could be achieved through: i) the development of a clinical
decision support tool that predicts individual risk of preterm delivery and ii) a
qualitative study exploring women’s experience of TPTL care. Figure 10 illustrates how
the different parts of the research project, from literature review, prospective cohort
study, current QUIPP app users study and women's experience study combine to
achieve the intended outputs. The timeline of project activities is demonstrated in

Figure 11,

The averarching study was called “PETRA", an acronym derived from some of the
latters of the study title: “Threatened preterm labaur: a prospective cohort study of 2
clinical risk assessment tool & a qualitative exploration of women's experiences”.
PETRA comprised three components. The first was a prospective cohort study for the
collection of data on risk factors, test results and outcome which were used in the
validation of risk prediction algorithms in the development of the QUIPP app. PETRA
Part 2 was the name of the gualitative study exploring women’s experiences, and
PETRA Part 3, was an additional qualitative study exploring the views of the clinicians
who were using the first version of the QUIPP mobile phone application. This was

known as Part 3 because it was the third part to be instigated, however, findings from
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the QUIPP users study informed development of the app and therefare relate to the

first study objective.
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Area of Interest: Threatened Preterm Labour
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Figure 11. GANTT chart demonstrating PETRA project timeline.
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4.2. Rationale and research gueastions

Building upon our previous research, generated by the preterm birth group at KCL
Department of Women and Children’s Health, along with the knowledge that fFN and
TV5 CL are useful tools for prediction of preterm hirth, the research questions
addressed in this thesis were:

1. Can a combination of risk factors, fFN test results and CL measurements
generate a reliable individual risk score for women with TPTL?

2. How can the QUIPP app be enhanced to increase its usefulness and
acceptability to clinicians and women?

3. What is the experience of women with symptoms of TPTL, and how could

assessment and management be improved?

4.3, Primary Qbjectives

The primary ohjectives of the PETRA study were:

1. To develop and validate a risk assessment tool {QUIPP) that generates
individualised risk scores indicating likelihood (% risk} of birth within clinically
significant time points.

2. To identify potential areas for improvement in care of women with symptoms

of TPTL.

4.4. Secondary Objectives

Although evidence suggests that using both fFN and CL together may aid risk
assessment (DeFranco et ol, 2013; van Baaren et af, 2013}, CL measurement of
women with TPTL is less common than fFN testing in the UK. For this reason, the

added value of using TVS CL in a UK setting was explored, along with appropriate use
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of TPTL interventions {in relation to subsequent outcame]. An averview of primary

and secondary objectives, methods and intended outputs is shown in Table 7.

Table 7. PETRA study objectives, methods and intended outputs.

+» Prospective cohort study combining
risk factors and test results for
qguantification of risk of PTB (as per
Kuhrt et /., 2016) {(PETRA Part 1).

«  Surveyof women's and QUIPP app
users’ opinions on risk illustrations.
{PETRA Parts 2 and 3).

« Qualitative study using thematic
analysis of women's experience of
TPTL risk assessment and care
management. (PETRA Part 2).

s« Comparison of risk prediction in
women whose TPTL assessment
ineluded fFN alone, with those whose
assessment included both fFN and CL.

»  Analysis of administration of steroids,
tocolysis, hospital admission and in-
utera transfer.

«  Sterold use in relation to time from
administration to delivery, and
whether guided by fFN/CL results,
hefore and after 30 weeks (as per NICE
guidance).
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New QUIPP app with
updated algorithms,
including twins and
CLin symptomatic
women, and visual
illustration of risk.

Inform next stage of
development, the
EQUIPTT study which
will evaluate the app
in clinical practice.
Recommendations
for practice and
research.

Demanstrate value,
or otherwise, in use
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assessmant,

Demonstrate extent
of intervention use in
relation to preterm
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5. Patient and Public Involvement and Research Governance

5.1. Patient and Public Involvement (PPl)

The KCL Department of Women and Children’s Health Preterm Birth Studies PPl panel
provides review and advises on study design and participant documents for all preterm
studies. Panel meetings are held twice a year, and further advice is sought by email
should the need arise. Advice was sought fram this graup prior ta the PETRA protocal
development and Research Ethics Cammittee approval application. The PPl group were
kept informed on the progress of the study and utilised throughout, as shown in Table

8.

Table 8. Patient and public involvement {PPI} panel contribution to study development
and implementation.

An outline of study proposal was presented. Views on the value of the study
were sought. Specific advice sought, and given, on appropriate methods for
obtaining qualitative data on women’s experience and review of draft
participant documents.

Presentation of cohort and qualitative study design. Views were sought on
design and planned outcome data points. The group reviewed the
participant information sheets.

The group was updated on the progress of the study, which started
recruitment in early March 2015. The current recruitment strategy was
discussed, which included attempting to meat up with women at future
hospital appointments when they have been assessed for TPTL but have
been discharged overnight and at the weekend. For those women who do
nat have further hospital appointments the group were asked whether they
would consider it acceptable for researchers to telephone these wamen
“put of the blue'. The group felt that it would not be acceptahble, unless a
midwife or doctor mentioned the study at the time of TPTL assessment and
obtained oral consent to call.

Presentation of study recruitment progress.

Progress of cohort and qualitative study discussed, as well as plan for
interviews with current QUIPP app users. The group was updated on
recruitment which was going well at 5t Thomas' and that although thers had
keen delays with local governance approvals at other sites, this had now
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improved. A discussion followed, and concerns were raised, about the
variance in tests offered to women around the country. We also spake
about the way fetal fibronectin results were given (i.e. qualitative vs
quantitative), particularly the language “positive/negative”. Having a
negative test was perceived as more reassuring perhaps than being given a
numeric value, but baing given a “positive test” causes anxiety even if the
value is relatively low. A suggestion was made that a “traffic light” system
may help, however an “amber” group may be too big a group to be useful,
Generally, the group felt that being given a % risk was easier for women to
understand.

The group were updated on study recruitment and on initial themes that
were beginning to emerge from analysis of the gualitative data. Themes at
this stage included “Caping”, “Conflicts and Responsibilities”, “Maternity
Care”, and “Emotions”. There was a genaral consansus that the thames
resonated with the members, who were also given copies of the models
incorporating the codes, and asked to consider these and provide feedback
when they had had more time.

Presentation of study recruitment progress.

The group were informed that the cohart study had completed on time and
target an 31% October. The final qualitative findings were presented and
members commented that they felt they were a credible representation of
women's axperience of TPTL.

5.2. Ethical considerations

5.2.1. Informed Consent

It was anticipated that women presenting with symptoms of threatened preterm
labour may be anxious and unwilling, or unable, to consider research participation and
give informead consent. Potential participants were only approached if the midwife or
doctor providing their clinical care considered it appropriate. If deemed appropriate,
they were given verbal infarmation about the study, and informed there was no
obligation to participate in this, or any other research. If willing to consider
participation, they were given a copy of the participant information sheet {Appendix
17.2) to read. If happy to proceed, they were asked to sign a written consent form.
They were also asked if they would be willing to be contacted about the gualitative

study, and if so, were asked to provide a contact numhber. A further information sheet
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was provided that explained the gualitative part of the study and written consent was

taken prior to the interview taking place.

Participants were reminded that they are free to withdraw at any time, without giving
a reason, and that their decision would not affect their care. It was also made clear
that they could withdraw permission for the data to be used, at any time in the
prospective cohort study, and within two weeks of the interview, after which time

material may have been integrated in the analysis.

5.2.2. Confidentiality

Participants were given a study identification number and data collected for the
prospective cohort study was entered on to a secure study database. Contact details
were kept separately and securely 1o ensure confidentiality. In the gualitative study
transcripts, names and any information that makes it possible to identify participants

were removed to maintain ananymity.

5.2.3. Potential burdens to participants

Women presenting with symptoms of threatened preterm labour were clinically
assessed in exactly the same way whether or not they participated in this study. The
only difference was that they agreed to information about them and their care being
collected and used to determine whether a risk assessment tool can accurately predict
preterm birth. The midwives and doctors undertaking the assessments knew all tests

results and care was provided in the usual way.
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Participating in the praspective cohart study required the participant giving up some of
her time, in the process of consent, and in answering some guestions about her
medical and obstetric history. Those also agreeing to the qualitative study were

required to give around another hour of their time.

If they had been unhappy about their experience or the care they received it was
possible that women participating in the qualitative study might find talking about it
upsetting. If this happened they were reminded that they were free to stop the
interview at any time, and, if hecessary, the interviewer could arrange for the provision

of any further support, e.g. debriefing or counselling.

5.3. Research Ethics Committee (REC) approval

The study was conducted in compliance with the Research Gavernanee Framewaork for
Health and Social Care and Good Clinical Practice {GCP). The London — South East NRES
Committee approved the study in December 2014 (REC reference 14/L0/1988) and
local R&D approval was obtained in Mareh 2015 (RI115/N074). Approval documents
are shown in Appendix 17.1. Annual progress reparts were submitted to the REC as

required.

5.4. REC Substantial Amendments

Following commenecement of recruitment in March 2015, four substantial REC

amendments were appraved. Details and summary of changes are listed in Tahle 9.
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Other approved minor amendments related to addition of new sites and changes of

Principal Investigators.

Table 9. List of Research Ethics Committee {REC) substantial amendments and
summary of changes.

1. Addition of multiple pregnancy to eligibility criteria. In the original
protocal, multiple pregnancies were excluded because "evidence
supporting the predictive value of quantitative fetal fibranectin in
multiple pregnancies is currently insufficient”. Since then, a meta-
analysis {Conde-Agudelo and Romero, 2014} was identified that
suggested that a negative {<50ng/ml) fetal fibronactin result could
identify women with twin pregnancies who are unlikely to deliver
withit 7 days, and that further prospective studias in this area are
needed.

2. Women who are assessed for TPTL are sometimes discharged before
being given the oppartunity to participate (e.g. overnight and at
weekends when staff are not available to consent). These women can
be identifiad from ward registers and fetal fibronectin machines.
Permission was requested ta identify and approach these women
when they attend for follow up appointments. This was impartant
bacause the majority of womean with TPTL do not go on to deliver early
and excluding those who are discharged quickly may resultin an
imbalanced sample,

3. Occasionally, participants experienced further episodes of TPTL, and
the assessment and test results was recorded in the maternity notes.
Permission was requested to capture data from these episodes and to
amend the participant information sheat in order to highlight this
possibility to the partizipants,

4. Revised study start and end dates {to 3rd March 2015 to 31st October
2017) due to delays in R&D approval.

1. Name of Sponsor's {Lead and Co-sponsor] Representatives changed.

2. Permission requested to change eligibility criteria to allow reeruitment
of participants who are assessed with either, or both, tests. Current
eligibility criteria stipulated that the TPTL assessment must include fFN
testing, with or without TVS CL.

1. New sites added where site specific information (5S1) form was started
prior to HRA changas in April 2016 but not completely through
approval process.

2. Mew sites expressing an interest since April 2016,

3. Amendment to Part 2 {qualitative study) interview schedule asking
women to consider cards showing different ways of illustrating risk and
explain their views on them. This was in order to enable us to develop
the risk assessment tool in ways that are most useful from the
women's perspective.
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4. Addition of Part 3: QUIPP app users' experience and views - a
qualitative study explaring clinicians’ use of the QUIPP app and views
on illustrations of risk. The first version of the app was by this stage
being used in practice in the care of high risk women. Understanding
the users’ experiente and views of the app to date would inform
further development,

1. Change to eligibility and extension to end date beyond 31st October
2017. The number of participants with TVS CL measurements over the
initial study period was lower than anticipated. This amendment
requested permission to continue recruitment of women having both
tests for a further three years. The data collected will be used to
further strengthen the pradiction algorithms used in respect of carvical
length measurements in later QUIPP app developiment.

2. Revision of the PIS and consent form to remove information about the
qualitative part of the study which had finished recruitment.

5.5. Study management meetings

As the Chief Investigator, my first supervisor, Rachel Tribe, other academic supervisors
and myself, as the study co-ordinator, met at least monthly, to ensure satisfactory
progress of the study and timely management of any arising issues, e.g. unanticipated
problems with recruitment and data management. Following an initial site initiation
visit or telecanference, additional site Principal Investigators and research midwives

were invited to contact me if they had any queries or problems.

5.6. Study database and data quality assurance

The KCL Department of Women and Children’s Health Preterm Birth Studies database,
built by the Swedish company, MedSciNet, was adapted in order to accommaodate data
collection for the prospective cohort part of this study (Preterm Birth Studies
Database, 2018). MedSciNet develops and supports web-based databases for many

research arganisations, groups and universities throughout the world. Their databases
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and web-based applications which allow access to the data are built using the
MeadSciNet Clinical Trial Framework, a self-contained environment that enables
development, hosting, support and management of individual web-based solutions for
clinical trials and studies, quality registries, medical hiobanks and other reguired
solutions within the field of academic medicine. The databases conform to relevant

FDA, NIH and UK and EU data protection regulations.

Authorised users were provided access through individual login names and passwards.
Data quality was assured by use of the MedSciNet database data maonitaring facility.
Data monitars, including myself, and other trained research midwivas at GSTTT,
regularly reviewed the forms throughout the recruitment period and raised queries if
data were missing or appeared erronecus. The site users then checked the data and
responded to the query, after which the monitor either accepted the answer and

locked the form, ar raised anather query.
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6. Methods 1: Prospective cohort study

6.1. Study Design

A multi-centre prospective cohort study design was chosen as the most appropriate for
the collection of data necessary for creating and testing the prediction algarithms for
use in the QUIPP app {PETRA Part 1). This design was chosen as it reduced the risk of
bias in subject selection as well as cutcome interpretation, as the participant is
recruited before the outcome is known, i.e. spontaneous onset of labour resulting in

preterm birth,

6.2. Setting

During the set up period an outline of the study was emailed to previous research
callabaratars and members of the UK Preterm Clinical Netwark {clinicians with an
interest in preterm birth). Sites expressing an interest were assessed for suitahility, i.e.
able to assess pregnant women in threatened preterm labour, including quantitative
fFN (gfFN} testing and TVS CL, and with a reasonable expectation of recruiting
approximately two participants per week, and/or approximately 200 participants in
total. Recruitment commencad on 4" March 2015 at the main site when final
governance approvals were in place, with phased introduction of additional sites as

local governance approvals were obtained.
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6.3. Participants

Pregnant women presenting with symptoms of TPTL, i.e. abdominal pain and/or
uterine contractions were approached by myself, and/or other research midwives,
when they presented at participating sites with symptoms of threatened preterm
labour, either at Antenatal Day Assessment Units {ADU], labour wards or other areas,

such as specialist preterm clinics.

When recruitment initially commenced in March 2015, the inclusion criteria stipulated
that only women with singleton pregnancies with TPTL assessment that included fFN
with or without TVS CL were eligible. Later protocol amendments allowed for inclusion
of multiple pregnancies and gfFN or TVS for CL (Section 5.4). Final inclusion and

exclusion criteria are detailed helow:

8.32.1. Inclusion criteria

+ Gestation between 23* and 34 weeks.
* Symptoms suggestive of TPTL.
e TPTL assessment includes gfFN and/or TVS for CL.

+ Willing and able to give infarmed caonsent.

6.3.2. Exclusion criterio

+ Definitive diagnosis of labour {i.e. regular painful contractions with cervical
change diagnosed on speculum or digital examination).

s Confirmed ruptured membranes {on speculum examination).

* Antepartum haemorrhage.
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The above exclusions were justified because: i) the study aimed to improve care where
preterm labour is uncertain, rather than confirmed and i} fFN testing is
contraindicated when membranes have ruptured and in the presence of vaginal

bleeding, as both liguor and blood can lead to false positive results (Hologic Inc., 2018).

6.4, Clinical assessment and test procedures

TPTL assessment was carried aut accarding to individual sites’ local guidelines, but all
included an assessment by midwife and/aor doctor taking a medical and obstetric
histary, cardiotacographic {CTG) monitoring, speculum or digital vaginal examination,
fFN swab and/or TVS CL. Fetal fibronectin tests were analysed in the clinical area using
Holegic Inc.’s Rapid fFN® 10Q System (Hologic Inc., 2018). TVS €L was carried out by

gualified ¢linical staff.

6.5. Screening for eligible participants

Participating sites employed site-specific methods for screening for eligible
participants as procedures for registering women with TPTL symptoms varied. At

GSTFT, the main site, the procedure was as follows:

The ADU patient register was regularly reviewed, by myself and/or other research
midwives, at least daily, for women with potential TPTL symptoms who had arrived
and were still waiting to be seen. A message slip (Figure 12} was attached to the front

of the women's notes for the clinician to see prior to TPTL assessment to contact
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researchers, if they felt it appropriate, so the waman could be approached, informed

of the PETRA study and offered TVS for CL measurement.

Fetal fibronectin?

If you decide to offer this woman a fFN test, please call
me on ##EEE $H#EHE 0 | can tell her about the PETRA

study and offer her a cervical length scan.

Research Midwife \\_,/

Thank you!

Figure 12. Message slip to highlight potential recruit to clinical staff.

The below sign {Figure 13) was placed next to the Rapid fFN® 100 analysers in the ADU

and Hospital Birth Centre, to encourage clinicians who were about to undertake an fFN

test to contact researchers.

Is the woman you are processing a fetal fibronectin :
test for eligible for the PETRA study? \\\_/

PETRA is a >ospactive cohort sludy wnick aims to develep and validate arisk assessment tool for use
in wcrren with symptoms cf threatened preterm labour (TPTLYL Wz want ks collect the results of felal
fibronectin tests and transvaginal U3S cervical leny:h measurements, as well as staer risk factors,

The woman can be censented before o- after these tests have baan carried out.

Inelusion criteria: Exclusion criteria:

« Being assessed for *TPTL » Definitive diagnosis of labour (1e. reguiar painn
« Gestation between 23 and 34°° weeks contractions with cervical change dizgrosed on specilim o
) digital examinatan).

« Confirmed ruptured membranes.

« Antepartum haemorrhage.

want a
TVE DL? Call XKXxxxx, an
KXXXXKHNKK

=Y

Please see PETRA file for more details (and recruitment packs) andfor call
a0y 3000k (Research Midwife) on Xt 3000 or 30008 XXX X300

Figure 13. Rapid fFN® 100 analyser sign to highlight potential recruits to ¢linical staff.
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The number of fFN tests being carried aut in the haspital was monitored and it socan
became apparent that many women were not being recruited if they presented with
symptoms of TPTL outside office hours when researchers were unavailable. A
substantial amendment to the protocol (Section 5.4) was, therefore, submitted
requesting REC approval to approach eligible women at any time up to delivery of the
haby. |n order for data to be considered prospectively, rather than retrospectively
collected, participant recruitment had to oceur prior to the outcome of interest (in this
case, gestation at birth]. This change to recruitment strategy improved integrity of
the study because the majority of women with TPTL do not go on to deliver early and
excluding those who are discharged quickly may result in an imbalanced sample.
Strategies were therefore developed in order to identify and approach eligible women

before their bakies were born as well as at the time of TPTL assessment.

A screening log was devised, based on details retrieved from the Rapid fFN® 10Q
analysers. This included the date and time of test, hospital number and result.
Gestation at time of test was checked by review of the hospital's electronic maternity
record {using hospital number). If the gestation was within the eligible range for the
study a note of the woman’s next hospital appointment and plans were made to meet

her in order to confirm eligibility {e.g. appropriate symptoms) and consent, if willing.

If the woman had no appointments arranged, the hospital appointments system was
checked weekly until either she had delivered, or three weeks after her expected date

of delivery. After this time, it was assumed birth of the baby had occurred, and she
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would na longer be eligible, as the outcome data woaould then be retraspective in

nature.

6.6. Sample size

The sample size was determined using data from the symptomatic cohort of the
EQUIPP study (Abbott et af., 2013} which investigated the predictive value of fFN in
300 women with symptoms of TPTL. This study was also carried out at GSTfT so the
population was comparable to the principal recruitment site for PETRA. The true
preterm labour (PTL} rate at 34 weeks’ in this cohort was approximately 10%.
Combination of symptoms and fFN in the EQUIPP study identified a small higher-risk
group with a 50% chance of delivery at less than 34 weeks' and a larger standard risk
group with a lower risk of approximately 7%. In undertaking the power calculation for
the PETRA study, we anticipated that clinicians would be willing to view women in the
lower risk group as closer to the normal {i.e. standard risk) if the true rate of PTL in this
group could be demonstrated {with 95% confidence) to be lower than the background
rate (i.e. lower than 10% with a best estimate of 6.7%), and concluded that full data
on 550 standard risk women and 61 high risk women (total 611 women) in the
proposed validation would be sufficient to achieve 20% power in the PETRA study.
Allowing for 95% compliance & completion, a recruitment target of 643 women was
considered adequate to validate the predictive value of each test {(qfFN and CL) with

data from an additional 300 to be used as a training set.
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FFN testing in TPTL was, and remains, mare comman than CL measurement in the UK
(only 155 of the 300 women in the EQUIPP study had CL measurement). So while gfFN
testing was a mandatory requirement for inclusion in this study, all recruiting sites
were encouraged to undertake CL measurement if possible, but it was not mandatory.
Training initiatives were planned and it was anticipated that, as more clinicians were
trained in transvaginal ultrasonography, CL measurement would become increasingly
common. It was estimated that of the first 300 participants (weeks 1 to 41),
approximately 50% would also have had CL measurement. After this, with raised
awareness and increased number of trained clinicians, it was estimated that 90%
would have also have CL measurement. To ensure an adequate sample to validate the
predictive value of both gfFN and CL a total sample of 1181 participants was set {Table

10).

Table 10. Recruitment target based on estimated cervical length {CL) measurements.

150 Y
1-41 300 (50% of total) TWS training initiatives initiated
793 e .
42-140 851 Training initiatives ongoing

{90% of total)

Total 1181 943 300 training set plus 643 validation set

6.6.1. Feosibility of sample recruitment target.

The overall recruitment target of 1181 represented the total for all sites recruiting over
period of 32 months. For the main site the target was 540 participants. This was based

on a feasihility calculation using ADU records which indicated that approximately 30-40
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women every month between 23'° and 34'® weeks' preghant presented with
symptoms of TPTL. This estimate provided an adequate number of potential
participants from which to approach the approximately 25 women per month needed,
if 80% agreed to participate. The study was not considered to be particularly cnerous
for participants as it required only consent to use of clinical data. Experience of
previous similar research recruitment, carried out at this hospital, suggested that it
would be reasonable to assume that 80% of women approached would consent. It was
estimated that if approximately 20 women consent each month {four per week), the
local target recruitment {n=540) would be achieved in 32 months {140 weeks). It was
planned that the remaining 641 participants would be recruited from additional sites
over 29 months {allowing three months from start at main site for local approvals). If
three additional sites were ready to commence recruitment by week 14, it was
considered reasonable to expect that each site would be able to recruit 214

participants overall {1.7 per week, per site).

6.6.2. Recruitment of participants with cervical length measurement
In order to achieve sufficient recruitment to develop and validate the risk assessment
tool with CL, it was estimated that at least 50% of participants would need this
measurement in addition to the mandatory qfFN test. Prevalence of CL measurement
was monitored, and within 3 months it was clear that the target was not being

achieved at the main site {Table 11).
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Table 11. Participants with cervical length (CL) measurement in first 3 manths of
recruitment at main site.

Participants {n} with CL
Mar-15 3 3 (38% of total)
Apr-15 27 4 (15% of total)
May-15 44 6 (14% of total)

The study management team concluded that this was likely to be due to a number of
factors:

* (linical staff engagement and referral of potential participants to research
teams is slow when a study is new and unfamiliar.

o Cervical length measurements were not routinely performed on women with
symptoms of TPTL, even at the main site.

+ Ultrasound scanners were not always available even when trained staff are on

hand to use them.

In order to address these factors, the following actions were undertaken:

e Efforts were made to increase the profile of the study, through face to face
communications and on clinizal study days, encouraging ADU staff to call me or
the research team if a woman presented with symptoms.

+ (linical staff were encouraged to train in TVS CL {an in-house focused course
was developed with support from the ultrasound training department).

+ Availability of USS machines was addressed by the purchasing of vaginal probes
for the hospital birth centre USS machine and the Medical Ultrasound MSc
course machine. These probes were purchased using funds from the Preterm
Surveillance Clinic NHS Innovations Challenge Prize fund, which was won by

Professor Shennan and his team in 2013,
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6.7. Data collectian

After participants had provided written consent, data was collected via either paper

forms, or entered directly onto the study database {www. medscinet.net/ptbstudies)

via electronic case report forms which included:

vi.

Demographic data: age, ethnicity, postcode (for conversion to indicatar of
socio-economic index code), height and weight.

Risk factors: previous preterm birth or late miscarriage, history of cervical
surgery, history of recurrent urinary tract infections, group B streptococeal
infection, bacterial vaginosis recreational drug use, smaking, uterine
abnormality, domestic violence.

Qbstetric history: year of pregnancy, gestation at delivery, onset of labour,
maode of delivary.

Current pregnancy: expected date of delivery, obstetric or medical problems
this pregnancy.

Current episode: gestationh; symptoms, gfFN result, cervical length.

Qutcomes: antenatal inpatient nights, steroid administration for fetal lung
maturation, tocolytic drug administration for TPTL symptoms, intra-uterine
transfer to unit with appropriate level of neonatal care, date of delivery, onset

of labour, mode of delivery, neonatal unit admission, neonatal complications.

6.8. Data Manitoring and Cleaning

Data monitoring, as outlined in section 5.6, occurred throughout the study recruitment

period. After the recruitment period was complete, on 31st October 2017, and before

data were analysed, a number of additional data monitoring checks were performed

and sites contacted and asked to make every effort to address shortcomings. These
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included: outstanding queries; missing data {e.g. ethnicity, lower super output area
(LSQA)); visit outcome (e.g. discharge or admission]; antenatal and postnatal nights;
aligibility of visits (e.g. within gestational range, appropriate symptoms, test results];
correct recording of interventions (e.g. two doses of steroids recorded as one full
course); that onset of labour and gestation at delivery matched primary outcome
indicator; that if congenital abnormality was recorded whether it was appropriate for

exclusion.

6.9. Data analysis

Using SPSS version 23.0 {IBM SPSS Statistics), data were first analysed descriptively in
order to explore the characteristics, use of interventions and outcomes of the cohort
and also to investigate the predictive value of affN and CL by category. The
development and validation of the new risk prediction algorithms for use in the QUIPP
app was then carried out using enlarged datasets, consisting of new and previously

analysed data from earlier studies, as described in section 1.8.3.

6.9.1. Participant characteristics

Participant characteristics, including demographics and risk factors, were explored
using descriptive statistics {i.e. frequencies and percentages) and stratified by delivery
outcome, sPTB <34 and <37 weeks' gestation. Means and standard deviations (e.g.

age and BMI) were compared using independent samples Student's t-tests, while other
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categarical variables were compared using Pearsan’s Chi-sqguared tests. Differences

were considered statistically significant if the p value was <0.05.

6.9.2. Prediction of preterm hirth by fFN and CL test category

Prior to development of guantitative fFN bedside analyser machines, which now
provide exact fFN cancentrations ranging from 0 ng/ml to >500 ng/ml, fFN test results
were presented as negative or positive, depending on a threshold of 50 ng/ml.
Although awareness of the actual fFN concentration is likely to be much more useful
than a qualitative result, NICE Preterm Labour guidance still uses the threshold of 50
ng/ml as a basis for recommending or withholding intervention (NICE, 2015). Our
group, however, have suggested that using categories of ranges of concentrations,
such as <10, 10-49, 50-199, 200-499 and 500 ng/ml or more may be more useful
(Abbott et al., 2013). Using data from the whole PETRA cohort, the pradiction utility of
gqfFN by these categories was examined using Kaplan Meier survival analysis. This is a
commonly used non-parametric statistical method for predicting the “survival” i.e.
whether an event of interest has occurred, in this case spontaneous preterm birth,
within certain time points (Goel et @/, 2010). A survival curve can be created which
allows the reader to visually compare different categories of the test result {as these
cannot be measured in the same way as continuous variables). Relative risks for
spontaneous PTB at less than 34 and 37 weeks, and within 7 and 14 days of testing
were also calculated, using the lowest category, 0-9 ng/ml as the reference category
using binomial logistic regression. This method was chosen because the dependent

variable (sPTB — yes or no) is dichotomous, whereas in linear regression the

120



1€ PhD Thesis 17/12/2018

relationship between the independent and dependent variables is assumed to he

linear, and it cannot be used with categorical data (gfFN and CL groups).

Cervical length was similarly investigated by categories: <15, 15-24 and 25+ mm.
These categories were chosen hecause literature suggests risk of preterm birth
increases with CL measurement of less than 25 mm {lams et a/.,, 1996). Additionally,
25 mm is generally accepted by preterm birth specialists as a threshold under which
interventions are indicated {Carter et af, 2016) and current NICE guidance
recommends withholding treatment for symptomatic women with a CL >15 mm after

30 weeks’ gestation (NICE, 2015).

8.9.3. Intervention use in the PETRA cohort

Further objectives of the PETRA study included exploring use of steroids and other
management, i.e. admission, tacolysis, IUT, neonatal unit (NNU) admission, in a cohort
of women with TPTL symptoms and these were explored by independent sample
Student t-tests for comparing means of continuous variables with normal distribution,
or Mann Whitney U tests for comparing medians where data are not naormally
distributed. Nan-parametric chi-squared tests were used for comparing categaorical

data (e.g. whether steroids had been given or not).

The use of steroids was examined in more detail than the other interventions because

it was the most prevalent intervention in this cohort, and because of the increasing
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cancern about its overuse in women with symptoms of threatened preterm labour

(Levin et af., 2016).

The prevalence of preventative interventions (e.g. cerclage, progesterone) in this
cohort was also compared between high and low risk women, and whether they went

on to experience spontaneous preterm birth.

6.9.4. Predictive model generation

As explained in section 1.8.3, it was necessary to update the prediction algorithms
priar to campletion of the PETRA study befare the start of the EQUIPTT study. The
generation of the prediction models was, therefore, based on data already gathered in
PETRA {as at the end of May 2017) along with relevant participant data from earlier
studies {(EQUIPP REC Ref. 10/H0806/68 and POPPY REC Ref. 09/H0802/97).  This
pragmatic decision meant the data was not split randomly between “training” and
“validation” sets, as is customary, and that there was a time delay of approximately 10
months between model generation {which was tested by calibration before being used
in the new version of the QUIPP app) and formal validation using the latest PETRA

data.

In total, six prediction algorithms were needed for the new version of the QUIPP app.
The algorithm is selected according to whether the woman is asymptomatic high risk
or symptomatic {any risk status) and whether her TPTL assessment includes gfFN

testing alone, CL measurement alane, or both tests. Data were therefare split and
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tested in six groups: i) asymptomatic high risk with fFN test result; ii) asymptomatic
high risk with CL measurement; iii) asymptomatic high risk with both test results; iv)
symptomatic (any risk status) with fFN test result; v) symptomatic {any risk status) with
CL measurement; vi} symptomatic (any risk status] with both test results. Data frem
women with symptoms were used in three of the six data sets. For the purposes of this
thesis, the methodology below relates to development of the three algorithms

appropriate for the symptomatic cohorts.

The advanced statistical analysis required for the development and validation of the
prediction algorithms was carried out using Stata SE software {version 14.2; StataCorp,
College Station, Texas, USA) by the KCL Department of Women and Children’s Health
statistician, Mr Paul Seed, with support from this PhD candidate who worked closely
with him throughout the analyses. As explained above, the “training set” was
comprised of PETRA, EQUIPP and POPPY data. Exclusions were made for: incomplete
data; invalid visits {out of gestation range, inappropriate symptoms, invalid or missing
test results, sexual intercourse within 24 hours) and major fetal abnormality. Women
with twin pregnancies were included, using the first twin gestation at delivery, but
triplets and higher order multiples were excluded due 1o inadeguate numbers.
Women whose labour was induced or had caesarean section following PPROM were

regarded as having had spontaneous preterm birth.

Cox's proportional hazards regression was used to determine which predictive risk
factors to use in the model. This is a simple, widely used, statistical method that is

used to indicate which factars have an effect on outcome (Lin and Wei, 1988). Factors
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tested included demographic characteristics {i.e. age, BMI, ethnicity, deprivation scare
and smoking], risk factors (i.e. previous history of preterm birth or PPROM, late

miscarriage, cervical surgery, twin pregnancy] and test results {(gfFN and TVS CL].

Simple regression methods were not sophisticated enough for creation of the QUIPP
app prediction models because time to delivery after testing has to be very precise,
with very smooth survival curves, and therefore parametric survival analysis was used.
This process involved testing the data using several different parametric survival
analysis functions, namely exponential, gamma, Gompertz, log-logistic, log-normal and
Weibull. The different models function differently depending on the statistical
distribution of the data and describe the probability of an outcome, in this case sPTR,

at any given time point {gestation) between testing and delivery.

When an individual woman had more than ane visit for TPTL assessment, later results
were introduced as time-updated covariates, i.e. if delivery has not occurred before

the next visit, prediction was recalculated with the next visit gestation.

In survival analysis, data are “censored” if the cutcome of interest has not occurred
during the follow up peried {Kleinbaum and Klein, 2010). In this study, the data were
censored, if spontaneous preterm birth had not occurred by 37 weeks’ gestation. A
number of ways were considered for dealing with data from women who experienced
iatrogenic preterm birth. The options were: i} to exclude them from the analysis
altogether; ii} to censor them at the time of the iatrogenic, i.e. medically indicated,

preterm birth and iii) to treat them as non-events and censor them at term. Although
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none of the oaptions are perfectly satisfactory, due to the limitations of current
statistical methods, opticn iii} was ehosen. This was for a number of reasons: {a] when
the data were collected, the outcome was unknown, and this reflects the situation
when the app is used for prediction of cutcome in future cases; {(b) censoring at time
of iatrogenic preterm birth would lead to an over-estimation of the number of events
and (¢) excluding all iatrogenic cases from the analysis would be a post-hoc decision

which may introduce bias.

Checks were undertaken to determine whether the data needed to be transformed
before analysis using fractional polynomials. Fractional polynomial regression
compares possible power transformations (here powers -3, -2, -1 -0.5 0O {log
transformed), 0.5, 1 {unchanged or identity transformation), 2, 3) of a continuous
predictor, to see which fits best with, and in particular whether any of them is better
than power 1. The entire procedure was repeated for each of the three datasets of

symptomatic women, and different models produced in each case.

The best model to use with this data was then determined by reference to Akaike’s
Information Criterion (AIC) and Bayesian Information Criterion {BIC). This is a method
developed for comparing non-nested regression models where significance tests are
not available {Royston and Sauerbrei, 2008). When comparing models, the lowest

values are considered to have the hest fit to the data.

Before formal validation could be undertaken after completion of the PETRA study, the

prediction models were tested by simple calibration. This meant comparing individual
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tests of clinically significant groups to confirm the actual event rates were consistent
with the predicted probability of the event. A 5% prediction rate for spontaneous
preterm birth within 7 days of testing was used as the threshold because this was the
lowest value of a range of 5-15% that our TPTL Delphi consensus survey suggested
should be recommended for intervention (Carter et af., 2016). The calibration tests
provided reassurance that the models were acceptable to proceed with development

of the QUIPP app before formal validation was undertaken.

8.9.5. Predictive model validation

As explained in section 1.8.3, the “validation set” caomprised the remaindear of PETRA
participants whase data had not be used for the model development and where

outcome data had been gathered after the end of May 2017.

Predictive  statistics, including sensitivity, specificity, balanced accuracy
[{sens.+spec.}/2], likelihcod ratios, positive (PPV) and negative predictive values (NPV)
and separation prababilities (PPV+NPV-100%) were calculated using a % risk of =5% as
an indication of a positive test. This cut off was chosen because, as stated above, it is
the lower end of a 5-15% range abave which clinicians would recommend intervention
(Carter et al, 2016). Results are presented in tables with statistics for both the training
and validation sets, by test group (fFN, CL and fFN+CL) for prediction of spontaneous
preterm birth at less than 30, 34 and 37 weeks’ gestation, and within 7 and 14 days
post-test. These time points were chosen because: i] the gestations at delivery are
clinically important indicators for likely neonatal morbidity and ii) they are useful in

guiding appropriate management, such as the timing of steroids. Receiver operating
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characteristic {ROC) curves were drawn and areas under the curve {AUC) were
calculated. The ROC curve is a graphical plot which demonstrates the diagnostic ability
of a test by showing the true positive rate (sensitivity) over the false positive rate {100-
specificity). The AUC indicates how accurate the diagnostic test is, with 1.0
representing a perfect test, with no false positives or false negatives, and 0.5 being a
worthless test. Receiver Operating Characteristic {(ROC} curves are particularly
appropriate for evaluating the predictive ability of the QUIPP app because they
demonstrate the predictive ability of a test at different thresholds {in this case % risk of
sPTB) rather than using a threshold under which a result is negative, and over which a

result is positive.

In addition to development of the risk assessment tool, which was a primary aim of the
PETRA study, further objectives included exploring the added value of CL in a UK
setting. This was investigated by the production of ROC curves and comparing AUCs of
the prediction models using fFN aloneg, CL alone and both tests in the cohort of women

who had had both tests,
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7. Methods 2: QUIPP app users and Women’s experience and views

gualitative studies

The two qualitative studies explored i} current QUIPP app users’ experience and views
and ii) women’s experiences of risk assessment and management of threatened
preterm labour, perception of risk and the factors that influence decision making. The
same methods were employed for both qualitative studies and are thus addressed

together in this chapter.

7.1. Introduction to chapter

The overall aim of this research project was to improve the management and
experience of women with symptoms of TPTL, which included addressing the
emotional burden associated with being at risk of PTB. [n the cohort study {Part 1)
data were collected for the development of an algorithm that would be used in a risk
assessment tool for assessing the individual likelihood of preterm birth.  As described
in section 1.8.2, the first version of the QUIPP app had been released just prior to the
recruitment phase of the PETRA project (January 2015) and clinicians assessing
preterm birth risk in asymptomatic high risk women started to use it in practice.
After its use had become established, the opportunity was taken to explore the
experiences and views of current users, how it was used in practice, and identify
potential enhancements to its utility, for example, alternative and visual methods of
illustrating individual risk. An addition to the PETRA protocol was approved by the

REC as detailed in section 5.4. In the women's experience study, | aimed to explore
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the experience of women with TPTL symptoms, their views on the care they received
and the aspects they believed could be improved. A proportion of women were also
asked to consider, comment and express preferences on a series of visual risk
illustrations in order to inform development of the risk assessment tool. This chapter
gives a detailed account of the methods and gqualitative methodology utilized in

undertaking both qualitative parts of the study.

“Qualitative research is a generic term that refers to group of methods and
ways of collecting and analysing data that are distinctly different from
guantitative methods because of the absence of quantification and statistical

analysis.” {Smith et al., 2011, p.3).

Qualitative methods are based on an ontology, that is, an understanding of being, that
holds that human experiences are subjective and bath the subjeet and the researcher
will be influenced by their hackground, culture and experience. Quantitative methaods,
that seek to measure a phenomenon using objective measures, are therefore not

appropriate in these parts of the study.

7.2. Selecting a theaoretical perspactive

From the vast choice of theoretical perspectives available, the qualitative researcher
must select the most appropriate for their particular study and be confident that the
chosen methodeclogy gives the best chance to both answer the research question and

that the robustness of its findings can be soundly evaluated. Within qualitative
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research, many different philosophies and theoretical framewarks have been
developed over recent decades. Examples of these are Phenomenology {Husserl,
15922], Grounded Theory {Strauss and Corbin, 1954] and Narrative Analysis {Riessmann,
1993). Each have their place in the “paradigm” of qualitative research, and come with
their own rules and structures which guide the researcher. As Reeves et al, (2008)

explain:

“Theories give researchers different ‘lenses’ through which to look at
complicated problems and social issues, focusing their attention on different
aspects of the data and providing o framework within which to conduct their

analysis.” {p.631).

Some have argued, however, that being restricted to a particular theoretical
perspective can constrict the researcher and possibly even lead to the findings being
made to “fit" rather than truly speak far themselves. Sandelowski (2000) suggests that
resaarchers using strict thearetical framewarks may be “ohliged to put much more of
their own interpretive spin on what they see and hear...” and that “...This spin derives,

in part, from these methodologies themselves.” (p.336).

Some commentators argue that, particularly in  healthcare research, simpler
approaches can be used legitimately and to good affect (Milne and Oberle, 2005;
Neergaard et al,, 2009; Sandelowski 2000; Smith et af., 2011). Neergaard et al., (2009)
describes one such approach, Qualitative Dascription, as allowing for “a rich, straight

»

description of an experience or an event..” and proposes that it is “.._founded in
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existing knowledge, thoughtful linkages to the wark of others in the field and clinical

axperience of the research group.” (p.2).

The aims of the qualitative parts of this study were to not to investigate phenomena
where very little is known, nor the development of explanatory theories. A Qualitative
Description methodology was selected for both, utilizing thematic analysis and Ritehie
and Spencer’'s Framework Approach {Richie and Spencer, 1594). The QUIPP app users
study was a simple exploration of clinicians’ experience of using the tool. In the
women’s experience study, the consequences of preterm birth are well known and
therefore women experiencing symptoms of TPTL are likely to be anxious. Therefore,
the aim was to gain a deeper understanding of women's experience and also to
identify specific aspects of their care that had an effect on that experience, particularly

those with negative effects that could be modified.

7.3. Qualitative Description and thematic analysis

Milne and Oberle {2005) describe “Qualitative Description” as “...a stand-alone methad
that affords a comprehensive summary of human experience without an in-depth level
of interpretation. The geal is to stay close to the surface of data while capturing all the

elements of that experience” (p.413).

Neergaard et af., (2009] suggests that Qualitative Description is particularly useful in
mixed methods healthcare research where gaining “first-hand knowledge of patients’,

relatives’ or prafessionals’ exparience with a particular topic” is the goal (p.5). They
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alsa explain that Qualitative Description can be influenced by and have “overtones” of
other theoretical perspectives. They consider this both acceptable and preferable to
trying to fit the whole study into a theoretical framework which is not entirely suitable
(Neergaard et af, 2008). In the women’s experience study, | suggest two overtones
that influenced my perspective: i) phenomenological, because the “lived experience”
of the participants, a concept in phenomenology, was being explored, and i} feminist,
because | intended to listen for hints that women may be fesling pressurad into
accepting treatments they were not entirely happy with and if there remained any

remnants of a medical model of childbirth that was so prevalent in the 1970s and 80s.

Miles and Huberman (1994} describe six analytical strategies in Qualitative Description:

a. Coding of data from notes, observations or interviews.

b. Recarding insights and reflactions on the data.

¢. Sorting through the data to identify similar phrases, patterns, themes,
sequences and important features.

d. Loaking for commonalities and differences amaong the data and extracting
them for further consideration and analysis.

e. Gradually deciding on a small group or generalizations that hold true for the
data.

f. Examining these generalizations in the light of existing knowledge.

This is very similar to straightforward thematic analysis which, according to Braun and
Clark (2006}, should be considersed an analytical tool in its own right and which,
“through its theoretical freedom...provides a flexible and useful research tool, which
can potentially provide a rich and detailed, yet complex, account of data” {p.78). They

£

go on to define it as “... a method for identifying, analysing and reporting patterns
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(themes) within data.” {Braun and Clarke, 2006, p.79).

The phases of thematic

analysis, and their descriptions are listed in Table 12:

Table 12. Phases of thematic analysis {from Braun and Clarke, 2008, p.87].

Phase

Description of the process

1. Familiarizing
yourself with your
data.

Transcribing data (if necessary), reading and re-reading the
data, noting down initial ideas.

2. Generating initial
codes,

Coding interesting features of the data in a systematic fashion
across the entire data set, collating data relevant to each code.

3. Searching for
themes.

Collating codes into potential themes, gathering all data
relevant to each potential theme.

4, Reviewing themes.

Checking if the themes work in relation to the coded extracts
(Level 1) and the entire data set (Level 2), generating a
thematic ‘map’ of the analysis.

5. Defining and
naming themes.

Ongoing analysis to refine the specifies of each theme, and the
overall story the analysis tells, generating clear definitions and
names for each theme.

6. Producing the
report.

The final opportunity for analysis. Selection of vivid,
compelling extract examples, final analysis of selected
extracts, relating back of the analysis to the research guestion
and literature, producing a scholarly report of the analysis.

In order to provide further structure and elements that are considered to add to the
research rigour, a decision was made to also utilise the Framewaork Approach for data
analysis {Ritchie and Spencer, 1994). This method will be discussed in more detail in

the Data Analysis section, below.

7.1. Study procedures — QUIPP app users study

Current users of the QUIPP app were invited to participate and were identified through
the UK Preterm Clinical Metwork, which is a network of clinicians with an interest in
preterm birth clinical care and research. Data were collected through semi-structured,

one-to-one interviews, in person and by telephone during March and April 2017.

133



1€ PhD Thesis 17/12/2018

Fallowing infarmed consent, participants were asked hy the researcher, using a pre-
determined interview schedule (Appendix 17.4), to talk about their experience and
views of the QUIPP app. Participants were asked specific questions about what they
considered to be positive attributes of the QUIPP app, as well as what they saw as its
limitations, and how they thought the app could be improved. At the end of the
interview they were asked to consider a number of visual illustrations of risk {Figure
14) and encouraged to discuss how they felt about each one and which they would
find most useful if it was included in the next revision of the app. Interviews were

audio recorded, data were transcribed verbatim and managed using NVivo software.
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Figure 14. Visual illustrations of risk used in QUIPP app users and Women's experience
qualitative studies.

135



1€ PhD Thesis 17/12/2018

7.2. Study procedures — Women’s experience study

7.2.1. Participant sefection and recruitment

A number of cohort study participants, who had indicated on the PETRA Part 1 consent
form they were willing to be contacted, were invited to participate in the women’s
experience study. Willing participants were given written information to consider
before an interview was arranged. In an effort to capture the experience of a wide
variety of women, a purposive sampling strategy was used. Sample size was
determined using maximum variation sampling {Patton, 2005} in order to explore the
experiences of women with different backgrounds (e.g. ethnicity, parity), risk factors
(e.g. no known risk factors, previous preterm birth) and interventions {e.g. discharge,
hospitalisation). Required sample size was estimated to be 20-30 {Bourgeault et of,,
2010], however, no new themes appeared to be emerging after 19 interviews, so data
saturation was considered to have been achieved and no further interviews were

carried out,

7.2,2, Setting

Participants received care at a large inner city teaching hospital which provides a
specialist service for women at risk of preterm birth. The team, led by an
internationally renowned expert in the field, offers clinical care through their preterm
surveillance clinic and provides information and advice for both women and clinicians,

locally and nationally.
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7.2.2. Daota collection

Data were collected through semi-structurad, ane-to-one interviews which were
carried out by mysalf between March 2015 and lanuary 2017. Following the taking of
written infarmed consent, participants were asked to talk about their experience and
views an their care and any interventions they may have received. Interviews took
place in a private room in the hospital or at home, at a tifme tonvenient to the
participant as soon as passible after the initial assessment for TPTL, in order to reduce
the chance of recall bias. The interviews lasted approximately ane hour and were
recarded, with participants’ consent, an digital audio equipment. The interviews were

then transcribed, by myself and a professional transeriber, and prepared for analysis.

As discussed in Section 1.7, the ways people perceive risk can be substantially
different. The ongoing PETRA study provided the opportunity to discuss different
visual illustrations of risk with women who had experienced threatened preterm
labour and to explore their views. The findings were then used to inform development
of the second version of the QUIPP app. An amendment to the interview schedule of
the ongoing qualitative study was submitted in order to capture the women's views on
proposed illustrations. Al women interviewed following REC approval of the
amendment, as autlined in Section 5.4, {(n=10) were asked to consider a selection of
cards showing different ways of visually illustrating risk (Figure 14) and to elaborate on

their views and preferences.
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7.2.4. Interview schedule

The interview schedule {Appendix 17.4) was designed following literature review,
consultation with clinical colleagues and in collaboration with the local preterm birth
studies PPl panel. A second version of the interview schedule which included extra
questions about visual illustrations of risk was used following Research Ethics

Committee amendment approval {Section 5.4).

7.3. Data analysis

Alongside the Qualitative Description method, the Framewark Approach {Ritchie and
Spencer, 1994) was used for data analysis. This approach was developed by
researchers at the National Centre for Social Reszarch as 2 method to manage and
analyse qualitative data in policy research where aims are highly focused and topic
guides structured to allow for exploration of specifie a priori issues. {Smith and Firth,
2011).  Although similar to thematic analysis, Framewark allows the researcher to
easily explare the data by thema ar by case and guides the researcher through a
transparent, systematic process which enhances rigour and therefore the credibility of
the findings {Smith and Firth, 2011). The key features of the Framework Approach are

that it is:

i) Grounded or generative: it should be heavily based in, and driven by,
the original accounts and obsearvations of the participants.

i) Dynamic: it is open to addition and amendment throughout.

iii) Systematic: allowing methadical treatment of all similar units of
analysis.

iv) Comprehensive: allowing full review of the material.
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v)

vi)

vii)

Enables easy retrieval and access to the original material.

Allows between and within cose analysis: enabling comparisons and
associations to be made.

Accessible to others: so that the analytic proeess, and the resulting

interpretations, can be viewed and evaluated by others.

Framework shares a similar approach to thematic data analysis, with five key stages,

which are:

1)

2)

3)
4)
5)

Familiarisation of the dota: where the researcher listens to the interview
recardings and reads and re-reads the transeripts.

ldentification of a thematic framework: which can be drawn from a priori
issues drawn from the research aims, new issues raised by the
participants’ testimonies or analytic themes arising from patterns of
issues identified as the analysis progresses.

Indexing: {or coding) of the data.

Charting: where codes are organised into categories and themes.
Mapping and interpretation: where cases, categories and themes are
considered in relation to each other and the researcher attempts to bring
the key characteristics of the data together and interpret the data setasa

whole.

Analysis of the data collected for the gualitative parts of this study followed these

stages. As soon as possible after the interviews had been carried out and transcribed, |

listened and re-listened to the recordings whilst reading through the transcripts. |

used NVivo qualitative data management software {version Pro.vll) and before

reviewing each interview | created a memo for each participant, where | documented

participant characteristics, my thoughts and reflections on the interview itself, where it
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had occurred, how lang it had taken, how | perceived the participant had felt during

the interview and any initial ideas and thoughts | had about emerging themes.

| began coding the data and although | had an initial structure based on the elements
of the interview schedule, the number of codes continued to expand at a considerable
pace. | created a “code book” where | listed and defined the meaning, as | interpreted
it, and regularly reviewed the coding structure as it developed. This code book was
revised on several occasions as | started to organise the codes into categories and then

the categories into themes.

Throughout the process | also kept a research journal, where | documented my
thoughts on emerging themes, relationships between cases, how issues | saw in the
data related to the literature | had read on relevant topics, and where | felt issues were
missing or not being discussed by the participants as much as | had expected. | also
reflected on how my experience as a midwife, and one that had worked with women
at risk of preterm birth for several years, may be influencing my interpretation of the

data.

7.4. Demonstrating study rigour

To demonstrate study rigour, a framework proposed by Whittemore et ol {(2001) for
ensuring rigour in generic qualitative studies was chosen. This framework consists of
four elements, and are described by Milne and Qberle (2005, p.414) as:

(1) Authenticity, or attention to the voices of participants.

(2) Credibility, a reflection of how believable results are.
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(3) Criticality, the critical appraisal of every decision made throughout the
research process.
(4) Integrity, demonstrated by on-going reflection and self-criticality of the

researcher.

The rigour of this study is demonstrated in the following sections that pair:
Authenticity and Credibility, and Criticality and Integrity, as suggested by Milne and
Oberle (2005):

“The credibility of a qualitative study is a factor of strategies to promote
authenticity, the obility to remain true to the phenomenon under study,
while the integrity is a reflection of its criticality, or the attention paid to

each and every research-related decision.” {p.414).

7.4.1. Authenticity and Credibility

A starting point for evaluating the authenticity and c¢redibility of a qualitative study’s
findings is whether, and to what extent, the research question has been answered. In
the qualitative parts of this study, the aim was to explore clinicians’ experience of the
first version of QUIPP and women's experience of TPTL and the factors that affected
that experience. In order to answer the research questions, then, it was important to
explore the experience of a variety of enough clinicians and wormen with different
experiences and backgrounds, to allow them to speak freely and comprehensively
about their experience, and to ensure that the process of analysing the data

represented these experiences accurately.
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It was important to first recruit an appropriate and varied selection of participants who
had had the experience in question. The purposive, maximum variation sampling
strategy allowed for a constant review of participant characteristics, including parity,
ethnicity and preterm bhirth risk, which ensured that the final participant group
consisted of women with a variety of backgrounds and experience. The semi-
structured interview method and interview schedule allowed participants to talk
freely, and the women to reflect and talk, in their own words, while keeping focused
on the TPTL experience. The use of prohing, for clarity and depth, ensured that the
recounting of the experience was as complete as possible. In terms of whether
encugh participants were recruited, it is customary in gualitative research that data
collection continues until no new themes appear to be emerging from the data, a
phenomenon commenly known as “data saturation”. Whether this can ever truly
occur, however, is open to debate. As Milne and Oberle (2005) point out:

“Theoretical saturofion meons thot o quolitotive sample may be
considered adequate when data inform existing findings but do not add
anything new to them. True soturation, however, may be a myth in that a
second interview with the same participants could vield new information.”

{p.415)

So, whilst aceepting that true “saturation” may be impossible, in this study it became
obvious, after ten QUIPP app users and nineteen women had been interviewed, that

the main issues important ta participants had been identified.

Ensuring that participants’ perspectives are accurately represented in the analysis is

mare difficult, but use of a systematic method of data management and analysis, and
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reporting of the steps taken, can make evaluation easier and adds credibility to the

findings.

The analysis process begins with the transcribing of the interviews verbatim. In this
study, while for most cases, this was carried out by a professional transcriber, [ listened
to the recordings and read through the transcripts as soon as they were available,
checking them for accuracy, dealing with errors and omissions, if my memory was
certain, in any areas of text where the recording had been unclear to the transcriber.
Because | had taken field notes and recorded memaos about the interviews, | was able
to maintain a sense of context and relate the actual words spoken by the participants
to feelings and unspoken language not always apparent in the written transeripts or

aven the sound recordings.

Another factor that contributes to the credihility of the study is the credibility of the
researcher, and haw capable they are of carrying out a study and producing a report of
quality. Although a navice qualitative researcher, this being my first qualitative study, |
have been fortunate to have had the appartunity to undertake high quality training in
qualitative methods, organised not just by KCL {Advanced Qualitative Methods, Spring
2015; Qualitative Data Analysis, Summer 2016; Introduction to NVivo workshop); but
also the MNational Centre for Social Research (NatCen) (Depth Interview Skills, May
2015; Intraduction of Framewark in NVivo, Nov 2015); the University of Surrey (2 day
NVivo workshop, Jan 2016) and Social Research Association {SRA} {(Reporting

Qualitative Data, Dec 2017).
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7.4.2. (Criticality and integrity

The authenticity and credibility of a qualitative study are also dependent on integrity,
which can only be evaluated, let alone established, if there is evidence of constant
critical appraisal of every aspect of the study. It is particularly important that
cansideratian is given to how the researcher themselves may influence both what the
participant says, as well as how it is interpreted. This is aften described, in qualitative

research, as reflexivity, which can be defined as:

“.thoughtful, conscious self-owareness. Reflexive analysis in research
encompasses continual evaluation of subjective responses, intersubjective
dynamics, and the research process itself. It involves a shift in our
understonding of dota collection from something objective that is
accomplished through detoched scrutiny of “what | know and how | know
it” to recognizing how we actively construct our knowledge.” (Finlay, 2002,

p.532).

Being a midwife, with experience of working with women at risk of preterm birth, may
have been an advantage and contributed to accuracy of the interpretation. However,
in other ways, preconceived ideas and understanding may have influenced my
understanding of the women's experience and led to bias in the analysis. | was aware
of this possibility from the beginning and endeavoured to minimize this by constantly
questioning myself as to whether | was truly representing the voices of women or

merely reporting what | expected to hear.
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Another method of ensuring integrity, as well as accuracy, in gqualitative data collection
is to feedback to the research participant and ask them to confirm, or refute, whether
what they see in the report is a true representation of their experience. This is
difficult, however once the data has been synthesised as the participant may not
recognise their own individual experience. Additionally, later understanding of their
experience may be affected by recall bias and may differ after further reflection, time
and, indeed, the outcome of their pregnancy. In this study, attempts to confirm that
data collection reflected the true experience were made at the end of every interview,
when the researcher summarised the issues raised and asked the participant to
confirm whether the summary was correct and whether there was anything else they

wanted to add.

Peer review is also an important part of establishing integrity in qualitative research. A
propertion of transcripts, and identification and development of categories and
themes, were regularly reviewed by, and discussed with, an academic supervisor.
Interim findings were periodically presented at meetings of the preterm birth studies
PPl panel, which comprised of women with experience of TPTL and preterm birth.
Panel members were asked to reflect on the findings and their feedback was taken

into consideration in further development of the thematic structure and final analysis.

145



1€ PhD Thesis 17/12/2018

8. Results 1: Prospective cohort study

8.1. Recruitment over time

Recruitment commenced at the main site, GSTIT, in March 2015. Delays with local
governance approvals meant additional sites were unable to start until 10 months
later, which resulted in monthly recruitment targets being missed. Despite these
delays, howeaver, recruitment rates improved and final target was met, on time, at end
of October 2017. Figure 15 shows recruitment compared te monthly target along with

indicators when new sites commenced recruitment.

8.2. Recruitment by site

By the end of cohort study recruitment, 11 sites were participating. Tahle 13 shows

start dates and total recruitment for each site.

Tahle 13. PETRA cohort study recruitment numbers and parcentages by site with

start dates.

NHS Trust Site name Start date h= %
Guy's & 5t Thomas' st Thomas' 0470372015 560 47
Northumbria Healthcare Northumbria 11/01/2016 17 1
Isle of Wight St Mary's, IOW 08/02/2016 55 5
Royal Devon & Exeter Exater 0afoz2f2016 16 1
Pennine Acute Hospitals Pennine 18/02/2016 215 18
University College London Hospital UCLH 01/07/2016 174 15
City Haspitals Sunderland Sunderland 31/08/2016 63 5
Airedale NHS Faundation Trust Airedale 10/02/2017 37 3
Kingston Hospital Kingston 15/02/2017 21 2
Royal Cornwall Hospital Truro 17/02/2017 9 1
South Tees Hospitals South Tees 05/05/2017 19 2
1186 100
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No. of participants

Figure 15. PETRA study recruitment numbers (red line) platted against target recruitment {green line] and month additional sites started.
Monthly recruitment and target numbers shown in table helow graph.
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8.3. Final recruitment process and numbers

As explained in Section 6.5, each site devised its own screening strategy. Figure 16

shows flow of potential participants at 5t Thomas’ only.

Figure 16. Flow chart showing number of women screened and appreached at main
site, St Thaomas', with outcome of approach.

Of the 1143 women who were screened for eligibility, it was not possible to pursue
450 for consent. When women were discharged hefore they could be recruited,
hospital records were checked for further opportunities to approach them (i.e. further
antenatal hospital appointments) an average of 7.9 times {range 1-17). The number of
times depended on gestation at testing and delivery. For example, if a woman was 34

weeks pregnant at testing, and delivered at 38 weeks, records were checked 3 times.
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Despite these efforts, 207 wamen delivered befare they could be approached. Other
reasons why potential participants were not approached are shown in Table 14.
Table 14. Number of women screened at main site with reasons for non-recruitment.

Number of wamen screened at St Thomas’

h %
Unable to identify hospital number 114 10.0%
Not booked at this hospital 126 11.1%
Delivered before could be approached 207 18.2%
Clinician was not happy for the woman to be approached 3 0.3%
Total number of women approached 693 60.8%
TOTAL 1143 100%

Of the 693 women who were approached, 560 (80.8%) consentad, 49 {7.1%) declined
and 84 (12.1%) were subsequently deemed ineligible. Of the 84 ineligible women: 13
had had inappropriate symptoms; 16 were unable to understand English sufficiently;
five were outside the gestation range {(where it had not been previously confirmed)
and two were subsequently diaghosed with spontaneous ruptured membranes. In
additian, ane waman was ineligible because she had been diagnased with estahlished,
rather than threatened, preterm labour, one was under 18 years old, one was planning
to move outside the UK for delivery and one had learning disabilitias and her ability to

give infarmed cansent was unclear.

Of thase whao declined (n=48), 34 women did not provide a reason, eight had concerns

about confidentiality, three were too busy or too stressed, three “just didn’t want to

do research” and one declined because her husband did not want her to take part.
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8.4. Participants

The full dataset including participants from all sites, was finalised after exclusions, as
shown in Figure 17. Participants were excluded if: i) they did not have at least one
valid visit (i.e. no gfFN or CL test or inappropriate symptoms); ii] they had reported
sexual intercourse within 24 hours of gfFN test (as this is known to interfere with fFN
test results); iii) their pregnancy outcome was unknown; iv) their baby was found to
have a major congenital abnormality that may have affected their risk of preterm birth
(as listed in Table 15) or v} they had an iatrogenic preterm birth {e.g. for preeclampsia

or other clinical indication for terminating the pregnancy pretermj.

Table 15. Participants excluded for major fetal congenital abnarmality with details of
abnormality.

Participant Major congenital abnormality details

A Absent cavum septum pellucidum, possible mild facial dismorphism and mild
dolichocephaly

B Congenital diaphragmatic hernia

C Congenital heart disease {double outlet right ventricle, ¥SD and coarctation of the aorta).

D Congenital malformation of lung, respiratory system, patent ductus arteriosis, patent
formen ovale, renal dysplasia congenital scoliosis, talipes equinovarus

E Congenital malformations of trachea

F Costello syndrome {Dysmorphology] - SVYT; Ventriculomegaly -Macroglossia

G Dawns Syndrome

H Exomphalos minor, absent corpus callosum, bilateral diaphragmatic hernia with small
lung. Suspect Donnai Barrow Syndrame

| Gastroschisis

] Gastroschisis

K Imperforate anus, congenital absence atresia/stenosis anus with fistula

L Mitochondrial cytopathy with associated muscular hypotonia

M Trachea oesophageal fistula

N Trisomy 21

Q Ventriculomegaly - congenital, Patent Forman Qvale {PFQ), Toxoplasmosis - congenital,
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Figure 17. PETRA cohort study flow chart showing recruitment, exclusions and
gestation autcomes.
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8.4.1. Participant characteristics — demographics

Participant demographic characteristics are reported in Tables 16 and 17, below,
stratified by the primary outcome, spontaneous onset of labour or premature rupture
of membranes leading to preterm hirth {sPTB), at less than 37 and 34 weeks
respectively. There were no neaonatal deaths in any group.

Table 16. Comparison of participant demographic eharacteristics by birth at term and
spontaneous preterm birth {(sPTB) < 37 weeks’ gestation.

912 (87.9) 125 {12.1) 1037 {100)

30.7 (5.7) 30.3 (5.6} 0.6837 30.1 (5.7}

26.2 (6.0) 25.7 {4.8) 0.336° 26.2 {5.9)
849 (88.0%) 116 {12.0%) 965 {100%)

31.2{14.7} 30.7{15.8) 0.706° 31.1/{14.8)

n n 0,243 "

{% within group) (% within group} ’ {% within cohort)
544 {87.3) 79(12.7) 623 (60.1)
200 (88.9) 25{11.1) 225(21.7)
50 (83.1} 12 {16.8) 71 (6.8)
109 {92.4) 9{12.1) 118 {11.4)

SD=standard deviation; BAMI=Body Mass Index; INMD=Index of Multiple Deprivation.
tsome values missing
3 Independent samples t-test.

b Pearson Chi-Square Asymptotic Significance {2-sided)].
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Table 17. Comparison of participant demographic characteristics by birth after 34
weeks and spontaneous preterm birth {sPTB) <34 weeks' gestation.

997 (35.1) 40 {3.9) 1037 {100)
30.0{5.7) 30.4 f5.7) 0.756° 30.1 {5.7)
26.2(5.9) 25.9(5.3) 0.7382 26.2 {5.9)

928 {96.25%) 37 (3.8%) 965 100%)
31.1714.8) 32.1/15.4) 0.679° 31.1{214.8)

" " 0.134" 4
{% within group) % within group) ’ {% within cohort}

599 {95.1) 2413.9) 623 f60.1)
217 {96.4) 813.6) 225217}
65 {91.5) 6(1.7) 71 (6.8)
116 {98.3) 2{1.7) 118 (11.4)

Sh=ctandard deviation; BhMi=Body Mass ndex; IMD=index of Multinle Deprivatian.
tsome values missing

? Ihdependant samples t-test.

E pearson Chi-Square Asymptotic Significance {2-sidead).

There was no difference between the groups, either at 37 or 34 weeks, in respect of

age, BMI, IMD deprivation score or ethnicity.

8.4.2. Participant characteristics — risk factors

Participant risk factors are shown Tables 18 and 19, below, by spontaneaus anset of
labour or premature rupture of membranes leading to preterm birth at less than 37

and 34 weeks’ respectively.
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Table 18. Comparison of participant risk factors by gestation at term and spontaneous
preterm birth (sPTB} < 37 weeks' gestation.

912 {87.9) 125(12.1) 1037 {100)
n n n
(% within (% within P (% within
value
group) group} cohort)

209 (72.8) 78{27.2)  <D.001 387 ({27.7)
116 {79.5) 30 {20.5) 0.001 146 {14.1}
57 {71.3) 23(28.8]  <0.001 80 (7.7}

44 (77.2) 13 (22.8) 0.014 57 (5.5)
40(72.7) 15 {27.3) 0.001 55 {5.3)
10 {75.9) 3/23.1) 0.199 13 {1.3)

16 (41.0) 23 {58.0} <0.001 33 {3.8)
(Past ar present histary of):

41 (87.5) 13 {12.5} 0.492 104 {10.0}
123 /89.1) 15(10.9} 0.334 138 {13.3}

60 (83.3) 12 (16.7} 0.145 72 (6.9}
18 {90.0) 2 {10.0) 0.559 20 (1.9}
39 (92.9) 3(7.1} 0.233 42 {4.1)
55 (88.7) 7(11.3) 0.840 62 (6.0)
36 (87.8) 5(12.2) 0.563 41 {4.0}

110 {87.9) 20(12.1} 0.136 130 (12.5}
FTB=preterm birth; PPROM=prelabour preterm ruptured membranes; UTT=urinary tract infection,

APS=gntiphospholipid syndrome.
B Chi squared tests of significance
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Table 19. Comparison of participant risk factors by birth after 34 weeks” and
spontaneous preterm birth {(sPTB] < 34 weeks' gestation.

997 (96.1)  40(3.9) 1037 {100)
n h n
{% within (% within P (% within
value®
group) group} cohort)

261 {90.9) 26 {9.1) <0.001 287 (27.7)
135 {92.5) 11 {7.5} 0017  146/14.1)

71(88.8) 9(11.3) 0.002 80 (7.7)
51 (89.5) 6 {10.5) 0.019 57 {5.5)
48 {87.3) 7(12.7) 0.004 55 (5.3)
13 {100} 0 {0.00) 0.598 13 {1.3)
32 (82.1) 7{17.9) <0.001 39 (3.8)

fPast or present history of):

102 {98.1) 2 (1.9} 0215 104 {10.0)
132 {95.7) 6 4.3} 0.445  138/13.3)
71 (95.6) 1{1.4) 0218 72 (6.9)
19 (95.0) 1{5.0) 0.548 20¢1.9)
42 {100} 0 (0.0} 0.185 47 (4.1)
62 {100/ 0 (0.0} 0223 62 (6.0)
41 {100} 0 (0.0} 0.193 41 {4.0)
126 {96.9) 4431} 0423  130{12.5)

PT8=preterm hirth; PPROM=prefgbour paretern ruptured membranes; UTi=urinory tract infection.
APS=antiphospholipid syndrome.

 Chi squared tests of significance

There were statistically significant differences between women with and without
major risk factors in both cutcome groups. Women with any one of the major risk
factors, apart from uterine abnormality, were more likely to have spontaneous
preterm birth at both less than 37 and less than 34 weeks. Mone of the other factors
recarded for this study, identified in literature as potential risk factors for preterm

birth, were found to be statistically significantly different in this cohort.
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8.4.2. Prevalence of preventive preterm birth interventions
As demonstrated above, 27.7% of participants had at least one major risk factor, and
may have been under the care of specialist preterm clinics. This specialist care may
have included regular surveillance {gfFN and TVS CL} with and without interventions
intended to prevent preterm birth, such as progesterone therapy, cervical cerclage or
Arabin pessary {a silicon ring placed around the cervix]. Although data on specialist
clinic attendance and surveillance were not captured in this study, data on
preventative interventions were recorded and are shown in Table 20.

Table 20. Prevalence of preterm birth prevention interventions within cohort.

No Yes (%)
855 61 {6.0)
872 44 {4.3)
1008 8 {0.7)
1010 5 {0.6)
101 915 {90.1)

*where status known
**come wamen may have had more than one intervention, therefore % totals do not equal 100%

Unsurprisingly, women with at least ane major risk factor far praterm hirth were mare
likely to have had a preventative intervention {Table 21).

Table 21. Comparison of preterm birth prevention interventions in women with and
without at l2ast one major risk factor.

High (n=279) Low {n=737) p value®
n {% af women n (% of women
with intervention)  with infervention)
44 {72.1) 17 {27.9) <0.001
39 {88.6) 5({i1.4) =0.001
8{100) 0{0.0} =0.001
5 {83.3} 1(16.6) 0.007
198 {21.7) 716 (78.3) <0.001

3 pearson Chi squared test
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Interventions ta prevent preterm birth were also more likely in women wheo
axperienced spontaneous preterm hirth in this cohort (Table 22). It is difficult to draw
conclusions from these comparisons, however, as these interventions were much
more likely in high risk women who were, of course, more likely to have preterm hirth,
and the aim of this study was not to evaluate the efficacy of these interventions.

Tahle 22. Comparison of preterm hirth prevention interventions in women with and
without spontaneous preterm birth {sPTB) <37 weeks’ gestation.

Yes {h=125) No {n=912) p value®
n {% of women n {% of women
with intervention)  with intervention)
24 (39.3) 37 {60.7) <0.001
15 {34.1) 29 (65.5) <0.001
1§12.5} 7 (87.5) 0.652
3 f50.0) 3{56.0) 0.027
89 (9.7%]) 826 {90.3%) <0.001

? Pearson Chi squared test

As these preventative interventions are intended to reduce risk of sPTB, although the
number of women receiving them in this cohort was small, their use may have

influenced the prediction algorithms.

8.4.4. Participant characteristics by centre

Although the proportions of participants by Index of Multiple Deprivation (IMD)
quintile varied across the sites, as demonstrated by Figure 18, a comparison of mean

IMD scores by centre did not show statistical difference {Figure 19},
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Figure 18. Percentage distribution of Index of Multiple Deprivation {IMD) guintiles* by

recruitment centre.

*INMD_g1=iMD score fafls within 1-20% in UK population, most deprived {orange); IMD _g2=IMD score
within 21-40% fyeilow]; IMD_q3=IMD score within 41-60% (blue}; IMD_q4=IMD score within 61-80%
flight green); IMD_g5=I1MD score within 81-100%, least deprived (dark green).
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Figure 19. Box plots of mean Index of Multiple Deprivation {IMD] scores with
confidence intervals, by recruitment centre,
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Overall, approximately 30% of women in this cohort were high risk (i.e. had at least
one major risk factor) (Figure 20)]. It appears that a larger proportion of participants
from Truro were high risk {defined as having at least one major risk factor, however,

the overall numbers for this site were small {total n=9).
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Figure 20. Participant risk status by recruitment site. Low risk=no major risk factors for
preterm hirth; High risk=gt least ane major risk factor for preterm birth.

8.5, Prediction of preterm birth by fFN and CL categories

In this eohort, the utility of fFN test and CL by categary was examined using Kaplan-
Meier Survival Analysis {Figures 21 and 22) and relative risks for sPTE at less than 34
and 37 weeks’ gestation, and within 7 and 14 days of testing (Tables 23 and 24). For

the purposes of this analysis, the last TPTL assessment visit and test results were used.
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Figure 21. Kaplan-Meier survival curve showing probability of sPTB by fFN categories O-
9, 10-49, 50-199, 200-499 and 500+ ng/ml. Where participant had more than one TPTL
episode, the latest quantitative fFN test result is used. 1 indicates censoring of
deliveries.

These data demonstrate increasing risk of sPTB with fFN categories higher than 50
ng/ml and CL measurement of less than 15 mm, which correlates with findings from

the current body of literature on the subject, except in the 500+ ng/ml category.
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Figure 22. Kaplan-Meier survival curve showing probability of sPTB by (L
categories 25+, 15-24 and <15 mm. Where participant had mere than one TPTL
episode, the latest CL measurement is used. T indicates censoring of deliveries at
term (37 weeks” gestation).

Rates of sPTB outcomes by fFN and CL category are shown in Table 23, while relative
risk between categories, using as reference categories fFN 0-9 ng/ml and CL 25 mm

plus are show in Table 24. These findings again confirm the higher the fFN and the

shartar the CL, the greater the risk of sPTB.
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Table 23. Number and rates {%) of spontaneous preterm birth {sPTB) at <34 and 37
weeks’ gestation, and within 1 and 2 weeks of testing by fFN and CL categories.

<34 weeks <37 weeks lweekof <2 weeks of

testing testing
M n (%) h (%) n (%) n {%)
624 7{1.1) A8{7.7) 4{0.6) & 1.3}
210 5¢2.4) 17 (8.1} 0(0.0) Q{0.G}
108 9 /8.3) 23 (21.3) 1{0.9) 5 (4.5}
74 17 {23.0) 32(43.2) 14 (13.9) 19 {257}
10 1{16.0) 2 {20.0) 1{10.0) 2 {20.0)
130 5/3.8) 19{14.6) 2 (1.5) 5{3.8)
46 2{4.3) 12 (26.1) 0{0.0) 3 (6.5}
50 20 {40.0) 31 ({62.0) 9/18.0) 13 {26.0}

N=total in category; n=total sPTB in category; fEN=fetal fibronectin; Cl=cervical length.

Table 24. Relative risk of spontaneous preterm birth (sPTB] at <34 and 37 weeks'
gestation, and within 1 and 2 weeks of testing by fFN and CL categories.

< 34 weeks < 37 weeks <1 week of testing < 2 weeks of
testing
RR® 95%Cf* RR* 95%CF RR* 95% ¢ RR® 95% I

21 0.7-6.6 11 0.6-1.5 3.016E-8t .0oe 1.508E-87 .00

74 28185 28 1.8-4.4 1.4 0.2-12.8 36 1.2-10.8
205 &88-478 56 3.9-82 25.5 16.0-87.3 20.0 8.1-44.1
89 12659 26 0.7-9.3 15.6 1.9-127.4 155 3.8-64.4
1.1 0.2-5.6 1.8 0.8-3.4 1.257E-8 .000 1.7 0.4-6.8

104 4.1-262 A2 2.7-6.8 117 2.6-52.3 6.8 2.5-18.0
RR=relative risk, fFN=fetal fibronectin; Cl=cervical length.
*FM relative risk relative to fFN cat 0-9 ng/ml: CL relative risk relative to £L cat 25mm+
952 wWald Confidence Intervals for Exp(B}
T “set to system missing due to overflow

Although relative risk (RR) of sPTB generally rises as the fFN cencentration increases,
the RR of sPTB was lower in the fFN 500+ ng/ml than the 200-499 ng/ml category (8.9

vs 20.5). The 95% confidence interval is also particularly wide for the 500+ ng/ml
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categary, most likely due to the small number of events in the group. It is also passible
that some test results were carried out within 24 hours of sexual intercourse, but they
were not excluded because either the women did not disclose this informatian, or the

attending clinician did not record it in the woman’s maternity notes.

3.6. Interventions following TPTL assessment and healthcare utilisation

Anather aim of the PETRA study was to assess use of steroids and other management
(e.g. admission, tocolysis, IUT). Table 25 shows prevalence of these interventions

within the whole cahort.

Table 25. Prevalence of interventions, and number of antenatal day unit visits and
antenatal ward nights in whole cohort.

n* No (%) Yes (%)

1024 715 (69.8) 309 {30.2)
1022 936(91.6)  86(8.4)
1023 1002 (97.9)  21(2.1)
1015 896 (88.3) 119 {11.7)
1015 999 (98.4) 16 (1.6)
1022 3 {0-33)

1022 1(0-87)

*where intervention status is known.
** Mann U Whitney non-parametric test was used for comparison as data not normally distributed.

When these interventions, ADU visits and antenatal ward (ANW) nights were assessed
by pregnancy risk factors, wamen with at least ane major risk factar were more likely
to have received all interventions, except for the number of antenatal day unit visits

(Table 28).
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Table 26. Prevalence of interventions and numbers of antenatal day unit visits and
antenatal ward nights by risk group.

n {%) h (%)
129 {44.3) 180 (24.0) <0.001
36 (12.5) 50 (6.7) 0.007
13 {4.5) 8(2.1) 0.001
57 {19.9) 62 (8.3) <0.001
10 {3.5) 6(0.8) 0.003
2 {0-22) 3 {0-33) 0.057
2 {0-87) 1{0-37) <0.001

* Mann U Whithey non-parametric test was used for comparison as data not nermally distributed.

8.6.1. Steroid use by outcomes

The use of steroids was examined in mare detail than the other interventions as it was
the most prevalent intervention in this cohort, and because of the increasing concern
about its overuse in women with symptoms of threatened preterm labour. Table 27
shows steroid use by the cutcomes of term delivery and sPTB or PPROM at <34 weeks’,
<37 weeks’ gestation and within 1 week of testing.

Tahle 27. Administration of steroids by spontaneous preterm birth {sPTB) <37, <34
weeks’ gestation and within 1 week of testing.

n (%) n {%) n (%) n (%) n %)
216 {24.0} 93 (74.4) 36 (90.0) 18 {90.0) 309 {30.2)
683 (76.0) 32 (25.6) 4 {10.0) 2{10.0) 715 {69.8)
899 (100) 125 {100} 40 {100) 20 (100) 1024 {100

Three quarters {74.4%) of women recruited to the study with TPTL resulting in PTB
received steroids. However, this was not necessarily within the crucial 7 day window

where the benefits are optimal. Reassuringly, 76% of women with TPTL but a term
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delivery did not receive steroids. Of the 32 women who delivered preterm, but did not

receive steroids, all were over 32 weeks, and 28 of them were over 34 wesks.

Regarding administration of steroids within the optimum 7 days before delivery
window, 90% of wamen (18/20) in TPTL who delivered within 7 days did receive
steroids. Of the two women who were not given steroids but did deliver within 7 days,
one was 32*3, and the other was 34" weeks. Of the women who did not deliver within
7 days, 71.0% (713/1004) did not receive sternids {Table 28), which was appropriate

management.

Table 28. Number of women given steroids by delivery within 7 days of administration.

n {%) n (%) n (%)
291 {29.0) 18 {90.0) 309 {30.2)
713 (71.0) 2 {10.0) 715 (69.8)
1004 {100) 20 100) 1024 (100}

TPTL test results appear to have influenced steroid administration. The NICE preterm
labour guideline {NICE, 2015} recommends steroids are given to symptomatic women
if they have a cervical length of less than 15 mm or a fetal fibronectin of 50 ng/ml or
mare. Approximately 85% of women were treated according to the guideline {Table
29) with 87.4% {181/207) receiving steraids, while 84.3% {683/817) with longer cervix
or lower fetal fibronectin did not receive steroids.

Table 29. Number of women given steroids according to NICE (2015} guidance {cervical
length {CL) 215mm or fetal fibronectin {fFN) <50 ng/ml).

h (%) n (%)} n (%)
128 (15.7) 181 (87.4) 308 (30.2)
689 (84.3) 26 (12.6) 715 (69.8)
817 (100) 207 {100 1024 {100)
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8.6.2. Repeated courses of antenatal corticosteroids

There is growing concern about the unnecessary administration of antenatal
corticosteroids, particularly when repeated doses are given. This is because there is an
increasing body of evidence of possible long term harm to the children {Asztalos et al,,
2014; Murphy et agl, 2008; Norberg et al, 2013). In the PETRA cohort, of the 1024
women where steroid administration status was known, 309 (30.2%) received steroids
on at least one oceasion. In 289 cases, they had received the full course {2 doses 12-24
hours apart). Reassuringly, only 14 women in this cohort required steroids for a
second episode of TPTL, and of these 11 were “rescue” doses, i.e. only one dose was
given, rather than the full course, as per American College of Obstetricians and
Gynecolagists {(ACOG) guidelines (ACOG, 2017). Three women had steroids three
times, two of which had “rescue” doses. This was probably because they had not
delivered within seven days of previous administration and the attending clinician felt

a further dose, or course, was advised.

166



1€ PhD Thesis 17/12/2018

8.7. Development and validatian the QUIPP app risk prediction algarithms

As explained in Section 1.8.3, the “training set” comprised all women included in the
QUIPP app development carried out in June 2017, while the validation set comprised
PETRA participants whose outcomes were gathered after this time point and were not
included in the training set. The master “training” dataset included symptomatic
women between 23*% and 34° weeks’ gestation, with and without risk factors. After
exclusions, 1173 observations from 1032 women with fFN test results and 229
observations from 204 women {with both fFN and CL) were available for analysis.
Twenty four sets of twins were included, where the first baby outcomes were used in

the analysis.

8.7.1, Participant characteristics of the training and vaiidation sets

None of the predetermined demographic factors affected prediction of sPTB. In
testing the model with the cohort of women who had both fFN and CL test results,
multivariate regression showed that only previous cervical surgery provided additional
predictive power to fFN and CL test results in women with symptoms of TPTL.
However, the compaosite of risk factors used in the asymptomatic prediction algorithm
for the QUIPP app {i.e. multiple pregnaney, history of sPTB or PPROM, late miscarriage
or cervical surgery) was tested to establish whether it affected the prediction in the
symptomatic model. There was little difference, so a decision was made to use the

carmposite of risk factars far the symptomatic algorithms for consistency.

167



1€ PhD Thesis 17/12/2018

Participant characteristics for each set are shown in Tables 30 and 31. The sets were
further split and analysed by groups of women who had had fFN, CL and both tests.
Whether differences are significant or not between the groups in training and
validation sets is not important. If they are too similar the test is not necessarily useful
in other cohorts. The best test would work in all situations with all cohorts (Altman and
Royston, 2000).

Table 30. Demographic characteristics of women in the predictive model training and
validation sets.

1032 506 15384
298 (57 298 (60) 299 {58
1025 506 1531
261 (59 260 (61) 261 {59
947 504 1451
313 (13.5) 302 (15.2) 301 {14.3)
1024 (%) 506 (%) 1530 (%)
562 (54.9) 326 (64.4} 888 {58.0}
70 {6.8) 33 6.5} 103 (6.7}
277 (27.1) 92 {18.2) 369 {24.1}
115 {11.2) 55 {10.9) 170 {11.1}

Sh=standard deviation; Bhi=Body Mass Index; IMD=index of Multiple Deprivation.
TNumbers in groups differ when data is missing.

Table 31. Major risk factors of wamen in predictive model training and validation sets.

n {%) n {%) n (%)}
158 (15.3) 83 (16.4) 741 {15.7)
74 (7.2) 34 (6.7) 108 (7.0}
79(7.7) 13 {2.6) 92 {6.0}
65 (6.3) 26 (5.1) 91 5.5
41 (4.0) 33 (6.5) 74 {4.8)

PTB=preterm birth; PPROM=prelabour pratarm ruptured membranes.
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As explained in Methods section 6.9.4, three algorithms were developed so that the

QUIPP app could be used in different scenarios, i.e. when a women has: i} fFN testing

alone, ii) CL measurement alone, or iii] both tests. Data were, therefore sub-divided

and are presented in these three groups. Tables 32, 33 and 34 {one table for each

group) show the similarity ar differences in fFN concentration and CL measurement

hetween the training and validation sets.

In the fFN group, data was included from

1,534 women having had 1749 fFN tests: 1,173 {from 1,032 women)] in the training set

and 576 (from 502 women]) in the validation set.

Table 32. Number of women by fetal fibronectin {fFN) concentration category for
training and validation sets in the group of women wha have had fFN test.

median*  [gquortifes)
5.0 {2.0, 26.0)
n (%)
704 (60.0)
128 (10.9)
118 (20.1)
72 {6.1)
59(5.0]
92 (7.8]

median® {quartiles)

8.0

{4.0, 44.5)
h {%)

317 {55.0}
£4(11.1}

61 {10.5)

36 (6.3)

40 {6.9)

58 f10.1}

20
RR

1.09
1.12
1.10
1.45
1.34

*medion is used as more appropriate than mean, as distribution of fFN is skewed.
RR = risk ratio os compared to reference group < 10 ng/mi.

(3.0, 1.0
{95% Ci}

(0.83-1.44)
(0.85-1.49)
(0.75-1,61)
(0.99-2.12)
(0.99-1.82)

<0.001
0.264

Overall the median of the fFN coneentration differed between the training and

validation groups. However, the proportion of women in each fFN category did not

differ significantly.
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In the CL measurement group, data was included from 336 women having had 344 CL

measurements. 229 (freom 204 women) in the training set and 155 (from 132 women)

in the validation set.

Table 33. Number of women by cervical length {CL) measurement category for training
and validation sets in the group of women wha have had CL measurement.

mean fsp) mean fsp)
25.2 {12.7] 25.7 {12.7) 0.54 {-2.1-3.23) 0.685
n (%) n (%) RR* (95% Ci) 0.377
56 {24.5) 36 {23.2)
418 {21.0) 42 {27.1) 1.17 {(L87-1.56)
125 {54.6) 7 {49.7) 0.99 {0.84-1.16)

*RR = risk rotio as compared to reference groug < 15 mm

The proportion of women in each CL category did not differ significantly between
training and validation sets. Where women had had both fFN and CL test, data was
included from 332 women having had 372 CL measurements. 229 (from 204 women)

in the training set and 143 {from 128 women] in the validation set.
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Table 34. Number of wamen in fetal fibronectin (fFN) and cervical length (CL)
categories for training and validation sets in the group of women who have had both
tests.

median® {nuartiles} median*  f{guartiles)
14.0 f4.0, 101.0) 32.0 {5.0,182.0) 3.0 {7.0, 8.0) 0.027

n (%) n (%) RR* (95% i) 0.433
99 (43.2) 57 {39.3)
24 {10.5) 9 {6.3) 0.70 f0.35-1.41)
24 (10.5) 12 (8.4) 0.89  (0.48-1.67)
23 {10.0) 15 {10.5) 1.11 f0.62-1.98)
21 {9.2) 18 {12.6) 1.37 (0.78-2.40)
38 ({16.6) 32 {22.4) 1.30 f0.88-1.91)
meaan fS0) mean {50}
25.2(12.7) 25.7 (12.8) 049  {-2.18-3.17) 6717
n (%) n {%) RR* (95% Ci) 0.446
56 {24.5) 34 {23.8)
48 (21.0) 38 (26.6) 1.14  {0.85-1.55)
125 {54.6} 71{49.7) 0.93 f0.83-1.15)

*RR = risk ratio as compared to reference group <10 ng/m! for fEN and reference group < 15 mm for €L

Again, overall the median of the fFN concentration differed between the training &
validation groups. However, the proportiocn of women in each fFN category did not
differ significantly between training and validation sets, and neither did the proportion

of women in each CL category.

8.7.2. Comparison of outcomes in the training and validation sets

The prevalence aof cutcames of spontaneous preterm birth at 30, 34 and 37 weeks’
gestation, and at or less than 7 and 14 days of test for cach of the test groups, and

between training and validation sets are shown in Tables 35, 36 and 37.
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Table 35. Number of tests in the fetal fibronectin test group with outcomes by training
and validation set and spontaneous preterm birth (sPTB] at less than 30, 34 and 37
weeks’ gestation and within 1 and 2 weeks of testing.

Training set Validation set
Total n=sPTB {%) 5% 1 Total n=sPTB {%) 95%
574 22 {3.8) 2.4-5.7 272 103.7) 1.8-6.7
1066 &0 (5.6) 4.3-7.2 520 26 {5.0) 3.3-7.2
1173 144 {12.3) 10.5-14.3 576 68 (11.8) 9.3-14.7
1173 15(1.3) 0.7-2.1 576 13 2.3} 1.2-3.8
1173 38(3.2) 2.3-44 576 18 (3.1) 1.9-4.9

Tabla 36. Number of tests in the cervical length group with outcomes by training and
validation set and spontaneous preterm birth (sSPTB} at less than 30, 34 and 37 weeks’
gestation and within 1 and 2 weeks of testing.

Training set Validation set
Tatal h=sPTB {%) 95% O} Total n=aPTB {%) 95% O
147 17 {11.6) 58-17.2 92 a(9.8) 4.6-17.8
214 41(29.2) 14.1-251 150 17{11.3) 6.7-17.5
229 69 (30.1) 34.3-365 155 32 (20.6) 14.6-27.9
229 8 {3.5) 1.5-6.8 155 7 (4.5) 1.8-9.1
229 21{9.2) 5.8-13.7 155 8 (5.2 2.3-5.9

Table 37. Number of tests in the fetal fibronectin test and cervical length group with
outcomes by training and validation set and spontaneous preterm birth (sPTB) at less
than 30, 34 and 37 weeks’ gestation and within 1 and 2 weeks of testing.

Training set Validation set
Total n=sPTB (%] 5% ¢} Total n=sPTB {%) 95% (}
147 17 (11.6) £.89-17.9 83 & (5.6) 4.3-18.1
214 41 {13.2) 14.1-25.1 138 16 {11.6) 6.8-15.1
229 69 {30.1) 24.3-365 143 31(21.7) 15.2-29.3
229 2/3.5) 1.5-6.8 143 7 {4.9) 2.0-9.8
229 21{2.2} 5.8-23.7 143 8 (5.6) 2.4-10.7

*some women wers recruited after 30 weaeaks therefare not included here.
**some women were recruited after 34 weeks therefare not included here.
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As demonstrated by the 95% confidence intervals shown an these tables, the
prevalence of the outcomes in the training and validation sets is similar in all test

groups. This is confirmed by the overlap of confidences intervals in all outcomes.

8.7.3. Predictive statistics

The prediction models created generated formulae that provide individual risk scores
dependent on risk factors and test results {Appendix 17.5). Predictive statistics were
calculated using a % risk of 25% as an indication of a positive test. Tables 38, 39 and 40
show predictive statistics when the algorithms are tested on both the training and
validation set, by test group {fFN, CL and fFN+CL]) for prediction of sPTB at less than 34,

34 and 37 weeks' gestation, and within 7 and 14 days post-test.
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Table 38. Predictive statistics for spontaneous preterm birth {sPTB) at less than 30, 34

and 37 weeks’ gestation and within 1 and 2 weeks of testing in the group of women

with fetal fibronectin {fFN) tests by training and validation set.

30wk

81.8%

90.0%

92.9%

90.8%

87.38%

90.42%

11,58

9.83

0.20

011

31.6%

27.3%

99.2%

99.6%

25% Cf

{59,7-
94, 8%)
{55.5-
59.7%)

{90.5-
54.9%)
{86.7-
94.0%]

(76.66-
93.58%)
175.96-
96.57%)

(8.07-
16.62)
(6.37-
15.16)

(0.08-
0.47)
{0.02-
0.71]

{19.5-

45.2%)
{13.3-
45.5)

{98.0-
99.8%}
(97.7-
100%)

34 wk

80.0%

84.6%

74.2%

70.9%

77.08%

7773%

310

2.80

Q.27

0.22

15.6%

13.3%

98.4%

98.9%

95% {1

(67.7-
89.2%)
{65.1-
35.6%)

(71.3-
76.8%)
{66.6-
74.8%)

{71.41-
91.91%)
{69.54-
84.22%)

(2.63-
3.65)
{2.34-
2.60)

{6.16-
0,45)
{0.05-
0.54)

{11.7-
20.1%)
18.5-
19.4%)

{97.3-
99.2%)
[97.1-
$8.7%)
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37wk

RB2.6%

20.9%

62.7%

56.9%

72.66%

68.89%

221

1.88

0.23

0.34

23. 7%

20.1%

96.3%

95.7%

95% ci

{75.4-
88.4%)
{65.5-
85.4%)

{55.6-
65.6%)
{52.5-
61.2%)

{68.98-
76.05)

(63.28-
73.69%)

{1.5-
2.47)
{1.61-
2.19

{0.19-
0.40)
{0.20-
0.55)

{20.0-
27.6%)
{15.5-
25.3%)

{94.5-
97.6%)
{92.8-
97.7%)

1wk

73.3%

53.8%

94.0%

92.0%

83.64%

72.93%

12,13

6.74

0.23

0.50

13.6%

13.5%

99.6%

98.9%

5% ¢l

{44.9-
92.2%)
125.1-
80.8%)

{92.4-
85.3%)
{89.5-
94.1%)

{68.78-
92.23%)
(56.27-
84.94%)

{8.29-
17.75)
(3.79-
11.98)

{0.13-
0.66)
10.28-
0.90)

{7.0-
23.0%)
{5.6-
25.8%)

199.1-
99.9%)
{97.5-
99.6%)

2wk

8l.6%

831.3%

B6.6%

84.2%

84.09%

B83.78%

6.09

5.28

0.21

0.20

16.9%

14.6%

99.3%

99.4%

95% 1

(65.7-
92.3%)
(58.6-
96.4%}

(84.5-
88.5%)
(30.9-
57.2%}

{76.81-
89.41%)
{73.07-
91, 77%)

(4.93-
7.53)
{3.90-
7.00)

(0.11-
0.42)
{0.07-
0.56)

{11.8-
23.2%)
(8.4
22.9%}

{98.5-
99, 7%}
(98.2-
99.9%}
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Table 39. Predictive statistics for spontaneous preterm hirth {sPTB} at less than 30, 34
and 37 weeks’ gestation and within 1 and 2 weeks of testing in the group of women
with cervical length {CL) by training and validation set.

30wk 95% ¢ 34wk 95%c 37wk 95%cC 1wk 5% O 2wk  95% O

(71.3- 180.1- (94.8- [47.3- (581
34.1% 35.5) 32.7% 38.5%) 100% 100%) g7.5% 93.7%} 81.0% 94.6%}
(51.8- ., 180.5- (85.1- [18.4- (34.5-
883%  goge 0% gopey  00% janey TR gpam TPO% g pe
(55.0- 128.7- . (4.2 175.2- (60.0-
638% Loy R oy BP0 g35qy  BLOR grgyy  BBE¥ Lo on
(50.1- 126.6- . 12 3- 176.5- (540
6La%  Zigwp  4P% azzey PP qpamy BV gqazg O3% 0 7w
(69.94- {56.75- (47.19- 158.68- {63.78-
1], 0, 0, £,
P8IV osgemy  OHIH 7o 3¢y DM pogewy AU ghacsy 3B g gvmy
160.75- (57.50- L (43.43- 145.69- {51.77-
AT gsssw) 672 g5 apmy SIE% gr06m) OTTER g3a5e) ST g5 30
(2.01- 11.25- (1.04- (3.16- 11.84-
260 gay MM e Y8 gy 480 sy M 5oy
(1.61- 1.35- (1.02- (1.30- (1.30-
st o0 s 00 wee OUR 2e (T 200 OO0
(0.01- 10.07- [0.02- (6.12-
oo O oo U oo i 015 o e GRS
(0.03- ] _ 10.23- (0.12-
018 o0 0w 0.00 oss o o4 G
[15.3- 118.7- (25.8- 15.9- L (120
DA% e PO z3as % 3gesy % s7ae % 200
L {91 Y o 153 . B . pe
00% Do 163% 00 ae [0 waw o PR w0
{93.5- 187.1- ¢75.3- (96.5- (93.0-
BEX joom) M ggpm 0% ppe Y gpow PT® ogow
(89.7- o fe23 (59.0- (92.8- L (926
9B1% oo 100% Lo weow DO ensw O enew ot

175



1€ PhD Thesis 17/12/2018

Table 40. Predictive statistics for spontaneous preterm hirth {sPTB) at less than 30, 34
and 37 weeks’ gestation and within 1 and 2 weeks of testing in the group of women
with bath fetal fibraonectin {fFN) and cervical langth {CL]} by training and validation set.

0wk 95% 4 34wk 25% O 37wk 95%C 1wk 95%CI 2wk 95% )

(80.5- (80.1- . (85.8- . {63.1- (58.6-
100%  gp0m)  27* ggswr CM% ggayy 199 ook 205* ggay
(63.1- (60.8- (88.8- {42.1- (63.1-
40, i, i,
100% 100%) 33.8% 99.8%) 100% 100%] 85.7% 95.6%) 100% 100%)
(59.7- (37.0- (10.9- (72.7- (62.5-
0, 0,
683%  Jegw) M saom 183% pamy BT gagw) 59 oo
(48.0- {30.6- {9.8- {67.6- {52.2-
0, n,
60.0% 71.1%) 39.3% 28.6%) 16.1% 24.2%) I5THR ey 73%) b0.0% 68.3%)
{77.72- {61.40- {48.37- (23.77- (71.41-
84.23% 211 %) 68.60% 74.99%) 52.23% 61.89%) 83.37% 91.19%} 79.85% 86.28%)
{69.22- {55.66- {48.82- {63.55- (70.46-
80.00% 87.68%) 56.35% 75.915%) SBO% s 72%) 80.72% 90.96%) 80.00% 87.03%}
(2.46- {1.43- {1.03- {3.65- {2.30-
317 1.08) 1.67 1.96) 1.12 1.23) 470 6.06) 2.94 3.76)
(1.89- (1.28- (1.16- {2.31- {2.03-
2.50 250 1.55 1.87) 1.19 1.20) 3.53 5.40) 2.50 3.07)
{0.05- (0.13- f0.04-
0.00 . 8.16 0.49) 0.36 0.95) 000 . 8.14 0.52)
{0.02- {0.03-
0.00 0.16 1.07) 0.00 0.19 1.16) .00
. (18.1- {20.9- . (26.2- {6.5- {14.4-
23% g 7%) 28.4% 36.8%) 27% 39 7%) 143% 5 7%) 22.9% 33.4%)
. (9.6- {3.8- . (17.5- {5.9- {5.7-
1% arzm I gpauy PP az30p BB gpsey 129% 5304
. (95.9- (29.4- . (69.3- . {97.9- {95.1-
100% 3 ooa 96.3% 99.25%) 86.7% 36.2%) 100% 1005 5% ggau
(92.3- (89.1- (81.5- (94.3- . {95.5-
100% 100%) 98.0% 99.9%) 100% 100%) 99.0% 100%) 100% 100%)
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Tables 39 to 40 show a reasonable similarity between the training and validation sets
at most outcome time points and for each of the test (fFN, CL, fFN+CL) groups. In the
fFN group (the largest group] the ability of the algorithms to predict sPTB at less than
30 weeks’ gestation appears to be most impressive with, in the validation set, a
sensitivity of 90.0%, specificity of 90.8%, a positive likelihood ratio (LR+) of 9.83, a
negative likelihood ratio {LR-} of 0.11, positive predictive value (PPV] of 27.3% and a

negative predictive value (NPV) of 99.6%.

While the balanced accuracy statistics noted in Tables 339 to 40 above reflect the
balance of sensitivity and specificity using the 5% risk cut off, the ROC curves shown in
Figures 23, 24 and 25 indicate overall test performance, using validation set only, at all

percentage risks {i.e. without using 5% as a cut off for positive test).
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Figure 23. ROC curves showing QUIPP app prediction of spontaneous preterm birth {sPTB) at less than 30, 34 and 37 weeks” gestation and
within 1 and 2 weeks of testing in the group of women with fetal fibranectin (fFN]) test results in the validatian set.
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Figure 24. ROC curves showing QUIPP app prediction of spantanaaous preterm hirth {sPTB) at less than 30, 34 and 37 weeks’ gestation and
within 1 and 2 weeks of testing in the group of women with cervical length (CL) in the validation set.
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Figure 25. ROC curves showing QUIPP app prediction of spontaneous preterm birth {sPTB) at less than 30, 34 and 37 weeks” gestation and
within 1 and 2 weeks of testing in the group of women with both fetal fibronectin (fFN) and cervical length {CL) in the validation set.
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Far the fFN test group, the AUC far predicting sPTB at less than 30 weeks’ indicates
good prediction, at 0.9634, with similarly impressive AUCs for predicting sPTB at less
than 1 week and 2 weeks post-test. Confidence intervals here are also relatively
narrow which means it is very likely that similar results would be seen in a similar

population (Takles 41).

Table 41. ROC curve statistics table showing QUIPP app prediction of spontaneous
preterm birth {sPTB} at less than 30, 234 and 37 weeks' gestation and within 1 and 2
weeks of testing in the group of women with fetal fibronectin {fFN) test in the
validation set.

n AUC  Std Err 25%C!
272 09634 0.0128 {0.93821-0.88851)
520 0.8500 0.0353 (0.78063-0.31325)
576 07711 0.0307 {0.71088-0.83127)
576 09147 0.0224 {0.87080-0.95869)
576 0.91%0 0.0222 (0.87541-0.96250)

The risk prediction algarithm using cervical length appears to perform bhest at

prediction of sPTB < 30 weeks, but this is inferior to the fFN test (Table 42].

Table 42. ROC curve statistics table showing QUIPP app prediction of spontaneous
preterm hirth {sPTB} at less than 30, 34 and 37 weeks' gestation and within 1 and 2
weeks of testing in the group of women with cervical length {CL) in the validation set.

h AUC  Std Ery 95%L!

92 0.8568 0.0731 {0.71357-0.99925)
150 0.7935 0.0534 (0.68885-0.89805)
155 07175 0.0503 (0.61894-0.81602)
155 0.6950 0.1274 (0.44531-0.94465)
155 0.7279 0.1137 {0.50505-0.95G73)
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When hoth test results are combined, the prediction improves, but is inferior to fFN

alone at all time points {Table 43].

Table 43. ROC curve statistics table showing QUIPP app prediction of spontaneous
preterm hirth {sPTB} at less than 30, 34 and 37 weeks' gestation and within 1 and 2
weeks of testing in the group of women with both fetal fibronectin (fFN) and cervical
length (CL) in the validation set.

33
138
143
143
143

AUC
0.9533
0.83308
0.7307
0.8750
0.8889

Std Err 95%C]

0.0276  (0.89914-1.00000}
0.0520 (0.72912-0.93277)
0.0512 (0.63040-0.83101)
0.0555 (0.76623-0.98377)
0.0491 (0.79264-0,98514)

8.7.4. Risk prediction using resuits of fFN test alone, CL alane and hoth test

resufts

In addition to development of the risk assessment tool, a primary aim of the PETRA

study, further objectives included exploring the added value of CLin a UK setting. This

was investigated by creating ROC curves and comparing areas under the curve {AUC] in

the validation set of women who had had both tests for difference outcomes, i.e. sPTB

at less than 30, 34 and 37 weeks’ gestation, and at 1 and 2 weeks following the test

(Figure 26 and Tables 44 to 43).
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Figure 26. ROC curves showing ability of QUIPP app to predict spontaneous preterm
birth {sPTB] at less than 30, 34 and 37 weeks' gestation and within 1 and 2 weeks of
testing in the group of women with both fetal fibronectin (fFN} and cervical length (CL)
in the validation set, based on fFN alaone, {1 alone, or combination of both tests.
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Table 44. Significance test comparing area under the ROC curve {AUC) between QUIPP
prediction of spontaneous preterm birth {sPTB) at less than 30 weeks’ gastation, using
fetal fibronectin (fFN) test alone, cervical length {CL} alone, and both tests.

AUC  5td Err 95%(l Prachi? **
09533 Q.0276  {0.89914-1,00000) standard
09067 0.0384 {0.83148-0,98185) 0.1437
0.8483 0.0731 {0.69327-1.00000) 0.1714

*number of observations. Some women were recruited at later gestations.
** Pr>chi2 test of significance

Table 45. Significance test comparing area under the ROC curve {AUC) between QUIPP
prediction of spontaneous preterm birth {sPTB) at less than 34 weeks' gestation, using
fetal fibronectin (fFN) test alone, cervical length {CL) alone, and both tests.

AUC  Std Err 95%C! Prochi? **
0.8308 0.0520 {0.72912-0.93277) standord
0.7833 (.0622  (0.66146-0.890514) 0.6945
0.7894 0.0545  (0.68265-0.89623) 0.3534

*number of ohservations. Some womean were recruited at later gestations.
**Prochi2 test of significance

Table 46. Significance test comparing area under the ROC curve {AUC) between QUIPP
prediction of spantaneaus preterm birth {sPTB) at less than 37 weeks’ gestatian, using
fetal fibronectin (fFN) test alone, cervical length {CL) alone, and both tests.

AUC  Std Err 95%() Prochi?*
0.7307 0.0512  f0.63040-0.83101) standard
0.6921 0.0528  f0.58859-0.79563) 0.2406
0.7182 0.0509 (0.61911-0.818567) 0.7446

* Prochi2 test of significance
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Table 47, Significance test comparing area under the ROC curve {AUC) between QUIPP
prediction of spontaneous preterm hirth {sPTB) within one week of testing, using fetal
fibronectin (fFN) test alone, cervical length {CL) alone, and both tests.

AUC  Std Err 95%(! Prachi?*
0.8750 0.0555 {0,76623-0,98377) standard
0.8925 0.0418 {0.81089-0.27483) 0.6475
0.6975 0.1262 {0.45017-0.94479) 0.0199

*Pr=chi2 test of significance

Table 48. Significance test comparing area under the RQC curve {AUC) between QUIPP
prediction of spantaneous preterm birth (sPTB) within two weeks of testing, using fetal
fibronectin (fFM) test alene, cervical length {CL] alone, and both tasts.

AUC  5td Err 95%(! Prochi?*
0.8889 0.0481 f0.79264-0.98514) standard
0.9037 0.0362 (0.83266-0.97475) 0.6687
0.7306 0.1126  {0.50978-0.95133) 0.0219

* Pr=chi2 test of significance

Although the addition of CL to fFN appears to be useful, the significance tests as shown
in Tables 44 to 486, indicate there is no difference hetween the tests or comhbination of
hoth tests for predicting sPTB at 30, 34 or 37 weeks. However, at 1 and 2 weeks post-
test, fFN alone appears to be the best predictor although not statistically different
from combined fFN and CL. CL alone, however, has reduced ability to predict sPTB,
with AUCs of 0.6975 and 0.7306, respectively (Tables 47 and 48). The number of
wamen in this cohort having both tests was small {particularly so for prediction of sPTB

at less than 30 weeks) so these results must be interpreted with caution.
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8.7.5. Review of PETRA cohort participants with sPTB < 30 weeks

The ROC curves demaonstrating the QUIPP app's ability to predict sPTB < 30 weeks
appear to be particularly useful, both the in fFN group validation set {AUC 0.963, 95%
Cl 0.938-0.989) and the fFN+CL group {AUC 0.953, 95% Cl 0.899-1.000). In order to
confirm these findings, a review of all PETRA cohort participants with sPTB < 30 weeks
was carried out, including individual caleulation of their % risk of delivery using the

QUIPP app. Table 49 shaws the results of this investigation.

Seventeen women in the full PETRA cohort had sPTB < 30 weeks. The QUIPP app
predicted risk of sSPTB <30 weeks to be 25% in all cases. In two cases {5766 and 7132)
fFN was <50 ng/ml, the commonly accepted thresheld under which reassurance is
given. However, in both cases, the CL was short, and the risk of delivery was calculated
at aver 5% for delivery at less than 30 weeks and within four weeks. This means that
using the app to guide practice, using a threshold of 5% for recommending

intervention, would be safe and unlikely to result in false reassurance.

Three women (5193, 5740 and 8928) delivered within one week with a QUIPP % risk of
less than 5% within one week, but aver 5% within two weeks. In one of these cases
(r928) a CL of 29 mm was recorded alongside an fFN of 465 ng/ml. In this case, QUIPP
% risk calculated with the fFN alone increased the risk to 6.6% for sPTB <1 week. This
demanstrates the importance of maintaining clinieal judgement in the final decision
and perhaps considering the % risk for sPTB <2 weeks, rather than one week, at these

aarlier gastations.
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Table 43. Individual QUIPP % risk calculations far PETRA cohort participants with spontaneous preterm birth {sPTB) at less than 30 weeks'
gestation, including risk status, test results, interventions, gestation at, and interval to, delivery with QUIPP % risk scores for prediction of
sPTB at < 30 weels’ gestation and within 1, 2 and 4 weeks of testing.

Gestation at " Gestation at Visit to del.
: .. s | B . . UIPP app % risk of sPTB at
D High visit qffN | CL | Outcome | £ 3‘ delivery interval Q PP
Risk* ng/ml | mm of visit § 2
weeks | days = | Y | weeks | days | weeks | days | <30 wks <lwk | <2wks | <4dwks
4020  Yes 26 o 104 0 Admited X v 29 1 3 1 41.9 10.1 20,7 419
4239  Yes 27 3 290 5 Admited X v 29 4 2 L 44.1 18.9 35.7 61.8
a770  No 25 a 431 O Admited X v 29 5 a 1 62.5 16.7 32.2 58.0
4843  Yes 28 0 51 3 fj{:: ':‘,’;”’ X v 29 2 1 2 15.6 7.4 15.6 33.0
5193  No 28 3 269 d”;z Admitted X v 29 1 0 5 5.3 3.2 7.0 15.7
5543 Yes 29 a 500 O Admited TR 29 6 0 ? 17.1 35.8 59.5 84.5
5694  Yes 24 1 419 O Admited X v 27 3 3 2 84.4 22.6 417 69.4
5740  Neo 25 5 332 7% Adiitred XV 26 1 0 3 17.7 3.2 7.0 16.2
5766 Yes 24 2 43 4 Admited vV 28 6 a 4 33.8 3.7 B5 71.0
5879  No 25 3 294 8  Admitted XV 25 5 0 2 34.7 6.1 13.3 29.8
6551 Ne 27 4 464 c:;; Adrnitted i Y 27 B 8] 2 246 10.3 20.4 39.3
6627  MNo 23 1 359 S Admited X v 24 G g 6 55.2 5.9 12.0 29.9
6699  Yes 26 1 T 17 adwied  x V28 6 2 5 16.5 3.5 7.6 17.6
6901  No 24 a 306 3 AN,y 27 3 2 6 47.4 7.3 15.7 34.1
folfow up
6928 Mo 24 1 465 29 Admitted XV 24 a 0 3 8.4 2.6 5.2 16.2
7132 Yes 23 6 31 18 f‘”m" SR 29 1 5 2 13.4 0.7 1.9 5.9
fallow up
7148  No 24 1 105 6 Admived X v 26 1 2 3 17.0 1.2 3.0 2.8

*Migh risk=nistory of preterm hirth or prefobour preterm ruptured membranes ot jess thon 37 weeks” gestation, or lote miscarriage in previous pregnancy, or cervical
surgery
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9. Results 2: QUIPP app users study

Findings from the QUIPP app users study, where clinicians were asked to express their

views, are presented below.
9.1. Participant characteristics

Ten QUIPP app users agreed to be interviewed. Participant characteristics are shown
Table 50). Of the 10 participants, 7 were Consultant Ohstetricians, ene described their
grade as ST5 and two were ST4. All were membaers of the UK Preterm Clinical Netwark.
Years of experience making management decisions in respect of women at risk of
preterm birth ranged from 3 to 23 years {median 13 years), and the number of months
using the QUIPP app ranged from 9 to 28 (median 18 months). The majority used the

app every week in managing the care of selected women.

Table 50. Participant characteristics of PETRA QUIPP app users study.

Study Grade Years making Months using  How often do you use the
ID. PTB the QUIPP app?

management app?

decisions?
cQool 574 3 18 Every week, selected women
caQon2z STS 5 13 Every week, selected women
£ano3 Consultant 20 18 Once a month, selected

women

Capo4 Consultant 19 9 2-3 times a month
Cados sT4 5 28 Every week, selected women
CQoos Consultant 8 18 Every week, selected wamen
Ca0Q7 Consultant 6 14 Every week, selected women
CQpo8 Consultant 23 18 Every week, seleected women
Ca009 Consultant 18 28 Every week, selected women
€ao10 Consultant 20 28 Every week, selected women

9.2. Positive elements identified by users

All participants said they had, and would continue to recommend, the QUIPP app to
colleagues. The themes emerging from data relating to questioning as to what they

liked about, or saw as positive attributes of the app, included: reassurance for women,
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clinical management assistance and how the app provides both ohjective and

simplified risk assessment.

9.2.1. Reassurance for women

Many users spoke about how they found the app very useful in reassuring wormen who
were very anxious. In addition, being able to show her the % risk based on her test

results made it easier to explain and reassurance was more readily accepted.

[do you think that helps them to accept what you're saying to
them?]...”yeah, and | think it gives them canfidence... and that's why | do it
4 weeks befare the earliest fprevious] delivery, because at the time when
women are really starting to worry, and they come in, and we risk gssess
them, and let them know, you know, and | think they find it very reassuring.

! know they find it very reassuring.” [CQ003]

“.. it’s gnother instrument to help inform the conversation between yourself

and the women who moy be very worried about things.” [CQ003]

"I guess the things that 1 use it for mastly are just straight off reassurance
for the woman_..it allows me to reassure women in a number of ways ...
some women will just be really anxious about getting past 30 weeks
becouse they hod o baby at 29 weeks. So therefore | look ot the app and
soy ‘ok, actually 90% of women will defiver more than 30 weeks’ and then

they feel happy." [CQ001]

“ think it’s fairly regssuring fto see something simple]. Most women are
reassured even if it's ...even if they are quite high risk actually. Actually
even quite high risk women normally the risk is only around 5% or

something like that, that actually puts it into perspective.” [CQ002]
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9.2.2. (Clinical management assistance

Users found that using the app helped them with making clinical management

decisions, and this could reassure them that intervening at this point was unnecessary.

“.. 1 think it hos two benefits. Firstly by helping the doctor make difficult
decisions, but afso for explaining risk, and I think those two aren’t

necessarily the same thing.” [CQO02}

“The waman can see either before the weekly threshold or ... weeks in
nregaancy, or weeks from the test. There's guite o lot that you con point to
that is reassuring, and avoids the need for haspitalisation or steroids, or you

know, other sort of interventions that ane is keen not to use.” [CQO03]

“t think it stops doctors overreacting.” [CQO02]

“..ond it mokes me think about monogement decisions in a way that you
maybe wouldn’t before, because , you know, whot'’s g percentoge risk of
giving hirth rather than, vou know, what’s their fibronectin level. It makes

me think about what percentage risk, would | want to do X, Y or 2.7 [CQO05]

9.2.3. Objective risk assessment

Participants described how the felt the app provided risk assessment that supported

their clinical judgement in more objective way.
“..0t's useful I think for women to octually see it on an objective calculator

rather than just, you know, me telling them. | think it makes it more

helievable.” [CQOO5]
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“..and aiso with the confidence that thot is based on something, rather than
the clinicion on the day saying ‘'m worried” or the potients reolly worried,
because actually it is our responsibility really to be worried or not worried

and not be guided ... not be fully gquided by the patient’s worry.” fCQ001]}

"It lends weight to your clinical judgement, ond thot’s ... your cfinical
judgement is from the woman's point of a view o qualitative subjective
expert assessment, but something thaot states in block and white an
chsolute percentage tends to reinforce that or it tends to incarnate that

sentiment... [something solid?]... Yes thaot's right.” [CQ003]

9,24, Simplified risk assessment
Another benefit participants spoke about was the way the risk assessment tool
reduces the combination of risk factors and test results into a simple % individual risk.

“there are a number of different factors going on here ... continuous
variables and that sort of thing ... fetal fibronectin and the length of the
cervix as well... Yeah, so it puts it in to the one thing to take home the

message”. [CQO02]

“. . with the serial ones fwoamen having repegt appaintments] they can see

that's going up or down more easily.” [CQO08]

“I think it’s exceifent because it actually gives vou ... it integrates fetal

fibronectin with cervical length.” [CQO07]

9.2.5. Simpie and easy to use

A number of users commented that a very positive feature was the app’s simplicity

and ease of use:
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“Very simple. Really, really simple and reclly guick.” [CQO08]

“..it's very easy to use because you just plug in the details and it gives yvou

an immediate risk.” JCQ0O7]

“The main thing 1 fike is it’s easy. So it's not that many clicks and it gives

yvou a number”. [CQOG4]

9.3. Limitations and suggestions for improvement

9.3.1. More definition of risk factors

Some users stated that they thought the risk factors could be more specific. For
example, they would like to be able to denote how many previous preterm births a
waman had experienced, and at what gestations, as a woman whao had had a number
of early preterm hirths was likely to be at a greater risk than one who had had one
previous preterm birth at 35 weeks. One participant pointed out the range of different

invasive cervical surgery methods and that it may be useful to be able to stipulate this.

“...If we could expand on the risk factors o bit more it might be more useful...
how many previous preterm and what wos the earliest, or what were the
gestations ... | suppose the statisticians will have to see whether or not it

turns out to be important.” [CQOD9}

“It doesn’t take into account more than one preterm birth...the other thing
is, it doesn’t distinguish between different forms of cervical surgery.”

[€Qoos]
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9.3.2. More options for entering single or combined test results

Several users highlighted the fact that not all preterm clinics are able to use gffN
testing with all wamen, so they would like the app to be more flexible and be able to

give results basad on either gfFN or TVS CL alone, or a combination of both.

“Most preterm clinics | think oll do a cervical length but they don't all use
fetal fibronectin, so it would be useful if they could just go on cervical

length.” [CQO01]}

“We tend to use transvaginal scans as our primary screening test. The use
of fibronectin is generally restricted to women beyond 24 weeks [so being

ohle to use it with CL only would be useful} ....” [CQ003}

Although one participant was concerned that restricting the algorithm to one test

might undermine the predictive value:

“.Lyou could do the gpp with just cervical length, {but] vour margins of
error ore going to be huge and I think that would ploy on the good name of

the app.” [CQOO8]

9.3.3. Comparison with background risk

One user thought it was impartant to be able to contextualise the woman’s individual
% risk with the background risk and that this would help the high risk woman to put

her situation into perspective.

“t think for women it's quite useful for them if you can just eyeball it and say
‘well this would be o background risk in o populotion who don’t have risk

factors for preterm labour, where your risk relative to this is this’.” [CQ007]
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9.3.4. Access to validation information

A number of users said they would find it reassuring if they were able to instantly

access, through the app, information ahout the validation.

“It would be quite useful to maybe have g page somewhere where or button
far information or something that you could press so that you could see

what that validated data is just to give you extra confidence.” [CQOGY]

“[1 woulid fike it to show] just haw many women are in the databose that

forms that data”. {[CQO0S]

“It would be good if we hod a bit inore information on it about how it's been
validated and whot, you know, how many ...I"'m not reolly, really briifiont ot
keeping up with, um, all the literature so | wouldn’t know how often it’s
been updated from the paint of view of how many patients are in at the

back end.” [CQ004]

9.3.5. links to management guidelines

Several users felt the app could be used to provide guidance, dependent on results, or

at least links to other saurces of infarmation, such as NICE guidelines.

“..if we had some sort of protocol for management pathways and, you
know, even just links to, you know, NICE guideiines or our sort of protocols

in prem clinic according to risk.” fCQ005]

“It would just be o flog... So you know how for example... if you put "bulging
membranes’ a thing pops up that says ‘are you going to consider a rescue
stitch in the patient?...or vou could have something thot said ‘given the
gestation of this patient are you going to consider ... 2... [or]..think about

this and taik to the consuftant”.” [CQ001]
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Not everyone agreed with this, hawever:

“t think [building in management guidance] is an option but | think you need
to leave it up to clinicians and women, because | think it depends on their
situotion, Becouse o 4% risk to one lody in one context is different to

fonother’s}.. 'm not sure thot's necessary.” [CQ002}

9.3.6. Ability to provide feedhack on the app.

The currant versian of the app does not allow users ta provide feedhack, and this was

noted by one participant as a potential improvement.

“ think it is really important that the new version should have feedbock...

feedback of people who are using it.” [CQG02]

9.3.7. Availability for android devices

It was noted that the availability of app would be improved if it was available for

android phones and not just through the Apple stare.

“Interestingly one of my colleagues actually phoned me because they ..were
struggling to download it. | don’t know why they were struggling, but they
basically just gove me the measurements and | put it into my version of the
opp.../we ore working on it being on android if that was the problem]... |

think that might have been the issue.” [CQOO7]

“ think that your android version is a bit needed though.” [CQ001]

135



1€ PhD Thesis 17/12/2018

9.3.8. Additional information on interventions and outcomes

One participant said he would like to be able to note whether a woman had undergone
an intervention to reduce her risk of preterm birth, such as cervical cerclage or
progesterone therapy, which might affect her risk. Another suggested that the app
could be used to collect information on ocutcomes, possibly even by the women
themselves whao could be given access to complete them. This extra data could be

used for further revisions to the predictive algorithms.

9.4, Visual illustrations of risk

All users indicated that their preferred risk illustration was, by far, the icon array with
women {card A, Figure 14, page 135). Where they expressed further preferences the
icon array with dots {card C) came in second place with one clinician stating the donut

chart {card B) would he their second chaice.

All were happy using percentages themselves but some indicated that they felt that
not all women found them easy to understand and that they often converted the
percentage risk into number in 100, or another denominatar that they felt the woman
would be most likely to understand (e.g. out of the number in your class, on a bus,

chances of winning the lottery etc.).

Many indicated they would individualise the way they described the risk to the waman

and this may depend on her background risk, previous history and anxiety levels.

Data collected in the women's experience study suggests that the women also favour

the icon array with women {card A) the most, followed by the percentage (card E) and
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the donut chart {card B). The clinicians, however, seemed to favour the icon array-
women only, and felt that if the women were struggling to understand a percentage,

the other “mathematical” charts would not help.
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10. Results 3: Women's experience study

10.1. Participants
Data saturation was achieved after 19 women had been interviewed. Eleven were low
risk for preterm birth, while eight were high risk {e.g. with a history of preterm birth or
late miscarriage). Seven aof the eight high risk wamen had experienced previous
preterm birth or late miscarriage, and one had a twin pregnancy. Eleven women were
admitted because of their symptoms and test results. A summary of participant
characteristics is shown in Table 51 while individual participant profiles are shown in

Tahle 52.

Table 51. Summary of PETRA gualitative study showing number of
participants by age group, ethnicity, parity, risk status and whether
admitted for threatened preterm labour {TPTL) (n=19).

Age Range
>20 1 5%
20-24 1 5%
25-29 3 16%
30-34 4 21%
35-39 7 37%
40-44 1 5%
45+ 2 11%
Ethnicity
Black African 7 37%
Black Caribbean 2 11%
White British 7 3%
White Other European 3 16%
Parity
Multiparous 7 37%
Primiparous 12 63%
Risk status
No risk factars 11 58%
Other risk factors 1 5%
Previous PTB/late misc. 7 37%
Admitted for TPTL
Mo 2 42%
Yes 11 58%

128



1€ PhD Thesis 17/12/2018

Table 52. Profiles of PETRA qualitative study participants showing admission for threatened
preterm labour {TPTL), age group, ethnicity, location of interview, parity and risk status.

Study ID

01_4020

02_4355

03_4410

04_4492

05_4258
06_4658
07_4789
08_4770
09_5222Q
10_5864Q
11_6237

12_6239

13_6253

14_6317

15 5991

1l6_6382

17_6338

18_6174

19_6322

Admitted Age
for TPTL  group
Yes 19 and
helow
No 35to 39
Yes 25t0 29
Yes 30to 34
No A0to 44
No 30to 34
Yes 30to 34
Yes 30to 34
Na 20to 24
Yes 35t0 39
Ves 45 and
over
No 25to 29
No 35to 39
Yes 35to 39
Yes 25t0 29
No 45 and
aver
No i5to 39
Yes 35to 39
Yes 35to 39

Ethnicity

White
British

White
Other
European

Black
African

White
Other
Eurcpean
White
British
White
British
Black
Caribbean
Black
African
White
British
Black
African
White
British
Black
African
White
Qther
European

White
British

Black
African

White
British

Black
African

Black
Caribbean

Black
African

Interview
Location

Hospital -
inpatient

Home

Hospital -
inpatient

Hospital -
inpatient

Hospital -
outpatient
Hospital -
outpatient
Hospital -
inpatient
Hospital -
inpatient
Hospital -
outpatient
Hospital -
inpatient
Hospital -
outpatient

Home

Home

Home

Hospital -
inpatient

Home

Hospital -
outpatient

Home

Hospital -
outpatient
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Parity

Multiparous

Multiparous

Multiparous

Primiparous

Primiparaus
Primiparaus
Primiparous
Primiparous
Primiparous
Primiparous
Primiparous

Primiparous

Primiparous

Multiparous

Primiparaus

Primipatrous

Multiparous

Multiparous

Multiparous

Risk Status

Previous preterm
birth or late
miscarriage

No risk factors for
PTB

Previous preterm
birth or late
miscarriage

Mo risk factors for
PTB

Mo risk factors far
PTB

Mo risk factors for
PTB

Mo risk factors for
PTB

Mo risk factors for
PTB

Mo risk factors far
PTB

Ma risk factors far
PTB

Other risk factors -
twins

Mo risk factors far
PTB

Mo risk factors for
PTB

Previous preterm
birth or late
miscarriage
Previous preterm
birth ar late
miscarriage

Mo risk factors far
PTB

Previous preterm
birth or late
miscarriage
Pravious preterm
birth or late
miscarriage
Pravious preterm
birth ar late
miscarriage
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10.2. Themes

Four main themes were identified, two of which captured the women's experience of
threatened preterm labour, “Coping with Uncertainty” and “Dealing with Conflicts”
and two which elucidated elements of care which had an important effect on the
experience, “Aspects of Care” and “Interactions with Professionals” (Figure 27).
Findings in relation to the specific questions about risk illustration are dealt with

separately.

P
| » Trying to make
sensa of symptoms
» Secking
reassurance
s Trying to hold it
| tagether

« Organisation of care

» Clinical procedures

. * Relationships with

Aspects of cther patients
Care Y

Coping with
Uncertainty

Interactions
with
Professionals

Dealing with

o _ Conflicts
» Conflicting advice

and informaticn
+ Conflicting
responsibilities
s Conflicting emations

LIS TEITAPTRNT & SR IS
L Ty e T A R TAT

ek el e S
o DooFicloroe andd trgt

Figure 27. Thematic averview of findings from the qualitative study, showihg main
themes and subthemes.

10.2.1. Theme 1: Coping with Uncertainty

Threatened preterm labour is a state of uncertainty, where wamen experience
symptoms that may, or may not be early preterm labour. The sense of unease that
comes with this state is evident from the data gathered in this study. The whole of
preghancy itself, particularly for primiparous women, ¢an be a time of great anxiety,

caused largely from simply not-knowing what is currently going on and what is going to
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happen in the near future. Far thase with experience of pregnancy and preterm hirth
or late miscarriage, the possibility that it could happen again can cause great anxiety.
Data from this study suggests that women, both worried first time mothers and
wamen with a history of preterm hirth, will initially try to make sense of the symptoms
they are experiencing, go on to seek reassurance and then try to maintain a sense of

control aver this unpredictable state as they “try to hold it together”.

10.2.1.1. Trying to make sense of the symptoms

Many women appeared to have spent some time trying to rationalise their symptoms
as something other than PTL, although this was less likely in women with a history of

PTB:

".. 1 hod a kidney infection as well five weeks ago, and the poin | weas feeling

seemed similar to that.” [10_5864]

...but | guess with the pain it might be something surgical.” [07 4789]
™., the poins ore still coming, the cromping is stilf coming, ond 'm kind of
confused because | don’t think it's lobour but | know it’s not Braxton Hicks

either.” {18 6174)

There was also a sense that some women were worried that the symptoms had been
caused by something they had done, for example, activity, sex ar not resting enough,

and they felt responsible.
"... 1 felt like after sex | would feel more of the tightness of the tummy...but | am

wondering if it is something about the anatomy and the physicality of it, or if it

has to do with the semen or something like that...” [04 4452}
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... Ithought it was maybe because | was feeling o little bit upset and

ponicked.” {06 _4658]

"Mayhe because | was walking a lot more than usual ... I don’t know.”

[12 6239}

Where symptoms remained unexplained, some women accepted that sometimes
there are no answers. However, others were not happy, and felt “shrugged off” by the

health care professionals, which could also diminish their trust in the doctors.

¥ ..it's guite scary actually, especially when | get ._tightening, and sometimes
it's kind of painful. i1t's just ... | just feel I'm everywhere right now. | don't know

whot’s going on.” [15_5891]

... if there was anything that needed attention the midwife would hove soid
‘You need to see o doctor’, and because they didn’t | just assumed ‘well thot’s

fine’, hut clearly it’s not fine, not forme..."” [05_4258]}

10.2.1.2. Seeking reassurance

Most women were aware that symptoms may have indicated TPTL and seemed happy

to approach their midwife, or call for advice, and knaw how to dao this.

“..and | sort of thought ‘oh, this is sounding a little bit like what they told us in
NCT classes, could be your early stoges of labour’...ond so we decided to ring

the midwife number that is on the medical notes.” [06 4658]

“.. Sunduay fthe pain] was still there and was getting worse now, spreading to
my lower abdomen. And so | thought ‘well, | better just cail the labour ward

just in case’.” [10 5864]
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The low risk primiparous women, hawever, usually took some time to consider what
might be happening before doing so, more time trying to make sense of their
symptoms, while those with a history of preterm hirth or late miscarriage were more

certain and accessed help mare quickly.

Most found the fFMN and cervical length test results helpful and that they reduced
anxiety. This was particularly so with the high risk women who were already aware of,

and trusted the tests, having had experience of them in the preterm clinic.

"...But the fibronectin test is actually very reassuring because | know it's stilf ...
it's still signs and probabilities, but together with the cervicol length and the

fibronectin test kind of puts your mind at ease...”" |17 6338]

“... [l had] the transvaginagl scan which was another good thing because ...we
weren't just relying on 1 suppose the midwife looking ot my cervix and saving

‘oh yes, it's good’...” [04 4492}

If the symptoms continued, however, the reassurance was only temporary.

"... they reassured me | wasn’t in labour ...becouse that wos my meain worry.
Then afterwards you think ‘ok, why am | going through ... what is going on?"."

[12 6239}

.. I think whot is difficuit is that you con only ever get o diognosis or you know
somehody expioin what is happening now and then, so ! can be reassured
walking out of the ADU Unit and I'm kind of like “briiliant’, twelve hours later
still experiencing the same symptoms and you are back to square one again.”

{05_4258}
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"... if there was anything that needed attention the Midwife would have said
‘vou need to see o Doctor’, ond hecause they didn’t | just assumed ‘well that’s

fine’, but clearly it's not fine, not for me...” {05_4258]

" ... it’s quite scary octually, especially when | get ...tightening, and sometimes
it’s kind of painful. 1t’s just ... 1 just feel 'm everywhere right now. | don’t know

what's going on.” {15_5991]}

Women with a history of preterm birth were aware that their previous experience had
a great influence on how their perceived their symptoms, and how this affected their

need for reassurance.

“.. before | wos admitied ! used to go to the ADU o Iot... just becouse of my

experience with the previpus one ! am ¢ bit more coutious.” {15_5991]

Another woman, although she knew she was not at high risk for preterm birth, was
very anxious which she perceived to be a result of her previous history of early
miscarriages and difficulty conceiving with IVF treatment. She also found it very

difficult to accept the reassurance she craved.

“t think | have to just Jearn that when somebaody reassures you that you just
take it... You know... don’t try to create another story.... when you have had
previols experiences so you are coming from quite a negative ploce to start
with it is guite hard fo see how there could actually be o positive outcome ....”

[05_4258]

10.2.1.3. Trying to hold it together

Thase that were hospitalised appearad to be attempting to “hald it together”, trying to

stay calm, as they felt anxiety was not good for them or the baby.
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... my hushand stayed quite calm actually which was quite good and | calmed
myself down. | gave myself o minute to calm myself down with some breathing
technigues that | used.  was like ‘it’s not going to help me, | need to sort my

bogout’..." [14 6317]

Many spoke about how they tried to stay positive, or to distract themselves from
thinking about it. This could ke quite difficult, particularly when other things

happened on the ward.

" ... ttry to think positive. 1try to, um, to hove o look ot the facts and not try to

anticipate something that probably will not happen.” [13 6253]

".. just try to think obout what is on the other side as well and ahout being o

parent.” [05_4258]

"...when ! am not being stressed | am focused on the baby, on her dancing and
whaot she is doing, and 1 am not so much thinking cbhout how | felt when | fost

the first baby again.” [03_4410]

Midwives tried to address women’s anxiety, sometimes by providing more
infarmation. This was not always welcome. One woman who had been given a book

on neonatal unit care could not read it as it interfered with her trying to stay positive.
Y. hdide’t read it... [information book]... | wanted to read it but every time |
opened it | went to the bad side... because you always sort of read what could

happen ... worst case scenarios ... so | just sort of left it.” [08 4770]

Some women dealt with their anxiety by getting through from one day to the next, or

ohe week to the next,
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... itis almast like | look forward to Monday as | know Monday is the start of a
new week in the pregnoncy, and then usuolly anxiety starts to rise probahly
about, yeah, Wednesday, you know, Thursday towards the end of that week,
and then if | have completed the week and nothing has happened | kind of have
a sort of mini celebration almost myself and think ‘greot, that’s another week,

brilliant’.” {05_4258}

".. Pwaos just sort of counting the days until | reached twenty six weeks,
counting the days until | reached twenty seven weeks, and then, you know, sort

of caunting, and counting and counting.” [08_4770]

Some wamen found camfart in prayer and sometimes resolved that, providing
averything had been done that could have been done, they were prepared to accept

what happened.

.. I believe in God, | have o personal relationship with him ... that helps me. |
trust that he is going to see us through... | study my bible and read positive and
encouraging scriptures... | have a lot of people praying for me as well, it's

encouraging.” {10 5864}

"...as far as I am concerned everything that could be done has been done...the
medicine that the doctors have blessed me with have done all thot they could
already, so then they have kind of like left it up to [God] now, for him to decide
whot hoppens.” [03_4410]

10.2.2. Theme 2: Dealing with conflicts

Women experiencing TPTL have to deal with a number of conflicts. The unsettling
axperience of TPTL, its risk assessment and managemeant can be exacerbated by

conflicting information and advice, which may have come about from clinician
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uncertainty. Hospitalised women may alsa be trying to deal with balancing the
conflicting responsibilities of, for example, having to rest or be in hospital in order to
protect their unbarn baby, and the need to care for other children at home. All this

uncertainty and conflict can result in an emotional rollercoaster of canflicting feelings.

10.2.2.1. Conflicting advice

As PTL is very difficult to diagnose in its early stages, it is unsurprising that women can
hear many differing opinions as to what may be causing the symptoms. This was

clearly an issue for several womean in this study:

.. different answers from different peaple. 1 was told it was ligament pain, |
was told it was fibroids, 1 was told it wos o UTH, vou know, all in the space of five

days.” (07 4789].

“_..having continuity of care with the same doctor or consititant | think probably
is samething that | would have benefitted ..., because every time ! come in ...you

see somebody different, ond everyone has slightly different views." [05_4258].

"The doctor did tell me | can increase my activity level. The midwife soid 'no, go

back to bed’. So ! om sticking to the midwife.” [08 4770

10.2.2.2. Conflicting responsibilities

Anxiety caused by being separated from other children appeared to be the most
significant issue for women who were admitted to the antenatal ward. They felt they
were being pulled emotionally between their need to care for them and protecting

their unborn baby.
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“...the last time she came she said quietly ..."look, mummy, they are not loaking,

fet’s leave now’. [iD. 4020].

Wamen described how they felt the need to protect current children fram the
potential pain of loss, but also wanted to be positive, both for themselves and their

children, some of whom had borne withess to the grief and loss of earlier pregnancies.

“..we want her to be positive and want to tolk to her about it but we don't
know how much to say becouse we don’t waont her to be recily upset if it all

goes wrong again.” [01_4020}

Although women felt sad and guilty for not being able to care for older children, they
often talked about how they saw this time as an investment, and that the longer they
stayed in hospital and the baby stayed inside, the less likely the baby would have

problems when it was born.

"I was quite happy [to be admitted] because | know that at the end of this my
son would be a lot happier to hove a sibling because | know that is what he

reaity wants." [03 4410}

For those women without other children at home there was some concern about work
responsibilities, but most felt it was impaoartant ta reduce stress for the sake of this
baby. Some expressed concerned that they were not able to do their job properly,

and one that her job was at risk if she had time off.

"...0t's the added pressures of wonting to be able to, you know, do well at work,
obviously have a healthy pregnancy, you know... wanting to be able to do it ol

basically... commuting in and out of work, not hove any problems etc. etc.”

[05_4258]

208



1€ PhD Thesis 17/12/2018

"Sickness is a big thing and you can just get replaced so easily. 5o um, veah, |

just done myself o favour and [went on moternity leave] early.” [0 5222}

10.2.2.3. Conflicting emotions

Women felt very anxious but tried hard to be positive and stay calm. This was
sometimes very difficult and could result in them feeling like they were swaying

bhetween calmness and confusion.

"... 1 was waking up every hour 1o see if 1 had lost any water... And then it didn’t
happen again for the next couple of days and | sort of got a bit reloxed and

thought this isn’t going to happen... um, I'm calm now."” [08_4770]

"At first they just said everything's fine 50 1 thought | am having a nice
pregnancy, but now sort of vou get told certain information and ... obviously
you're worrying soc the baby is chviously feeling aoll your worry ... so you just

have to fry and be calm and just take every day as it comes." [09_5222]

They could feel reassured for a time, but then would experience a rising anxiety again,
as the reassurance subsides if the pain continued, or fears that the baby could come

early continued to haunt them.

...it is almast like ! look forward to Monday as | know Monday is the start of o
new week...ond then usually anxiety storts to rise probably about, vech,

Wednesday, you know, Thursday towards the end of that week...” [05_4258]

10.2.3. Theme 3: Aspects of care

What happens when a woman with symptoms of TPTL seeks maternity care can affect

her experience, both positively and negatively. This theme elucidates the aspects of
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care which appeared to be impartant to the participants of this study, and is presented
as sub-themes: organisation of care; clinical procedures and relationships with other
patients. A significant aspect of maternity care is, of course, the interaction with
healthcare professionals, however, as this is such an important topic, with its own sub-

categories, it is discussed separately.

10.2.4, Orgonisation of care

Overall, the women in this study appearad to be knowledgeable about how and when
to contact a midwife for advice, and found it reassuring that they were able to do 50 at

any time.

“That has really put my mind at ease, knowing thot you have that point of

contact there, anytime day or night.” [06_4658]

“.. 1 feel so much more confident now thot, were something to panic me again, |
know that | can contact the midwives and they're there, and they reaily don’t

mind.” [06_4658]

Easy access to information and advice from a trusted health professional was highly

valued by women who were known to the specialist preterm clinic.

“.. Itis reaily easy to get hold of her. When | had my stitch done she informed
them fo let me know that they were in a conference and it waos realfy good thot

{ could get hold of her even though she wasn't there.” [03_4410]

Several women spoke about the importance of continuity of carer, and how this could
enhance relationships and trust, as well as making care potentially more efficient and
safer. Continuity of carer also helps with easy access to advice, knowing who and how

to call, and feeling comfartable doing so.
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“.. Ithink it is because when you have a midwife you build up o rapport and a
relationship so you are much more likely and willing to hove discussions,

whereas if you are seeing different people alf the time ...” [05_4258]

“.. the foct that | can see the same [professionais]. it almost feels thot when |

come in ! don’t have to repeat myself anymore....” [03_4410]

Women appreciated it when midwives reorganised the hays according to the care
needs of the women, for example, women admitted for induction of lahour were

moved to a different room from those with TPTL.

“And we have two others that are just crying because they want to get their
baobies out. | am crying and thinking ‘pleose God we don’t have the same

problems’ - Fam trying to keep it in, they are trying to get it out.” [03_4410]}

One women recalled a previous experience and how she could hear other bahies

crying while she was left holding her stillborn baby:

“..I've been in that situation before. 1t's kind of surreal because you are sitting
there with your child which you are going to send back, for intents and
purpases, to o fridge, and then you can hear women with their children crying
less thon a few doors away and you are like ‘why would you put us here?’.”

[18 6174}

Waiting and delays were an important aspect of care that affected women’s
experience. Many had to wait a long time to be seen in the day assessment unit,
however, mast understood and were prepared for this. They felt that it was worth it

for the reassurance it would bring in the end.

“.. [it might be] a very long wait yeah, but it's better to be ot peace than worry

yourself and not know what is going on realiy.” [15_5991]
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Waiting for interventions to be administered once they had been prescribed, however,
was a different matter. One waman was told how important it was that she had

steraids but then had to wait a long time hefare she was given them:

"...By then that had been an hour and o half, so he fher partner] got very upset
because in his mind it was like take these injections now if we have decided’...”

{04 4492}

Another had a long wait for ambulance for in utero transfer after being told it was vital

the baby was born in a hospital with adequate neonatal care.

“... they said ‘oh, the ambulance will come soon’...and vou keep on asking and
they say ‘well, it's on its way’... You've been told it's extremely urgent ... and

there is o six hour wait.” [08 4770]

One women recalled having her planned cervical cerclage cancelled and delayed on a
number of occasions. She understood, to a degree, because she knew they are carried
out on the labour ward where emergencies constantly disrupt the elective procedures,

but found it very difficult.

“..1 got to the point where | just said ‘you know what, if I'm going to lose it |
don’t want nobody to get my hopes up anymore ...1 said ‘if you are not going to

operete then don’t string me olong for so leng’.” [03_4410]

Women also talked about how getting test results quickly was very important to them.
”.. the foct that we can get that test result back quick is a bonus. Yes, definitely,

because you do feel quite anxious at the beginning.” [06_4658]

The issue of discharge was an area of discussion that appearad to be important to the

women who had been hospitalised and this could produce strong and mixed feelings.
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Although they really wanted to go home, particularly if they had other children,
women generally felt they were in the right place, and sometimes wanted to stay in

longer than the doctors thought necessary.

“.. and then | thought ‘ok, | will go home on the Monday’, and they toid me
Wednesday... and my heort sunk... and | went through it olf over ogain...l kind of
made my peace, by Monday, then it turned out to be Wednesday... And actually

when it was time to go ! wanted to cry.” [18 6174]

“...the doctor was saying as well, because | am out of the catchment area in
case something would happen they don't want me in an ambulance with o
premi baby, or even having a premi baby at haome... so | would rather stay here

till thirty weeks...” [08 4770}

Having to wait a long time to be discharged ance the decision had been made was a
problem for some women. They were aware that this not anly led te anxiety for them,
but also that they were effectively “blocking” the bed for someone else who might

need it,

“Every single person on that ward knew it was my son’s birthdoy... 1 was
bugging them slightly so | could go.... You sort of feel like you are taking care
away, hot in a bad way, but Hwas like ‘| don’t need to be here, ! feel ohsolutely

fine’...” [14 6317]

Delay to discharge was often caused by waiting for medications to be ready. One
woman spoke of a “deal” she made with the midwife who let her go on the condition

that she would return the following day to collect her anticoagulant medication.

“...0 midwife who said to me ‘do you know what, generally we don’t do this, the
reason you are stilt here is because of your extremely high risk to develop a

bioed clot, and vou’re supposed to be being tought and sent home with
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medicines’. So she said ‘| will do your tonight one for you if you promise to

come hack tomorrow and collect your medication’.” [18_6174].

10.2.4.1. Clinical procedures

Women spoke about their experiences of both the clinical assessment procedures and
also interventions they had relating to preterm birth risk. Clinical assessment included

CTG manitoring, speculum examination, fFN testing and TVS CL.

The women found CTG maonitoring reassuring, both because it reassured them of the
baby's wellbeing, but also for some, because it “proved” they were having

contractions.

“... she put me on the monitor and, you know, it was quite reassuring. | couid
see that the heartbeat and everything was fine. ! could see that { was having

contractions.” [06 4658]

Although speculum examinations were often noted as unpleasant, women were
prepared to tolerate them and found it very reassuring when they were told their

cervix was closed.

"As s00n s the doctor had said my cervix was closed | felt really reassured
because | felt that mayhe | was waorried the sharp pain that | was getting was
herhaps the beginning ef my cervix opening. ... | didn’t know what was causing

thot poin.” [06_4658]

“..50 when she told me my cervix was closed, | thought, ‘well I'm not having the

baby tonight’.” [14 6317}

Waoamen were reassured by low fFN results, and appreciated the fact the results came

quickly.
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“..when my fibronectin is very low and they put it in the app [risk assessiment
tool] ond they show in one week, 0.0%, that mokes me feel better, like ‘ck, 'm

definitely maybe safe for a week, hopefully’.” f15_5991]

However, they were often shocked and, unsurprisingly, worried by high results. Some
felt that the way they had been told the results could have been better if they had

been presented in a less worrying way.

“When | saw thot amount... becouse she soid before [low risk] was 50, | sow 200

and | started to cry because | was like ‘0oh my god, it's not 51 or 52 it’s like 200°."

[04_4492]

The women who had cervical length scans found them acceptable and valued the extra
information. They felt it was more reassuring to actually see the cervix themselves,
and, of course, they always appreciated the opportunity ta see their baby.
“.. [t hod] the transvaginal scan which was another good thing because ...the
cervix was a good size, so it meant that we weren’t just relying on | suppose the

midwife looking at my cervix and saying ‘oh ves, it’s good'..."” {04_4432]

“.so  think hoving o test, the fibronectin test...is greot, but equolly that only
gives you an indication of what is happening from the cutside , whereas ...on
the inside there could be pressure effects from baby starting to change things in

the cervix.” [05 4258}

Some women spoke about the interventions intended to reduce the risks associated
with preterm hirth. These included hospital admission for observation and bed rest,

steraid administration for fetal lung maturation and IUT.

Those admitted to hospital generally felt they were in the right place, and sometimes
appeared to be very pleased because they knew they would not be able to rest

properly at home, particularly with other children around.
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“.. 50 | think just being on bed rest mode o difference ... ond | would love to stay

on bed rest, because | know if | go home ...." [08_4770]

For those who had steroids, there was unanimous agreement that this is a very painful
procedure. All understood the reasons and accepted the intervention, and most said
that they preferred to be warned about the pain, however, so they could prepare

themselves.

“t remember the first jab and ! soid to my husband ‘thot was waorse than these
pelvic contractions’. 1t's stingy and yvou don’t get anything nice at the end of it.

With labour vou've got o baby’.” {14 6317].

With IUT, there were problems with waiting for ambulances and worries that it would

have to be a long way from home.

“.. the next day they said hecouse o lody just gave birth to twins ot 23 weeks
there js no bed available so they would have to transfer me out, and they
mentioned Brighton...but that means ! would never see my husband.”

[08_4770}

10.2.4.2. Relationships with other patients

Being with, and relating to other patients on the ward could both help and hinder
women’s ability to cope with the experience. Developing relationships could be
helpful, resulting in a sense of shared experience, and also helping them to put their

own worries into perspective.

“... we've had to come in for some reason, whether it was because we had
contractions or our waters had started leaking ... whatever the regson is we dre

ail there for, you know, the same purpose.” [18 6174}
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”..you hecome sart of kindred spirits in that, and there is something supportive
and bonding ahout it... | think there’s something grounding chout being with

other people who have ... circumstances that are more fortuitous than yours

and some thot aren't.” {11 6237]

However, being withess to emergencies on the ward could be extremely alarming,
particularly when it happened to women they had developed relationships with, and
aspecially if they were in for the same reason, i.2. in danger of preterm hirth. This

made it very difficult for them to stay positive.

know when | see baby doctors they have a blue bag, a very big bag, so ! had a
clue that ok, something not so good was going on... ... straight away in my
mind I said ‘oh my God, please just save the baby’... it was 5o frightening and 1

just started crying in the toilet.” [15 5991]

"..in hospital you are just wondering when you hear someone’s buzzer go off

you don’t know if you ore the one next,” [15_55891]

"...one minute you can just he loughing and going to the toilet normal, having o
shower, and next minute something efse can happen femergency on the AN

ward] - it always makes me get on the edge like.” [15 5991}

10.2.5. Theme 4: Interactions with professionais

Arguably the moast important aspeet of care is interaction with health profassionals.

The issues that emerged from this study were the attitude of the clinician,

communication and trust in the professionals.
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10.2.5.1. Attitudes of clinicians

It is reassuring that most of the wamen in this study felt the staff were very caring and

supportive and this had a positive effect on their experience.

“The midwives ... are always smiling, always friendly, introduce themseives,
asking do you need anything, just offering that care ond that help. | think it

muokes o huge difference in o situation like this...” [10 _5864]

¥ ...the midwives were all lovely, all of them. They were really great. | felt reaily

well cared for in there...” {14 6317]

10.2.5.2. Communication with clinicians

Communication was, on the whole, good. Most women appeared to be camfortahle in
asking for further explanation if they did not understand, and this was provided on

maost occasions,

*...50 he, he stoyed with me for a little while. He exploined everything thot
needed explaining basically... and he did make sure | understood everything

that was going to happen.” [14_6317]
“Sometimes I can’t express myself properly. They could see that we come from

other country, but they explained everything.... if { didn’t understand something

I could ask it and they explained it another way.” [02 4355]
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The wamen who had quick access to specialist advice and continuity of carer seemed

maost likely to have confidence in the health professionals.

10.2.5.3. Confidence and trust in clinicians

QOverall, most women seemed to trust the health professionals caring for them and

were prepared to take their advice.

“.. 1 trust them, so | go with trust.” [18 6174}

Feeling that the professional was confident in their own knowladge was important,
unsurprisingly. This was not always the case, however, and when there was

uncertainty as to the diagnosis confidence was undermined.

“..sometimes they said there’s nothing bur 'm getting these pains but they
don’t know why. They said ‘it could just be your stomach getting bigger’ but |
don’t really think they are that sure themselves.” [08 522201

“... 1 know there ore different people. They all have different opinions on
everything. Like on the issues of steroids ... Some will say I will get it, some gre
saying 1 won’t get another one, which is confusing. So what’s the plan if

samething actually happens?” [15 5991]

One woman was not happy to immediately accept the advice to have steroids and as
she was not convinced the doctor advising her knew enough about it, first wanted to

speak to har aunt who was a paadiatrician.

“t spoke to my aunt and she sgid straight away. ‘Oh no, there is no doubt, take
the steroids. There is absolutely no guestion.” And once she said that | said ‘ok’,
because althiough she didnt give me a lot of scientific explanation she is

someone | trust very much.” {04 4492
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This may have been due to the uncertainty displayed which undermined her

confidence in the doctor who was assessing her.

10.3. Wamen's views on illustrations of risk

10.32.1. Participant characteristics

The characteristics of all the women who took part in the second part of PETRA are
presented in Section 10.1. Of the last ten, who also expressed their views on the risk
illustration cards, five had experience of preterm birth or late miscarriage, one had a
twin pregnancy and four were low risk for preterm birth. Six were of Black ethnic
origin while four were White European. Of the ten, six had been admitted ta hospital

for their TPTL symptoms.

10.2.2. Risk illustration preferences

Participants were asked to consider the risk illustration cards (Figure 14, page 135) and
to express their preferences. They were also prompted to give an explanation for their
answers and encouraged to expand on how a risk of preterm birth should to be
explained to women. The most popular illustration was Card A, an icon array with
female figures. The simple percentage (Card E) appeared to be the second most
popular. Figure 28 illustrates first and second preferences along with least preferred

options. Table 53 shows these by individual participant.
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Figure 28. PETRA qualitative study participants’ favourite {green), second favourite
(blue} and least favourite (yellow) risk illustrations.

Table 53. Individual participant preferences of risk illustration with parity and risk
status.

Parity / 2
Study ID . Favourite . Least favourite
¥ Risk status favourite
10_5864 Primiparous } ) I’ .
N risk factors for PT8 B-donut D-har (G-1:20 ratia
11 6237 Primiparaus " ) .
Other risk factors for PTB E-% A-female G-1:20
12 6239 Primiparous o ) i
No risk factors for PTS E-% A-female B-donut
13_6253 Primiparpus . i i
No risk factors for PT8 A-female B-donut D-bar
j A-f |
14_6317 Muh‘..lparous , . emale B-donut D-bar
Pravious PTE or lote miscorriage
15 5991 Primiparous; o o _ .
Pravious PTB ar late miscorriage E-% No 2 A-female/C-blobs
16_6382 Primiparous i} i . )
No risk factors for PTB A-female E-% No clear legst favourite
17_6338 Muh'llpamus , . A- female E-% Na clear lagst favaurite
Previpus PTB or lgte miscortioge
18 6174 Multiparous A- female  E-% (G-1:20 ratio

Previgus PTE or lgte miscorrigge

19_g322 Muitiparous C-blobs E-%4

, , . No clear least fovourite
Previpus PTB or late miscorriage f
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10.2.3. Key issues arising from discussion of risk illustrations

In arder to explare the women's views in more depth, a qualitative analysis of the data
was undertaken and revealed a number of key issues. These were the variation in
preference, the use of numbers versus pictorial representations of risk and the

importance of the denominator.

10.3.3.1. Variation in preferences

In a2 small qualitative study, it is not possible to generalise results, however, the icon
arrays, particularly thase with the female shapes, appeared to be maost popular {6/10

first and 2/10 second preference).

“..this one you see some people so maybe it's more representative of ...
yvou're taftking about o chiid... ! would say is more question of a feeling, of
emation...because it's a picture of people... makes it more real.” f13 6253}

“Because it's visual and it's done with people rather than blobs, 50 you
relate to the people mare as yourself.” [11 6237]

“ reaily, reaily like these little people. The ones that are highiighted with
the amount. | think that gives a really nice visual aid to show that actually
maost peopie don’t hove preterm deliveries, just a small number.”

{14 6317}

Maost women said they felt comfortable with percentages {3/10 first and 4/10 second

preference).

“t mean without explaining, | can quickly grab whaot 5% means.” [15 5991]
“... figures and charts no, percentages are fine.” [18 6174}

“I have done o lot of statistics ... | am perhaps not your typical person that
might be having this data presented to them, so | am perfectly
comfortable with this [percentage}”. {11_6237}

The denut chart (Card B) was also popular, and much preferred to the bar chart {Card

D).
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“t think this one is the best hecause it tells you exactly. So without
speaking to anyone | could immediately tell what the graph is about.”
[10 5864}

“...Because on this graph you see the 95%, you see that it’s big and you are
in the low 5% which is small compared to the other one [B].” [13 6253]

This variation in the way people preferred risk presented to them isin line with current

advice on presentation of risk as discussed in Section 1.7.3.

10.3.3.2. The use of numbers versus pictorial illustrations of risk

Although most women said they found percentages easy to understand, one woman
spoke about how difficult she found it when she was asked to cansider the ratio cards
F and G:

... when I'm talking cbout risks of preterm... one minute 'm here and 'm
thinking preterm, and then you're throwing me figures of 5 out of 100 or 1
in 20 ......taking me somewhere eise and asking me to concentrate, sort of
like a maths lesson.” [18 6174]

Many appearad to prefer the pictorial illustrations:

“l think this is a bit better. There’s obviously the thing, how it's going to be
received by that person, especially when they are going to moments of
anxiety and not really thinking clearly, and so visually this looks better.”

/17 6338]

“ certainly prefer those. | feelf you get more information, because when
vou had that one | thought was the least helpful | thought ‘1,20, what
does that mean”.” [10_5864]

It appears that using visual illustrations can aid understanding, particularly if women
are very anxious. As the majority of women with TPTL symptoms will be low risk and
not go on to birth their babies prematurely, using this method could provide speedy

reassurance for many.
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10.3.3.3. The importance of the denominator

One woman was comfartable with the different numerical illustrations and, as a
scientist herself, did not see any difference between 5%, 5:100 and 1:20. However,
other women did, and spoke about how they “preferred” 5:100 rather than 1:20
because it felt mare reassuring. They didn't “like” the 1:20, beeause it felt like the risk

was higher:

“... { would need it explained to me more... Like 1/20 people which is quite
high to me. Like 1 in every 20 people there’s o passibility - that’s how |
read it. finterviewer: That seems higher than 5/1007?]... Yes definitely.”
[15_5991]

“ am more willing to take the treatment if it was 1/20 thon 5/100. Less
likely to do it 3%, because you dre so used to hearing it. 5% is nothing.
You need to think about it a bit more.” [12 6239}

“I can imagine someone being more worried by 1/20 than 5/100... Maybe
they can think of 20 women that they know that are pregnant or in labouy,
ond think of the foct that one of those might have it early.” [14_6317]

The chosen denominator appears to affect women's perception of risk, and whether
they will accept, or decline, advice and intervention. It is important, then, that
clinicians are mindful of this and take care not to inadvertently pressurise women into

compliance.

10.4. Summary of findings

In this study, women spoke about unsettling feelings of uncertainty and conflict
associated with TPTL and how these affacted their ahility to cope. They also talked,
largely positively, about the care they received and interactions with the professionals
providing that care. An analysis of women's opinions on how useful they perceived a
number of visual illustrations of risk demonstrated that icon arrays with female

symhbols and simple percentages were the most papular.

224



1€ PhD Thesis 17/12/2018

11. Discussion

This PhD praoject saught to address twe issues: i} impraving risk assessment in TPTL by
developing a clinical decision support tool, the QUIPP app and ii] understanding the
experience of TPTL from the woman's perspective and identifying areas of TPTL
management that could be improved. |n this chapter, these issues are considered in
relation to the findings of the three parts of the PETRA study along with, and in the

cantext of, ather literature and eurrent clinical practice.

11.1. PETRA cohort study and development of the QUIPP app.

11.1.1. Prediction of sPTB

PETRA is the largest prospective cohort, to date, of UK women with symptoms of TPTL
whose clinical assessment included ofFN plus or minus TVS CL.  Although many
investigators have previously found associations between a plethora of factors and
preterm birth, including demographic and lifestyle characteristics, the anly factors
identified in this cohort to be predictive of sPTB at <34 and <37 weeks were the major
risk factors, such as previous preterm birth or cervical surgery, as shown in Section
8.4.2. Creation and validation of the prediction models also found no association with
demagraphic or other risk factors, so they were subsequently not included in the risk
prediction algorithms. This apparent lack of effect was possibly due to the
heterageneity of mechanisms leading to PTB, sample size and low avent rates in this
population. Therefore, perhaps a larger, more varied cohort would praduce different

results.
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Prediction based on gfFM and CL category, and that the likelihood of sPTB increases
with rising fFN and shortening CL is no surprise, and is concordant with a large amount
of literature on the subject {Section 1.4), To compare and contrast all research
findings in this area is difficult, partly because investigators use different thresholds of
fFN concentration and cervical length for what they deem a “positive” test. For
example, some will use a CL of <15mm and a fFN of 50 ng/ml {Tsoi et al., 2006}, while
others choose CL €20 mm and/or fFN of 20 ng/ml (Levine et a/., 2018) or even an fFN £
5 ng/ml (Jwala et af., 2016). The aim of this project was not to demonstrate the ability
of fFN or CL in predicting sPTB but it is interesting to compare results with previous
research carried out in the same hospital and therefore with a similar population. An
earlier prospective study with a cohort of 300 symptomatic women, published by our
group {Abbott et @/, 2013}, investigated the ability of gfFN to predict sPTB at <34
weeks and within 2 weeks of testing. We found the relative risk of sPTB at less than 34
weeks’ increased in each category when compared with the lowest category (<10
ng/ml): fFN 10-43 ng/ml, 5.6 {95% CI,1.05-25.57; P<0.01); 50-1959 ng/ml, 7.9 {85% Cl,
1.38-45.0; P<0.01); fFN 200-499 ng/ml, 22.8 {95% (I, 3.84-135.5; P<0.01); and fFN
2500 ng/ml, 51.3 (95% Cl, 12.49-211.2; P<0.01). These findings are similar in the
PETRA cohort for the categories: 50-199 ng/ml, 7.4 {95% Cl, 2.8-15.5) and fFN 200-499
ng/ml, 20.5 {85% Cl, 8.8-47.8). However, there was not a significant difference for sPTB
at <34 weeks, {or at <37 weeks or within one or two weeks of testing) between the
lowest and second lowest category {10-49 ng/ml) with a RR of 2.1 {95% CI, 0.7-6.6).
Additionally, in the highest category, fFN 2500 ng/ml, the risk ratio was lower than the

second highest for sPTB < 34 weeks, 8.9 {85% Cl, 1.2-65.9]). Abbott et ¢l (2013) did
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not repert any data on CL measurements because this was not standard practice in

TPTL assessment in the UK at that time.

It is also useful to compare the PETRA findings with another from our group, {Kuhrt et
al., 2018a), where we reparted the creation and validation of the predictive algarithm
for symptomatic women used in the first version of the QUIPP app. This study
included data on 382 women {190 training set, 192 validation set) with gfFN test
results. We reported predictive statistics demonstrating the ability of our prediction
madel to predict sSPTB at <30, <34 and <37 weeks, and at within 2 and 4 weeks, using a

threshold of >10% as a positive result.

In the PETRA study, prediction was investigated for sPTB at <30, <34 and <37 weeks,
and within 1 and 2 weeks, using a threshold of 25% as a positive result, with a
substantially larger cohort {1173 training set and 576 validation set). Comparison can
only be made with the fFN group predictive statistics as CL measurements were not
available in the earlier study. Comparable prediction statistics for validation sets of
Kuhrt and PETRA data are summarised in Appendix 17.6. PETRA findings demonstrate
a significant increase in sensitivity, the test’s ability 1o correctly predict sPTB, at all
times points, The specificity, however, is reduced, but not by as much. These
differences are likely due to the reduction in risk threshold for a positive test from 10%
to 5% Positive predictive values (PPV), the probability that a women with a positive
test {in this case, a = 5 or 10% risk of sPTB) are lower in the PETRA cohort while the
negative predictive values {NPV], the probability that a women with a negative test (%
risk < 5% or 10%) will not have sPTB, is similar to the Kuhrt cohort. Unlike sensitivity

and specificity, PPV and NPV are dependent on prevalence, and NPV will always be
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high where the prevalence is low. In Kuhrt's study, the prevalence of sPTB was higher
at all time points, so it is not surprising that the PPV is higher than in the PETRA cohort

validation set.

The area under the ROC curves {(AUL), which demonstrate the predictive ability of the
QUIPP algorithms at different thresholds, can also be compared with Kuhrt et ai.’s
findings in Appendix 17.6. In that study, we found AUCs of 0.88, 0.83, 0.77, 0.77 and
0.78, for prediction of sPTB at <30, <34, <37 week's gestation and within two and four
weeks of testing, respectively. This represented an averall improvement compared to
an earlier systematic review of fFN for predicting sPTB {(Honest et af., 2002]. Honest et
al’'s raview included data from farty studies and 26,876 women, in which ROC curves
ranging from 0.71 to 0.77 demonstratad the ability of fFN to predict sPTB at < 34 and
<37 weeks’ respectively.  In the PETRA validation set, AUCs were, therefore, higher
than previously reported {Honest of ¢f., 2002; Kuhrt et ol., 2016a) in all but the < 37
weeks' time paint: 0.96 (<30 weeks); 0.85 (<34 weeks); 0.77 (<37 weeks); 0.91 (<1

week) and 0.92 {<2 weeks).

Comparison of the predictive statistics with our earlier work (Kuhrt et al., 2016a)
demonstrate improved prediction but are based on algorithm developed for gfFN only.
For the 2" version of QUIPP algorithms for predicting sPTB using qfFN alone, TVS CL
alone or a combination of both tests were created and validated. The abhility of the
new version of the QUIPP app to predict risk of sPTB using risk factors and either, or
both, tests, increases its utility as the app has the flexibility to be used by clinicians
where fFN testing is not available, and TVS CL is likely to become more common as

mare ¢clinicians are trained.
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11.1.2. Administration of steroids in PETRA cohort

In the PETRA cohort, whether steroids had been administered or not, was known in
1024 cases. Of these, over 30% had steroids on at least one occasion, Considering that
only 12.1% of women overall had sPTB this appears high. However, this rate is
substantially lower than reported in previous similar cohorts where often more than
50% of women received steroids {Freeman et al., 2015). In one study over two thirds
of women with TPTL who delivered after 34 weeks had received an unnecessary course
(Sanya et al.,, 2014). The lower rate in our cohort, compared to earlier studies, might
suggest that identification of women who really need them is improving, with over
76% of the women who delivered at term not receiving them. This may be due 1o an
increased confidence of clinicians, over time, in the value of fFN as a rule out test. All
the hospitals participating in this study used fFN in TPTL assessment as part of

standard care.

There were few repeated courses, which again could reflect more appropriate
targeting of this intervention. It is reassuring to note that, in the small number of
women delivering within 7 days, the optimal window for steroid administration, 90%
(18/20) had received them. The two that did not receive steroids were at 323 and 345
weeks' gestation, so it is possible that in at least ohe of these cases steroids were
deliberately withheld as the gestation was aver 33+6, and inside a range within which
NICE {2015} recommends “considering” rather than definitively “offering” them {Figure

2),
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11.1.3. Discussion of QUIPP App users study findings in relation to other

fiterature.

The literature review on maohbile apps for clinical decision support (Chapter 2]
highlighted the impartance of mobile app users being invalved in develooment and
evaluation, both for infarming further developments and maximising the likelihood of
the tool being used in practice. Part 3 of the PETRA study investigated clinical usars’
views aof the first version of the QUIPP app with the intention of incorpaorating ideas far

improvements and addressing negative issues ahead of the 2" version development.

In terms of acceptability and ease of use, respondents were generally very positive.
This was particularly in respect of its simplicity, both in ease of use, and how it
combined separate factors (i.e. background risk, gestation and test results) into a
simple percentage figure. No users reported problems with downloading the app or it
closing unexpectedly. No training had been provided but this was not highlighted as a

problem.

Suggestions for improvements included increasing flexibility by including the option to
use QUIPP with either or both test results. In the first version of the app, the user was
required to enter both gffN and CL results for the high risk asymptomatic women, It
was only possible, however, to enter gfFN for symptomatic women. This was because
there were insufficient data on CL from women with TPTL symptoms when the first

algorithms were created and validated.
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Anather suggestion far improvement was increasing the specificity of background risk
factors, and use of preventative interventions, e.g. stipulating the number, and
gestations, of previous preterm births and whether the women had had a preventative
intervention, such as cerclage or progesterone. This was considered when the new
algorithms were developed, but there were insufficient numbers to detect differences
hetween these sub-groups. Future revisions with larger cohorts may allow

incorporation of these elements.

Multifunctionality was an element apparently prized by the clinicians involved in the
studies included in the literature review on mobile apps for clinical decision support
(Chapter 2). In PETRA, clinicians suggested increasing the functionality of the app by
including infarmation or links to current clinical guidelines and using the toal to collect
data aon outcomes, which could later be used in future algorithm development. It was
hot possible to include these suggestions in the 2™ version of QUIPP due to time and
budget restraints but they have been noted and may be incorporated in future

versions.

11.1.4. QUIPP app users’ and women's views in refation to presentation of risk

The variety in the views and preferences of the women participants of this study
confirmed findings from previous research and literature which reports wide
differences in risk perception (Brewer et g/, 2007; Herxheimer, 2005; Lee et of., 2012}.
It is reassuring that the clinician participants understood the value of individualising
their approach to communicating risk and of using illustrations to explain it, both of

which are consistent with best practice evidence and current guidelines {David and
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Akintomide, 2016; Fagerlin et al, 2011; Royal College of Obstetricians and

Gynaecologists, 2007; Lipkus et gf., 1999; Spiegelhalter 2008).

The women in this study did not favour the ratio illustrations and tended to feel more
negatively, because they perceived the risk to be higher, when the denominator was
lower, i.e. 1:20 as opposed to 5:100. This is concordant with Schapira and colleagues
(2001) who undertook a gualitative study of how women’s perception of breast cancer
risk varied depending on the way the risk was presented. They found that icon arrays
with larger denominators were perceived as representing lower risks. This contrasts,
however, with earlier studies which suggest participants perceive risk to be higher
when the denominator was higher, the so-called “ratio bias” effect {Reyna and

Brainerd, 2008].

Most of the clinicians and women participants preferred pictorial illustrations of risk,
particularly the icon array with female symbols, which was the favourite with the
donut chart being second pictorial preference for the women. Goodyear-Smith and
colleagues (2008) also found a preference amongst patients for visual illustrations of
risk. They interviewed 100 patients with cardiovascular disease and found that 57% of
those who expressed a preference of one method over others said they preferred
graphical presentation of risk. This was significantly greater than those who chose the

next popular option which was relative risk (19%, p=<0.001).

All clinicians and most women in the PETRA study also felt comfortable with

percentages, although some clinicians said they sometimes converted the % risk into a
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number in a hundred and tried to adapt the way they explained it on an individual

hasis.

As a result of the PETRA findings a visual illustration of risk was included in 2™ version
of the QUIPP app. Although the icon array was the most popular amongst both the
women and the clinician QUIPP app users, the image detail did not display well on a
typically sized mobile phone screen. Additionally, a % risk of less than one is commonly
calculated (e.g. 0.1%), which means a denominator of 1000 would be necessary. A
decision was taken, therefore, to use the women’s next most popular pictorial
preference, which was the donut chart, and place the percentage, their overall second

preference, within it (Figure 29).
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Figure 29. Screen shots of 2™ version of QUIPP. User indicates risk factors and enters
gestation and test results on first screen. % risks are revealed on second screen. User

clicks arrow to reveal visual illustration of risk on third screen.

Although an icon array is not included in the 2" version of QUIPP, the findings have
changed practice in cur preterm surveillance clinic at GSTT. A4 sized laminated cards
with icon arrays illustrating risks of 1 in 100 on one side, and 1 in 1000 on the other,
are now being utilized when a clinician feels they will help a woman to understand her

% risk as calculated by the app.

11.2.

In this section, the main themes identified in this qualitative study, as well as potential

areas for improvement in care, one of the ressarch objectives, will be discussed in

Women's experience of TPTL

relation to other research, policy and practice.
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11.2.1. Uncertainty and conflict in threatened preterm labour

The very nature of threatened preterm labour is one of uncertainty. Preterm labour is
very difficult to diagnose in its early stages, so it is not surprising that women in our
study experienced a great deal of uncertainty and, at times, conflicting opinions as to
what may be causing their symptoms.  TPTL symptoms can have many potential
causes, some requiring urgent treatment, for example urine infections, while others
need less urgent treatment, e.g. pelvic girdle pain and constipation. Other causes of
pain, such as fibroid degeneration, are usually managed with pain relief and
reassurance. Most of the time TPTL symptams are transient and resolve on their own,
but as a diagnostic tast for very aarly preterm labour does not exist, clinicians are likely
to be uncertain and must cansider the possibility of labour, whilst not ruling out other,
sometimes potentially serious, causes for the symptorms that may be unrelated to the

pregnancy.

Women too are uncertain as to the causes of their symptoms and participants in this
study were no exception. They appeared to undergo a process which included trying
to make sense of their symptoms before seeking reassurance or medical help, and this
achoed findings reported in other studies {Pattersen et gl, 1992; Coster-Shultz and
Mackey, 1998; Barlow et al, 2007; Weiss et ol., 2001). This process appeared to be
more prolonged in primiparous women in this study, however, and women with
previous experience of preterm birth were quicker to seek help and less concerned
about being seen as over-reacting, which is also reported by the high risk women in

O’'Brien et al.,’s study {2010).
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The uncertainty of clinicians around TPTL can lead to increased anxiety caused by
conflicting advice and information, and this was reported by several study participants.
Conflicting advice and information appeared to be an important theme in our study
and although mentioned by Barlow et ol., {2007) does not feature prominently in the
studies identified in the literature review. Although evidence on how best to deal
with uncertainty in clinical practice remains unclear {Politi et ai, 2007; David and
Akintomide, 2016) failing to acknowledge it can cause further problems {Politi, 2015).
Clinicians may try to minimize uncertainty for the benefit of their patients, but if they
give the impression of confidence in a diagnosis, particularly without reliable test
results, the woman whose symptoms persist may hear a different diagnosis from

another very spon afterwards.

Although a recurring theme, it was noticeable that the high risk women in our study
tended to get less conflicting advice than the low risk mothers. This was possibly
because the hospital where this study took place has a dedicated specialist preterm
team. Newly admitted women, including those transferred from other units, will he
quickly referred to the team and a management plan made. The hospital staff have
confidence in this well-established team, and therefore the likelihood of advice and
infarmation being inconsistent is lower. It is also possible that clinicians may be more

inclined to recommend interventions at lower thresholds for high risk women.

The emotional stress of conflicting respaonsibilities, the need to care for other children

as well as their unhorn baby, was also apparent in the women in our study, and has
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been reported previously. Those who remained under threat of preterm hirth
appeared to be trying to “hold it together”, and employed a range of coping
mechanisms as they dealt with the sometimes intense anxiety and the recommended,
albeit temporary, life changes such as hospitalisation or restriction of activity. This also
resonates with findings from earlier studies {Adler and Zarchin, 2002; Mackinnon,

2006; Héglund and Dykes, 2013).

11.2.2. Anxiety in threatened preterm labour

There is a possibility that the uncertainty and conflict associated with TPTL and its
resulting anxiety could even increase the risk of preterm birth {Section 1.3). It would
appear sensible, then, to seck to address the madifiable causes of anxiety in womean at
risk of preterm birth, including those with symptoms of TPTL. Simple interventions,
such as using reliable predictive tests (e.g. fFN and CL measurement) could reduce
uncertainty, at least in thase women with reassuring results, who make up the

majority of waomen with TPTL symptoms.

Interventions designed to directly address stress and anxiety in women at risk of
preterm birth have been investigated. Jallo et of, {2017) examined the use of a
mobhile app which provided women with infarmation and guided imagery and
campared stress levels {Perceived Stress Scale {PSS), Visual Analog Stress Scale {VASS)
scaores, Coping Self-efficacy {CSES]) in 15 women hospitalised for TPTL. They found a
significant difference (p<0.0001) in VASS scores, but not PSS or CSES, which suggests

that immediate stress, at least, was relieved by the intervention. In another study
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(Chuang et af, 2012) researchers found that a relaxation training programme
improved the immediate psychological and physiological stress responses in women
with TPTL. They also found that, although numbers were too small to prove effect on
outcomes (n=129), fewer women in the experimental group gave birth within one

week of study entry {16% vs 30%], and within two weeks of study entry (7% vs 19%).

Another intervention, an internet-based cognitive behavioural self-management
training programme {IB-CBSM), was tested in 93 women with TPTL (Scherer et al,
2016). The researchers found the control group, who had been given alternative
axercises, such as Sudoku, riddles and writing stories, experienced the same reduction
in stress and anxiety as the intervention group. This suggests that distraction itself
could be useful, and several women in our study appeared to be using distraction as
coping mechanism. Other studies have found distraction to have beneficial effects on
stress in both preterm labour {van Zuuren, 1998} and other stressful conditions {Priem

and Solomaon, 2009; Ram et af,, 2010).

Women who were trying to stay positive and using distraction in coping with their
anxiety did not always feel the staff understood when they declined offers of
information and books about what might happen if the baby was born early and
needed neonatal admission. This finding echoes those of Gaucher and colleagues
(2018) who surveyed women about their experience of neonatal specialist consultation
when they had been hospitalised for TPTL. Of the 229 women who responded, 90%
indicated they had had a positive experience, although 39% felt they had received too

much information.
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11.2.3. Aspects of care and interactions with professionals

The organisation of maternity care and interactions with healthcare professionals can
have a profound effect of waomen's experience of TPTL. Several women in this study
spoke about the importance of continuity of carer, and how this could enhance
relationships and trust, as well as potentially making care more efficient and safer.
Knowing who, and how, to call, and feeling comfartable doing so, makes speedy access
to information, another important issue for women in this study, and reassurance
easier. Continuity of care models have been shown to be safe and effective in
reducing interventions, preterm birth and fetal loss (Sandall et @f., 2016}, although the
actual mechanisms invaolved remain unclear. The women in our study wha had quick
access to specialist advice and continuity of carer appeared to ke maost likely ta have

confidence in the health professionals.

Most of the women in this study who were considered to be particularly at risk of
pretarm hirth, aither because of their obstetric history or the severity of their
symptams, were known ta the specialist preterm team. They appeared to trust the
clinicians advising them, who were less likely to display uncertainty, and they spoke
less of receiving conflicting advice.  Specialist preterm clinics and teams that can
guickly identify risk and instigate timely interventions are not currently established in
all maternity services. However, numhers are incraasing (Carter et al,, 2018a) and they
have been identified as a useful mechanism in achieving the UK gavernment’s target to

reduce the preterm hirth rate from 8 to 6% by 2025 (Department of Health, 2017).
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Evidence an the effectiveness of specialist preterm services is, hawever, limited. A
systematic review of the effectiveness of specialist preterm clinics in reducing preterm
birth and its consequences found mixed results {Malouf and Renshaw, 2017). Findings
from randemised controlled trials, all of which were carried out before 1930, showed
no benefit, however later cohort studies reported a reduction in preterm birth. As
cohort studies are regarded as low quality evidence the authors recommend caution
when interpreting the results, but acknowledge that the lack of recent RCT evidence is
likely to continue due to the difficulties of conducting randomised trials which deny
women a valued service. The women attending a specialist preterm clinic in O'Brien et
al,’s {2010) qualitative study appreciated the regular reassurance and support they
obtained at these clinics and reported feeling that other health professionals did not
always understand their particular worries. The high risk women in this study
expressed similar views. Women known 1o the specialist preterm team often spoke of
how they felt comfortable accessing the team for the reassurance they frequently

required.

Fernandez Turienzo et @/, {2016} in their systematic review and meta-analysis of
models of antenatal care designed to reduce and prevent preterm birth found that
while “alternative” models of care {i.e. midwife-led continuity of care and specialised
care) reduce preterm birth, conclusions on the relative benefits of the two models

could not be drawn,

The findings from this study suggest that these two models share at least two

elements: 1. quick and easy access to advice from a known and trusted clinician and 2.
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cantinuity of carers wha know the woman and how best to support her in her caping
mechanisms, whether that be providing more information or helping her to be
positive, and giving, in most cases, speedy reassurance. As anxiety is highly associated
with preterm birth risk, perhaps one of the most important factors is the reduction of

anxiety that comes with quick access and continuity of carer.
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12. Limitations

A number of limitations must he taken into consideration when reviewing the PETRA
study findings. Nearly half of the participants in the cohort study, and all in the
qualitative study, were recruited from one inner-city teaching hospital with a specialist
preterm surveillance clinic which is directed by an internationally renowned expert in
preterm birth. Care of women with symptoms of TPTL may not be representative of
care in other hospitals, many of which do not currently offer these specialist services,
and local guidelines and policies may differ from those elsewhere. Clinicians working
in this hospital may also have greater confidence in one of the tests used, i.e. fetal
fibronectin, because much of the research that validated its use in the UK was carried

out at this hospital.

Similar to other studies of TPTL, the prevalence of preterm birth was low. This was
particularly so in respect of delivery within 7 days, where the numbers were very small
with only 15 cases in the training set, and 13 in the validation set. This is an important
interval for risk prediction as it is the optimal window for administration of steroids.
Confidence in QUIPP’s ability to accurately predict sPTB <1 week of testing would be
increased with a larger cohort. One of the reasons the prevalence was low was
because the prospective cohort study design meant women had to be consented
before delivery. Many women whose TPTL symptoms progressed quickly into
established labour could have been missed because research staff were unable to

approach them hefore they delivered. Other study designs which allow more
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comprehensive data collection, such as retraspective cohaort studies, might capture

these important cases, but would be vulnerable to selection bias.

Another limitation was the smaller than expected number of cases with both fFN and
TVS CL. This was despite efforts to increase the availahility of ultrasound vaginal
probes and the encouragement of staff training. There was, nevertheless, sufficient
data available to create and validate predictive algorithms for TVS CL in the 2"¢ version
of QUIPP, but these could be further refined with a larger dataset. For this reason,
ethical approval for an extension, focusing on recruitment of women with TVS CL, was

sought and achieved, as outlined in section 5.4.

The women’s experience study was, as is common in gualitative research, small, so the
findings are not necessarily representative of all women who have experienced TPTL.
Even in respect of the local population the experience and views of the women who
agreed to participate may not be the same as those who did not. Some of the
participants were known to be high risk for PTB and had been reviewed by members of
the specialist team and their experience of this and these women’s knowledge of the
tests may have influenced their experience when they presented with symptoms.
Additionally, interpretation of the findings will have been influenced by the
researcher’s experiance, as a woman, a mother, a midwife, and a midwife with a long

experience of caring for women at risk of preterm birth.

243



1€ PhD Thesis 17/12/2018

13. Implications for practice

13.1. Ongoing improvements in PTB risk prediction

The NICE guideline (NICE, 2015) recommends that, when established labour has been
ruled out during the clinical assessment of women over 30 weeks' gestation, TVS CL
should he offered, followed by fFN testing, only if TVS €L is unavailable or
unacceptable. NICE do not recommend using a combination of both tests, based on a
paucity of evidence to support its value and cost effectiveness. While some
investigators have found added value in combining tests, others have not, as discussed
in section 1.4.4. In PETRA, the effect of combining CL with gfFN on predictive ability
was examined. Results indicated that it did not improve prediction and, in fact, that
TVS CL alone was inferior in predicting sPTB within 1 or 2 weeks {AUC 0.698 vs (.875,
sPTB < 1 week, p=0.02; AUC 0.730 vs 0.889, sPTB < 2 weeks, p=0.02). This suggests
that fFN has superior predictive ability, and that, based on these findings, fFN should

be first choice of test in TPTL over TVS CL,

The PETRA study findings support use of 15mm as a cut-off for the NICE guideline, as
the majority of women in this study were recruited after 30 weeks and CL category 15-
24 mm appears to have the same rate of sPTB as CL >24 mm {Table 24), with risk ratios
of only 1.1 {95% Cl 0.2-5.6) and 1.8 {95% C] 0.9-3.4) for sPTB <34 and <37 respectively.
Similarly, analysis of fFN by category in this study confirmed a threshold of 50 ng/mi
was appropriate as there was no difference in accuracy of prediction between the -9

and 10-49 ng/ml categories.
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In the PETRA cohort, 85% of women were treated according to the fFN and CL
thresholds recommended in the NICE guideline: 87.4% (181/207) of those with an fFN
of »50 ng/ml or CL of £ 15 mm received steroids appropriately, 84.3% (689/817) with
longer cervix or lower fetal fibronectin did not receive steroids. However, PETRA study
recruitment commenced before the NICE guideline was published so it is unclear to

what extent the guideline influenced practice.

Findings frem our Delphi consensus of preterm experts {Carter et of., 2016) suggest
that NICE’s treat-all strategy for women under <30 weeks without reference to either
TVS CL or fFN may not be universally accepted. If fully implemented it is likely to lead
to a significant increase in unnecessary intervention (Watson et ¢f., 2017b).
Validation of the predictive algorithms developed in this PhD project for the 2m
version of QUIPP show excellent prediction for sPTB <30 weeks as well as within 1 and
2 weeks {Section 8.7). The value and safety of QUIPP for decision support in TPTL are
currently being evaluated in practice in the EQUIPTT study. The results of that study

may provide evidence for this recommendation to be reviewed.

The findings from the PETRA study will contribute to the ongoing quest to find more
accurate methods in predicting preterm birth. Use of the QUIPP app in practice £ould
lead to an increased confidence and better targeting of interventions for both reducing
preterm birth and its associated morbidities, as well as unnecessary intervention. The
excellent prediction of sPTB at less than 30 weeks has particular importance and may
inform a review of the NICE recommendation to treat all women with TPTL under 30

weeks without even testing with gfFN or TVS CL. Nevertheless, however accurate
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QUIPP is, whether its use influences practice is yet to be determined and results of the

EQUIPTT study are eagerly anticipated.

13.2. Developments in specialist PTB care provision

Findings from the gualitative study suggest that continuity of carer is a significant issue
for women at risk of preterm birth and the importance of continuity in preterm birth
reduction has been acknowledged by the UK Department of Health (Department of
Health, 2017). Since publication of “Changing Childbirth” in 1993, continuity of carer
has been virtually enshrined in UK maternity policy {(Expert Maternity Group &
Cumberlege, 1993; Departiment of Health, 2004; Department of Health, 2007; NHS
England, 2016), yet this model of care remains unavailable to most women {Redshaw
and Henderson, 2015). There is new impetus, hawever, since the Better Births
Maternity Review Report (NHS England, 2016) and the NHS England’'s Maternity
Transformation Programme which is waorking towards implementing the

recommendations.

The establishment of natianal guidance on referral to specialist preterm services,
currently in development, could lead to a reduction in conflicting advice and
infarmation for women at risk, as well as the targeting of interventions that reduce
preterm birth and the risks associated with it.  Additionally, utilizing reliable tests
such as qfFN and/or TVS €L, which have high negative predictive values, could reduce
the number of unnecessary interventions, at least in women where risk of delivery is

low. Reducing unnecessary hospitalisation, treatments and the in utero transfers
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which result in women being sometimes lang distances from their families would

undoubtedly reduce concomitant anxiety.

Increased awareness of the issues important to women with symptoms of TPTL will
help to improve their experience and, potentially, pregnancy outcomes. Where risk
remains high and reassurance cannot be given, clinicians must take care to
acknowledge uncertainty, minimize delays and conflicting advice and take time to
assess the woman’s individual coping strategies. Providing detailed information may
be important for some, but this is not necessarily the case for women who are coping

by distracting themselves and trying to stay positive.
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14. Recommendations for further research

As previously noted, the PETRA study was extended beyond its original recruitment
periond for continued collection of TVS CL data. This is particularly important because
NICE recommends this as the test of first choice in TPTL and because mare clinicians
are being trained in practice. Additionally, there is a need to evaluate the QUIPP app
in practice and it is hoped that the findings of the ongoing EQUIPTT study will provide

the necessary answers.

Recently published systematic reviews on the effect of TVS CL and fFN on management
and outcomes reached the conclusion that use of TVS CL for assessment of women
with TPTL appears to reduce sPTB while fFN does not {Berghella and Saccone, 2016;
Berghella et ol., 2017). However, more research is needed in this area because most of
the studies included in these reviews were carried out before fFN was an established
and trusted test. Future studies and systematic reviews may come to different
conelusions. Findings from PETRA suggest that confidence in fFN testing may have

increased and better targeting of intervention is already underway.

Research into other biomarkers for predicting sPTB continues. The angaing QUIDS 2
study {ISRCTN trial registry number: ISRCTN41598423) is evaluating two bedside tests,
Actim Partus and Partosure, alongside side gfFN. If these two biomarkers prove to be
as valuable as fetal fibronectin, it may be possible to include them in future

developments of QUIPP, increasing its flexihility further.
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In PETRA, only major abstetric risk factars, such as arevious preterm birth or cervical
surgery influenced, and were therefore included in, the predictive algorithms. Other
factors that have previously been associated with sPTB, such as age, ethnicity, history
of urinary tract and Group B Streptococcal infection did not influence prediction in our
cohort, but this may have been due to the sample size. It is important, therefore, that
data collection is ongoing so that, if effects are noted in larger cohorts, they can be
included in future refinements of QUIPP. Other research projects, clinical registries
and databases, such as the Preterm Clinical Network Database (Carter et af., 2018a)},

have the potential to provide high quality prospectively collected data for this purpose.

Further research into the relationship between anxiety and preterm hirth and anxiety
reducing interventions is needed. This is a promising area and more neads to be done
to explore how stress management interventions can be utilised to help women at risk

of preterm birth.

Research into continuity models for high risk women would also be useful. One such
project is ongoing. The POPPIE study {JSRCTN trial registry number: ISRCTN37733900)
is an RCT investigating potential improvements in experience and outcomes of women
at risk of preterm birth between women allocated to either specialist preterm

midwifery team care or standard care.
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15. Summary and conclusion

This PhD project sought to develop a risk assessment tool for predicting preterm birth
in women with symptams of TPTL. This, along with establishing an understanding of
women'’s experience and the aspects of care that effected it, would ultimately inform
future improvements in care. Findings fram all three parts of PETRA were utilized in
development of the 2" version of QUIPP. This new version appears to be superior in
predicting sPTB in women with symptoms of TPTL when compared with previously
reported findings an prediction using fFN, TVS CL or the first QUIPP algorithms.
Whether its use in practice leads to more appropriate management will remain
unknawn until the EQUIPTT study is completa. As the largast cohort study of women
with TPTL in the UK to date, it also throws some light on current use of interventions

intended to reduce sPTB and its associated risks.

The women’s experience study was the first exploring women’s experience of TPTL in a
UK hospital with a specialist preterm service. The findings provide insight into the
experience of both low and high risk women with symptoms of TPTL and further
supports the need for women of all risk groups to have timely access to advice and
information, and continuity of care. These findings have already been published
(Carter et ai., 2018b) and are, tharefore, available to interested clinicians and those

involved in the development of clinical management guidelines,

In canclusion, then, the research questions addressed by this PhD thesis have been
successfully answered and all the specific objectives have been met; these findings will

go on to inform future research and clinical practice.
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provide the final versions to the REC may cause delay in ohtaining permissions.

Management permissicn or appreval must be obtained from each host organisation prior to
the start of the sfudy af the sitc concerned.

Managerent perrission ("R&D approval”) showid he sought from ail NHS omganisafions
itrrfved in the study in accordance with NHS research governance arrangsmerts

Guidance on applying for NHS permission for research is availane in the integrated
Research Application Sysiem or at hitp./Awaw. raforim. nhs. uf.

Where 4 NAS urganisation’s rofe in the study is limited to identifylng and referring potential
participants fo research shies ("parlicipant ideniification cenlre’), guidance shoufd be sought
front the R&D officc on fhe nforrnation it requires to give permission for this activity.

For ron-NHS sites, sife management permission showid be obtained in accordance with the
proeedures of the relevant host oiganisatian.

Sponscrs are not required to notily the Committes of apurovals from host organisations.

Registration of Clinical Trials

All clinicat triats {defined as the first four categaries on queshon 2 of the [RAS filler page)
must be registered on a publically accessibie database within 6 weaks of recruifment of the
first participani (for medical device studies, within the timeline determired by the curenl
registration and publication frees)

There is no requirement to separately notify the REC but you should do so at the earliest
opportunty c.g. whon submitting an amendment. Wae will audit the registration details as part
of the annual prog-ess rsporting process.

To ensure transparency in research, we strongly recommend that all research is registered
but for non-clinical trials this is not currertly mancatory.

If a sponsar wishes 1o contest the need for registration they should contact Catherine
Blowaott (catherineblewett@nhs.net], the HRA does not, however, expect exceptions to
be made. Guidance on where to register is providad within IRAS.

Itis the responsibility of the sponsor to ensure that all the conditions are complied
with before Lhe start of the study or its initiation at a particular site (as applicabie).

Ethical review of research sites
NHS Siles
The favourable apinion applies to zll NHS sites taking part in the study taking part in the

study, subject to management permission being obtalned from the NHS/HSC R&D offive
prior to the start of the study {see "Conditions of the favaurable opinion” below).
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Summary of discussion at the meeting

Social or sehentific value: scientific design and conduct of the study

The Committee asked you at what stage the qualitative interviews wili take place and how
would the outcomes be collected. YYou explained that outcomes will be coliected from tha
additional group of women. The interviews could take place when the women may still ge in
wards. Most of them would not go on to having their babies early but some of them will. You
added that you did consider leaving the interviews to later as you did not want the final
outcome an everyone, but later it was decided that it would be better to get the information
as early as possible as you want to know about the opinion of the women up to that point.
Therefore the majarity of the interviews will be prenatal.

The Committes queried if the recruitment be done prenatzlly, or at ieast the women couid be
infroduced to the study, in case they go in preterm fabor. You axplained that 2 lot of research
1s done in your department and mast of the wemen that come are approached for
participating in a research study. You added that you have to be very careful when
consenting these women for taking part at this stage as they could be quite anxious given
their condition, A ot of wemen may be contacied for the study and only a minority of them
may actuaily become eligible later on, however the general idea of the study can be
mtroduced,

The Committee noted that one part of the application mentions 20-30 interviews and ancther
part mentions 30-40. The Committee queried if you will be able to achieve such a high
number of intarviews. You confirmed that there will be 30-40 interviews and as for the
number of interviews you have been guided by the study supenvisor to cenduct these many
interviews.

Recruitment arrangements and access to health information, and fair participant selection

The Committee asked you how and when you would approach the smaller group of women,
with regards to the interviews. You explained that these women would be given PIS and
consent form and at the time of that first approach they will be asked i they would be happy
to be approached again for a short interview. You added that you will ask all the woman so
you can get a good sample sfze of 30-40 and they do not have to be asked again.

Care and protection of research participants; respect for potential and enrolled participants’
welfare and dignity

The Commitiee expressed congerns that the woman may be under stress and anxiety due to
their condition. The Committee asked you if you have considered this and how would that be
managed in terms of recruitment for this project. You explained that you would only approach
women if their midwives or doctors have spoken to them and are happy for them 1o be
approach for a research study and wilt make sure that they are comfortable to participate.
You added that in terms of participation you will not ask them to do anything new or different.
They will only be asked to pravide information to create the risk assessment toal with
permission to keep collecting the data and a follow up gualitative study.

Infermed consent process and the adequacy and completenass of participant information

The Committee noted that the PIS has been designed to be quite appealiing and attractive.
Secondly there may ba cuitural bias in terms of the pictures in the IS, You explained that in
your experience a 1ot of women whe are approached do not really read the PIS and therefore
you have designed the PIS to be more attractive so they do read them. You agreed to
consider revising the pictures in the PIS to make it more culturally neutral.
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Approved documents

The documents reviewed and approved at the meeting were:

Bocument

Version Date :
Interview schadules or topic gu ides for participants [PETRA 20 QOctober 2014
Qualitative Inferview Schedule)
IRAS Checklist XML [Checklisi_22102014] 22 October 2014
Letter from funder [NIHR letter of intent] 11 December 2013
Other [Summary CV for supervisor] @1 March 2014
Participant consen: form JPETRA Consent cohort] 1 16 October 2014
Partici;;iént consent form [PETRA Consent quall 1 16 Qetober 2014
Participant information sheet (PI1S) [PETRA PIS cohor] 1 16 October 2014
Iparicipant information sheet (PIS) [PETRA PIS qual study] 1 16 Oictober 2014

'REC Application Form [REC_Form_22102014]

22 October 2014

Research pratocol or projest propasal [PETRA protocal}

18 October 2014

Summary CV for Chief investigator (Cl) [CV Dr Rachel Tribe]

20 October 2014

Summar-y CV for student [CV Jenny Carter Aug 2014]

11 August 2014

Sumrﬁéfy CV for superviser (studant research) [CV Jane Sandall]

20 October 2014

Membership of the Committee

The members of the Ethics Committee who were present at the meeting are listed on the

attached sheet.
There were no declarations on interest.

After ethical review

Reparting requirements

The attached document “After ethical review — guidance far researchers’ gives detailed
guidance on reporting requirements for studies with a favourable opimion, including:

- Notifying substantiai amendments

. Adding new sites and investigatars

. Notification of serious breaches of the protocol
. Progresss and safety reports

. Notifying the end of the study

The HRA website also provides guidance on these topics, which is updated in the light of

changes in reporting requirements or procedures.

User Feedback

The Health Research Authority is continually striving to provide a high quality service to ail
applicants and sponsors. You are inviled to give your view of the service you have recsived
and the application procedure. If you wish to make your views known please usa the
feedback form available on the HRA website: htip/Awww.hra nhs.ukfabout-the-

hra/governance/quality-assurance/
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Health Research Authority

HRES Committee London - South East
Brstal Hesearch Ethies Committee Ceankne

Lewel 2 Shook B

Whietnars,

Lewins Mead,

Bristo

B3 2WT

Telephona: (J11F) 3421362
16 December 2014

Dr Rachel Trie

Women's Health Acadermic Centre
1(th Floor. Horth Wing

St Thomas' Hospatal

London =E1 FEH

Dear Or Tribe

Study titke: Threatenesd pretermn labour: a prospective cohort study
of a clinical rizk assez2asment tool and a qualitative
exploration of women's experences of risk assessment
andd management.

REC reference: 14L0/9938

RAS project 10 111142

Thanh you Tor your letter of 10 December 2014 | can confirm the REC has receved the
documents listed below and that these comply with the approval condiion s detailed in cur ketter
dated 26 Hovember 14

Docuiments received

The documents recened were as follows:

_ Drocurnend Vearsion Date
Cher [PETRAP(S v 20 qual 00 12 14] i . 08 December 2014
Gther [FETRA P15 v 2b qual 08 12 14 Zh 08 December 2014
Approved documents

The final Irist of approved documentation for the study 1= therefore as follows:

Docurment Verzion Dave

Internew sohedues or topic gukdes for parbepants [PETRA 20 October 2014
Quaiilatve mtemnes Soheruie]

IRAS Checkfest XML [Checkiist 22104 14] X2 October 2014

ARescarch Bhics Comrmnillse ectabiishad by the Health Rassarch sadbiority
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Letter from furder [N HR ener of inieri] 1* Decemoer 2013
Other iSummary CV for supeniscr] J° March 2014
Other (PETRA 215w T qua!_0d "2 14] . 2o Decempar 2004
Other (FETRA 0%+ Jpquai_Ja 12 ] ik 29 Decemasr 2014
Saricpart consen' form [(PETRA Consent cohon 1 15 Octoner 2014
Pame gant consent farm [PETRA Consent aual) 1 19 Oowper 2014
Fangpant imfematen shegt P53 FETRAF.S cohor] i 19 Dggner 2014
Satie pant ioformation shest (Fi5 PETRAP.E qual study] t 149 Dctober 2013
Pane partinformation sheet FiS) (PETRAFIS ] 23 cokon Je December 2014
Famcpant iafommatign chaot Fis [FETRAR 2] 2t aal 22 Decarmaper 20014
AEC Appicatcr Forr (BEL_Forme_22102374) 22 Oetpoer 201 %
Res@3"Ch praioco’ or project prapesal {727 R4 protoco') i 18 Ozooer 2014
Surmary CY for Cheet imuesigacor (S [2W Dr Razke. Trine) 20 Oeozer 204
Sermmary OV far student ITV Jeany Tarter Aug 2014 1° August 2073
Zumrmary OV For suparnsar (ludant rasasrsr: (CYF Jans Zanasd] 20 Oetener 2014

You should ensure that the sponsor has a copy of the fing! documentaion for the study  ILis the
SpoNsOr's responsiiity 10 ensure that the documentation 1s made avaliagble to R&D offices at ab
particpaiing sies.

[ 140071988 Please guete this number on all comespondence |

Yours sincerely

Mr Wai Yeung
Research Ethics Committee {REC) Assistant

E-mail. nrescomnmttee. london-southeast fnhs net

Copy o Ms Earpara Dahulf
Mrs Karen Ignatan, Guy's & St Thormas' NHS Foundation Trust

A Rukoweh Ethics Commdlee ostablished by tho Haallh Rosoarch Authority
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NHS

Health Research Authority

Mational Freaearch Dihiics Service

NRES Committee Londofn - Sowth East

Bariow Housse
Ard Floor
4 Minsbull Sreet
W anchester
M1 302
17 June 2015
Modibed 19 June 2015
Jenny Caner
NIHR. Clinical Academic Traiming Fedlow/Rescarch Midwife
Divigion of Women's Hegith
Kings Colbiege London
Women's Health Academic Centme KHF
10th Floor, Narth Wing
St Thomas' Hosgrtal
Westminster Bridge Road
London
SEY JEH
Drear Jenny Carter
Sudy Litle: Thicatened preterm labour: a prospective cohort study of a
clinical risk assessment tool and a gqualitative exploration
of women's experiences of rizk assessment and
management.
REC reference: 14001988
Amendment number: sA1
Amendment date: 26 May 2015
IRAS project 1D: 111142

The Subgtzntal Amendment propossed 10

1. Add muliple pregnancies o the eligibiity cnteria

2. |ldentity and approach women who are assessed for TPTL when they attend for follow up
appointments

3. Occasionally participants who have aiready consenied experience further episodes of
thraatened pretarm labowr- the resaarchess wantad 1o capture date from these episaodes and
highlight this possibifify in the participant information sheed, allowing them to withhold consent &
preferred

4 Notfied the Committee of the revised shudy stant and end dates (03 03.2015-31.10 2017)

The abowe amendment was reviewsd on 17 Jure 2015 by the Sub-Committes in
comespandence.

Ethical opiruon

The members of the Commiltee taking part m the rewew gave a favourabie etucal opinion of
the amendment on the basis described in the notice of amendment form and supporting
documentabion .

Appraved documents

& Researrh ETbe © ormrnglee extale whed by e Healh Rescath Authoy
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The documents reviewed and approved at the meeting were;

Cocumen! Versron Oale

Molice of Substantial Amendment (non-CTIMF) 20 May 2015
Particip ant infarmatien sheel (P11 PETRAPIS | 3a- Tracked |28 May 2015
Research protocol of propect proposaf [PETRA protocol | 2.0- Tracked |23 May 2015

Membkership of the Commitlee

The members of the Commitlee who took part in the review are lisled on the altached sheet
R&D approval

All investigators and research collaberatars in the NHS should nelify the R&D office for the
relevant MHS care organisation of lhis amendment and check whether it affects R&D approval
of the research.

Statement of compliance

The Committes 11 constituted in accordance wilth the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Qperating Frocedures for Research

Ethics Commitiees in the UK.

We are pleased lo welcome researchers and R & D staff at our NRES commiltee members
training days — see details at hifp Jsivearw hra nhs ukihra-trainingy

[ 1HLOMG88; Flease quote this numBper on all correspendence

Yours sincerely

oy —

P ow e Vel

On behalf of Ms Stephanic Cooper
Vice Chair

E-mail: nrescommitee jondan-southeastimnhs . net

Cony fo: Mrs Kares fgriafian, Guy's & St Thormas” NHS Foundalion Torst
Dr Rachef Trhe
Keith Brennan. King's Callege London

A Resedred Ethes Commaies esiablshed by the Heakh Recearch & honly
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MRES Committee London - $outh East

Attendance at Sub-Committee of the REC meeting on 17 June 2015

Committee Members:

Mame Prolession Fresem
Ms Stephanie Cooper Retired Solator Yes
Ms Janelle Hill Non medical bay member | Yes

Also in attendance:

Name Paztion {or reason for altending)
Mrs Margaret Hutchinson REC Manager
Miss Katre Southeard REC Assistant

A Research Elhics Commieies establshed by the Healh Research Ao ly
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NHS
Health Research Authority

Hatenn Reasarcin Fthics QService

London - South East Research Ethics Committee

Barlow Houwse
o Fioor
4 Minshll Sreet
Mt
Wi DT
25 November 2015
JeTIny Carter
NIHR Clirical Acadenic Trainng Fellow/Research Midwiie
Divigion of Women's Mealth
Kings College London
Women's Health Academic Centre
1R Fioor, Marth Wing
St Thomas' Hospital, tondon
SE1YEH
Dear Jenny Carter
Study title: Threatened preterm labour: a prospeclive cohort study of a

chincal ik assesament tos] and a quabktative sxplaration
of women's experiences of risk assessment and

management,
REC referenice! 141 01983
Amepdment nymber: Twio
Amendment date: 0% October 2015
IRAS project iD: 111142

The Substantal Amendment propesed 1o

1. Name of Sponsor's (Lead and Cosponsor) Representatives have been changed

2. Thete are currently ne national guidelimes on which teste should be used i the 2asessment
of womern with symptoms of threatened predermt labour (TPTL), and practce vanes around the
LK. Some matermdy unite offer felal fibronectin (fF M) {esiing. some offer iransvaginal
ulrasound cervical length measurements (TW5 CL), and some offer both. The researchers aim
to valkdate the nek assessment tool usewg the results of fFN testing akone, TVS CL alone, and
the combinaticn of both tests Currently, the ehgibility crijeria siipulates that the THTL
assessment must include fFN testing, with or without TVS CL. The proposed change will aliow
recrurment of parbcipanis who are assessed with either or both tests,

The above amendment was reviewed on 24 Nevemnber X315 by the Sub Commitiee in
corespondentce.

Ethical apinkon

The memoers of the Committee taking part in the revicw gave a favourable ethical opsmion of
the amendment on the basis described i the nobce of amendment form and Supporing
documentation.

Approved documents

A feseach Cics Commites esiaiened Dy e HEMh RPGEATH ALLhOTY
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The documents reviewed and approved at the meeting were;

Docuerment Version Dt

Notise of Substantial Amendment (non- GTIMPY Two 09 Oclobar 2013
Partcipantinformation sheet (PIS) [PETRA PIS v 4a cohort] da- Tracked |08 Oclober 2015
Research pratgpgl or project prapasal [PETRA pretoeal| 3-Trogked 0O Qelober 207§

Membership cf the Committee

The members of lhe Cammittee who took parl in the review are isted on the altached sheet.
R&D approval

All investigalors and research collaboralors in the MHS should notify the R&0 office for the
relevant MHS care crganisation of this amendment and check whether it atfects R& D approval
ot the research.

Statement of compliance

The Commiflee s conslivted in accordance with the Gowernance Arrangements for Research
Ethies Committaes and somplies fully wilh the Standard Oparating Proceduras for Research

Ethics Commibees in the UK.

We are pleased to welcome rgsearchers and R & D alaff at gusr NRES commites members
fraining days —see details at htlp Afwww bra.nhs. ukibra-training?

14/ 31988 Please qquote this number on all corres pondence

Yours sincergly

T 1 ._-(':__.

On behalf of Professor David Caplin
Chair

E-mail: nrescommittes. london-soutneast@nhs nel

Capy lo: Mrs Karen fgnatian, Guy's & Sf Thomas' NH S Foundation Trus!
Keitlr Brennan, King's Coflege London
Or Rache! Tibe, Women's Health Acadeniic Cerrtre

A Ragoicm Elfics Comnifoe pekalishad by e Healh Aoswrch Autboely
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London - South East Research Ethics Committee

Attendance at Sub-Committee of the REC meeting on 24 November 2015

Committee Members:

Name Profession Preseat Wates
Frofessor Dawid Caplin Physecist Tes
Mr Guy Gardener Retired Accistant Chef | Yes

Constable

Also in attendance:

Name

Pasition (or reas orr for altending}

Migs Katie Southeard

FEC fgzictant

A Research Eihics Commitlee eslablisred by the Healh Research A honly
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Health Research Authority

London - Sauth East Hesearch Ethics Camimitiee

Barlow Howuse
Jnd Floot
4 Mirnshulk Street
Manchoster
w1 anz
Please nate: This is the
favourable og'rn%on af the BEC
amendment t¢ be implemented
al HHS sites in England until
the cutcome of the HRA
assassment has been
confimmed.
02 Novenmer 2016
Dear M= Cartar
Study title: Threatened preterm labour: a prospective cohorl study of a
clinical risk assessment tool and a qualitative exploration
of women’s experiences of risk assessment and
manag eire nt
REC reference; 14101538
Amendment number: 3
Amendment date: 1 July 21E
FRAS project 1D 111142

1 Addrion of New HHS Sites

2 Intervew schedule asking women o congider cards showang different wavys of ilustrating
rizk and explain thew views on them Understanding women's views on the different
illusiratiens of nsk and bow these may affect thewr perceplion of sk, will enable us to
develop the nek assecsment (ool it ways that are most useful from the women's
perspechve.

3. Addition of Part 3.QUIPP app users’ experience and views - a gualifative study exploring
clinicians’ use of the QUIPP app., a risk assessment tool for use in the managemest of
women at risk of preterm birth This app 13 girepdy being used in pracheg in the care of
women at rizk, and the data from the PETRA study will be used o develop the pradiction
algorthm in relation to wormen with symploms of threatened preterm labour. Understanding
the Users eperience and views of the app to date will nelp us in the development of the app
and ensure the ool and s resulis are presenied in the most appropnale format

The above amendment was reviewed by the Sub-Committes in comespondencs.
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Ethical opinion
The members of the Committee 1aking pant in the review gave a favourable ethical opinion
of the amendment on the basis described in the notice of amendment farm and supporting
documentation.

Approved documaents

The doouments réviewwad and approved at the meeting weare;

Decument Version Cate

Intervmaw schedules ortopic guides for participants [PETRA 2 1 July 2018
Quatitative Interview schedule - Clean)

Interaes schedules of tonic guides for panicipants [PETRA P 11 July Z0tE
Guafitative Interview schedule - Tracked Changes)

Interwiew schedules or topic guides for paticpants [FETRA Part 3 |1 1t July 2016
Imeniew scheduls]

Notice of Substantal Amendment {non-CTIMP) [Amendment Form] 11 July 2076

Other [Emal of Amendrment | 21 Seprember 2016
Other [REC Form] 21 September 20HE
Paricipant consent form [PETRA Fart 3 Partiopant Consent Form] |3 11 July 2076
Parusipant informaticn sheet (PISH [PETRA Part 3PIS) 3 11 July 2016
Research protocol or project proposal [PETRA Protocol - Clean| d 11 July 2076
Research protocol or project proposal [PETRA Protocol - Tracked |4 17 July 2016
Changes]

Membhership of the Commitiee

The members of the Committee whe ook partin the review are listed on the attached
sheel

Working with NHS Care Organisations

Sponsors shoukd ensure that they notify the R&D office for the relevant NHS care
erganisation of this amendman in ling with the tarms detailed in the categorisation amail
issued by the lead nation for the study.

Statement of compliance

The Committee is constiluted in accerdance with the Govemance Arrangements for
Research Ethics Committees and complies fully with the Standard Operating Procedures for
Research Efhics Committaas in ihe UK.

We are pleased towelcome researchers and R & D staff at our NRES comm#tiee mambesrs’
training days — see details at hitpwone bra.nhs uk/hra-raining/
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14/L0/1888: Please quote this number on all correspondence

Yours sincerely

Professor David Caplin
Chait

E-mail: nrescammittes londoen-southeast@nhs. net

Enclosures: List of narmes and professions of members who ook part i the
mew
Copy to, Mrs Waren Ignatian, Guy's & 3t Thomas" NHS Foundaton Trust

Dr Rachefl Tnbe . Kenth Brennan. King's Coflege London
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London - South Eazst Research Ethics Commitiee

Attendance at Sub-Committee of the REC meeting on 15 October 2016

Committee Members:

MName Profasson Prosont Medos
Frofessor Daad Caplin Physicist Yeas
Wr Graham Smith Businass Consubant Yes
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NHS

Health Research Authority

Or Rachel Tribe

Women's Health Academic Centre Email hra appronaliz nhs net
1Mk Floor, North Wing

5t Thomas' Hospial. London

SE1 VEH

07 Cecember 2014
Dear Dr Tribe

Letter of HRA Approval for a gtudy procegsed

through pre-HRA Approval systoms

Study title: Threatened preterm labour: a prospective cohort study of a
clinical risk assessment ool and a qualitative expleration of
women’s expenences of nsk assessment and management.

IRAS project ID: 111142

Sponscr King's College London

Thank you for your request for HRA Approval to be issued for the above referenced study.

| am pleased to confirm that the study has been given HRA Approval. This has
been issue! on the basis of an exisiing assessment of regulatory compliance, which has
canfirmed that the study ks compliam with the UK wide standards for research it the NHS.

The extension of HRA Approval to this study on this bass allows the sponsor ard
participating WHS arganisations in Engiand to set-up the study in acoordance with HRA
Approval processes, with decisons on study set-up being taken on the basis of capacity and
capability alone.

H you have submified an amendment to the HRA betweaan 23 March 2016 and the date of
this lettar. this letter incorporates the HRA Approval for that amendment. which may be
implemented i accordance with the amendment categonsation email {e.g. not prior to REC
Favourable Opinion, MHRA Clinical Trial Autharisation ete_ as apphicabie). If the submitted
amendment included the addition of a new NHS erganisation in England, the addition of the
new NFS organization is atso approved and should be set up in accordance with HRA
Appraval processes {e.g. the organisation should be invited to assess and arrange is
capacity and capability to deliver the study and cenfimn once it is ready to do so).

Participation of NHS Organisations in England

Page 1014
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IRAS projoct 1D | 1171142

Flease note thal full information to enable set up of paricipating NHS organisalions in
Engtand is not provided in this letter, on the basis that adtivilies 1o set up these NH3
proanisations is ikely to be undenyay already,

The sponsar should provide a copy of this letler, logether with the local document package
and a lisl of he documents provided . to participating NH3 organisahans in England thal are
bemng sel upin accordance with HRA Approval Pragesses. 1113 for the sponsor (o énsure
that any documents provided 1o participating organisations are the curent, approved
documents.

Far ngn-commercial studies the local decument package should include an appropriate
Statement of Activities and HEA Scheduls of Events. The spansor should al8a provide the
template agreement to be used in the study, where the sponsor is using an agreement in
addiion to the Statement of Activities  Fadicipating MHS arganisations in England should be
aware that the Statement of Activities and HRA Schedule of Events for this study have not
been assessed and validated by the HRA. Any changes that are appropriate 1o the conlent
of the Statement of Activilies and HRA Schedule of Events should be agreed in a pragrnatic
fashion as part of the process of assessing. arranging and confirming capacity and capability
1o deliver the sludy. H subsequent NHS organisations in Englans are added, an amendment
should be submitted to the HRA. .

Faor commercial studies the local document package should include a validated industry
costing templaie and the template agreement to be uted with participating NHS
organisations in England.

It s critical that you involve both the research management function (e g. R&D office and, if
ihe study s on the NIHR portfolic. the LCRN} supporting each organisation and the local
research team {where them is one) in setting up your study, Contact details and further
infarmation aboul working with the research management function for each argamsation can
be scoessed from www hra nhs ukfra-appraval.

After HRA Approval

In addition te the documeént, "After Elhical Review — quidance for sponsors and
investigators”, issued with your REC Favourable Opinion, please node the following:

=  HRA Approval applies for the duration of your REC favaurable opinion, unkss
othe rwise notified in writing by the HRA,

s  Substantial amendments should be submitted direclly to the Ressarch Ethics
Commiltae, as delziled in the Afler Ethical Revigw document Non-substantial
amendments shoud be submitted for review by the HRA using the form pravided on
the HRA website, and emaied to hra amenciments@inhs net.

= The HRA will categorise amendments (substamial and non-substantial) and issue
canfimation af continued HRA Approval. Further details can be found cn the HRA
webhsite

Pacge 2 of 4
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] IRAS project D ‘ 111142

The HRA website also provides guidance on these topics and is updated in the ight of
changes in reponting expectations or procedurss.

Scope

HRA Approval provides an approval for research ivolving patients or staff in NHS
grganisalions in England.

If your study involves NHS organisations in other countries in the UK, please contact the
relavam national coordinating funetions for suppart and advice. Further infarmation can ba
found at Milp.Mwwer hra nhsaukisesources/applying-for-reviewsinhs-hsc-ré-review!,

If there are participating nan-MHS arganisatians, local agreement should be aktained in
accordance with the procedures of the lecal participaling non-MHS organisation.

User Feedback

The Heafth Research Authority is continually striving to provide 3 high quality service to all
applicants and sponsors. You are invited to give your view of the sarvice you have received
and the applicalion procedure. If you wish to make your views known please email the HRA
at hra.approvali@nhs net, Additicnally, one of our staff would be happy o call and discuss
your experience of HRA Approval

HRA Training

We are pleased to welceme researchers and research management siaff at aur training
days — see delails at http fwwew hra nhs. uk/hra-training/.

If you have any guerias about the issue of this letter please. in the first instance. s2e the
further informaticn provided in the question and answer document an the HRA websile,

Your IRAS projecl 1D s 111142 Please quole this on all correspondence.

Yaurs sincerely

Elizabeth Bottomley
Application Admimistrator

Emait: hra approvali@nhs net

Copy to: Keith Brennan. King's College London
Mrs Karen Ignatian, Guy's & St Thomas' NHS Foundation Trust

Fage 1ofd
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IRAS projoct ID | 191142
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NHS

Health Research

Authority
Lotidon - Scuth East Research Ethics Commmties
Bardow House
Srd Floor
& Mirrshull Seeer
Manchester
M1 31D
Please note: This 1s the
favourable opinion of the REC
eily and does not allow the
amendmeant to be implemented
at MNH5 sites in £ngland until
the outcome of the HRA
assessment has been
confurmed.
18 Cetober 2017
Jenny Carter
NIHR Clinical Academic Training Fellow/Research Midwile
Deparanent of Women and Chekdren's Health
King's College London
10th Fhoor, North Wing
St Thomasg' Hospital
Westminster Bridge Road
Lomdon
SE17EH
Dear Mz Carter
Study title: Threatened preterm labour: a progpeciive cohort study of a
cliniCal risk assessment toM and a quahitative explafation
of women's experiences of risk aasessment and
management.
REC reference: 14/L0M983
Amendment number: Substantal Amendment 4
Amendment date: 07 Juty 2017
IRAS project ID: 114142

This amendment consisied of a change 1o clipidlity and exlenson to end dale beyond 3Tst
October. It 18 proposed that from 1st November 2017 only women having both feial

fibronectin and cervical lenpth measurements as pan of their assessment for TPTL woukd
be eligible to panicipate. They would like to extend the recruitment for a further three years

{with a remszed end date of 3 1gi October 2020) to ensure the accuracy of the mak predichon
algonthm s impioved as much as is feasible in a realistic time frameé.
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The above amendment was reviewed by the Sub-Committes held by correspondence.
Ethical cpinion

The members of the Commiftee taking part in the review gave a favourable ethical opinion
of the amendment on the basis described in the notice of amendment form and supporting

documentalion,

The members of the Sub-Committee raised no ethical concems regarding this amendment
and were content 1o 1ssue a Favouraile opinion,

Approved documents

The documents reviewed and approved at the mesting were;

Doeument Version Date
Motice of Substantial Armendment {non-CTIMP) Subztartial (07 July 2017
Agmandimient
4
Participant oensent form [clean] 2 01 Movember 2017
Farticipant consent form [racked) 2 01 MNovember 2017
Partreipant informahon sheet (PI1S) [clean] Sa 01 Movember 2017
Participart informaton sheet [PI5) [tracked] Sa 01 November 2017
Research protecol or project proposal [clean) 5 1 November 2017
Research protecol or project proposal [fracked) L 01 Movember 2017

Membeorship of the Committee

The members of the Committee who took part in the raview are listed an the attached
sheel.

Working with NHS Care Organisations

Sponsors should ensure that they notify the R3.D office for the relevant NHS care
organisation of this amendment in ine with the terms detailed in the categorisation email
issued by the lead nation for the siudy,

Statement of compliance

The Committes is constiluted in accordance wilh the Governanoce Arrangements for
Research Ethics Committees and complies fully with the Standard Operating Procedures for

Research Ethicg Commiltees in the UK.,

Ve are pleased towelcome researchers and R & D staff at our Research Ethics Commitiee
members’ training days — see details al hitp: v bira.nhs uk/hra-training/

14ILCHEB38: FPlease quote this number an all correspondence
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Yours sincarely
y H {
I A
L

pp
Prefessor David Caplin

Chair

E-mail; nrescommiltee Jondon-southeasi@nhs net

Encloswras: List of nameas and professions of mambers who look pant i the
teview
Copy ta Mrs Karen Ignatian, Guy's & St Thomas" NAS Fourdation Trust

Dr Rachel Tribe, King's Coffege London
Rerth Brennan. King's Cofllege Lordon
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London - South East Research Ethics Committes

Attendance at Sub-Commitiee of the REC meeting on 15 Qctober 2017

Committee Members:

Constable

MNamre Frofession Prazant Notes
Profassar David Caplin Py sicist Yes Chair
Mr Guy Gardener Retired Asmistant Chief | Yes

Also in attendance:

fName

Postiton {or reason for altending)

Rz Juhe AcoLit

REC Azsaistant
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17.3. PETRA — Cansent forms (parts 1, 2 and 3)

HE IR o) Barea e B TETUR0NS - IIRAS oG 1112 ‘ ‘
Guy's and 5t Thomas m

FHS Faundatan Trusl

Threatened preterm labicur; risk and care management

Participant Consent Form

Part 1: A tool for assessing risk

Chief Investigator: Rachel Tribe
Please initial box

1 1oenfirrn that | have read and understand the information sheet (version 4a;
dated 08/10/2015} for the above study and have had the opportunity [o ask guestions,

2 lundevstand that my participation s voluntary and thatl am free to withdraw at any time,
walhout giving a reascn. withaul my medical care or legal rights being afected

3 lunderstand that relevant sections of my medical notes and data collected dunng this
Sudy may be lacked At by individuzals fram tha NHE Trust praviding my sare, King's
College London and regulating bodies auditing research practice

4 |understand that informaton held by the NHS and records mainiained by the General
Register Office may be used 1o keep in touch with me or my baby and follow up aur
health status

5 lcensent teinform aten collected N the study being used for future research studies an
pretenm binh and that this may involve ather acadenus. chnical or ¢ommercial oollabaraters

g | consent by infarrm ation collscted im the sledy being psed in the event of my later Inging
capacily lo consent

7 lcensent o lake pard in this study

8 Il selected for mterview, | am happy to be contacted by the researcher to make
arrangernents 1o discuss my experience of thraataned preterm [abour and the care |

received
Wame of Péﬁb_ﬂim-:r R gae -Si[ﬁi'ar-uf;? B
Mame of Porsorr takin g cons ot {imie Sigraafing

b editereoe b v sezaeechien s

Raso arh Dale Siprating
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SETERA ezt fonre v won AL - RS oo §38142
Guy's and S5t Thomas' m

MHS Foundat.an Trust

Pral 10

Threatened preterm labour: risk and care management.

Participant Consent Form

Part 2: Women's Experience and Views
ChiefInvestigator Rachel Trbe

Please initial bax

1 !gonfirm that | bave mad and understand the mfgrmabon sheet (version 2he dated
Dar2: 2014 for the above study and have had the oppartunity 1o ask questians

3 lurderstand that my parboipation s voluntary and that | am free o withdraw atany lime
bafere or during the interview, withol! giving 3 resson, withoul my medcst care or legal nghts
berng atfected

4 | understand | can valhdraw permission 10 use the data within b weeks of the mterview, n
which case |he material will be defeted

5 | umderstand that anonymity vall be ensurad in the wnte-up of the study by dieguising my
idernily.

§ 1 understand that disguised exiracts from my nterview may be quoted i the wnte-up of the
study and any subsequent publications and | agre e to guotatons. from my Interwew being
used in this way.

9 | consent to lake part in this study

Namo of Paticpant Date Sigrsteme

fiame of ~erson fakng consant Data Sgnatym
W O Erea; e fescarohert

Fasearcher Date Sipnenum
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PLRA Pt 2 ool forea vewsan T 3 LAVFE200E - IHAS e 330240
r r
Guy’'s and St Thomas m

MNHY Foundation rust

Farip

\\—’/K
Threatened preterm labour: risk and care management.

Participant Consent Form

Part 3: QUIPP app users’ Experience and Views
Chief Investigator. Rachel Tribe

Please initial box

1 Iconfrm that | have read and understand the information sheet (version 1 dated
110712015} for the above stwdy and have had the opportunity 1o ask questons.

3 lunderstand that my particpaton is veluntary and thatl am free to withdraw at any ime
before or during the interaew without gving a reasan. witheut my medical care ar legal rights
Being affacted

4 lunderstand | can withdraw permission te use the data within o waeks of the migrview, n
which case the matenal will be delated.

S Junderstand that anonymity will be ensured in the write-up of the study by disguising my
identry

6 lunderstand that disguased axtracts from my inkeryi ew rdy be quobted m tha wiits-up of the
study and any subsequent pirblications and | agree to quetations from my interview being
wsed in this way

8  Iconsent to ake part in this study

Name of Parigipant Date T Sigrature

Mamie of Porson Lakiig consond Doie Sianature
Il ST NS o g

Fesearcier Dhsle Srprsture
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17.4. PETRA - Interview schedules {parts 2 and 3)

FE YA ST 2 ey Schefie o 2 TCOR 006 - IRAS e 111142

PETRA Part 2. Women's experience and views — interview schedule

I. Qpening

A (Establish Rapport) [shake hands] My name is Jenny Carter | am a miclwife and | am
undertaking this study for my PhD thesis. Thank you for agresing to take part.

B (Furpase) | would like to ask you same gquestions about your gxperience of baing in
threalened preterm labour, what happened and how you felt aboul the way you were assessed
by the midwives and doctors looking after you, | woukd also like to know whether you were
happy with the decisions 1hat you made about 1he care you were offered, and what facters
affected those decisions.

C. (Motivation) | hope to use this information to help women in the future who experience
threatened preterm lzbour.

D {Time Line) The ineriew should take about one hour. Are you happy to respond to some
questions at this {imea?

{Transition: | have some details about your pregrancy so far {from when you teok partin the
first part af this study). but iet me beqin by asking a few more questions about this and any other
Presgnan ces.

Il Body

A, (Topic) Background information
1. This is your first/secend .. pregnancy. 7
% g thig the firgt time you hawe had symptoms of threatened preterm labour?
31 What ware the symploms like?
3. Have the symploms settied now?

{Transition to the next topic: Now | am gaoing to ask you some questions about when you firsi
thought you mught be having symptoms of labowr)

B. (Topic} Percaption of risk
1. Oid you think you were at particular risk of hawing your Daby early? If so, why?
2. When did you first think the symptoms you were having might be labeur?
3. Did you 1alk to anyone about it befare you called your midwife/the haspital?
4. How long was it before you calledicame into hospital?

{Transition to the next topic: this final section s ateut what happened and how you feel
about the care you were offered and the decisions you made about 1.}

C. (Topic} Decision making
1. When you saw the midwifesdoctar. how did they explain what was going ta happen?
2. Do you feel you had enough information about the rests they offered ?
3. Do you feal they gave you engugh infarmation about 1the results of those tests?
4. What about the treatmentsfinterventions? (confirm inte rvertions as recorded pad 1} Are
you happy with your decision aboul whether to accept them, or not?
5. What were the faclorsthingsfpeoaple that affected your decisions?
6. Looking at the different illustration cards showing ways of communicating the same risk
{e g fellowing examples - %, 5:100, visual images) whal makes most sense to you? Can
you say mome abouf why?
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IIl Closing

A, (Summarize) $e. things have setlled sfownfvou are sl having symptoms/you have had the
taby etc. If you would like 1o talk mone about your expenence. or feel upset by what happened,
or by tallong ta me about 1 loday. please lel me know and | can arrange for (the appropriate
parson a.q. manager, consultant, bereavermnent counselor) to meel/talk 1o you.

B {Maintain Rapport) Thank you very much for talking 1o me. | appreciate the time you took for
Thig imerview. Is there arnything else you think would be helpfu! for me to know?

C. (Actionto be taken} | should have all the informalion | need Would it be akright te call you at
home if | have any mare guestions? (check telephone no.}. Thanks again | wish you all the hesl
for the resl of your pregnancyfwith the baby.
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FE TRAFPan 3/ teerasw sotadu’e W 1152006 - IRL5 ne 111142

PETRA Part 3: QUIPP Users experience and views — interview schedule

| Opening

A (Establish Rapport} ... My name is Jenny Carter, 1 am a midwife and 1 am undernaking ihis
study as part of my PhD. Thank youfor agreeing to take part.

B. (Purpeose) | would like to ask you about your experience of vsing the QUIFF app (threatened
preterm labour risk assessment tool). Give reassirance re. anonymows nalure of study elc.

C. {Motivationt This will help us to undersland what users think about the app and how we <an
rmake it better in the fulure.

O {Time Line) The mterview should take about half an hour. Are you happy to respond to
some guestions at this time?

{Transition: To start with | would like to ask some specific questions about you and your use of
the app. and then | would like you to explain in 3 bl mare detall abawt haw you feel aboul using
this app. as well as olher decision toals and information technology in healthcare in general,

Il Bogdy

A, (Topich Background informatian
1. Whal is your grade?
2. Are you a member of the UK Preterm Clinical Network?
3. How lang have you been responsible far making management decigions in the care of
women presenting with threatened preterm |abour?

(Transition to the next topic: 1 am now going to ask you same questions about your use of the
app.)

B. (Topic) About Lse of the QUIPP app
1. How long have you been using the QUIPF app?
2. How often. would you say, you use it in practice (eg. every timefnot every time you
assest a women with TPTL'Onge 3 weakionce a month)?
3. Have you recommended the QUIFP app to colleagues? (If so. why? If not, why not?)
4. Whal da you ke about the appfwhat do you see a5 i1s values?
5. Whal about ils [imitations?
6. In what ways could it be betterfhow could we imprave i?
7. D6 you see any petential barrigrs to the implementalion of this app or simitar alectronie
rick assmssment tools.

(Transition to the next topic: 1his final section is aboul your use of other slectronic rsk
assessmenl or decision tools and the use of iInformation technology in healihcare in general.

C. {Tapic) Wider use of electranic risk assessment ar decision 1lools and information lechnology
in health care
1. The QUIPP App represents the rick of preterm birh as a % risk, please consider the
Hiustration cards showing differant ways of illustrating risk. What makas most sense o
you and can you say mare about why?
2. Do you use any other electronic risk assessment or decision toals in your practice ? (if so.
can you tell me 3 bit more about them and what you likefdizlike about them.
3. What do you feel about the use of information technolegy in bealthcare in gereral?
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M Closing
Thank you v&ry mudh far aking to me. | appraciate the ime you ook for B imanigw 15 therse
anylhing £lse you think would be helpful far me 10 know?
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17.5. QUIPP v.2 formulae.

Symptomatic women (based an log-narmal survival model).

NOTE: the app is designed for women having symptoms suggestive of abnormal or
premature uterine activity, and being tested between 23+0 and 34+6 weeks. It was
not designed for triplets or higher multiples.

Method 4: Symptomatic women with bath CL and fFN measured (methods 1, 2 and 3
relate to asymptomatic models):

Symptoms suggestive of abnarmal ar premature uterine activity: [D1]

Previous cervical surgery: [D2]

Previous PPROM: [D3]

Previous preterm birth <36+6: [D4]

Number of fetuses: [D5]

Gestation of test: [D7]*7+[D8]

Weeks: [D7]

Days: [D8]

Shortest cervical length (mmj: [D9]

fFN result (ng/ml): [D10]

Mu: [D11] = 0.00896*CL-0.0007748*fFN-0.1351627 {if twin pregnancy, previous
cervical surgery, PPROM or preterm birth] + 5.53231915.

Sigma: [D12] = exp(-1.74601) = 1744687

S{test): [D13] = 1-(NORMSDIST{log:{gestation of test-Mu)/Sigma)

S(30): [D14] = 1-(NORMSDIST(log.{30*7-Mu}/Sigma); likewise, S(34): D[15], 5{37):
[D16]

S{1lweek): D[17] = 1-{ NORMSDIST( loge{gestation of test+1*7-Mu}/Sigma); likewise, 5{2
weeks]: D18], 5{4 weeks): [D19]

Probability of delivering before 30 weeks: [D20] =MAX{{S{test)-5(30))/S(test), 0)
Other probabilities are calculated similarly

[Results are as calculated in anal2_symp_ffn_cl_equiptt_app_ph.txt]

Method 5: Symptomatic women with only CL measured;

Symptoms suggestive of abnormal or premature uterine activity: [D1]
Previaus cervical surgery: [D2]

Previous PPROM: [D3]

Previaus preterm birth <36+6: [D4]

Number of fetuses: [D5]

Gestation of test: [D7]*7+[D8]

Weeks: [D7]

Days: [D8]

Shortest cervical length (mm): [D9]
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Mu: [D10] = 2.397495*|log.(CL+1)/10 -.1751846 (if twin pregnancy, previous cervical
surgery, PPROM or preterm birth] + 4.9803773

Sigma: [D11] = exp {-1.575416) = .2065215

All other results are calculated as method 4

[Results are as calculated in anal2_symp_cl_equiptt_app_ph.txt]

Method 6: Symptomatic women with only fFN measured:

Symptoms suggestive of abnormal or premature uterine activity: [D1]
Previous cervical surgery: [D2]

Previous PPROM: [D3]

Previous preterm birth €36+6: [D4]

Number of fetuses: [D5]

Gestation of test: [D7]*7+[D8]

Weeks: [D7]

Days: [D8]

fFN result (ng/ml): [D3]

Mu: [D10] = -0.0013155%fFN -0.1911503 (if twin preghancy, previous cervical surgery,
PPROM or preterm birth} + 5.936622

Sigma: [D11] = exp {-1.509526) = 22101474

All other results are calculated as method 4

[Results are as caleulated in anall_symp_ ffn _equiptt app ph.txt]

Abbreviations:

fFN Fetal Fibronectin (ng/mL)

€L Cervical length (mm)

loge Log base e; natural log. In Excel written LN().

NORMSDIST() Cumulative prabability function of the Standard Normal distribution; in
algebra written as @{). NORMSDIST(Q) = 0.5, NORMSDIST(1.96) = 0.975.

Exp() Natural exponent; inverse of natural log. Exp(x) = e*. Exp(log(x)) = log{exp{x}} = x
forx>{Q

A power. a*b = a® 1072 =102 = 100.

MAX(, } Maximum. MAX{a,b) = larger of a2 or b. It is used only to ensure that a zero
probability is presented for risk of delivery at dates that have already passed.

Vv Square root. In Excel: SQRTA().
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17.6. Camparisan of statistics from Kuhrt et al. {2016a) and PETRA study.

Table 54. Summary of predictive statistics for delivery at < 30, < 34 and < 37 weeks'
gestation and delivery within 2 weeks fram fFN test in validation sets from PETRA and
Kuhrt et af., {2016).

30wk 95% ¢ 34wk 95%C 37wk 95% ¢l 1wk 55% ¢ 2wk 95%¢)
{18.7- {49.2- {50.5- Mot (18,7
S00%  grgey  TEBH arsey T20% goony repored S0.0% 21 5y
{55,5- {65.1- {65.5- {25.1- (58.6-
W00% 4 7%} 84.6% 95.6%) 80.9% 86.4%) 53.8% 80.8%) 83.3% 96.4%}
o639 (922 g (B15 . ({701 ot aow (834
SR ag Ay ' a92.1%) C B3.4%)  reported . 96.9%)
(86.7- (66.6- {52.5- (85.5- (80.9-
20.8% 54.0%] 70.3% 74.8%) =6.9% 61.2%) 32.0% 94.1%) 84.2% 37.2%})
{5.0- {3.9- {2.2- Nt {3.5-
130 33.8) 6.4 10.3) 3.2 4.6) reported 83 19.2)
(6.4- {2.3- (1.6- i3.8- (4.0-
3.8 15.9) 2.90 25) 1.9 22) 6.7 12.0) 5.3 7o)
{0.1- {0.2- Not {0.3-
0-5 (0.3-1.0 0-2 0.7) 0-4 0.8) reporked 0.5 1.0}
{0.02- {0.2- {0.2- {0.3- {0.2-
01 0.7) 0.2 0.5} 0.3 0.6) 0.5 0.9) 0.2 0.6}
{15.2- . {18.6- {20.3- Mot . (11.0-
TR g 3B ey 321% i e NI
{13.3- {8.5- {15.5- {5.6- (3.4-
27.3% 45.5] 133% gy O goagy  13S% o) 18R 5 sy
g% 30 ggqy  (PAE g, 897 hiok 9720 (930
“ 100%) . 99.6%) T §7.9%)  reported . 99,1%)
{97.7- ; j97.1- 92,5 {97.5- . (98.2-
06%  jonxs  %5% oz BT armg B egw % Lo
{0.74- {6.67- {0.65- Not {0.55-
0.88 1.0} 083 0.98) 0.77 0.00)  reported Q.77 0.99)
{0.94- (0.78- {0.71- f0.87- (0.88-
0.95 0.99 0.85 0.92) 0.77 0.83) 051 0.96) 0.82 0.96)

Table 55. Prevalence rates of sPTB at <30, <34 and <37 weeks' gestation and within 1
and 2 weeks of delivery in Kuhrt and PETRA cohorts.

30wk »n I wk n 37wk n 1wk n 2wk n
A Mot "

G.2% 10 7.3% i4 13.0% 25 regorted 5.2% 10

1.7% 1 A.5% 2a 11.8% &8 2.3% 13 3.1% i8
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