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QUiPP Toolkit Evidence Summary 

 

Why do we need the QUiPP app? 

 

In England and Wales, 7.9% of babies are born preterm. It is the leading cause for deaths under 5 years 

of age and survivors are at risk of major long-term morbidity(1)(2). The economic consequences are 

estimated at £2.95 billion per year (3). 

 

The first opportunity to identify women at risk of preterm birth (PTB) is usually when they present 

with threatened preterm labour (TPTL) symptoms.  This occurs in 9% of pregnancies but only 3-5% of 

women will deliver within 7 days (4)(5)(6). Current guidelines advise a treat-all policy for women 

presenting in TPTL before 30 weeks (7) and most women receive unnecessary treatments. Clinicians 

have a complex clinical dilemma where the need to prevent/ameliorate the consequences of PTB has 

to be balanced with fetal and maternal side-effects of interventions and their costs.  

 

Why does the timing of preterm interventions matter? 

Antenatal corticosteroids  

 

Following Liggins’ observations that lambs exposed to prenatal corticosteroids appeared viable at an 

earlier gestational age than expected.(8), there were a series of clinical trials investigating the effects 

of antenatal corticosteroids on preterm birth outcomes (9) (10). Reviewed by Crowley et al. in 1990, 

the primary outcome of these trials was the incidence of neonatal respiratory distress syndrome 

(RDS). Administration of antenatal corticosteroids to women in preterm labour, with preterm 

prelabour rupture of membranes or prior to planned preterm delivery, was associated with  a 

reduction in RDS rates of about 50% (typical odds ratio 0.49, 95% CI 041-0.60).(11).  The Cochrane 

2017 update including 30 studies confirmed the  reduced risk of RDS (average RR 0.66 CI 0.56-

0.77)(12). 

 

Steroid administration also significantly reduces the occurrence of necrotising enterocolitis and 

intra-ventricular haemorrhages in preterm infants (11) (12).  Fetal neuroprotection is thought to be 

mediated by corticosteroids vasoconstrictive effect on cerebral blood flow (13).   Together with the 
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impact on RDS, the reductions in neonatal morbidity are likely to reflect the significant reduction in 

perinatal death (average RR 0.72 CI 0.58-0.89)(12). 

 

Although the health benefits of appropriate ACS are proven, reductions in RDS and intra-ventricular 

haemorrhage have only found to be significant if delivery occurs between 1 and 7 days from 

administration (12)(14)(Table 1).  If treated outside the 7-day window, even with a single course, 

infants demonstrate lower birthweight (mean difference -147 g, 95% CI -291 to -2 g), head 

circumference, and length.  More concerning still, the 2006 Cochrane Review described a worrying 

trend towards an increased risk of death for babies who received ACS and go on to deliver at full 

term (relative risk 3.25; 95% CI 0.99– 10.66). 

 

Norman et al. (2017)  confirmed that benefits from ACS are temporary, and do not exceed seven 

days (15).  Importantly, they also reported that significant health-promoting effects were evident 

just hours after ACS administration. They observed (n = 4594) an immediate and rapid decline in 

composite mortality and severe neonatal morbidity at <12 hours, which plateaued at 18–36 hours 

[>50% relative risk (RR)]. Modelling predicted ACS, given just 6–12 hours before delivery, would have 

achieved a 51% reduction in infant mortality in the group who did not receive any steroids. 

 

Targeting steroids administration appropriately is also a priority in light of increasing evidence of 

their harmful effects. These are offset by the benefits in preterm infants- but may be harder to 

justify in the majority who go on to deliver at term. The potential harmful effects of ACS are 

summarised in Table 1 

 

Table 1 Effects of ACS 

Fetal organ or 

system at risk of 

harm  

Evidence summary References 

The 

hypothalamic-

pituitary-

adrenocortical 

(HPA) axis 

Animal models suggest that steroids’ effect on HPA-axis 

impairs regulation of growth, organ (including brain) 

development and immune function.   

 

(16). 

 

 

 

(17). 
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The possibility that this impact may be transgenerational 

has been provided by increased ovulatory cycles in 

female guinea pig offspring exposed to steroids.  

 

In humans, cord blood studies have confirmed that 

corticosteroid treatment suppresses maternal and fetal 

cortisol and adrenocorticotropic hormone (ACTH). 

Studies suggest these hormones can take between seven 

days and eight weeks to return to normal levels. 

 

(18) (19). 

Fetal growth 

and Barker 

hypothesis 

Animal studies and clinical trials have consistently 

demonstrated that corticosteroids impair fetal growth. 

Proposed mechanisms include glucocorticoid-induced 

alterations in placental nutrient transport and 

modulation of the insulin-like growth factor system, 

fundamental to fetal growth.  

 

 

 

 

 

A dose-dependent association has been observed 

between preterm infants’ growth and corticosteroids 

use.  

 

 

 

In addition to the acute effect of fetal growth, there is 

growing awareness that the intra-uterine environment 

has repercussions for later life.   In particular, it is 

hypothesised that placental insufficiency leads to an 

increased risk of cardiovascular disease and glucose 

intolerance/diabetes as adults.  

(20) (21) (22) (23) (24) 

(25).   

 

 

(26) (27) (28).   

 

(29).   
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Fetal Brain Rat models suggest that dexamethasone may interfere 

coping and learning in adverse situations via increased 

CRH levels in the amygdala 

 

Sheep studies suggest that delayed cerebral myelination 

may underlie impaired brain growth 

 

 

In humans repeated steroid doses are associated with a 

reduction in cerebral palsy, but increased rates of 

aggressive and hyperkinetic behaviour 

 

Behavioural assessments of the two groups of children 

were not significantly different but steroid-exposed 

children were twice as likely to be in the lower quartile of 

academic ability (p=0.01) (ARR 9.2% - 17.7% to 8.5%). 

(25). 

 

 

 

 

(30) (31) (32). 

 

(33).   

 

(34).   

 

A practical clinical consideration is the glucose dysregulation in diabetic mothers exposed to 

steroids- whilst this is transient, during steroid administration blood glucose needs to be monitored 

and managed with additional insulin infusions (35) for women with insulin-dependent diabetes.  This 

requires an antenatal admission and its associated risks (e.g. VTE, infections) and there are 

significant resource implications as “sliding scales” require one-to-one midwifery care.  In addition 

an observational study reported that 40% of women with diet-controlled diabetes required insulin 

for the first time after having received steroids for fetal lung maturity (36). 

 

Tocolytic therapy 

In the UK,  tocolysis is advised for any women with symptoms of preterm labour between 24+0 and 

33+6 weeks’ gestation  (7).  Calcium channel blockers, prostaglandin-inhibitors and oxytocin-receptor 

antagonists are tocolytics which most consistently demonstrate reduction in RDS, neonatal mortality 

and delay of birth by up to 48 hours. and they are the most commonly offered to women in TPTL in 

the UK (37)(38) (39)(40)(7)(41). 
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However, use of tocolytics also carries risks of harm to fetus. In a placebo-controlled trial long-term 

follow-up of the children at 2 years, children of mothers who had received nifedipine maintenance 

therapy had higher rates of fine motor problems [22.2% versus 7.6%, OR  3.42 (95% CI: 1.29–9.14)] 

but a lower incidence of poor problem solving [21.1% versus 29.1%, OR = 0.27 (95% CI: 0.08– 

0.95)](42).Concerns regarding fetal side effects have limited the use of prostaglandin inhibitors 

clinically. In a retrospective study of 114 preterm (< 30 weeks) deliveries, indomethacin, a non-

selective PTGS inhibitor was found to significantly increase the incidence of premature closure of  

the ductus arteriosus, and fetal renal complications (43). In the TOCOX trial, Rofecoxib, a selective 

PTGS-2 inhibitor, was found to not only increase sPTB, but also significantly reduce fetal urine 

production [by 31% (95% CI 10–47%, P= 0.004)] causing oligohydramnios and impaired ductus 

arteriosus blood flow.   There are also concerns regarding the use of Atosiban at extreme preterm 

gestations, when it appears to expedite delivery (44).(45) 

 

Side effects from tocolytics occur in 13% of women(46).  Usually the side effects of calcium-channel 

blockers are mild and self-limiting but include headache, rash, nausea and mild tachycardia. Their 

vasodilatation effect can also cause systemic hypotension which triggers a rebound increase in 

stroke volume and cardiac output which can lead to myocardial ischaemia.    However the true 

incidence of maternal adverse events is difficult to determine as only a minority of trials report 

maternal outcomes (9/28 trials in Conde-Aguedelo et al. meta-analysis (47). Due to its uterine 

specificity, Atosiban is associated with fewer adverse maternal effects than either calcium-channel 

blockers or beta-mimetics. However they are still side effects which render women exposed to 

Atosiban were four times more likely (16% versus 4% RR 4.02, 95% CI 2.05 to 7.85) to discontinue 

their treatment, when compared to placebo (48). Prostaglandin inhibitors result in a range of side-

effects due to the wide distribution of tissues in which prostaglandins are produced.  Cyclo-

oxygenase inhibition is known to interfere with gastric acid release and the mucosal barrier (49)and 

their inhibition of platelet aggregation is linked with increased rates of post-partum haemorrhage 

(50).  

 

For situations where preterm birth appears truly imminent, tocolytics are relevant to ensure 

appropriate steroid delivery and timely in-utero transfer. Given the inadequate evidence regarding 

the short and long-term fetal and maternal harm of tocolytic drugs, their blanket use in TPTL cannot 

be justified.   
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In-utero transfer 

 

As neonatology has advanced and subspecialised, there is an impetus to ensure babies have the 

opportunity to benefit from the relevant expertise as soon as they are born. Given geographic and 

funding pressures in the NHS, this requires significant numbers of transfers between neonatal 

facilities. The benefit of being born in a tertiary care centre has been proven to be most significant at 

early gestational ages.(51) The development of neonatal networks in the UK was primarily aimed at 

ensuring babies born less than 26 weeks receive the expertise of a level 3 (post intensive) neonatal 

unit. Despite this, the  most recent UK national cohort (EpiCure 2) revealed that only 56.4% 

(1387/2640) of births between 22 and 26 weeks occurred in hospitals with a level 3 unit.(52). 

Accurate identification of the women most at risk of preterm birth is key to prioritising who to 

transfer antenatally.   

 

Accurate prediction is also key to prevention of unnecessary transfers for preterm labour. If based 

on symptoms alone more than 90% of women transferred for PTL will not deliver imminently,  

(6)(53) transferring everyone (as suggested by NICE) puts additional strain on an imperfect system 

and endangers successful transfer of those who most need it.   

 

The emotional and financial burden of in-utero transfers upon the women and their families is 

beginning to be explored in the literature. Whilst women recognise the importance of in-utero 

transfer and find it acceptable (54) (55), the unplanned relocation to unfamiliar surroundings at al 

already stressful time in the pregnancy creates anxiety, shock and worry (54). 

 

 

Magnesium sulphate 

 

A systematic review of the evidence for magnesium sulphate as neuroprotection for preterm infants 

confirmed a 69% RR in cerebral palsy (3.9% versus 5.6% 95% CI, 0.55-0.88) and number needed to 

treat of 30 at < 28 weeks (56).  Neuroprotection is also indicated by a decreased risk of MRI-detected 

cerebellar hemorrhages (57).These findings underpin UK guidance to offer magnesium sulphate to 

all women at risk of preterm birth before 30 week’s gestation (7) and national efforts to improve 

compliance with this advice (58).  
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The timing of magnesium sulphate to maximise neuroprotection is also a subject of debate Pre-

hypoxia regimens which have shown benefit range from 30 min to 24 hours prior to hypoxic 

episodes in term infants (59)(60). The dose the preterm fetus requires to reduce cerebral palsy Is not 

well established either.  Clinical trials suggest that the median total dose should be more than 4 g to 

be effective but ranged from 4 and 49.8 g (56). 

 

Magnesium sulphate does not appear to trigger any major maternal obstetric complication but it 

does confer around a 50% increased risk of hypotension and tachycardia.  Respiratory depression 

and pulmonary oedema, need to be monitored for with magnesium infusions, as in pre-eclampsia. 

Side-effects (flushing, sweating, headache, dizziness, nausea or vomiting, soreness at injection site) 

are reported in 98% of women(56).   Whilst all these side-effects are self-limiting they can contribute 

to treatment cessation, so optimal dosing to reduce maternal side-effects is likely to improve 

compliance with magnesium sulphate administration. 

 

Magnesium sulphate is clearly a life-changing and safe treatment for early preterm babies. However 

given the uncertainties around its therapeutic window and optimal timing, preterm labour tests may 

have a role in preventing indiscriminate and excessive drug administration.  

 

As well as physical harm, the above interventions are associated with anxiety (itself a risk factor for 

PTB (61)), financial burden for the women and family (62)(63)(54).  

 

Why is the avoidance if excessive intervention important for healthcare services? 

 

Threatened preterm labour is the most common reason for attending hospital before 37 weeks (64).  

The costs of bed days, blood tests, scans, and drugs exceed £1,000 per TPTL admission (64).  Many 

women require in-utero transfer which is time-consuming and costly (approximately 340 mins of 

clinical time) (65).  

 

Cost savings associated with introducing qualitative evaluation of cervico-vaginal fetal fibronectin 

are estimated at over 60% for admissions (64) and 90% for transfers (66).   As outlined below, fetal 

fibronectin and QUiPP have the potential to magnify resource savings (67). QUiPP is free to all users 
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and a cost-minimisation and cost-consequences analysis is being performed as part of the pilot 

EQUIPTT study (data collection ended 12/2/2019, ISRCTN17846337).  

 

 

What is the evidence for cervical length to predict preterm birth? 

 

For women presenting with symptoms of preterm labour, cervical length measurement is only 

recommended for women beyond 30 weeks, based on the useful likelihood ratios of 13 studies 

reviewed (7). NICE admit that these recommendations are based on studies were of low-quality and 

that there are problems around thresholds.  Their conclusion is that a 15mm cut-off has a 

moderately useful positive likelihood ratio (ranging from 4.23 to 20.0) compared to <25mm (2.83 to 

19.5).   

 

The largest prospective study to date is Tsoi et al’s combined cohort of 510 women in TPTL with 

singleton pregnancies (68).  It reported delivery within 7 days occurred in 42/95 (44.2% based on 

Table 2 not abstract) with a cervix < 15mm and only 0.7% of those with a cervix > 15mm delivered 

within 7 days.  The AUC was 96% for delivery within seven days and the likelihood ratio was 8.61 

(95% CI 7.04 to 8.96 (moderately useful)(7).  Their logistic regression analysis found that cervical 

length was the only independent variable for birth within 7 days.  A dramatic fall in event rates at 

CL > 15mm (30% delivery rate at CL 11-15mm compared to 0% at 16-20mm) support a distinct 

threshold (15mm) for intervention.  In contrast, an 80.0% risk (of birth within 7 days) at CL < 5mm 

compared to 29.8% risk at 11-15mm supports the theory that biological continuous variables like 

cervical length are on a continuum.    A binary threshold disregards this, as well as a woman’s other 

risk factors and the gestation of presentation. 

 

A meta-analysis of 28 studies (including those already mentioned :Palacio, Tsoi, Schmitz) reported a 

pooled PLR of 5.71 (3.77–8.65) and a NLR 0.51 (0.33–0.80) (69) suggesting that cervical length is a 

moderately useful test for sPTB prediction. However there is marked heterogeneity in performance 

between the studies.  Study inclusion criteria (e.g. multiples, gestation/preterm labour definitions) 

may account for contrasting prevalence of imminent preterm birth, but it is likely that operator 

reproducibility of scanning is a factor, even where stated ultrasound methodology is sound.  

Defining a single threshold for intervention for all groups of women at all gestations is difficult based 
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on these studies.  The risk of sPTB changes across the range of cervical lengths and gestations: the 

challenge is how to transform this understanding into a useful clinical algorithm. 

 

What is the evidence for fetal fibronectin to predict preterm birth? 

Fetal fibronectin (fFN) is an epitope produced by fetal amniocytes and cytotrophoblast (70) and its 

function relates to its position in the extracellular matrix of the decidua basalis adjacent to the 

intervillous space. 

 

Following Lockwood’s seminal work on fFN, a number of prospective cohort studies were conducted 

in asymptomatic (with and without risk factors for PTB) well as symptomatic women (71)(72).   In 

1999 meta-analysis (27 studies) of the ability of fFN to predict preterm birth included 3613 women 

and reported overall sensitivity of predicting sPTB within 7 days of 76% (CI 57-96) and specificity of 

88% (CI 81-96%) (73). Of the 11 studies in the symptomatic population, the combined sensitivity was 

higher (89% CI 80-97%) suggesting significant promise as tool for triaging TPTL. 

 

Prospective cohorts of the use of quantitative fFN for women in TPTL suggest the predictive accuracy 

can be refined further by using more than one threshold (5)(74).   In a prospective observational 

study of 300 singleton pregnancies using quantitative fFN testing for TPTL, the PPVs increased from 

10.9 to 46.2% as the fFN threshold increased from 10- 500 ng/ml, with minimal impact on the NPV  

(98.5% at 10 ng/mL and 95.0% at 500 ng/mL thresholds) (5). The diagnostic ability of quantitative 

fFN as illustrated by receiving operator characteristic (ROC) curve was  comparable at different 

thresholds, ranging from AUC 0.72-0.78), and as high as 0.82 (95% confidence interval 0.76-0.89) 

(75) and 0.85 (95% CI, 0.770-0.903) (76) in other studies.   

 

Given the linear relationship between fFN and preterm birth (77) (78) a variable threshold  better 

reflects individual patient circumstances and different treatment options (e.g. with-holding steroids 

versus commencing magnesium sulphate).  A high PPV is desirable for confirming if intervention 

necessary and a high NPV for screening out condition altogether. The use of different thresholds 

may be influenced by the clinical details (e.g. gestation) and intervention under consideration 

(steroids, transfer, and discharge from hospital).  Clinicians are used to varying their decision-making 

cross the risk range, as with in the management of blood pressure or interpretation of full blood 

counts.  Ridout et al 2016, describe the more targeted approach this allows in the preterm labour 
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setting, with the more costly or harmful intervention (e.g. steroids/IUT) saved for the most high risks 

groups (74). 

 

Combining fFN and CL to predict preterm birth 

 

A large multicentre study (n=455), used logistic regression to assess the relationship between 

Quantitative fetal fibronectin (qfFN)  (with clinicians blinded to fFN value), cervical length and 

delivery within 7 days (79).   Utilising qfFN appeared to add value across the risk range: for women in 

TPTL and a CL < 15mm, the risk of delivery within 7 days ranged from 5% in fFN < 10ng/mL, to 26% if 

50-199, and 64% if fFN > 500.  A high fFN (>500) was also able to identify a high-risk group (PTB 33%) 

with those with a long cervix (30-50mm) (Fisher’s exact test p+0.01).  The model with cervical length 

and quantitative fFN (AUC of 0.84 (95 CI 0.78- 0.89) was better than qualitative fFN and CL or 

quantitative fFN alone.  Addition of cervical length (CL) further refines predictive ability of qfFN (79) 

and cost-effectiveness analysis of this approach has delivered approximately €848 euros savings per 

patient (80)(81). 

 

 

Women in TPTL usually present out of hours but clinicians need to make important decisions quickly.  

The practical advantages of having two tests at their disposal are rarely described in the literature.  

Scanning equipment and expertise is limited in most parts of the UK and qfFN may be the only test 

that is practicable initially.  Conversely there could be a contra-indication to fFN use (e.g. spotting) or 

equipment failures/shortages.  An appropriate triage strategy would allow both CL and qfFN for 

optimum prediction but acceptable prediction using one parameter alone. 
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Why was QUiPP app created? 

There is a tension between the limitations of binary thresholds of predictive markers described 

above and the clinical need for simplicity. Seeking a solution to this problem our research group 

developed a tool to estimate the individual probability of preterm delivery using predictive 

modelling.  Provision of a probability (% risk of delivery within certain timeframes) is meaningful and 

simple because it is more appropriate for a predictive test and widely understood. To facilitate 

usability and accessibility to this model it was converted into a freely available smartphone 

application: 

 

Frequent consultation with the Guy’s and St Thomas’ Hospital Preterm Birth Patient and Public 

Involvement (PPI) group regarding the creation, aims and evaluation of QUiPP has also suggested 

that an app is a suitable tool to aid conversations with pregnant women. Indeed app use is high 

amongst this young and technologically-literate population with three-quarters of pregnant women 

using at least one pregnancy app (82) (83). 

 

How does the QUiPP app work? 

The six QUIPP 2 predictive models were created using cervical length and fFN data, cervical length 

alone and fFN alone from symptomatic and asymptomatic datasets. Statistical analysis was 

performed with Stata software (84). 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 to inadequate 

numbers.    Women whose labour was induced or who had caesarean section following preterm 

prelabour rupture of membranes (PPROM) were regarded as having had spontaneous preterm birth. 

Survival analysis with time-updated covariates was used to identify the principal predictors of 

premature delivery with premature onset of labour or PPROM. Six parametric structures for survival 

models were compared for each combination of predictors: exponential, Gompertz, log-logistic, 

Weibull, log-normal and gamma.  The best models were then determined by reference to Akaike’s 

Information Criterion (AIC) and Bayesian Information Criterion (BIC), where the lowest values are 

considered to have the best fit to the data).  For each set of results, women were considered at risk 

of an event only from the time of the visit to the earliest of their next test, delivery or 37 weeks’ 
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gestation. Deliveries after 37 weeks’ gestation or preceded by induction of labour or elective 

Caesarean section were regarded as censored at 37 weeks.   

 

Quantitative fFN, cervical length (CL), gestational age at test and previous preterm delivery/PPROM/ 

and multiple pregnancy were considered as possible predictors. Late miscarriage was found to be a 

predictor in the asymptomatic algorithms only and cervical surgery was found to be a predictor in 

the symptomatic cohorts. Other potential predictors (body mass index, smoking, and ethnicity) were 

excluded as not significant in a multiple regression model.   

 

The probabilities of delivery are estimated by survival analysis models using Lognormal (for 

symptomatic women) and loglogistic distributions (for asymptomatic women), adjusting for 

measured values of CL and fFN, and reported risk factors, conditional on the pregnancy having 

continued to the day of testing. Survival analysis accounts for fact that some iatrogenic women 

delivered preterm. Each variable was then investigated for non-linearity using fractional 

polynomials.   

 

 

What is the evidence base for QUiPP? 

 

The symptomatic prediction models were then tested by simple calibration which compared 

predicted and actual event rates, prior to a formal validation in the PETRA study.  In the qfFN group 

the ability of the algorithm to predict sPTB at less than 30 weeks’ gestation had the highest balanced 

accuracy with 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%.(85)  In order to directly compare predictive ability of the different 

combinations of predictors we compared area under the curve (AUC) in the validation set of women 

who had had both tests (Figure 1).  For the qfFN group, the AUC for predicting sPTB at less than 30 

weeks’ indicates good prediction, at 0.96, with similarly large AUCs for predicting sPTB at less than 1 

week and 2 weeks post-test.   
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Figure 1: 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 qfFN alone, CL alone, or combination of both tests.(85) 
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For the asymptomatic models the validation dataset was created from high-risk asymptomatic 

women enrolled in the EQUIPP and INSIGHT studies up to February 2019 where outcomes had been 

collected since creation of the prediction models using the training set in May 2017.  This included 

1400 visits and 904 women (none of whom were included in the validation set for the first QUiPP 

algorithms).  AUCs for the qfFN, CL and qfFN/CL algorithms, based on all women in the dataset were 

produced. There were contrasts between the ethnicities and sPTB risk factors between the training 

and validation set which is an intended consequence of temporal validation method which aims to 

assess the generalizability of the predictive models in different populations (86).  All algorithms 

demonstrated good accuracy with areas under the curve (AUC) between 0.75 and 0.90 for the use of 

qfFN and CL combined, between 0.68 and 0.90 for qfFN and between 0.71 and 0.87 for CL (86). 

 

Bootstrapped confidence intervals were calculated for delivery within 4 weeks of test were narrow 

supporting the models’ reliability and no significant difference between the three algorithms (qfFN 

0.866 [0.784-0.927] cervical length 0.865 [0.720-0.919], fFN and cervical length [0.728-90.953])  

Calibration for probability of delivery within 4 weeks ( 1095 observations for qfFN alone, 988 

observations for CL alone and 694 for combined use of qfFN and CL) demonstrated no significant 

difference between the event rates and the predicted probabilities in any algorithm, confirming the 

QUiPP app’s reliability at estimating risk of delivery within 4 weeks.  Calibration of the qfFN 

algorithm demonstrated the app’s ability to segregate women according to true risk; a low (<1%) risk 

on the QUiPP app is associated with an event rate of only 0.5%, while a high risk of delivery within 4 

weeks (>10%) probability is associated with a 26% risk of delivery within 4 weeks, compared to a no 

information rate of 2.9%.(86)  

 

EQUIPTT : The large cohort of women with TPTL symptoms recruited in the EQUIPTT trial has 

allowed extensive validation of the QUiPP app’s predictive performance. Using qfFN combined with 

individual risk factors and gestation, the excellent ROC values for prediction of sPTB within 7, 14 and 

28 days support the use of the tool to triage TPTL. Whilst thresholds for intervention may be altered 

to suit the clinical setting, a 5% risk of delivery within 7 days reliably distinguishes women most likely 

to need intervention both in ideal and in actual use. 
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In a survey of women’s views, 92% found the QUiPP App provided understanding and reassurance, 

and 95% found the risk scores helpful (67).   Qualitative findings from EQUIPTT suggest that individuals 

using the app, largely felt QUiPP lowered their perception of risk, increased confidence in decision-

making and reduced the tendency to over-treat.  Acceptability of the use of an app to support 

management decision was high with women and clinicians alike, although its expected integration 

into shared-decision making was not often realised. 

 

 

How does QUiPP fit with NICE 

 

For women in TPTL after 30 weeks’ gestation, cervical length and fetal fibronectin are the only 

predictive tests recommended by NICE.(7) 

 

We modelled the QUIPP app’s ability to guide management relative to a “treat-all” strategy (NICE 

2015) for women less than 30 weeks’ gestation.  If a 5% threshold of delivery within 7 days had been 

used to decide when to intervene, 89% of admissions could have been safely avoided compared to 

none with a treat-all strategy. No true cases would have been missed as no women delivered within 

7 days who were given a risk less than 10% (67). 

 

The EQUIPTT trial once published, will provide a broad overview of actual UK practice of TPTL 

management.  As was advised in the EQUIPTT protocol, the QUiPP App is a non-dogmatic tool to help 

clinicians. In rare cases where risk of delivery is less than 5%, clinicians are advised to follow their 

clinical acumen or the mother’s symptoms if necessary, to outweigh low QUiPP scores. Through doing 

this we know women receive appropriate and timely treatments for their preterm infants.  This 

judicious interpretation of quantitative fFN, with or without the QUiPP app by both women and 

clinicians in this trial creates the required evidence that in practice these tests are safe methods of 

identifying women most likely to benefit from preterm labour interventions.   

 

 

 

 

 

 



Produced by the  
QUiPP App Toolkit Group©                                                                                                        

 

16 
QUiPP App Toolkit Group© 

 Funded by Health Innovation Network South London ‘Innovation Award 2019/2020’ awarded to: Ms Naomi 
Carlisle, Dr Ellie Watson & Professor Andrew Shennan            

 Version 1, 2/4/2020                                                                                   

 

 

References 

 

1.  Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global, regional, and national causes of 

under-5 mortality in 2000–15: an updated systematic analysis with implications for the 

Sustainable Development Goals. Lancet. 2016;  

2.  Patel RM. Short- and Long-Term Outcomes for Extremely Preterm Infants. Am J Perinatol. 

2016 Feb;33(3):318–28.  

3.  Mangham LJ, Petrou S, Doyle LW, Draper ES, Marlow N. The Cost of Preterm Birth 

Throughout Childhood in England and Wales. Pediatrics. 2009;  

4.  Honest H, Bachmann LM, Gupta JK, Kleijnen J, Khan KS. Accuracy of cervicovaginal fetal 

fibronectin test in predicting risk of spontaneous preterm birth: systematic review. BMJ. 

2002;325(7359):301.  

5.  Abbott DS, Radford SK, Seed PT, Tribe RM, Shennan AH. Evaluation of a quantitative fetal 

fibronectin test for spontaneous preterm birth in symptomatic women. Am J Obstet Gynecol. 

2013;208(2):122-e1.  

6.  Peaceman AM, Andrews WW, Thorp JM, Cliver SP, Lukes A, Iams JD, et al. Fetal fibronectin as 

a predictor of preterm birth in patients with symptoms: A multicenter trial. Am J Obstet 

Gynecol. 1997;177(1):13–8.  

7.  NICE. Preterm Labour and Birth. November, 2015. 

8.  Liggins GC. Premature delivery of foetal lambs infused with glucocorticoids. J Endocrinol. 

1969. 

9.  Liggins GC, Howie RN. A controlled trial of antepartum glucocorticoid treatment for 

prevention of the respiratory distress syndrome in premature infants. Pediatrics. 1972;  

10.  Gamsu HR, Donnai P, Mullinger BM, Dash CH. Antenatal administration of betamethasone to 

prevent respiratory distress syndrome in preterm infants: report of a UK multicentre trial. 

BJOG An Int J Obstet Gynaecol. 1989. 

11.  Crowley P, Chalmers I, Keirse M. The effects of corticosteroid administration before preterm 

delivery: an overview of the evidence from controlled trials. BJOG An Int J Obstet Gynaecol. 

1990;97(1):11–25.  

12.  Roberts D, Brown J, Medley N, Dalziel SR. Antenatal corticosteroids for accelerating fetal lung 

maturation for women at risk of preterm birth. Cochrane Database of Systematic Reviews. 

2017.  



Produced by the  
QUiPP App Toolkit Group©                                                                                                        

 

17 
QUiPP App Toolkit Group© 

 Funded by Health Innovation Network South London ‘Innovation Award 2019/2020’ awarded to: Ms Naomi 
Carlisle, Dr Ellie Watson & Professor Andrew Shennan            

 Version 1, 2/4/2020                                                                                   

 

13.  Schwab M, Roedel M, Akhtar Anwar M, Müller T, Schubert H, Buchwalder LF, et al. Effects of 

betamethasone administration to the fetal sheep in late gestation on fetal cerebral blood 

flow. J Physiol. 2000;  

14.  World Health Organization WHO recommendations on interventions to improve preterm 

birth outcomes. 2015;1–54.  

15.  Norman M, Piedvache A, Børch K, Huusom LD, Bonamy AKE, Howell EA, et al. Association of 

short antenatal corticosteroid administration-to-birth intervals with survival and morbidity 

among very preterm infants results from the EPICE cohort. JAMA Pediatr. 2017;  

16.  Waffarn F, Davis EP. Effects of antenatal corticosteroids on the hypothalamic-pituitary- 

adrenocortical axis of the fetus and newborn: Experimental findings and clinical 

considerations. American Journal of Obstetrics and Gynecology. 2012.  

17.  Dunn E, Kapoor A, Leen J, Matthews SG. Prenatal synthetic glucocorticoid exposure alters 

hypothalamic-pituitary-adrenal regulation and pregnancy outcomes in mature female guinea 

pigs. J Physiol. 2010;  

18.  Padbury JF, Ervin MG, Polk DH. Extrapulmonary effects of antenatally administered steroids. 

Journal of Pediatrics. 1996.  

19.  Schäffer L, Luzi F, Burkhardt T, Rauh M, Beinder E. Antenatal betamethasone administration 

alters stress physiology in healthy neonates. Obstet Gynecol. 2009;  

20.  Jobe AH, Wada N, Berry LM, Ikegami M, Ervin MG. Single and repetitive maternal 

glucocorticoid exposures reduce fetal growth in sheep. Am J Obstet Gynecol. 

1998;178(5):880–5.  

21.  Braun T, Husar A, Challis JRG, Dudenhausen JW, Henrich W, Plagemann A, et al. Growth 

restricting effects of a single course of antenatal betamethasone treatment and the role of 

human placental lactogen. Placenta. 2013. 

22.  Murphy KE, Hannah ME, Willan AR, Hewson SA, Ohlsson A, Kelly EN, et al. Multiple courses of 

antenatal corticosteroids for preterm birth (MACS): a randomised controlled trial. Lancet. 

2008. 

23.  Crowther CA, Mckinlay CJD, Middleton P, Harding JE. Repeat doses of prenatal corticosteroids 

for women at risk of preterm birth for improving neonatal health outcomes. Cochrane 

Database of Systematic Reviews. 2015.  

24.  Audette MC, Challis JRG, Jones RL, Sibley CP, Matthews SG. Synthetic glucocorticoid reduces 

human placental system a transport in women treated with antenatal therapy. J Clin 

Endocrinol Metab. 2014. 



Produced by the  
QUiPP App Toolkit Group©                                                                                                        

 

18 
QUiPP App Toolkit Group© 

 Funded by Health Innovation Network South London ‘Innovation Award 2019/2020’ awarded to: Ms Naomi 
Carlisle, Dr Ellie Watson & Professor Andrew Shennan            

 Version 1, 2/4/2020                                                                                   

 

25.  Welberg LAM, Seckl JR, Holmes MC. Prenatal glucocorticoid programming of brain 

corticosteroid receptors and corticotrophin-releasing hormone: Possible implications for 

behaviour. Neuroscience. 2001. 

26.  French NP, Hagan R, Evans SF, Godfrey M, Newnham JP. Repeated antenatal corticosteroids: 

Size at birth and subsequent development. Am J Obstet Gynecol. 1999. 

27.  Wapner RJ, Sorokin Y, Thom EA, Johnson F, Dudley DJ, Spong CY, et al. Single versus weekly 

courses of antenatal corticosteroids: Evaluation of safety and efficacy. Am J Obstet Gynecol. 

2006. 

28.  Norberg H, Heijtz RD, Smedler AC, Nyman M, Forssberg H, Norman M. Antenatal 

corticosteroids for preterm birth: Dose-dependent reduction in birthweight, length and head 

circumference. Acta Paediatr Int J Paediatr. 2011. 

29.  Barker DJP, Eriksson JG, Forsén T, Osmond C. Fetal origins of adult disease: Strength of effects 

and biological basis. Int J Epidemiol. 2002. 

30.  Antonow-Schlorke I, Helgert A, Gey C, Coksaygan T, Schubert H, Nathanielsz PW, et al. 

Adverse effects of antenatal glucocorticoids on cerebral myelination in sheep. Obstet 

Gynecol. 2009. 

31.  Huang WL, Beazley LD, Quinlivan JA, Evans SF, Newnham JP, Dunlop SA. Effect of 

corticosteroids on brain growth in fetal sheep. Obstet Gynecol. 1999;  

32.  Quinlivan JA, Archer MA, Dunlop SA, Evans SF, Beazley LD, Newnham JP. Fetal growth 

retardation, particularly within lymphoid organs, following repeated maternal injections of 

betamethasone in sheep. J Obstet Gynaecol Res. 1998;  

33.  French NP, Hagan R, Evans SF, Mullan A, Newnham JP. Repeated antenatal corticosteroids: 

Effects on cerebral palsy and childhood behavior. Am J Obstet Gynecol. 2004;  

34.  Stutchfield PR, Whitaker R, Gliddon AE, Hobson L, Kotecha S, Doull IJM. Behavioural, 

educational and respiratory outcomes of antenatal betamethasone for term caesarean 

section (ASTECS trial). Arch Dis Childhood-Fetal Neonatal Ed. 2013;98(3):F195–200.  

35.  NICE guideline. Diabetes in pregnancy : management from preconception to the postnatal 

period. NICE. 2015.  

36.  Ramirez-Torres MA, Perez-Monter SE, Espino y Sosa S, Ibarguengoitia-Ochoa F. [Effect of 

betamethasone in blood glucose levels in pregnant diabetic women at risk of preterm birth]. 

Ginecol Obstet Mex. 2011;  

37.  Flenady V, Wojcieszek AM, Papatsonis DNM, Stock OM, Murray L, Jardine LA, et al. Calcium 

channel blockers for inhibiting preterm labour and birth. Cochrane Database of Systematic 



Produced by the  
QUiPP App Toolkit Group©                                                                                                        

 

19 
QUiPP App Toolkit Group© 

 Funded by Health Innovation Network South London ‘Innovation Award 2019/2020’ awarded to: Ms Naomi 
Carlisle, Dr Ellie Watson & Professor Andrew Shennan            

 Version 1, 2/4/2020                                                                                   

 

Reviews. 2014.  

38.  Johnson KA, Mason GC. Severe hypotension and fetal death due to tocolysis with nifedipine 

[3]. BJOG: An International Journal of Obstetrics and Gynaecology. 2005.  

39.  Haas DM, Caldwell DM, Kirkpatrick P, McIntosh JJ, Welton NJ. Tocolytic therapy for preterm 

delivery: systematic review and network meta-analysis. BMJ. 2012;  

40.  Haas DM, Imperiale TF, Kirkpatrick PR, Klein RW, Zollinger TW, Golichowski AM. Tocolytic 

therapy: A meta-analysis and decision analysis. Obstet Gynecol. 2009;  

41.  Reinebrant HE, Pileggi-Castro C, Romero CLT, dos Santos RAN, Kumar S, Souza JP, et al. Cyclo-

oxygenase (COX) inhibitors for treating preterm labour. Cochrane Database of Systematic 

Reviews. 2015.  

42.  Roos C, Spaanderman MEA, Schuit E, Bloemenkamp KWM, Bolte AC, Cornette J, et al. Effect 

of maintenance tocolysis with nifedipine in threatened preterm labor on perinatal outcomes: 

A randomized controlled trial. JAMA - J Am Med Assoc. 2013;  

43.  Norton ME, Merrill J, Cooper BA, Kuller JA, Clyman RI. Neonatal complications after the 

administration of indomethacin for preterm labor. N Engl J Med. 1993;329(22):1602–7.  

44.  Romero R, Sibai BM, Sanchez-Ramos L, Valenzuela GJ, Veille JC, Tabor B, et al. An oxytocin 

receptor antagonist (atosiban) in the treatment of preterm labor: A randomized, double-

blind, placebo-controlled trial with tocolytic rescue. Am J Obstet Gynecol. 2000;  

45.  Murray SR, Stock SJ, Norman JE. Long-term childhood outcomes after interventions for 

prevention and management of preterm birth. Vol. 41, Seminars in Perinatology. 2017. p. 

519–27.  

46.  Hwang HS, Na SH, Hur SE, Lee SA, Lee KA, Cho GJ, et al. Practice patterns in the management 

of threatened preterm labor in Korea: A multicenter retrospective study. Obstet Gynecol Sci. 

2015;58(3):203–9.  

47.  Conde-Agudelo A, Romero R, Kusanovic JP. Nifedipine in the management of preterm labor: 

A systematic review and metaanalysis. American Journal of Obstetrics and Gynecology. 2011.  

48.  Flenady V, Reinebrant HE, Liley HG, Tambimuttu EG, Papatsonis DNM. Oxytocin receptor 

antagonists for inhibiting preterm labour. Cochrane Database of Systematic Reviews. 2014.  

49.  Russell RI. Non-steroidal anti-inflammatory drugs and gastrointestinal damage - Problems 

and solutions. Postgrad Med J. 2001. 

50.  Panter KR, Hannah ME, Amankwah KS, Ohlsson A, Jefferies AL, Farine D. The effect of 

indomethacin tocolysis in preterm labour on perinatal outcome: A randomised placebo-

controlled trial. BJOG An Int J Obstet Gynaecol. 1999. 



Produced by the  
QUiPP App Toolkit Group©                                                                                                        

 

20 
QUiPP App Toolkit Group© 

 Funded by Health Innovation Network South London ‘Innovation Award 2019/2020’ awarded to: Ms Naomi 
Carlisle, Dr Ellie Watson & Professor Andrew Shennan            

 Version 1, 2/4/2020                                                                                   

 

51.  Lee SK, McMillan DD, Ohlsson A, Boulton J, Lee DSC, Ting S, et al. The benefit of preterm birth 

at tertiary care centers is related to gestational age. Am J Obstet Gynecol. 2003. 

52.  Marlow N, Bennett C, Draper ES, Hennessy EM, Morgan AS, Costeloe KL. Perinatal outcomes 

for extremely preterm babies in relation to place of birth in England: The EPICure 2 study. 

Arch Dis Child Fetal Neonatal Ed. 2014. 

53.  Honest H, Hyde CJ, Khan KS. Prediction of spontaneous preterm birth. Curr Opin Obstet 

Gynecol. 2012;24(6):422–33.  

54.  Porcellato L, Masson G, O’Mahony F, Jenkinson S, Vanner T, Cheshire K, et al. “It’s something 

you have to put up with” - Service users’ experiences of in utero transfer: A qualitative study. 

BJOG An Int J Obstet Gynaecol. 2015;122(13):1825–32.  

55.  Bond AP, Lobb MO, Crisp AS, Morgan MEI, Cooke RWI. Maternal Attitudes to Transfer Before 

Delivery. J Reprod Infant Psychol. 1984. 

56.  Conde-Agudelo A, Romero R. Antenatal magnesium sulfate for the prevention of cerebral 

palsy in preterm infants less than 34 weeks’ gestation: a systematic review and metaanalysis. 

Am J Obstet Gynecol. 2009;200(6):595–609.  

57.  Gano D, Ho M-L, Partridge JC, Glass HC, Xu D, Barkovich AJ, et al. Antenatal Exposure to 

Magnesium Sulfate Is Associated with Reduced Cerebellar Hemorrhage in Preterm Newborns. 

J Pediatr [Internet]. 2016/07/22. 2016 Nov;178:68–74. Available from: 

https://pubmed.ncbi.nlm.nih.gov/27453378 

58.  Burhouse A, Lea C, Ray S, Bailey H, Davies R, Harding H, et al. Preventing cerebral palsy in 

preterm labour: a multiorganisational quality improvement approach to the adoption and 

spread of magnesium sulphate for neuroprotection. BMJ Open Qual. 2017. 

59.  Ravishankar S, Ashraf QM, Fritz K, Mishra OP, Delivoria-Papadopoulos M. Expression of Bax 

and Bcl-2 proteins during hypoxia in cerebral cortical neuronal nuclei of newborn piglets: 

Effect of administration of magnesium sulfate. Brain Res. 2001. 

60.  Maulik D, Zanelli S, Numagami Y, Ohnishi ST, Mishra OP, Delivoria-Papadopoulos M. Oxygen 

free radical generation during in-utero hypoxia in the fetal guinea pig brain: The effects of 

maturity and of magnesium sulfate administration. Brain Res. 1999. 

61.  Christian LM. Physiological reactivity to psychological stress in human pregnancy: Current 

knowledge and future directions. Progress in Neurobiology. 2012.  

62.  Carter J, Tribe RM, Shennan AH, Sandall J. Threatened preterm labour: Women’s experiences 

of risk and care management: A qualitative study. Midwifery. 2018. 

63.  Watson H., Ridout A, Ross G, Shennan A. Pregnancy Outcome Poster Abstracts. BJOG An Int J 



Produced by the  
QUiPP App Toolkit Group©                                                                                                        

 

21 
QUiPP App Toolkit Group© 

 Funded by Health Innovation Network South London ‘Innovation Award 2019/2020’ awarded to: Ms Naomi 
Carlisle, Dr Ellie Watson & Professor Andrew Shennan            

 Version 1, 2/4/2020                                                                                   

 

Obstet Gynaecol. 2017;124:122–54.  

64.  Parisaei M, Currie J, O’Gorman N, Morris S, David AL. Implementation of foetal fibronectin 

testing: Admissions, maternal interventions and costs at 1 year. J Obstet Gynaecol (Lahore). 

2016. 

65.  Gale C, Hay A, Philipp C, Khan R, Santhakumaran S, Ratnavel N. In-utero transfer is too 

difficult: results from a prospective study. Early Hum Dev. 2012;88(3):147–50.  

66.  Giles W, Bisits A, Knox M, Madsen G, Smith R. The effect of fetal fibronectin testing on 

admissions to a tertiary maternal-fetal medicine unit and cost savings. Am J Obstet Gynecol. 

2000;182(2):439–42.  

67.  Watson HA, Carter J, Seed PT, Tribe RM, Shennan AH. The QUIPP app: a safe alternative to a 

treat-all strategy for threatened preterm labour. Ultrasound Obstet Gynecol. 

2017;50(3):342–6.  

68.  Tsoi E, Fuchs IB, Rane S, Geerts L, Nicolaides KH. Sonographic measurement of cervical length 

in threatened preterm labor in singleton pregnancies with intact membranes. Ultrasound 

Obstet Gynecol. 2005;25(4):353–6.  

69.  Sotiriadis A, Papatheodorou S, Kavvadias A, Makrydimas G. Transvaginal cervical length 

measurement for prediction of preterm birth in women with threatened preterm labor: A 

meta-analysis. Ultrasound Obstet Gynecol. 2010;35(1):54–64.  

70.  Berghella V, Hayes E, Visintine J, Baxter JK. Fetal fibronectin testing for reducing the risk of 

preterm birth. Cochrane Libr. 2008;  

71.  Goldenberg RL, Mercer BM, Meis PJ, Copper RL, Das A, McNellis D. The preterm prediction 

study: Fetal fibronectin testing and spontaneous preterm birth. Obstet Gynecol [Internet]. 

1996 May 1 [cited 2019 Mar 15];87(5):643–8. Available from: 

https://www.sciencedirect.com/science/article/pii/002978449600035X 

72.  Lockwood CJ, Wein R, Lapinski R, Casal D, Berkowitz G, Alvarez M, et al. The presence of 

cervical and vaginal fetal fibronectin predicts preterm delivery in an inner-city obstetric 

population. Am J Obstet Gynecol. 1993;169(4):798–804.  

73.  Leitich H, Egarter C, Kaider A, Hoblagschwandtner M, Berghammer P, Husslein P. 

Cervicovaginal fetal fibronectin as a marker for preterm delivery: A meta-analysis. Am J 

Obstet Gynecol. 1999;180(5):1169–76.  

74.  Ridout A, Carter J, Shennan A. Clinical utility of quantitative fetal fibronectin in preterm 

labour. Vol. 123, BJOG: An International Journal of Obstetrics and Gynaecology. 2016. p. 

1972.  



Produced by the  
QUiPP App Toolkit Group©                                                                                                        

 

22 
QUiPP App Toolkit Group© 

 Funded by Health Innovation Network South London ‘Innovation Award 2019/2020’ awarded to: Ms Naomi 
Carlisle, Dr Ellie Watson & Professor Andrew Shennan            

 Version 1, 2/4/2020                                                                                   

 

75.  Bruijn MMC, Vis JY, Wilms FF, Oudijk MA, Kwee A, Porath MM, et al. Quantitative fetal 

fibronectin testing in combination with cervical length measurement in the prediction of 

spontaneous preterm delivery in symptomatic women. BJOG An Int J Obstet Gynaecol. 2015;  

76.  Centra M, Coata G, Picchiassi E, Alfonsi L, Meniconi S, Bini V, et al. Evaluation of quantitative 

fFn test in predicting the risk of preterm birth. J Perinat Med. 2017;45(1).  

77.  Lu GC, Goldenberg RL, Cliver SP, Kreaden US, Andrews WW. ri. Obstet Gynecol. 

2001;97(2):225–8.  

78.  Bruinsma FJ, Quinn MA. The risk of preterm birth following treatment for precancerous 

changes in the cervix: a systematic review and meta-analysis. BJOG An Int J Obstet Gynaecol. 

2011;118(9):1031–41.  

79.  Bruijn MMC, Kamphuis EI, Hoesli IM, Martinez de Tejada B, Loccufier AR, Kühnert M, et al. 

The predictive value of quantitative fibronectin testing in combination with cervical length 

measurement in symptomatic women. Am J Obstet Gynecol. 2016;215(6):793.e1-793.e8.  

80.  Van Baaren GJ, Vis JY, Grobman WA, Bossuyt PM, Opmeer BC, Mol BW. Cost-effectiveness 

analysis of cervical length measurement and fibronectin testing in women with threatened 

preterm labor. Am J Obstet Gynecol. 2013;209(5).  

81.  Abbott DS, Hezelgrave NL, Seed PT, Norman JE, David AL, Bennett PR, et al. Quantitative Fetal 

Fibronectin to Predict Preterm Birth in Asymptomatic Women at High Risk. Obstet Gynecol. 

2015;125(5):1168.  

82.  Lupton D, Pedersen S. An Australian survey of women’s use of pregnancy and parenting apps. 

Women and Birth. 2016;  

83.  Watson HA, Ridout A, Ross G, Shennan AH. Decision-making about preterm birth using the 

QUIPP app: A survey of women’s experiences. BJOG An Int J Obstet Gynaecol. 

2017;124(3):132.  

84.  StataCorp. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC; 2017.  

85.  Carter J, Seed PT, Watson HA, David AL, Sandall J, Shennan AH, et al. Development and 

validation of prediction models for the QUiPP App v.2: a tool for predicting preterm birth in 

women with symptoms of threatened preterm labor. Ultrasound Obstet Gynecol [Internet]. 

2019 Aug 6;0(ja). Available from: https://doi.org/10.1002/uog.20422 

86.  Watson HA, Seed PT, Carter J, Hezelgrave NL, Kuhrt K, Tribe RM, et al. Development and 

validation of the predictive models for the QUiPP App v.2: a tool for predicting preterm birth 

in high-risk asymptomatic women. Ultrasound Obstet Gynecol [Internet]. 2019 Jul 20;0(ja). 

Available from: https://doi.org/10.1002/uog.20401 



Produced by the  
QUiPP App Toolkit Group©                                                                                                        

 

23 
QUiPP App Toolkit Group© 

 Funded by Health Innovation Network South London ‘Innovation Award 2019/2020’ awarded to: Ms Naomi 
Carlisle, Dr Ellie Watson & Professor Andrew Shennan            

 Version 1, 2/4/2020                                                                                   

 

 


