
 
 

 
 

i  

Universal ultrasound screening in the 

third trimester 

 

 

 

 

 

 

 

 

 

Alexandros A. Moraitis 

Gonville and Caius College, University of Cambridge 

 

 

 

This thesis is submitted for the degree of Doctor of Philosophy 

 

(September 2021) 

 

  



 
 

 
 

ii  

Declaration 

 

This thesis is the result of my own work and includes nothing which is the outcome of work done in 

collaboration except as declared in the text. 

 

I further state that no substantial part of my thesis has already been submitted, or, is being 

concurrently submitted for any such degree, diploma or other qualification at the University of 

Cambridge or any other University or similar institution except as declared in the text. 

 

It does not exceed the prescribed word limit of the Degree Committee of Clinical Medicine and 

Clinical Veterinary Medicine (60,000 words)  



 
 

 
 

iii  

Abstract 

 

Universal Ultrasound Screening in the Third Trimester 

Alexandros A. Moraitis 

 

Background  

Pregnant women are currently offered two ultrasound scans, one at booking (around 12 weeks’ 

gestation) and one at around 20 weeks’ gestation. No further scans are offered unless there are clinical 

indications. Ultrasound has an important role in the management of high-risk pregnancies. However, 

there is no clear evidence that it is effective in screening low risk and unselected women. The majority 

of complications, such as stillbirth and shoulder dystocia occur in low-risk pregnancies, first because 

most pregnancies are classified as low-risk and second, possibly due to inadequate screening. An 

effective ultrasound screening programme in late pregnancy combined with an intervention, like 

induction of labour, for the screen positives could potentially improve pregnancy outcomes. However, 

the diagnostic accuracy of many ultrasonic features is unknown in low-risk populations and there is a 

possibility of iatrogenic harm by intervening when it is not necessary.  

 

Objectives  

1. To assess the diagnostic effectiveness of late pregnancy ultrasound in nulliparous women based 

on the existing research literature.  

2. To analyse the prospective cohort study, Pregnancy Outcome Prediction Study, for the above 

ultrasound findings and combine the results with the meta-analyses.  

3. Finally, use the results to provide inputs for health economic analyses of the cost-effectiveness of 

universal ultrasound screening and assess the need, potential design, and acceptability of a future 

randomised controlled trial. 

 

Methods  

The following key ultrasound measurements were identified which might be used in late pregnancy 

screening: (i) suspected small for gestational age (SGA), (ii) suspected large for gestational age (LGA), 

(iii) high resistance pattern of umbilical artery Doppler flow velocimetry, (iv) low cerebro-placental 

ratio (CPR), (v) severe oligohydramnios, (vi) borderline oligohydramnios. I found that there was an on-

going Cochrane Diagnostic Test Accuracy review for SGA, hence I focused on the other five measures. 

The protocol was registered with the PROSPERO register of systematic reviews (CRD42017064093). 
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Medline, EMBASE, Clinical Trials.gov and the Cochrane library were searched from inception. Studies 

that performed an ultrasound scan ≥24 weeks of gestational age in unselected, low or mixed risk 

populations were included, excluding studies which only included high risk pregnancies. The risk of 

bias in each included study was assessed using the Quality Assessment of Diagnostic Accuracy Studies 

(QUADAS 2) tool. Meta-analysis was performed using the hierarchal summary receiver operating 

characteristic curve (HSROC) analysis and bivariate logit-normal models. I also performed new 

analyses on previously unpublished data of the Pregnancy Outcome Prediction (POP) study which was 

one of the few studies that blinded ultrasound scan results to the clinicians.  

 

 

Results  

41 studies of LGA met our inclusion criteria involving 112,034 patients in total. Ultrasonic suspicion of 

fetal macrosomia was strongly predictive of the risk of delivering a large baby with the positive LRs 

(LR+) ranging from 7 to 12. However, it was only weakly predictive of the risk of shoulder dystocia with 

LR+ around 2. 13 studies of umbilical artery (UA) Doppler that met our inclusion criteria including 

67,764 patients in total. UA Doppler had weak/moderate predictive accuracy for detecting SGA and 

severely SGA (<3rd percentile) infants (LR+ between 2.5 and 3.0). However, it did not predict neonatal 

morbidity at term. The results were very similar in both the POP study and the meta-analysis (which 

included the POP study) with the only notable difference being that the association with severe SGA 

in the POP study was slightly stronger. 16 studies of CPR met the inclusion criteria involving 121,607 

patients in total.  CPR may be slightly more predictive than UA Doppler in identifying pregnancies at 

an increased risk of adverse outcome. In the case of SGA, the positive LRs were in the region of 3.5 to 

4.0. Moreover, unlike UA Doppler, a low level of CPR was associated with an increased risk of neonatal 

morbidity. However, the association with morbidity was weaker with positive LRs of <2.0. 

Furthermore, in both analyses, there was very significant heterogeneity in relation to both SGA and 

neonatal morbidity. 14 studies of severe oligohydramnios that met our inclusion criteria involving 

109,679 patients in total. Diagnosis of severe oligohydramnios was associated with a positive LR for 

SGA of between 2.5 and 3.0. It was also associated with positive LRs for admission to NICU and 

emergency caesarean section for fetal distress of between 1.5 and 2.5. However, the study quality 

was variable and only two studies containing <5% of the patients included in the meta-analysis blinded 

the results of the scan. 11 studies of borderline oligohydramnios (including the POP study) met our 

inclusion criteria involving 37,848 patients in total. Borderline oligohydramnios was 

weakly/moderately predictive of SGA (positive LRs 2.5 to 3.0). This was observed in the meta-analysis 

of multiple studies of variable quality. There was also a comparable association between borderline 
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oligohydramnios and severe SGA in the only study where the scan result was blinded, the POP study. 

Finally, by analysing of the POP cohort We identified the 4.6% of women who had a breech 

presentation, and for more than half of these, it had not previously been clinically suspected. Most of 

these women were delivered by planned Caesarean section. No woman in the cohort had a vaginal 

breech delivery or experienced an intrapartum Caesarean for undiagnosed breech. An introduction of 

a policy of third trimester ultrasound for fetal presentation would prevent about 5000 emergency 

Caesarean sections and 8 perinatal deaths annually in the UK. The policy would be cost-effective at a 

cost of £19.80 per scan. 

 

Conclusion 

There is a strong clinical and health economic case for implementing late pregnancy ultrasound 

screening to assess fetal presentation. Universal ultrasound screening for macrosomia would increase 

the detection of LGA infants at birth but is unlikely to increase the detection of shoulder dystocia or 

associated neonatal morbidity in a clinically significant way. Umbilical artery Doppler, CPR, severe 

oligohydramnios, and borderline oligohydramnios were all weakly predictive of the risk of delivering 

an SGA infant but either non-predictive or weakly predictive of the risk of neonatal morbidity. They 

should not be used alone to screen for neonatal morbidity, however a positive result would justify 

further fetal monitoring due to the association of all above markers with SGA.  
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Chapter 1. Background. 

 

The current approach to antenatal screening in the UK 

 

Screening is the process which helps identify individuals that are at high risk for certain complications 

or diseases. Pregnant women in the UK are currently screened for several conditions at different 

timings during pregnancy.1  

 

In the first trimester they are offered screening for trisomies based on maternal history, ultrasound 

findings such as the nuchal translucency and biochemical markers including the pregnancy-associated 

plasma protein A (PAPP-A) and free beta subunit of human chorionic gonadotrophin (f-hCG) 

[(https://www.gov.uk/topic/population-screening-programmes/fetal-anomaly]. They are also 

screened for the risk of deep vein thrombosis (DVT) based on maternal past medical history (e.g. 

previous DVT) and maternal characteristics (e.g. obesity). Finally, they have an initial screening for 

pregnancy related conditions such as pre-eclampsia (PET), gestational diabetes, fetal growth 

restriction (FGR), and preterm birth based on maternal risk factors, past obstetric history, and 

biochemical markers (PAPP-A for the risk of FGR). When women are classified as high risk for PET or 

FGR, they are prescribed aspirin and are offered additional ultrasound scans in the second and third 

trimester.  

 

In the second trimester, women are routinely screened for fetal anomalies and placenta localisation 

with ultrasound between ≥18 weeks of gestational age (wkGA) and <21wkGA, 

(https://www.gov.uk/topic/population-screening-programmes/fetal-anomaly). A positive result from 

this scan might inform decisions around termination of pregnancy (e.g. many women would choose 

to terminate a pregnancy where the fetus had a severe anomaly) or it might inform the need for 

targeted follow up and changes to the perinatal care of the infant. For example, identification of a 

congenital diaphragmatic hernia could lead to invasive testing for aneuploidy, prenatal discussions 

with the paediatric surgery team and modification to neonatal resuscitation (such as early intubation 

to avoid expansion of the stomach with air).  

 

Pregnant women are screened for gestational diabetes between 24 and 28 weeks’ gestation. They are 

also offered midwife visits to screen for pre-eclampsia by checking the blood pressure and proteinuria, 

for breech presentation by abdominal palpation, and for fetal growth using the symphysis-fundal 

height.  

https://www.gov.uk/topic/population-screening-programmes/fetal-anomaly
https://www.gov.uk/topic/population-screening-programmes/fetal-anomaly
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Ultrasound in the third trimester is currently offered in a targeted manner where there is a clinical 

indication. Such indications could include relevant medical history (e.g. anti-phospholipid antibody 

syndrome), relevant past obstetric history (e.g. previous fetal growth restriction [FGR]), presentation 

with symptoms (e.g. antepartum haemorrhage), suspected malpresentation, or abnormal symphysis-

fundal height measurements. 

 

The rationale for universal third trimester ultrasound screening.  

 

Ultrasound screening in the third trimester can identify abnormalities in fetal growth and placental 

function, malpresentation, and previously undiagnosed fetal anomalies or placenta praevia. 

Abnormalities in fetal growth (including both fetal growth restriction and macrosomia) may account 

for up to 1 in 3 antepartum stillbirths and 1 in 6 delivery related perinatal deaths (including 

intrapartum stillbirths and early neonatal deaths) at term.2 More specifically, the risk of antepartum 

stillbirth is 10-times higher infants born below the 3rd birthweight centile, 4-times higher for infants 

with birthweight between the 4th and 10th centile and 2-times higher for infants with birthweight 

above the 97th centile. Moreover, infants above the 97th centile have 3-times higher risk of delivery 

related perinatal death which is related to intrapartum anoxia. These deaths could potentially be 

prevented with a policy of induction of labour at early term gestation (between 37 and 39 weeks’ 

gestation). It has been shown that induction of labour suspected fetal growth restriction at term can 

be done safely as it does not increase adverse pregnancy outcomes or the rates of instrumental 

delivery or caesarean section.3 A meta-analysis of routine induction of labour at term in an unselected 

population of women compared to standard practice demonstrated a greater than 50% reduction in 

stillbirth together with a >85% reduction in perinatal death.4 Moreover, early term induction of labour 

for suspected macrosomia could reduce shoulder dystocia and associated morbidity by up to 70%.5 

 

Fetal size is calculated by measuring the length and circumference of fetal parts such as the head, the 

abdomen, and the femur. A variety of methods exist for converting these measurements, which are 

commonly termed fetal biometry, to an estimated fetal weight (EFW)6 and a number of reference 

ranges exist for EFW in relation to the exact gestational age.7, 8 The interpretation of EFW can be done 

in two ways: (i) by positioning the value on the distribution for the given gestational age, and (ii) by 

assessing the change in the value over serial measurements. Taking the first of these, babies in the 

smallest 10% of measurements for gestational age are referred to as small for gestational age (SGA) 

and babies in the largest 10% are referred to as large for gestational age (LGA). The second property 
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examines the growth velocity across the pregnancy. For example, if a fetus is on the 9th percentile at 

36wkGA and it had also been on the 9th percentile at 20wkGA, it would be regarded as SGA but with 

normal fetal growth velocity. SGA infants with normal growth velocity are often constitutionally small. 

However, a fetus with a significant drop in the EFW percentile between two scans would be regarded 

as indicating fetal growth restriction FGR and would be managed differently compared to a case of 

SGA with the normal growth velocity 9 

 

  

One of the ways to assess the placental function is by using Doppler flow velocimetry (referred to as 

“Doppler”, see Hoffman and Galan for review).10 This is done by assessing both qualitatively and 

quantitatively the flow velocity waveform of the targeted blood vessel. One of the key blood vessels 

for study is the umbilical artery. Flow is assessed qualitatively by the direction of flow in end diastole 

(i.e. immediately prior to the rise in flow that occurs with ventricular contraction – systole). The 

normal state is forward flow, but there can be absent flow or even reversed flow. However, the flow 

is most commonly analysed by using a number of indices such as the pulsatility index (PI) and 

resistance index (RI). The derivation, calculation and detailed interpretation of these indices is 

described in detail elsewhere.10 However, raised values in those indices would be considered  to show 

increased resistance to flow in the fetal vascular tree of the placenta. Correlative studies of umbilical 

artery Doppler and placental microscopy support this interpretation in cases of FGR occurring before 

36 weeks’ gestation.11   

 

Umbilical artery (UA) Doppler has been used to monitor high risk pregnancies, including those with 

suspected fetal growth restriction (FGR). A systematic review of diagnostic test accuracy showed that 

UA Doppler can be useful at predicting perinatal mortality and risk of compromise.12 Moreover, a 

Cochrane review of randomised controlled trials (RCTs) showed that UA Doppler ultrasound in high-

risk pregnancies appears to reduce the number of perinatal deaths and the number of obstetric 

interventions.13 However, a similar Cochrane review of RCTs in low risk pregnancies showed no 

differences in pregnancy outcomes comparing those randomised to UA Doppler with controls.14 This 

review included 5 studies designed as routine Doppler vs no Doppler, and there was no consistent 

management plan for the abnormal results. It included in total 14,185 women but this study design 

would require >100,000 women to assess rare outcomes such as perinatal death.15 The authors 

concluded that there is no adequate evidence that the use of routine UA Doppler ultrasound benefits 

either the mother or the baby and they recommended future studies that should be designed to 

address small changes in perinatal outcome.  
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In more recent years the cerebroplacental ratio (CPR) has been proposed as a more accurate predictor 

of adverse pregnancy outcome and clinically indicated medical intervention such as caesarean section 

for fetal distress. The CPR is a measure of cerebral centralization of fetal blood flow and is calculated 

by dividing the Doppler index (pulsatility index (PI), resistance index (RI), or systolic/diastolic ratio 

(S/D)) of the middle cerebral artery (MCA) by that of the UA. Physiologically, CPR represents the 

interaction of alterations in blood flow to the brain, as manifest by increased diastolic flow as a result 

of cerebrovascular dilatation due to hypoxia and increased placental resistance, leading to decreased 

diastolic flow in the UA. The CPR appears to be useful in predicting perinatal death in pregnancies with 

suspected FGR16 but there is no evidence about its effectiveness in predicting adverse pregnancy 

outcomes in low or mixed risk populations.  

 

Another important feature which is examined in late pregnancy is the amniotic fluid volume. Reduced 

amniotic fluid is called “oligohydramnios” and increased amniotic fluid is called “polyhydramnios”. 

Oligohydramnios could be due to ruptured membranes (which if happens preterm, would increase 

the risk of early delivery or fetal infection) or fetal anomalies (such as renal agenesis), but it could also 

indicate reduced urine production by the fetus which, in turn, could be due placental insufficiency. 

Polyhydramnios causes include gestational diabetes, fetal anomalies with disturbed fetal swallowing 

of amniotic fluid, fetal infections and other, rare causes. The prognosis of polyhydramnios depends 

on its cause and severity. Typical symptoms of polyhydramnios include maternal dyspnoea, 

spontaneous preterm labour, premature rupture of membranes (PPROM), abnormal fetal 

presentation, cord prolapse and postpartum haemorrhage.17 Amniotic fluid volume is quantitatively 

assessed using measurement of the biggest single pool (DVP = deepest vertical pool), or by the sum 

of the four deepest pools in each of four quadrants of the uterus (AFI = amniotic fluid index).  

 

Finally, undiagnosed breech presentation in labour increases the risk of perinatal morbidity and 

mortality and represents a challenge for obstetric management. The incidence of breech presentation 

at term is around 3-4%,18-20 and fewer than 10% of fetuses who are breech at term revert 

spontaneously to a vertex presentation.21 Although breech presentation is easy to detect through 

ultrasound screening, many women go into labour with an undetected breech presentation.22 The 

majority of these women will deliver through emergency Caesarean section, which has high costs and 

increases risk of morbidity and mortality for both mother and child. The sensitivity of abdominal 

palpation varies between studies (range: 57-70%), and depends on the skill and experience of the 

practitioner.23 In contrast, ultrasound examination provides a quick and safe method of accurately 
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identifying fetal presentation. Effective interventions exist for the care of women who have breech 

presentation diagnosed near term. The Royal College of Obstetricians and Gynaecologists 

recommends “that all women with an uncomplicated breech presentation at term should be offered 

External Cephalic Version (ECV)”.24  

 

The risks of third trimester screening.  

 

A screening test would lead to intervention for those that are screened positive. An intervention might 

benefit those that are correctly classified as high risk (true positives) but might cause harm to those 

that are classified as high risk despite being normal (false positives). The timing of the screening is 

crucial because if it is done early such as between 28 and 34 weeks an expedited delivery at these 

gestations can cause significant harm related to prematurity. An optimal timing for the screening 

would be around 36 weeks’ gestation since an intervention such as induction of labour at 37 weeks 

could prevent complications at term without causing significant morbidity to the false positives. 

However, early term deliveries (between 37+0 and 38+6 weeks’ gestation) are at higher risk of 

respiratory distress,25 prolonged hospitalisation and even higher risk of educational needs later in 

life.26 The iatrogenic consequences of antenatal screening were identified in a national study done in 

France where routine ultrasound screening for fetal growth restriction is routinely offered to all 

women between 30 and 35 weeks of gestation. The study analysed more that 14,000 pregnancies and 

showed that the false positives (incorrectly identified as small) had significantly higher rates of 

provider initiated delivery <37 weeks and worse perinatal outcomes (including 5-minute Apgar score 

and admission to the neonatal unit) not only compared to the true negatives (correctly identified as 

normal) but also compared to the false negatives (those that were truly small but were incorrectly 

classified as normal). This suggests that the harm of preterm screening can be significant and that for 

any screening policy to be applied there needs to be clear evidence that the benefits outweigh the 

risks.  

 

 

Evidence for screening using universal late pregnancy ultrasound 

 

As explained above, the use of ultrasound has showed benefits in high-risk pregnancies. For example, 

the use of umbilical artery Doppler reduces perinatal mortality by about 30% in high-risk 

pregnancies.13 This study showed that its use was also associated with lower rates of induction of 

labour and Caesarean delivery which could attribute the reduced the risk of perinatal death overall  to 
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the reduction of unnecessary intervention. However, there was also a strong trend to a reduced risk 

of stillbirth, indicating that Doppler may also have been useful in targeting intervention to the highest 

risk cases.   

  

However, ultrasound in low-risk populations was studied by a large influential meta-analysis of 13 

RCTs including ~35,000 women and did not demonstrate any evidence that routine ultrasound 

improved outcome.27 However this systematic review has several flaws that undermine its main 

conclusions.28  First, the 13 studies included in the meta-analysis all used different definitions of 

screen positive. Moreover, the ultrasonic tests used were not consistent. For example, while multiple 

studies analysed some variant of an estimation of fetal size, one large study assessed placental 

calcification without any assessment of any other features of the scan. The diagnostic effectiveness of 

these tests is not comparable as shown in a subsequent systematic review.29  Second, there was no 

consistency with the intervention after revealing the scan to the clinicians. This could lead to different 

management protocol, hence different outcomes. Moreover, the timing of the scans varied across the 

studies. Given that the primary intervention available to the attending clinicians would have been 

delivery of the baby, the potential for this resulting in benefit or harm would vary according to the 

gestational age where the scan was performed this could lead to iatrogenic harm by deciding to deliver 

preterm. Finally, although the meta-analysis included 35,000 women, it was still underpowered for 

the key outcome of interest, perinatal death. The risk ratio for perinatal death from the meta-analysis 

was 1.01 with 95% confidence interval (CI) of 0.67 to 1.54. While these CI might seem quite narrow, 

the capacity for reducing the rate of an outcome with a screening trial is different from interventional 

trials in women with established disease. If we identified a screening test for perinatal death with a 

positive likelihood ratio of 10 with a 5% screen positive rate and if we applied an intervention which 

reduced the risk by 50%, the estimated relative risk would be 0.76, which is within the 95% CI of the 

systematic review. Hence, the Cochrane review is underpowered to detect the effect of a highly 

effective screening test coupled with a highly effective intervention. If we use the 5.8 per 1000 

perinatal mortality rate in the control group of the Cochrane review, a power calculation indicates 

that a sample size of 110,000 women would be required to detect this effect with 90% power.28 

 

 

Parity and the risk of adverse outcome 

 

One of the most important factors that determine whether a pregnancy would be considered as high 

risk or low risk is past obstetric history, i.e. the outcome of previous pregnancies. Many conditions of 
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pregnancy have quite high risks of recurrence in subsequent pregnancies, such as preeclampsia,30 

preterm birth31 stillbirth32 and FGR33. Women that had any of those complications in their first 

pregnancy would be classified as high risk in subsequent pregnancies and will receive enhanced level 

of antenatal care. Conversely, previous uncomplicated pregnancies is strongly predictive of a normal 

outcome would the subsequent pregnancy would be classified as low risk.34 Past obstetric history is, 

necessarily, not available for women who have not had prior births. Although maternal characteristics, 

as described above, are associated with the risk of pregnancy complications, the associations are 

generally rather weak and perform poorly as a screening test in isolation.35 Moreover, some conditions 

such as preeclampsia have higher incidence in first pregnancies and the overall rates of complications 

are higher compared to second pregnancies. 

 

Summary  

The current evidence on the effectiveness of universal ultrasound screening is flawed. An effective 

screening strategy combined with an intervention for the screen positives could potentially prevent 

adverse pregnancy outcomes at term. However, there is also risk of causing iatrogenic harm mainly 

by premature delivery of the baby for a false positive result. This risk could be minimised by screening 

at about 36 weeks’ gestation with a plan to intervene at about 37 weeks’ gestation for the screen 

positives. The need for screening is greatest in the nulliparous population because they have higher 

background risks of adverse outcome and they lack one of the key discriminating characteristics in risk 

assessment, namely, knowledge of the outcome of prior births. 
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Aims 

1) To review the published evidence on third trimester ultrasound screening to predict adverse 

pregnancy outcomes. Conduct meta-analyses of diagnostic test accuracy for the most important 

ultrasound findings (as selected by healthcare professionals) for tests which lack a recently published 

systematic review. (Chapters 3-7) 

2) To analyse the prospective cohort study, Pregnancy Outcome Prediction Study, for the above 

ultrasound findings and combine the results with the meta-analyses. (Chapters 4, 7, and 8) 

3) Finally, to use the results to provide inputs for a health economist analysis of the cost-

effectiveness of universal ultrasound screening and to assess the need, potential design, and 

acceptability of a future randomised controlled trial. (Chapter 8)  
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Chapter 2. Protocol design and description of methods 

 

Identifying the research questions  

 

I designed a survey addressed to members of a number of professional organisations with the aim of 

identifying the ultrasonic features and the pregnancy outcomes considered most important by the 

relevant health care professionals. The survey got approved by the Ethics Committee of the School of 

Humanities and Social Sciences at the University of Cambridge and was distributed using 

SurveyMonkey™. The organisations that agreed to participate were the Royal College of Obstetricians 

and Gynaecologists, the British Maternal Fetal Medicine Society and the British Association for 

Perinatal Medicine. It was also distributed locally at the Rosie Hospital in Cambridge. The survey was 

conducted in May-June 2017. 

 

The survey was completed by 54 respondents including 20 Consultant Obstetricians, 8 Obstetricians 

in training, 18 Midwives, 5 Sonographers and 3 Consultant Neonatologists. All the replies were 

anonymous.   

 

The first question was about identifying the most important ultrasonic findings for universal screening 

in late pregnancy. The most important ultrasonic findings (ranked in order of frequency of response) 

were: 

1. abnormal fetal biometry or growth velocity (83%), 

2. malpresentation (63%),  

3. abnormal amniotic fluid volume (63%),  

4. high resistance pattern of umbilical artery Doppler flow velocimetry (32%),  

5. abnormal cerebro-placental ratio or middle cerebral artery doppler (22%).   

 

 

The second question was about identifying the most important adverse pregnancy outcomes (apart 

from perinatal death). The most important outcomes (ranked by frequency of response) were:  

1. hypoxic ischaemic encephalopathy (69%),  

2. fetal asphyxia (low umbilical cord blood pH plus a base deficit consistent with metabolic acidosis; 

64%),  

3. SGA or severe SGA (51%),  

4. severe shoulder dystocia (46%),  
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5. breech presentation diagnosed in labour (41%),  

6. admission to neonatal intensive care unit (28%),  

7. low 5-minute Apgar score (21%).   

 

I performed an initial database search (Medline, Embase, ClincalTrials.gov, and Cochrane) to identify 

any other systematic reviews which might overlap with our aims. I identified a protocol for a Cochrane 

DTA review of ultrasonic diagnosis of SGA. This Cochrane review was led by one of the co-applicants 

on the grant that funded the present study (A. Heazell) and was subsequently published in 2019.29 

Hence, I did not include this in my reviews. I also identified a previously published systematic review 

of DTA on severe oligohydramnios which was published in 2014 and included publications up to 2011. 

Some of the studies included in this review were performed in low and mixed risk populations. I 

included these studies in my analysis and then I performed a literature search for eligible studies that 

have been published subsequent to the search date the 2014 paper. Finally, I did not identify any 

studies on ultrasound screening for malpresentation. Thus, we decided to use the previously 

unpublished data from the POP study for the analysis.  

 

Based on the priorities identified by the survey and the concurrent Cochrane DTA review, and on what 

we believed was feasible in the time scale, we identified the following ultrasonic markers as the 

priority subjects for systematic review of DTA: 

1. Suspected fetal macrosomia 

2. High resistance pattern of umbilical artery Doppler flow velocimetry  

3. Low cerebro-placental ratio (CPR)  

4. Severe oligohydramnios  

5. Borderline oligohydramnios  

 

 

Database search strategy 

 

I was the co-ordinator in all systematic reviews. I designed the search strategy and identified the titles 

as described below. The literature search, study selection, and analysis ware performed 

independently by myself and another co-author using Review Manager 5.3. Any differences were 

resolved in discussion with the senior author (GS).  
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We searched the literature systematically using the Cochrane database of Systematic Reviews (CDSR), 

Cochrane Central Register of Controlled Trials (CENTRAL), Medline, EMBASE, and ClinicalTrials.gov. 

Moreover, we searched the references of all included studies for papers not identified through the 

literature search. For ongoing clinical trials I searched ClinicalTrials.gov, and for ongoing systematic 

reviews I searched the Cochrane and PROSPERO databases. Additionally, I applied no restrictions on 

the language of the report or the location of the study. The dates and the terms used for each 

systematic review are described in each respective chapter. The exact search strategies are presented 

in the Appendices.  

 

I had training in the medical library of the University of Cambridge on how to design electronic 

searches for the systematic reviews. I used several methods ensure that I did not miss any relevant 

studies. These included: 

• Both text words and MEDLINE subject headings (MeSH) 

• Synonyms (newborn / neonate) and related terms (e.g. macrosomia / large for gestational 

age) 

• Both full terms and acronyms (e.g. Amniotic fluid index / AFI) 

• Variant spellings (e.g. Caesarean / Cesarean) 

• Trancation (e.g. ultraso*) 

 

I combined the terms using Boolean operators (AND/OR/NOT). Between terms of similar concept, 

such as the index text, I used the Boolean ‘OR’ and to combine terms of different concepts, such as 

the index text with the target condition, I used the Boolean ‘AND’.  

 

Study selection 

I included prospective and retrospective cohort studies, randomized clinical trials, and cross-sectional 

studies. I excluded case-control studies as they tend to overestimate the effect size. I included studies 

with singleton, non-anomalous, pregnancies which had an ultrasound done after 24 weeks’ gestation.  

 

I included all studies in which the ultrasound was done as part of universal ultrasound screening (the 

ultrasound was offered to all women regardless of indication), studies that were done in low-risk 

populations (those that excluded pregnancies with any maternal or fetal complication) and studies 
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with mixed risk population (the ultrasound was offered selectively based on current clinical 

indications). I excluded studies that were focused only on high risk populations such as pregnancies 

with fetal growth restriction or pregnancies with gestational diabetes.  

 

Studies were not selected on the basis of the definition of the index test, i.e. the formula and the 

threshold used. Finally, I included both studies that blinded the results to the clinicians and studies 

that did not.  

 

Risk of bias and applicability assessment 

The risk of bias in each study was assessed using the Quality Assessment of Diagnostic Accuracy 

Studies (QUADAS 2) tool as explained in the Cochrane Handbook of Diagnostic Test Accuracy Studies 

and revised in 2011. 36. This tool focuses on four domains that could be sources of bias, three of which 

could be sources of applicability concerns as well. These include patient selection, index test, 

reference standard, and flow and timing. 

 

The first domain aims to rule out selection bias by assessing whether a consecutive or random sample 

of patients was selected, whether case-control design was avoided and whether inappropriate 

exclusions were avoided. Case-control studies and studies with inappropriate exclusions could 

overestimate the diagnostic effect. It also assesses concerns about applicability for example by 

assuring that the population is appropriate for the study question. In our case we excluded studies 

that included high risk patients only, such as diabetic patients for the assessment of macrosomia.  

 

The second domain about index test which assesses whether the index test (ultrasound finding) was 

interpreted without knowledge of the results of the reference standard (outcome) and whether the 

threshold was pre-specified. It also assesses applicability concerns, such as in cases where the formula 

or the threshold used for an ultrasound finding is no longer used.  

The third domain on reference standard assesses whether the reference standard correctly classifies 

the target condition. It also assesses whether the reference standard was interpreted without the 

knowledge of the index test, i.e. whether the ultrasound findings were blinded from the clinicians. 

This is of critical importance as prior knowledge of an abnormal ultrasound result (e.g. suspected LGA) 

could lead to either earlier intervention (e.g. emergency Caesarean section) or to ascertainment bias, 
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for example by quickly labelling a case as shoulder dystocia and performing manoeuvres to assist the 

delivery of the fetus. Regarding applicability concerns this domain assesses whether the reference 

standard of the study is the same as the reference standard of the review (e.g. different thresholds of 

cord arterial pH to define neonatal hypoxia).  

 

The fourth domain on flow and timing assesses whether the interval between index test and reference 

standard was appropriate. In our reviews we used the perspective of late third trimester ultrasound 

scan (at around 36 weeks’ gestation). Hence, we classified studies that performed the scan up to 28 

weeks’ gestation of after 41 weeks’ gestation as high risk. This domain finally assesses whether all the 

patients were included in the analysis.   

 

For each review we used a pre-designed data extraction form (for a sample form see Appendix) to 

extract information on study characteristics (year of publication, country, setting, study design, 

blinding), patient characteristics (inclusion and exclusion criteria, sample size), the index test 

(gestation at scan, indices, and cut-off values used), reference standard (pregnancy outcome, 

gestation at delivery, and interval from scan to delivery).  

 

I planned subgroup analyses where possible for: 1) blinding of ultrasound results or not, 2) Parity 

(nulliparous vs multiparous) 3) Timing from scan to delivery (e.g. <2 weeks or >2weeks). I finally 

included additional information such as rate of induction of labour (IOL), presence of comorbidities 

etc, as explained in each review separately. 

Data extraction and synthesis 

 

From each study we extracted the 2 x 2 tables for all combinations of index tests and outcomes and 

we calculated the sensitivity, specificity, positive and negative likelihood ratios (LRs)37 respectively. 

For the data synthesis we used the hierarchal summary receiver – operating   characteristics (HSROC) 

model of Rutter and Gatsonis38 which allows for variation of cut-off points between studies. If a study 

reported on more than one threshold, the most used cut-off point was selected. Whenever four or 

more studies were available, estimates of mean sensitivity and specificity and respective variances at 

a specific threshold were additionally generated using the bivariate logit-normal (Reitsma) model.39 

We also used meta-analysis to obtain a summary of the diagnostic odds ratios (DORs).40 Publication 

bias was assessed using the Deeks’ funnel plot asymmetry test where data was available from a 
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sufficient number of studies. Significant asymmetry was assumed at P<0.05.41 Statistical analyses was 

performed using STATA version 14 (StataCorp LP, College Station, TX), specifically, its METANDI, 

METAN and MIDAS packages. Analysis and reporting was performed using the PRISMA guidelines.42 

 

The protocol was submitted to the PROSPERO database in June 2017 with the title “Late pregnancy 

ultrasound screening” (CRD42017064093) and is available at the link below: 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42017064093 

 

 

Analysis of the Pregnancy Outcome Prediction (POP) Study  

 

I analysed data from the Pregnancy Outcome Prediction study (POPS), a prospective cohort study that 

took place at the Rosie Hospital, Cambridge between 2008 and 2012 which has been described before 

in detail. 9The study included nulliparous women only, and all women who agreed to participate had 

two research ultrasound scans at 28 and 36 weeks’ gestational age (wkGA) which were blinded to the 

women and the clinicians. Some of those women had clinically indicated ultrasound scans in the third 

trimester based on the local and national guidelines.  

 

The ultrasound screening included fetal biometry, amniotic fluid volume, umbilical artery Doppler, 

presentation, and placental location. The fetal biometry included measurement of biparietal diameter 

(BPD), head circumference (HC), abdominal circumference (AC) and femur length (FL) using standard 

techniques. Estimated fetal weight (EFW) percentile was calculated using the Hadlock equations and 

reference standard. The amniotic fluid volume was assessed using the Amniotic Fluid Index (AFI) and 

the umbilical artery Doppler was assessed using the Pulsatility Index.  

 

The outcome of the pregnancy was retrieved by the hospital’s electronic databases of delivery (Protos, 

iSoft, Banbury, UK), biochemical tests (Meditech, Westwood MA, USA) and neonatal intensive care 

(Badgernet, Clevermed Ltd, Edinburgh, UK). Neonatal morbidity was defined as ≥1 of the following: a 

5 minute Apgar score less than 7, delivery with metabolic acidosis (defined as a cord blood pH <7.1 

and a base deficit of >10mmol/L) or admission to the neonatal unit at term (defined as admission <48 

hours after birth at ≥37 weeks gestational age and discharge ≥48 hours after admission). Severe 

adverse perinatal outcome was defined as term live birth associated with neonatal death, hypoxic 

ischemic encephalopathy, use of inotropes, mechanical ventilation, or severe metabolic acidosis 

(defined as a cord blood pH <7.0 and a base deficit of >12mmol/L). Small for gestational age was 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42017064093
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defined a birthweight below the 10th centile and severe SGA as below the 3rd centile for sex and 

gestational age using a UK reference.43 Large for gestational age was defined as birthweight above the 

90th centile and severe LGA as above the 97th centile respectively. 
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Chapter 3. Universal ultrasonic screening using fetal macrosomia in the prediction of adverse 

perinatal outcome. 

 

Introduction 

 

Macrosomia is usually defined as birthweight > 4000g. Large for gestational age (LGA) is commonly 

defined as birthweight above the 90th centile for sex and gestational age. The terms are sometimes 

used interchangeably at around full term (40 weeks’ gestation). Macrosomic birth weight is associated 

with the risk of adverse outcomes, including perinatal death2 and injuries related to traumatic 

delivery.44 Ultrasonic estimation of fetal weight (EFW) was first described in 197545. The equation for 

EFW which is in most widespread use was published by Hadlock et al in 19856 and the distribution of 

EFW in relation to week of gestation was published in 19917. Hence, the diagnostic tools to identify 

small for gestational age (SGA) and large for gestational age (LGA) fetuses have been available for 

many years. One of the main complications associated with macrosomia is shoulder dystocia and a 

Cochrane review of four randomised controlled trials (RCTs), including 1190 women, demonstrated 

that routine induction of labour (IOL) for suspected LGA may prevent this outcome46. However, it 

remains unclear whether screening and intervention for suspected LGA results in better outcomes.  

 

An RCT of IOL in women with an ultrasonically suspected LGA infant is in progress in the UK (The Big 

Baby trial, ISRCTN18229892). However, the women recruited to this trial will have been scanned 

because they were high risk for some reason, as NICE have recommended that women should not be 

routinely scanned in late pregnancy.1 Although the trial will confirm whether induction of labour is 

effective in high risk women, it will not determine whether screening women without risk factors and 

intervening results in net benefit. It is often the case that screening and intervention programmes 

which work well in high risk groups do not work as well in low risk populations, and one explanation 

for this can be that the screening test is less informative in low and mixed risk populations due to the 

lower prior risk of disease. In this study, we sought to quantify the diagnostic effectiveness of 

screening for fetal macrosomia and associated complications using universal ultrasonic fetal biometry 

in late pregnancy. 

  



 
 

 
 

33  

Methods 

 

Publication statement 

This chapter was published as an individual paper in Plos Medicine (Appendix 9A).47 Some passages 

were quoted verbatim from this paper since I wrote the text for this publication. The figures and tables 

have been reproduced under open access licence. 

 

Sources for meta-analysis 

The protocol for this review was prospectively written and registered with PROSPERO (the 

International Prospective Register of Systematic Reviews), and the registration number was 

CRD42017064093. We searched the literature systematically using the Cochrane database of 

Systematic Reviews (CDSR), Cochrane Central Register of Controlled Trials (CENTRAL), Medline, 

EMBASE, and ClinicalTrials.gov from inception to August 2019. An update search was done on the 28th 

of May 2020. We applied no restrictions on the language of the report or the location of the study. 

The studies were identified using a combination of words related to “ultrasound”, “pregnancy”, 

“estimated fetal weight”, “EFW”, “birthweight”, “macrosomia”, “large for gestational age”, “shoulder 

dystocia”, and “brachial plexus injury”. The exact search strategy is presented in Appendix 1. 

 

Study selection 

We set out to include cohort studies where an ultrasound scan was performed ≥24 weeks’ gestation 

(wkGA), excluding multiple pregnancies. We included studies of low risk populations, universal 

screening, and mixed-risk populations (i.e. included both high-risk and low-risk pregnancies). Studies 

which included only high risk women, such as patients with pre-existing or gestational diabetes, and 

those where the ultrasound scan was performed during labour were excluded. Studies were not 

selected on the basis of the definition of the index test, i.e. the formula and the threshold used. Finally, 

we included both blinded and un-blinded studies. 

 

Index tests and outcomes 

For the purposes of the meta-analysis we defined suspected LGA as a fetus with an EFW >4000g or 

>90th centile, or with an abdominal circumference (AC) >36 cm or >90th centile. However, we have also 

documented other thresholds used. The outcomes studied included macrosomic birth weight (>4000g 

or >90th centile) and severe macrosomic birth weight (>4500g or >97th centile); shoulder dystocia; and 

perinatal morbidity (neonatal unit admission, 5-minute Apgar score of six or less, metabolic acidosis, 

neonatal hypoglycaemia and neonatal jaundice).   



 
 

 
 

34  

 

Study quality assessment and statistical methods 

 

The literature search, study selection and analysis were performed independently by two authors 

(myself and Norman Shreeve) using Review Manager 5.3. Any differences were resolved in discussion 

with the senior author (GS). The risk of bias assessment and the statistical methods employed are 

described in Chapter 2. 
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Results 

 

Study characteristics and quality assessment of the studies included in the meta-analysis 

The literature search flowchart is presented in Figure 1. We identified 41 studies 48-88that met our 

inclusion criteria involving 112,034  patients in total. The study characteristics are presented in Table 

1. Six studies51, 60, 66, 69, 70, 85 (N=53,935) included unselected pregnancies, nine studies56, 62, 64-66, 68, 76, 78, 

86, 87 (N= 6436) included only low-risk pregnancies and 26 studies48-50, 52-55, 57-59, 61, 63, 67, 71-75, 77, 79-84, 88 (N= 

51,663) included mixed risk pregnancies.   

 

The assessment of study quality was performed using the QUADAS-2 tool and is summarized in Error! 

Reference source not found.. The Galvin 2017 study 62 was published as an abstract, hence we used 

a different study from the same cohort (GENESIS study) 89 to assess the risk of bias. Only three studies, 

Sovio 2018 85 (POP study), Galvin 2017 62 (GENESIS study), and Peregrine 2007 80 blinded the results to 

the clinicians. Hence, the large majority of studies were at risk of bias in relation to the reference 

standard. The second most common risk of bias was in relation to flow and timing, as six studies 52, 57, 

69, 72, 80, 88 performed the ultrasound either prior to induction of labor or less than 72 hours before 

delivery, resulting in a very short interval between the scan and delivery. Conversely, two studies 51, 60 

had a very long interval (ultrasound <33wkGA). Two studies 50, 53 did not present data on the 

gestational age at delivery. Finally, three studies 56, 81, 87 were confined to pregnancies progressing 

beyond 41wkGA, and were classified as having “high applicability concerns due to patient selection”.   
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Figure 1. PRISMA flow diagram for the systematic review of macrosomia. 
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Table 1. Characteristics of the studies included in the meta-analysis of LGA fetuses 

First Author 
(Year) 

Type of Study, 
Setting 

Total number of fetuses 
(number of LGA fetuses at 
birth), risk, and selection 
(All singleton, non anomalous 
unless otherwise stated) 

Index test  
(Blinding) 
 

Gestational age 
at ultrasound 

Reference standard Gestational 
age at 
delivery 

Other comments 
(Inclusion of  T1DM, 
T2DM and GDM) 

Aviram 2017 Retrospective 
cohort, 
Single Hospital, 
Israel 
 
 

N= 7996 (1618) 
Risk: Mixed 
Selection: Mixed risk, term 
only. Excluded SGA deliveries, 
intrapartum and SROM.  

EFW (20 formulas) 
Hadlock (AC/FL/BPD) 
Hadlock (AC/FL/HC) 
Hadlock (AC/FL/BPD/HC) 
Hadlock (AC/FL) 
Hadlock (AC/BPD) 
Shepard (AC/BPD) 
Threshold: >90th centile 
Blinded: No 

Within 1 week 
from delivery. 

BW >90th centile  Mean for LGA 
group: 39.4 
weeks, mean 
for AGA 
group: 38.3 
weeks 

DM/GDM: Included 
(21% for LGA, 14% 
for AGA) 

Balsyte 2009 Retrospective 
cohort, 
Single Hospital, 
Switzerland 

N= 1062 (135) 
Risk: Mixed 
Selection: Term only. 

EFW 
Hadlock (AC/FL/HC) 
Threshold: >4000g 
Blinded: No 

Within 1 week 
from delivery. 

BW >4000g  Mean 39.3 
weeks. 

DM/GDM: Not 
reported 

Benecerraf 1988 Retrospective 
cohort,  
Single hospital, 
Boston, MA, USA 

N= 1301 (324) 
Risk: Mixed 
Selection: Included all 
pregnancies apart from breech 
and multiples. 

EFW (Birnholz) 
Threshold: Threshold: 
>4000g, >3800g 
Blinded: No 

Within 1 week 
from delivery. 

BW >4000g Not specified DM/GDM: Included 

Ben-Haroush 
2007 

Prospective 
cohort,  
Single Hospital, 
Israel 

N= 259 (23) 
Risk: Universal 
Selection: Routine scan. 
Included SGA. Excluded 
hypertensives and diabetics. 

EFW 
Hadlock (AC/FL/BPD) 
Threshold: >90th centile 
Blinded: No 

Mean 32 weeks BW >4000g Mean 39 
weeks. 

DM/GDM: Excluded 

Ben-Haroush 
2008 

Retrospective 
cohort, 
Single Hospital, 
Israel 
 

N= 1925 (140) 
Risk: Mixed 
Selection: Term only. 

EFW 
Hadlock (AC/FL) 
EFW + AFI  
Threshold: EFW >4000g, 
AFI >95mm (60th centile) 
Blinded: No 

Interval from 
USS to delivery 
2.5 days 

BW >4000g Mean for LGA 
40 weeks,  
Mean for 
normal BW 
39.4 weeks 

DM/GDM: Excluded 

Benson 1991 Retrospective 
cohort, Boston, 
MA, USA 

N= 412 (32) 
Risk: Mixed 
Selection: Not specified. 
Excluded diabetics. 

EFW 
Hadlock (AC/FL/BPD) 
Threshold: >90th centile 
Blinded: No 

Within 1 week 
from delivery 

BW> 90th centile Not specified DM/GDM: Excluded 
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Burkhardt 2014 Retrospective 
cohort 
Single Hospital, 
Zurich, 
Switzerland 

N= 12,794 
Risk: Mixed 
Selection: All term, with vertex 
presentation with scan with 
7days  

EFW, AC 
Hadlock (AC/FL/BPD) 
Threshold:  
>4000g, >4500g 
>35cm, >39cm 
Blinded: No 

Within 1 week 
from delivery 

Shoulder dystocia 281 days fro 
SD 
278 days for 
no SD 

DM/GDM: 7.5% for 
those with SD 
2.7% for those 
without SD. 

Chauhan 2006 Retrospective 
cohort  
Single Hospital, 
Houston, TX, USA 

N= 1954 (119) 
Risk: Mixed 
Selection: Pregnancies 
undergoing fetal surveillance. 
Included SGA, hypertensives 
(22%) and SROM (5%). 

EFW 
Hadlock (AC/FL/BPD) 
Threshold: >90th centile 
Blinded: No 
  

Within 4 weeks 
from delivery. 
64% within 7 
days from 
delivery. 

BW >90th centile 34% preterm DM/GDM: Included 
(13%) 

Chervenak 1989 Prospective 
cohort  
Single Hospital, 
New Jersey, USA 

N= 317 (81) 
Risk: Low 
Selection: Uncomplicated 
pregnancies after 41 weeks’ 
gestation. 

EFW 
Hadlock AC/BPD or AC/FL 
if BPD not available 
Threshold: >4000g 
Blinded: Not clear 

>41 weeks BW >4000g Mean 42 +/- 
0.6 weeks 

DM/GDM: Excluded 

Cohen 2010 Retrospective 
cohort 
Single Hospital, 
Montreal, Canada 

N= 1099 (105) 
Risk: Mixed 
Selection: Only included 
pregnancies with USS on the 
same or next day as delivery 

EFW 
Hadlock (AC/FL/BPD/HC) 
Threshold: >90th centile 
Blinded: No 

On the same or 
next day of 
delivery. 

BW >4000g Mean 275.2 
days. 

DM/GDM: Included 
(11.6%) 

Crimmins 2018 Retrospective 
cohort 
Single hospital, 
Baltimore, 
Maryland, USA 

N= 945 (40) 
Risk: Mixed 
Selection: All pregnancies >34 
weeks gestation with normal 
oGCT. 

AFG defined as EFW >90th 
centile (Hadlock- 
AC/FL/BPD) or AC >95th 
centile. 
Polyhydramnios >25cm 
Threshold: As above. 
Blinded: No 

>34 weeks BW >4000g 
Shoulder dystocia 
NICU admission 

Not specified. DM/GDM: Excluded 

Cromi 2007 Retrospective 
cohort, 
2 hospitals, 
Swtzerland 

N= 1026 (53) 
Risk: Mixed 
Selection: All singletons >34 
weeks gestation with USS 
within 4 weeks of delivery. 
Excluded SROM. 

EFW, AC 
Hadlock (AC/FL/BPD) 
Threshold: >95th centile 
Blinded: No 

Within 4 weeks 
of delivery. 
Mean 37.3 
weeks 

BW >4000g 
BW>4500g 

>34 weeks 
Mean 39.2 
weeks 

DM/GDM: Included 
(8.8%) 

De Reu 2008 Retrospective 
cohort, 
Single Hospital, 
Netherlands 

N= 3449 (285) 
Risk: Universal 
Selection: Women with no risk 
factors or pathology. Did not 
exclude SGA. 

AC 
Threshold: >75th 
/90th/95th centile 
Blinded: No 

Between 27 and 
33 weeks. 

BW >90th centile, 
BW >95th centile 
 
 

Mean 278.7 
days 

DM/GDM: Excluded 
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Freire 2010 
(Portuguese) 

Retrospective 
cohort, 2 
hospitals, Brazil 

N= 114 (8) 
Risk: Mixed 
Selection: Those with USS 
within 7 days of delivery 

EFW 
Hadlock (AC/FL/BPD/HC) 
Threshold: >90th centile 
Blinded: No 

Within 7 days of 
delivery 

BW >90th centile 15.6% 
preterm, 
84.4% at term 

DM/GDM: Not 
reported 

Galvin 2017 
(GENESIS study) 
(Abstract) 

Prospective 
cohort 
Large multi-
centre study, 
Ireland  

N= 2336 (not known) 
Risk: Low 
Selection: Term, 
uncomplicated, cephalic only. 

EFW (Not specified) 
Threshold: 4000g 
Blinded: Yes 

Between 39+0 
and 40+6 weeks 

Shoulder dystocia 
NICU admission 

Not specified. DM/GDM: excluded 

Gilby 2000 Retrospective 
cohort, 
Single Hospital, 
Florida, USA 

N= 1996 (318) 
Risk: Mixed  
Selection: All singleton >36 
weeks with USS within 1 week 
from delivery.  
 

AC 
Threshold: >35cm, >38cm 
Blinded: No 

Within 1 week 
from delivery 

BW >4500g >36 weeks 
Mean not 
reported. 

DM/GDM: Not 
reported 

Hasenoehrl 2006 Prospective 
cohort, Single 
hospital, Austria 

N= 200 (33) 
Risk: Low  
Selection: Included those with 
USS within 1 week. Excluded 
only fetal anomaly.  

EFW (Schild) 
Threshold: >4000g 
Blinded: No 

Mean 39.2 
weeks 

BW >4000g Mean interval 
2.0 days. 

DM/GDM: Not 
reported 

Hendrix 2000 Prospective (RCT)  
Georgia, USA 

N= 367 (39) 
Risk: Low 
Selection: Term only. 

EFW 
Hadlock AC/BPD 
Threshold: >4000g 
Blinded: No 

>37 weeks BW >4000g Mean 39.1 
weeks 

DM/GDM: Not 
reported 

Henricks 2003 Prospective 
cohort,  
South Carolina, 
USA 

N= 256 (21) 
Risk: Universal 
Selection: Term only. 

AC 
Threshold: >35cm 
Blinded: No 

>37 weeks BW >4000g Mean 39.1 
weeks 

DM/GDM: Not 
reported 

Humphries 2002 Retrospective 
cohort,  
South Carolina, 
USA 

N= 238 (29) 
Risk: Mixed 
Selection: Term only, with USS 
within 2 weeks.  

EFW 
Combs (AC/FL/FL) 
Threshold: >4000g 
Blinded: No 

Within 2 weeks 
of delivery 

BW >4000g >37 weeks DM/GDM: Not 
reported 

Kayem 2009 Prospective 
cohort, 
Multiple 
hospitals, France 
and Belgium 

N= 1689 (124) 
Risk: Low 
Selection: As part of a 
prospective cohort for breech. 
Term only, with USS within 10 
days of delivery. 

AC 
Threshold: >36.3cm 
Blinded: No 

Within 10 days 
of delivery. 

BW >4000g Median 39 
weeks 

DM/GDM: Not 
reported 

Kehl 2011 Prospective 
cohort, Single 

N= 258 (30) 
Risk: Universal 

AC 
Threshold: >36cm 

Within 3 days of 
delivery 

BW >4000g 
 

40+5 weeks 
for AC>36cm 

DM/GDM: Not 
reported 
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Hospiotal, 
Germany 

Selection: Term only with 
vertex presentation and USS 
within 3 days of delivery. 

Blinded: No 39+6 weeks 
for AC <36cm 

Khan 2019 Retrospective 
cohort,  
2 HNS Hospitals, 
London, UK 

N= 45847 (4229) 
Risk: Universal 
Selection: Term only.  

EFW 
Hadlock (AC/FL/HC) 
Threshold: >90th centile  
Blinded: No 

Between 35+0 
and 36+6 weeks 
Mean 36.1 
weeks 

BW >90th centile  
BW >97th centile 
 

Mean 39.9 
weeks 

DM/GDM: 
T1DM/T2DM 
Included (0.7% for 
non-LGA, 2.1% for 
LGA) 

Levine 1992 Retrospective 
cohort,  
Single Hospital, 
New York, USA 

N= 406 (68) 
Risk: Mixed 
Selection: Term only. Included 
pregancies with diabetes (22%) 
and previous CS (20%) 

EFW 
Hadlock (AC/FL/HC) 
Threshold: >90th centile 
Blinded: No 

5-10 days 
before delivery 

BW >90th centile Mean 39.4 DM/GDM: Included 
(22%) 

Melamed 2011 
 
  

Retrospective 
cohort, Single 
hospital, Israel 

N= 4765 (431) 
Risk: Mixed 
Selection: All deliveries with 
USS within 3 days of delivery. 
DM/GDM and SROM excluded. 

EFW (multiple) and AC 
Hadlock (AC/FL/BPD) 
Hadlock (AC/FL/HC) 
Hadlock (AC/FL/BPD/HC) 
Hadlock (AC/FL) 
Shepard (AC/BPD) 
Threshold: >4000g,>36cm  
Blinded: No 

Within 3 days of 
delivery 

BW >4000g Mean 38.1 DM/GDM: Excluded 

Miller 1986 Retrospective 
cohort,  
Single Hospital, 
Luisiana, USA 

N= 150 (28) 
Risk: Mixed  
Selection: Term only, included 
diabetes, PET, prior CS. 
Excluded SGA 

EFW 
Hadlock (AC/FL) 
Shepard (AC/BPD) 
Threshold: >4000g 
Blinded: No 

Within 7 days of 
delivery 

BW >4000g Term  
(Mean ga not 
reported) 

DM/GDM: Included  

Miller 1988 Retrospective 
cohort,  
Single Hospital, 
Luisiana, USA 

N= 382 (58) 
Risk: Mixed 
Selection: term only, excluded 
SROM 

EFW  and AC 
Hadlock (AC/FL/BPD) 
Threshold: EFW >4100g, 
AC >36.4cm  
Blinded: No 

Within 7 days of 
delivery. 
Mean ga 275.8 
days 

BW >4000g Mean ga 
279.1 days. 

DM/GDM: Not 
reported 

Nahum 2003 Retrospective 
cohort,  
Single hospital, 
California, USA 

N= 74 (12) 
Risk: Mixed 
Selection: Only included 
Hispanic ethnicity, term only.  

EFW (11 formulas) 
Hadlock (AC/FL/BPD) 
Hadlock (AC/FL/HC) 
Hadlock (AC/FL/BPD/HC) 
Hadlock (AC/BPD) 
Shepard (AC/BPD) 
Threshold: >4000g 
Blinded: No 

Within 3 weeks 
of delivery 

BW >4000g Term  
(Mean ga not 
reported) 

DM/GDM: Included 
(23.0%) 
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Nahum 2007 Retrospective 
cohort,  
Single hospital, 
California, USA 

N= 98 (16) 
Risk: Low risk 
Selection: Term only, Excluded 
medical complications (PET, 
DM) 

EFW 
Hadlock (AC/FL/BPD) 
Hadlock (AC/BPD) 
Hadlock (AC/FL) 
Threshold: >4000g,  
Blinded: No 

Within 3 weeks 
of delivery 

BW >4000g Term  
(Mean ga not 
reported) 

DM/GDM: Excluded 

Nicod 2012 
(French) 

Retrospective 
cohort,  
Single hospital, 
Switzerland  

N= 708 (141) 
Risk: Mixed risk 
Selection: Pregnancies with USS 
within 7 days of delivery.  

EFW 
Hadlock (AC/FL/BPD/HC) 
Hadlock (AC/FL) 
Threshold: >4000g 
Blinded: No 

Within 7 days of 
delivery 

BW >4000g Not reported  DM/GDM: Not 
reported 

O’Reilly-Green 
1997 

Retrospective 
cohort,  
Single hospital, 
New York, USA 

N= 445 (107) 
Risk: Low 
Selection: Prolonged 
pregnancies defined as ga 
>40+4. 

EFW 
Hadlock (AC/FL/BPD) 
Threshold: >4000g, 
>4500g 
Blinded: No 

Within 3 weeks 
of delivery 

BW >4000g 
BW >4500g 

GA >40+4 DM/GDM: Excluded 

Pates 2007 Retrospective 
cohort,  
Single hospital, 
Texas, USA 

N= 3115 (239) 
Risk: Mixed 
Selection: Those with clinically 
indicated USS within 7 days of 
delivery.  

EFW and AFI 
Hadlock (AC/FL/BPD/HC) 
Threshold: >4000g, AFI 
>20cm (95th centile) 
Blinded: No 

Within 7 days of 
delivery 

BW >4000g Not reported DM/GDM: Included 
(11%) 

Peregrine 2007 Prospective 
cohort,  
Single hospital, 
London, UK 

N= 262 (48) 
Risk: Mixed 
Selection: Pregnancies with ga 
>35+6 undergoing IOL, 
Excluded those withIUD or 
antepartum haemorrhage. 

EFW 
Hadlock (AC/FL) 
Shepard (AC/BPD) 
Threshold: >4000g 
Blinded: Yes 

Exactly before 
IOL 

BW >4000g Median ga 41 
weeks.  

DM/GDM: Not 
reported 

Pollack 1992 Retrospective 
cohort,  
Single hospital, 
New York, USA 

N= 519 (119) 
Risk: Mixed 
Selection: Postdate pregnancies 
>41 weeks 

EFW 
Hadlock (AC/FL) 
Threshold: >4000g, 
>4500g 
Blinded: No  

Within 7 days of 
delivery 

BW >4000g >41 weeks  DM/GDM: Not 
reported 

Rossavik 1993 Retrospective 
cohort,  
Single hospital, 
Oklahoma, USA 

N= 498 (36) 
Risk: Mixed 
Selection: Infants with USS 
within 2 weeks of delivery (if ga 
>38w) or within 1 week of 
delivery (if ga <38w) 

EFW 
Hadlock (AC/FL/HC) 
Threshold: >4000g 
Blinded: No  

Within 2 weeks 
of delivery (if ga 
>38w) or within 
1 week of 
delivery (if ga 
<38w) 

BW >4000g Not reported DM/GDM: Not 
reported 

Sapir 2017 
(Abstract) 

Retrospective 
cohort 

N=6214 
Risk: Mixed 

EFW, AC  Wiothin 1 week 
of delivery 

Shoulder dystocia Term (not 
specified) 

DM/GDM: Excluded 



 
 

 
 

42  

Single Hospital, 
Israel 

Selection: term only, no GDM 
with scan within 7 days of 
delivery  

Threshold: >4000g, 
>4500g, AC>39cm 
Blinded: No 

Smith 1997 Retrospective 
cohort,  
Single hospital, 
Glasgow, UK 

N= 1213 (16) 
Risk: Mixed 
Selection: Non-diabetic 
pregnancies with USS within 7 
days of delivery.  

EFW and AC 
Hadlock (AC/FL) 
Threshold: >4000g, 
>4500g, AC >36cm, AC 
>38cm 
Blinded: No  

Within 7 days of 
delivery 

BW >4500g Not reported DM/GDM: Excluded 

Sovio 2018 Prospective 
cohort,  
Single hospital, 
Cambridge, UK 

N= 3866 (177) 
Risk: Universal 
Selection: Unselected n 
nulliparous women that 
delivered after 36 weeks.  

EFW, ACGV 
Hadlock (AC/FL/BPD/HC) 
Threshold: >90th centile 
(population/customised) 
Blinded: Yes 

Regular 
research scan at 
36 weeks 
(median 36.4 
weeks) 

BW >90th centile 
BW >97th centile 
BW >4000g, BW 
>4500g, shoulder 
dystocia, metabolic 
acidosis, 5-min 
Apgar <7, NICU 
admission, severe 
neonatal morbidity, 
neonatal 
hypoglycaemia, 
neonatal jauntice 

Median 40.4 
weeks.  

DM/GDM: Included 
(4.3%) 

Sritippayawan 
2007 

Prospective 
cohort, Single 
Hospital, Thailand 

N= 328 (3) 
Risk: Low risk 
Selection: Pregnancies >34 
weeks. Excluded IUFD, any 
medical complication. 

EFW 
Hadlock (AC/FL/BPD/HC) 
Threshold: >4000g 
Blinded: No  

>34 weeks 
Mean interval 
16.9 days from 
delivery 

BW >4000g Mean ga 39.4 
weeks. 

DM/GDM: Excluded 

Sylvestre 2000 Retrospective 
cohort, Single 
Hospital, New 
York, USA 

N= 656 (147) 
Risk: Low risk 
Selection: Postdate pregnancies 
only (>41 weeks) 

EFW (Hadlock or 
Shepard/Not specified) 
Threshold: >4000g 
Blinded: No 

>41 weeks  BW >4000g 41.3 weeks DM/GDM: Not 
reported 

Weiner 2002 Prospective 
cohort, Single 
centre, Israel 

N= 315 (134) 
Risk: Mixed risk 
Selection: Offered routine 
clinical screening to all 
womenat term. Those with 
suspected EFW >3700g had 
USS. Only included those with 
USS with 3 days of delivery.  

EFW 
Shepard (AC/BPD) 
Threshold: >4000g 
Blinded: No 

USS with 3 days 
of delivery. 

BW >4000g 
BW >4500g 
Shoulder dystocia 

40.1 weeks 
for both 
groups. 

DM/GDM: Included 
(9.2%)  
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Figure 2. Risk of bias assessment using the QUADAS-2 tool of the studies included in the meta-

analysis of LGA fetuses 
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Meta-analysis results 

 

Full details of the summary diagnostic performance are presented in Table 2. In summary, both 

definitions of ultrasonically suspected macrosomia (i.e. either EFW >4000g or >90th percentile) had 

>50% sensitivity for predicting LGA at birth. Many associations were similar regardless of the formula 

employed but the positive LRs for the Hadlock formulae (ranging  between 7.5 and 12) tended to be 

higher than and for the Shepard formula (around 5). The performance of definitions using just the AC 

was similar to using an ultrasonic EFW. The sensitivity for predicting severe macrosomia (>4500g) at 

birth of suspected LGA was around 70%. However, macrosomia (EFW > 4000g or >90th centile) had a 

lower (22%) sensitivity for  predicting shoulder dystocia, although the association was statistically 

significant and the positive LR was ~2.    

 

Figure 3 has summary ROC curves for shoulder dystocia and macrosomia. For the prediction of 

macrosomia at birth most of the large studies were close to the point estimate and only a few small 

studies were outside the prediction intervals. For shoulder dystocia, most studies reported 

sensitivities below 30% and only one study 88 reported a sensitivity of >50%. However, in this study 

the total number of shoulder dystocia cases was very small (n=3). Figure 4 and Figure 5 present graphs 

of the pooling of DORs for macrosomia and shoulder dystocia, respectively. There was significant 

heterogeneity for the prediction of macrosomia but not for the prediction of shoulder dystocia.  

 

Only three studies, Crimmins 2018, Galvin 2017, and Sovio 2018 reported neonatal unit admission as 

an outcome and a meta-analysis was not feasible. However, none of the studies reported statistically 

significant results with positive LRs of 0.73 (95% CI 0.36-1.48), 1.39 (95% CI 0.97-2.00) and 1.33 (95% 

CI 0.80-2.22) respectively. Only the Sovio 2018 study reported on 5-minute Apgar score of less than 7 

and neonatal metabolic acidosis with positive LRs of 1.94 (95% CI 0.66-5.75) and 1.08 (95% CI 0.28-

4.18) respectively. Moreover, the Sovio 2018 study was the only one that reported on neonatal 

hypoglycaemia and neonatal jaundice with positive LRs of 1.9 (95% CI 1.1-3.4) and 1.2 (95% CI 0.6-2.4) 

respectively. The analysis demonstrated no significant evidence of publication bias (P=0.57), when 

evaluated using Deeks’ funnel plot asymmetry test (Figure 6). 
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Table 2. Summary diagnostic performance of suspected LGA to predict LGA at birth and shoulder dystocia. 

EFW: Estimated Fetal Weight; AC: Abdominal circumference; FL: Femur length; HC: Head circumference; BPD: Biparietal diameter; LR: Likelihood ratio; CI: 
Confidence  intervals  

 Diagnostic test Studies Patients Summary 
sensitivity 

Summary 
specificity 

Positive LR 
(95% CI) 

Negative LR 
(95% CI) 

    (95% CI) (95% CI)   

 Outcome: Birthweight >4000g (or 90th centile)       
 EFW (any) >4000g (or 90th centile) 30 80,045 53.2% 93.9% 8.74 0.50 
    (47.2-59.1%) (91.9-95.5%) (6.84-11.17) (0.44-0.56) 

 EFW (Hadlock-AC/FL/HC/BPD)  9 22,073 63.1% 94.3% 11.13 0.39 
    (49.1-75.2%) (90.9-96.5%) (8.24-15.04) (0.28-0.55) 

 EFW (Hadlock- AC/FL/BPD) 10 17,110 55.1% 92.9% 7.77 0.48 
    (44.1-65.7%) (89.7-95.2%) (5.55-10.89) (0.38-0.61) 

 EFW (Hadlock- AC/FL/HC) 7 60,648 55.2% 94.9% 11.84 0.47 
    (45.7-64.2) (92.4-96.6%) (7.46-15.74) (0.39-0.58) 

 EFW (Hadlock- AC/FL) 9 16,736 60.5% 92.0% 7.54 0.43 
    (50.7-69.5%) (89.4-93.7%) (6.13-9.29) (0.34-0.54) 

 EFW (Hadlock- AC/BPD) 6 13,617 62.9% 93.7% 9.99 0.40 
    (36.1-83.5%) (85.9-97.3%) (6.40-15.58) (0.21-0.75) 

 EFW (Shepard) 7 14,060 73.7% 
(54.4-86.9%) 

85.1% 
(76.5-90.9%) 

4.96 
(3.29-7.48) 

0.31 
(0.17-0.56) 

 AC >36cm (or 90th centile) 5 10,543 57.8% 
(39.6-74.2%) 

92.3% 
(88.7-94.9%) 

7.56 
(5.85-9.77) 

0.46 
(0.30-0.68) 

 Outcome: Birthweight >4500g (or 97th centile)       
 EFW (any) >4000g (or 90th centile) 5 51,686 67.5% 

(47.8-82.6%) 
89.7% 

(79.1-95.3%) 
6.58 

(2.78-15.58) 
0.36 

(0.20-0.65) 

 Outcome: Shoulder dystocia       
 EFW (any) >4000g (or 90th centile) 6 26,264 22.0% 

(9.9-42.0%) 
89.6% 

(80.8-94.6%) 
2.12 

(1.34-3.35) 
0.87 

(0.74-1.02) 
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Figure 3. Summary ROC curves for the diagnostic performance of EFW > 4000g (or 90th centile) at 

predicting A. LGA at birth (birthweight above 4000g or above the 90th centile) and B. Shoulder 

dystocia. 
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Figure 4. DORs for the diagnostic performance of EFW > 4000g (or 90th centile) at predicting LGA at 

birth (birthweight above 4000g or above the 90th centile) 
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Figure 5. DORs for the diagnostic performance of EFW > 4000g (or 90th centile) at predicting 

shoulder dystocia 
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Figure 6. Deeks’ funnel plot for publication bias for the prediction of macrosomia (birthweight 

>4000g or >90th centile). 
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Discussion 

 

The key findings of the present chapter were that ultrasonic suspicion of fetal macrosomia is strongly 

predictive of the risk of delivering a large baby but it is only weakly – albeit statistically significantly – 

predictive of the risk of shoulder dystocia. In the case of delivering an LGA baby using the Hadlock 

formula, the positive LRs were quite strong, in the region of 7 to 12, whereas in relation to the 

diagnosis of shoulder dystocia, the positive LR was ~2. The forest plot of DORs indicates that there was 

significant heterogeneity between the studies in the ability to predict an LGA infant. The source of this 

heterogeneity is unclear but it could relate to differences in the quality of the performance of the 

diagnostic test, such as the quality of the imaging equipment, the skill and training of sonographers 

and the characteristics of the population.   

 

In this meta-analysis we included data from the POP study, as it is particularly applicable to the 

research question addressed in this report, given that late pregnancy ultrasound was performed in a 

large number of nulliparous women using contemporary equipment and staff trained using the 

standards of the English NHS. The POP study analysis of a 36wkGA scan in the diagnosis of macrosomia 

had previously been published85 and this was incorporated into the meta-analysis. Interestingly, the 

DOR (95% CI) from the POP study was 17.1 (12.0 to 24.3) and this was virtually identical to the 

summary estimate from all of the other studies where it was also 17.1 but with slightly narrower 95% 

CI (13.3 to 22.0). These data suggest that the results from the POP study are likely to be generalisable.  

 

There has been the lack of blinding in studies of the diagnostic effectiveness of ultrasound in 

pregnancy screening research. Hence, generally, the POP study has been unique as a contemporary 

study in late pregnancy in nulliparous women. However, in this analysis there is a second comparable 

study, the Genesis study. This was a prospective cohort study of 2772 nulliparous pregnant women 

recruited across seven centres in Ireland between 2012 and 2015. Women had the ultrasound scan 

≥39wkGA and <41wkGA, i.e. ~3 to 4 weeks later than the POP study. Although the timing of the scan 

is slightly later than the research question for the current report, the study design makes it particularly 

useful.    

 

The analysis of fetal macrosomia from the Genesis study has only been published in abstract form. It 

did not report the diagnostic effectiveness of EFW as a predictor of LGA birth weight, but it did report 

shoulder dystocia. Interestingly, the POP study and the Genesis study, which were the only two large 

studies including more than 1000 women each, did not demonstrate a statistically significant 
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association between macrosomic EFW and the risk of shoulder dystocia. Overall, the meta-analysis 

indicated that ultrasound may be weakly predictive. However, as with other analyses in the preceding 

chapter, these findings could be explained by ascertainment bias. Specifically, if a scan is performed 

and the fetus is suspected to be macrosomic, the clinical staff attending the birth may be more likely 

to institute manoeuvres for shoulder dystocia in the event of any delay, or to document a given delay 

as being due to shoulder dystocia. The potential for such biases may explain why the studies with 

blinded ultrasound were not significantly associated and why the meta-analysis as a whole was only 

weakly predictive of shoulder dystocia while it was strongly predictive for macrosomia. A weak 

association between ultrasonic EFW and the risk of shoulder dystocia is not surprising given that the 

actual birth weight of the baby is not strongly predictive of shoulder dystocia and that the majority of 

cases of shoulder dystocia do not involve a macrosomic infant.90 

 

Finally, the relationship between a diagnosis of fetal macrosomia and the outcome is an area where 

there is good evidence around the potential for revealing a scan result to change the experience of 

complications in women who are false positives. Multiple studies have demonstrated that a false 

positive diagnosis of fetal macrosomia is an independent risk factor for emergency Caesarean 

delivery.91-93 These observations underline the possibilities that screening low risk women has the 

potential to cause harm and that researching methods of screening using a study design where the 

results are revealed to the attending clinician has the potential to cause associations which are a 

consequence of the scan, not a true prediction arising from it. 
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Chapter 4. Systematic review of the diagnostic effectiveness of universal ultrasonic screening using 

late pregnancy umbilical artery Doppler flow velocimetry in the prediction of adverse perinatal 

outcome. 

 

Introduction  

 

High resistance patterns of umbilical artery (UA) Doppler flow velocimetry are thought to reflect 

placental vascular resistance. A systematic review of diagnostic test accuracy has shown that the UA 

Doppler can be useful at predicting perinatal mortality and risk of compromise in high-risk 

pregnancies.12 A Cochrane review of randomised controlled trials (RCTs) has demonstrated that use 

of UA Doppler ultrasound in high-risk pregnancies appears to reduce the number of perinatal deaths 

and the number of obstetric interventions (risk ratio 0.71, 95% confidence interval 0.52 to 0.98).13 

However, a Cochrane review of RCTs in low risk pregnancies failed to demonstrate any difference in 

outcome comparing pregnancies screened using UA Doppler compared with controls (risk ratio 0.80, 

95% confidence interval 0.35 to 1.83).14 This review included five studies that compared routine 

Doppler versus no Doppler but there was no consistent management plan for the women with 

abnormal results. Moreover, although it included 14,185 women it was underpowered to detect an 

effect on perinatal death using clinically plausible estimates of screening performance and the clinical 

effectiveness of intervention.15 The authors concluded that there is no adequate evidence that the 

routine use of UA Doppler ultrasound benefits either the mother or the baby and they recommended 

future studies that should be designed to detect smaller changes in adverse perinatal outcome.  

 

In order for a large screening programme to be implemented it needs to meet two prerequisites; first, 

an index test that can accurately predict adverse outcome and, second, a safe and effective 

intervention. In this context we have suggested that ultrasound screening at 36 weeks’ gestation with 

a policy of induction of labor (IOL) for those screened positive at 37 weeks could have the potential to 

be safe and effective. 94 We have previously shown that universal ultrasound screening using biometry 

and fetal growth velocity can triple the detection of SGA infants and identify infants at increased risk 

of neonatal morbidity.9 However, there is no clear evidence of the effectiveness of UA Doppler as part 

of universal ultrasound screening.  

 

The aim of this chapter was to assess the diagnostic accuracy of third trimester UA Doppler to predict 

adverse pregnancy outcome at term. We conducted a systematic review and meta-analysis of all 

studies focusing in low and mixed risk populations. In the above analysis we also included unpublished 
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data from a prospective cohort study of nulliparous women, the Pregnancy Outcome Prediction (POP) 

study.9   
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Methods  

 

Publication statement 

This chapter was published as an individual paper in the Placenta journal (Appendix 9B).95 Some 

passages were quoted verbatim from this paper since I wrote the text for this publication. The figures 

and tables have been reproduced after gaining permission by the journal. 

 

Analysis of data from the Pregnancy Outcome Prediction study 

In the systematic review we included unpublished data from a prospective cohort study, the 

Pregnancy Outcome Prediction (POP) study, which was conducted at the Rosie Hospital, Cambridge 

(UK) between 2008 and 2012 and previously described in detail.96 In brief, the study included 

nulliparous women only, and all women who agreed to participate had two research ultrasound scans 

at 28wkGA and 36wkGA which were blinded to the women and the clinicians. About 40% of the 

women had clinically indicated ultrasound scans in the third trimester based on local and national 

guidelines. In the present analysis we included women that attended their 36wkGA research scan and 

had a live birth at the Rosie Hospital. Women who delivered prior to their 36wkGA scan appointment 

were excluded.  

 

Screen positive was defined as an umbilical artery pulsatility index (PI) >90th percentile. A full 

description of the conduct of the study, including definition of outcome data, was described in a paper 

in the Lancet.9 In brief, neonatal morbidity was defined as ≥1 of the following: a 5 minute Apgar score 

less than 7, delivery with metabolic acidosis (defined as a cord arterial pH <7.1 and a base deficit of 

>10mmol/L) or admission to the neonatal unit at term (defined as admission <48 hours after birth at 

≥37 weeks gestational age and discharge ≥48 hours after admission). Severe adverse perinatal 

outcome was defined as term perinatal death, hypoxic ischemic encephalopathy, use of inotropes, 

mechanical ventilation, or severe metabolic acidosis (defined as a cord arterial pH <7.0 and a base 

deficit of >12mmol/L). Small for gestational age (SGA) and severe SGA were defined as a birthweight 

<10th percentile and <3rd percentile respectively for sex and gestational age using a UK reference.43  

 

Sources for meta-analysis 

The protocol for the review was designed a priori and registered with the PROSPERO International 

Prospective Register of Systematic Reviews (Registration number: CRD42017064093). We searched 

Medline, EMBASE and the Cochrane library from inception to October 2020. The studies were 

identified using a combination of words related to “ultrasound”, “Doppler”, “umbilical artery”, 
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“pregnancy” and “prenatal diagnosis” (see Appendix 2). No restrictions for language or geographic 

location were applied.   

 

Study selection 

Selection criteria included cohort or cross-sectional studies with singleton pregnancies which had an 

ultrasound performed ≥24wkGA. Case-control studies were excluded as these tend to overestimate 

the effect size. We included all studies in which the ultrasound was performed as part of universal 

ultrasound screening (the ultrasound was offered to all women regardless of indication), studies that 

were done in low-risk populations (those that excluded pregnancies with any maternal or fetal 

complication) and studies with mixed risk population (the ultrasound was offered selectively based on 

current clinical indications). We excluded studies that were focused only on high risk populations such 

as pregnancies with FGR. We included all reported indices of umbilical artery Doppler such as the 

Pulsatility Index (PI), Resistance Index (RI) or the systolic to diastolic ratio (S/D ratio), as well as all 

reported cut-off values. Finally, we included studies regardless of blinding of the ultrasound to the 

clinicians but this was reported in the study characteristics. 

 

Study quality assessment and statistical methods 

 

The literature search, study selection, and analysis ware performed independently by two authors 

(myself and Tom Bainton) using Review Manager 5.3. Any differences were resolved in discussion with 

the senior author (GS). The methods are described in chapter 2.  
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Results  

 

The POP study 

The analysis included 3615 women that met the inclusion criteria (Figure 7).95 All women had a blinded 

UA ultrasound at 36wkGA and 346 (9.6%) had an UA PI >90th percentile. The maternal age, socio-

economic status, ethnicity, BMI, and rates of alcohol consumption and smoking were similar between 

the two groups (Appendix 2, Table 15). Moreover, the groups had similar rates of pre-existing 

hypertension, pre-eclampsia, type 1 and 2 diabetes, and gestational diabetes. The gestational age at 

delivery and rate of induction of labour were similar in both groups which can be attributed to the 

blinding of the ultrasound. The screening performance of UA PI >90th centile is presented in Table 3. 

A high resistance pattern of UA Doppler was associated with an increased risk of delivering an SGA 

infant or a severely SGA infant and the association was stronger for the latter outcome. However, the 

finding was not strongly predictive with positive LRs between 2.5 and 3.5. A high resistance pattern of 

UA Doppler was not associated with an increased risk of a range of indicators of neonatal morbidity 

in the POP study. 
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Figure 7. POP study inclusion flowchart for UA Doppler 
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Table 3. Diagnostic performance of UA PI >90th centile at predicting adverse pregnancy outcome in the POP study (N=3615). 

 

* See Chapter 4, Methods for definitions 

 

Outcome  True Positive /  

False Positive 
 

True Negative /  

False Negative  

Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

Positive LR 

(95% CI) 

Negative LR 

(95% CI) 

SGA <10th centile 72/274 3016/253 22.2%  

(17.6-26.7%) 

91.7% 

(90.7-92.6%) 

2.66 

(2.11-3.36) 

0.85 

(0.80-0.90) 

SGA <3rd centile 23/323 3215/54 29.9% 

(19.6-40.1%) 

90.9% 

(89.9-91.8%) 

3.27 

(2.29-4.68) 

0.77 

(0.67-0.89) 

Any neonatal morbidity* 32/314 3045/224 12.5% 

(8.4-16.6%) 

90.7% 

(89.7-91.6%) 

1.34 

(0.95-1.88) 

0.97 

(0.95-1.01) 

NICU admission 27/319 3076/193 12.3% 

(7.9-16.6%) 

90.6% 

(89.6-91.6%) 

1.31 

(0.90-1.89) 

0.97 

(0.92-1.02) 

5-min Apgar score <7  4/342 3243/26 13.3% 

(1.2-25.5%) 

90.5% 

(89.5-91.4%) 

1.40 

(0.56-3.50) 

0.96 

(0.83-1.10) 

Metabolic acidosis 4/342 3237/32 11.1% 

(0.8-21.4%) 

90.4% 

(89.5-91.4%) 

1.16 

(0.46-2.95) 

0.98 

(0.88-1.10) 

Severe neonatal morbidity* 3/343 3246/23 11.5% 

(0.7-23.8%) 

90.4% 

(89.5-91.4%) 

1.21 

(0.41-3.52) 

0.98 

(0.85-1.12) 
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Study characteristics and quality assessment of the studies included in the meta-analysis 

 

The literature search PRISMA flowchart is presented in Figure 8. We identified 13 studies97-108 that met 

our inclusion criteria including 67,764 patients in total. The study characteristics are presented in 

Table 4. Five studies97, 103, 106, 107 (N=63,436) included unselected pregnancies as part of universal 

screening, four studies98, 101, 102, 108 (N=2634) included only low-risk pregnancies and four studies 99, 100, 

104, 105(N=1694) included mixed risk pregnancies. Three of the studies97, 106, 107 that were done in the 

same hospitals might have had short periods of overlap. Nine studies 98, 99, 101-105, 108 (N=8097) were 

prospective and four97, 100, 106, 107 (N=59,687) retrospective. Studies varied in relation to the gestational 

age at scan (ranging from 28wkGA to 41wkGA), as well as the indices and the cut-off points used. The 

majority of patients in the included studies delivered at term. The assessment of study quality is 

presented in Figure 9. Overall, the quality was variable. The main risk of bias was that only six studies98, 

99, 101, 103, 105 (N= 5777) blinded clinicians to the UA Doppler result. However, five of these six studies 

revealed other features of the scan result, such as fetal biometry. Only the POP study blinded both 

the utero-placental Doppler and fetal biometry.   
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Figure 8. Literature search PRISMA flow diagram for the UA systematic review 
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Table 4. Characteristics of studies included in the meta-analysis of UA Doppler 

First Author (Year) Type of Study, 
Setting 

Number of fetuses 
and selection 
(All singleton, non 
anomalous unless 
otherwise stated) 

Index test  
 

Gestational 
age at 
ultrasound 

Reference standard Gestational age 
(ga) at delivery 

Other comments 

Akolekar 2019 Prospective 
cohort, 2 NHS 
Hospital, UK 
Between March 
2014 and 
September 2018 
(potential overlap 
with Valino 
studies) 

N= 47,211 
Universal, >36 
weeks.  
 
 

PI >90th centile. 
Not blinded. 

Between 35+6 
and 37+6 
weeks.  

Severe APO (composite 
of stillbirth, neonatal 
deaths and HIE grade 2 
or 3), perinatal hypoxia 
(cord artery PH <7.0, 5-
minute Apgar score <7, 
NICU admission), CS for 
fetal compromise, SGA 
<3rd centile.  

Median ga at 
delivery 40.0 
(39.0-40.9) weeks. 

Nulliparous: 45.4% 
for those with no 
adverse outcome, 
58.5% for those 
with adverse 
outcome.  
 

Bolz 2013 Prospective 
cohort, 
Single Hospital, 
Germany 

 N=514 
Low risk, term, 
cephalic only. 
Excluded maternal 
disease, SGA, 
RFM.  

PI>1.2 
Blinded UA 
Doppler. 

Within 1 week 
from delivery. 
Mean ga 39+2 
weeks. 

Neonatal acidosis (cord 
arterial PH <7.10) 

Mean ga 40+1 
weeks 

Nulliparity: Not 
reported. 
IOL: Not reported. 

Cooley 2011 Prospective 
cohort, 
Single Hospital, 
Ireland 

N=810 
Mixed risk, 
nulliparous only. 
Only included 
Caucasian aged 
18-40 years. 

PI>95th centile 
UA blinded but 
EFW not 
blinded. 

Around 36 
weeks (not 
specified) 

Emergency CS, 
PIH, PET, preterm 
delivery (<37 weeks), 
SGA <10th centile, SGA 
<3rd centile, 5-minute 
Apgar score <7, Cord 
arterial PH <7.10, NICU 
admission, Stillbirth 

Not reported Nulliparity: All 
IOL: 22.4%. 
 

Filmar 2013 Retrospective 
cohort, Single 
Hospital, New 
York, NY, USA 

N=251  
Mixed risk, 
EFW>10th centile. 

S/D ratio >90th 
centile 
(persistent),  
Not blinded.  

Mean ga 35.3 
weeks for 
abnormal UA 
group. Mean 

NICU admission, 5-
minute Apgar score <7 

Median ga 37 
weeks for 
abnormal UA 

Nulliparity: Not 
reported 
IOL: Not reported. 
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ga 34.4 for 
control group. 

group, 39 weeks 
for control group. 

Fischer 1991 Prospective 
cohort 
Single Hospital, 
Pennsylvania, USA 

N= 75 
Low risk, post 
dates >41 weeks. 
Excluded maternal 
disease, suspected 
IUGR. 

S/D ratio >3.0 
S/D ratio >2.4 
Blinded UA 
Doppler. 

Mean interval 
from scan to 
delivery 2 days 

Composite perinatal 
outcome: 1) Non-
reassuring intrapartum 
fetal heart rate. 2) 
Umbilical artery PH 
<7.15, or venous <7.2 3) 
5-min Apgar score <7 4) 
meconium stained 
liquor, 5) NICU 
admission, 6) 
birthweight <10th 
centile. 

Mean ga at 
delivery 292.2 
days 

Nulliparity: 57% 
IOL: Not reported 

Goffinet 1996 Prospective 
cohort, 
17 hospitals, 
France 

N=1903 
Low risk, excluded 
maternal disease, 
suspected IUGR 

RI >90th centile 
Not blinded. 

Between 28 
and 34 weeks 

PIH, PET, Intervention 
for fetal distress, 5-
minute Apgar <7, NICU 
admission, birthweight 
<3rd centile, birthweight 
3-10th centile 

Mean ga 39.2 
weeks for those 
with abnormal UA, 
39.4 weeks for 
those with normal 
UA. 

Nulliparous: 43.0% 
for those with 
abnormal UA, 
45.3% for normal. 

Hanretty 1989 Prospective 
cohort, 
Single Hospital, 
Glasgow, UK 

N=395 
Universal 

AB ratio >95th 
centile. 
Blinded UA 
doppler 

34-36 weeks PIH, SGA <5th centile, 5-
minute Apgar <6, NICU 
admission 

Mean ga 38.9 
weeks for those 
with abnormal UA, 
39.5 for those 
with normal UA. 

Nulliparity: Not 
reported 
IOL: Not reported. 

Moraitis 
(unpublished) 

Prospective 
cohort, Single 
Hospital, 
Cambridge, UK 

N=3615 
Universal, 
nulliparous only, 
>36 weeks 

PI >90th centile 
Blinded. 

Mean 36 
weeks 

NICU admission, 
metabolic acidosis 
(umbilical artery PH 
<7.10), 5-min Apgar 
score <7, composite 
neonatal morbidity (1 
or more of the above), 
composite severe 
neonatal morbidity, 
SGA <10th centile, SGA 
<3rd centile 

40.4 (39.3-41.1) Nulliparity: All 
IOL: 36.1% for 
those with 
abnormal UA 
doppler, 33.1% for 
those with normal 
UA doppler.  
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Schulman 1989 Prospective 
cohort, 
Single Hospital, 
NY, USA 

N=255 
Mixed  

S/D ratio >3 
Not blinded. 

Around 30 
weeks 

SGA <15th centile Not reported Nulliparity: Not 
reported 
IOL: Not reported. 

Sijmons 1989 Prospective 
cohort 
Single Hospital, 
Netherlands 

N=368 
Mixed (randomly 
selected) 

PI>95th centile 
Blinded UA 
doppler 

At 28 and34 
weeks 

SGA <10th centile, SGA 
<3rd centile 

Not reported Nulliparity: Not 
reported 
IOL: Not reported. 

Valino 2016a 
 

Retrospective 
cohort, 3 NHS 
hospitals, South 
East England, UK 
May 2011- August 
2014 

N=8262 
Universal 

PI >95th centile 
PI >90th centile 
Not blinded 

30+0- 34+6 
weeks 
Mean 32.2 
weeks 

Term PET, term SGA 
<10th centile, Stillbirth, 
CS for fetal distress, 
Cord arterial PH <7.0, 5-
minute Apgar score <7, 
NICU admission 

Mean 40.0 weeks Nulliparous: 49.2% 
IOL: 15.5% 

Valino 2016b 
 

Retrospective 
cohort, 2 NHS 
hospitals, South 
East England, UK 
February 2014- 
December 2014 
(potential overlap 
with above) 

N=3953 
Universal 

PI >95th centile 
Not blinded 

35+0- 37+6 
weeks 
Mean 36.1 
weeks 

PET, SGA <10th centile, 
CS for fetal distress, 
Cord arterial PH <7.0, 5-
minute Apgar score <7, 
NICU admission 

Mean 40.0 weeks Nulliparous: 49.7% 
IOL: 19.1% 

Weiner 1993 Prospective 
cohort, 
Single Hospital, 
Israel 

N=142 
Low risk, term 
only >41 weeks. 

RI >95th centile. 
Not blinded 

After 41 weeks Composite adverse 
outcome:1) 5-minute 
Apgar <7, 2) NICU 
admission, 3) CS for 
fetal distress, SGA <5th 
centile 

Mean 41.8 weeks Nulliparous: n=43 
IOL: Not reported. 
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Figure 9. Risk of bias graph of the studies included in the UA meta-analysis 
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Meta-analysis results 

 

The summary results of the meta-analysis are presented in Table 5. The pattern of results was very 

similar to the POP study. A high resistance pattern of UA Doppler was associated with an increased 

risk of delivering an SGA infant or a severely SGA infant. However, the finding was not strongly 

predictive with positive LRs between 2.5 and 3.0. A high resistance pattern of UA Doppler was not 

associated with an increased risk of a range of indicators of neonatal morbidity. The summary ROC 

curves are presented in Figure 10. For some outcomes such as 5-minute Apgar score <7, caesarean 

section for fetal distress and pre-eclampsia (PET) the Rutter-Gatsonis model could not produce 

summary results despite an adequate number of studies. We additionally performed pooling of DORs 

for all the reported outcomes  and illustrated the variation between studies using forest plots (Figure 

11).  Finally we used the Deeks’ funnel plot asymmetry test to assess the risk of publication bias using 

the outcome of neonatal unit admission for the analysis. The test showed no evidence of publication 

bias (P=0.52;  Figure 12)



 
 

 
 

66  

Table 5. Summary results of meta-analysis of the UA Doppler. 

Outcome  Number of 

studies 

Number of 

patients 

Summary 

Sensitivity 

(95% CI) 

Summary 

Specificity 

(95% CI) 

Summary 

Positive LR 

(95% CI) 

Summary 

Negative LR 

(95% CI) 

SGA <10th centile 8 19,203 21.7% 

(13.2-33.6) 

91.8% 

(86.5-95.1) 

2.65 

(1.89-3.72) 

0.85 

(0.77-0.94) 

SGA <3rd centile 5 53,907 25.4% 

(14.0-41.5%) 

90.4% 

(78.6-96.1%) 

2.65 

(1.92-3.66) 

0.83 

(0.75-0.91) 

NICU admission 8 66,253 13.6 

(6.8-25.3) 

89.9 

(83.5-94.0) 

1.35 

(0.93-1.97) 

0.96 

(0.90-1.03) 

Neonatal acidosis 5 9629 12.0% 

(5.3-25.0) 

91.1% 

(81.0-96.1) 

1.34 

(0.86-2.08) 

0.97 

(0.91-1.02) 

Severe APO* 4 58,866 9.3% 

(4.8-17.5) 

88.3% 

(74.5-95.2) 

0.80 

(0.44-1.46) 

1.03 

(0.95-1.11) 

 

SGA, Small for gestational age; LR, Likelihood ratio; CI, Confidence intervals; APO, Adverse pregnancy outcome 

*The definition varied between studies and includes one or more of the following: stillbirth, neonatal death, hypoxic ischemic encephalopathy, inotrope 

support, or severe metabolic acidosis.  
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Figure 10. Summary ROC curves for the UA Doppler at predicting: A. NICU admission, B. Neonatal 

Metabolic acidosis, C. SGA (<10th centile), D. Severe SGA (<3rd centile). 
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Figure 11. Meta-analysis of DORs of UA Doppler at predicting: A. NICU admission, B. Neonatal metabolic acidosis, C. 5-minute Apgar score <7, D. Severe 

adverse perinatal outcome, E. Caesarean section for fetal distress, F. Pre-eclampsia, G. SGA (<10th centile), H. Severe SGA (<3rd centile) 
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Figure 12.Deeks’ funnel plot for publication bias for UA Doppler for the prediction of neonatal unit 
admission. 
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Discussion 

 

The main finding of this chapter was that the umbilical artery Doppler has moderate predictive 

accuracy for detecting SGA and severely SGA infants. However, it did not predict neonatal morbidity 

at term. The results were very similar in both the POP study and the meta-analysis which included the 

POP study and other published studies. The only notable difference between the analysis of the POP 

study and the meta-analysis including the POP study is that the association in the former was slightly 

stronger for severe SGA. The outcome of SGA is used as a proxy for FGR. SGA is used a proxy for FGR 

but it is recognised that only a proportion of SGA infants are small due to FGR. As the threshold for 

defining SGA is lowered, the proportion of cases so defined which are truly FGR increases. Hence, the 

stronger association with severe SGA is most likely explained by a true association between high 

resistance patterns of UA Doppler and FGR.  

 

The similar associations between the POP study and the meta-analysis is reassuring. Of all the studies 

evaluated, only the POP study blinded both the Doppler result and fetal biometry. The failure to blind 

studies could lead to bias. First, revealing the results could lead to interventions which then improve 

the outcome of the pregnancy. In this case, an investigation which is truly predictive for adverse 

outcome may not appear to be so when evaluated in a study where the result is revealed as knowledge 

of the result leads to interventions which prevent the adverse outcome. However, revealing the result 

could also lead to a non-informative test being wrongly identified as predictive of adverse outcome. 

The primary intervention following a concerning ultrasound finding is to deliver the baby which, if 

performed preterm or at early term, can cause iatrogenic morbidity. Hence a non-informative test 

could appear to be associated with adverse neonatal outcome when evaluated in a study where the 

result is revealed as revealing the result leads to interventions which cause iatrogenic morbidity. 

Moreover, if outcomes include events that are defined on the basis of the results of the diagnostic 

test being evaluated there is the risk of ascertainment bias. For example, if the presence of abnormal 

UA Doppler is used to define Caesarean section (CS) for fetal distress, there could be an association 

between the two because the test was being used to classify the outcome.  

 

The lack of association between UA Doppler and adverse neonatal outcome is likely explained due to 

two reasons. First, the minority of term SGA infants have abnormal UA Doppler. This chapter showed 

that about 1 in 5 of the SGA infants born below the 10th birthweight centile and 1 in 4 of those born 

below the 3rd birthweight centile had abnormal UA Doppler. Second, only a small percentage of 

overall morbidity at term is associated with abnormal fetal growth. For example, previous studies of 
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perinatal death at term demonstrated that only 1 in 3 stillbirths at term are associated with abnormal 

fetal growth.2 This association would likely be even weaker for other outcomes such as NICU 

admission which includes morbidity for various reasons not related to the fetal size such as neonatal 

infection. It is plausible that UA Doppler would be more strongly predictive of adverse neonatal 

outcome in fetuses which were actually SGA and this has been confirmed in a previous analysis of the 

POP study.9  

 

Given that UA Doppler appears to be predictive of FGR in low risk women it might be regarded as 

surprising that the RCTs of its use as a screening test failed to demonstrate any benefit. However, a 

previous analysis of required sample sizes of screening and intervention to prevent stillbirth 

demonstrated that, even if a test had a positive LR of 5 for perinatal death, and was observed in 5% 

of women, and even if the test was coupled to an intervention that reduced the risk of perinatal death 

by 50%, an RCT of screen versus no screen would need to recruit >100,000 to achieve 90% power see 

Supplementary Figure 10 in Flenady et al 2016.109 Thus, the Cochrane meta-analysis of low-risk 

pregnancies is significantly underpowered to identify a reduction in perinatal death. 

 

In conclusion, a high resistance pattern of UA Doppler is somewhat predictive of the risk of delivering 

an SGA infant. The strength of prediction was similar using a blinded 36wkGA scan in unselected 

nulliparous women in the POP study as it was in a systematic review of the wider literature. 
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Chapter 5. Systematic review of the diagnostic effectiveness of universal ultrasonic screening using 

late pregnancy cerebro-placental ratio in the prediction of adverse perinatal outcome. 

 

Introduction 

 

The cerebroplacental ratio (CPR) is the ratio of middle cerebral artery (MCA) Doppler to umbilical 

artery (UA) Doppler. It is considered to be a marker of the “brain sparing” effect which is the 

redistribution of fetal circulation towards the brain and is a sign of fetal compromise. This effect is 

believed to be associated with placental dysfunction which reduces the amount of oxygen in fetal 

circulation.  These reduced levels of oxygen activate the peripheral arterial chemoreceptors (PACs)110 

which in turn reduce the resistance to blood flow to the brain. Clinically, the increased vascular 

resistance in the placenta and the reduced vascular resistance in the fetal brain are measured using 

Doppler flow velocimetry in the UA and MCA respectively.  

 

The CPR has been used for monitoring and management of pregnancies with fetal growth restriction 

(FGR). A recent systematic review showed that CPR appears to be useful in predicting perinatal death 

in pregnancies with suspected FGR.16 However, the evidence is not clear whether we can use the CPR 

as part of universal third-trimester screening. Some studies have shown that the CPR can predict 

neonatal morbidity and intrapartum fetal compromise in normally grown fetuses.111, 112 Contrary to 

those findings a recently published large study which performed the CPR as part of routine ultrasound 

at 36 weeks’ gestation showed that the CPR has poor predictive accuracy for adverse pregnancy 

outcome in an unselected population.97 

 

The aim of this chapter is to assess whether measurement of the CPR in the third-trimester predicts 

adverse pregnancy outcome in unselected, low and mixed-risk pregnancies.   
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Methods 

 

Publication statement 

This chapter was published as a chapter in the HTA report (Appendix 9C).113 Some passages were 

quoted verbatim from this paper where I wrote the text for this publication. The figures and tables 

have been reproduced after gaining permission by the journal. 

 

Sources for meta-analysis 

A systematic search was performed using Medline, EMBASE, the Cochrane database of Systematic 

Reviews (CDSR) and Cochrane Central Register of Controlled Trials (CENTRAL) and ClinicalTrals.gov up 

to June 2019. No restrictions for language or geographic location were applied. The studies were 

identified using a combination of words related to “ultrasound”, “pregnancy”, “cerebroplacental”, 

“cerebro-umbilical”, “middle cerebral artery”, and “fetal brain Doppler”. We defined the 

cerebroplacental ratio as the ratio of middle cerebral artery (MCA) pulsatility index (PI) to the umbilical 

artery (UA) PI. 

 

Study selection 

Selection criteria included cohort or cross-sectional studies with singleton pregnancies where an 

ultrasound scan was performed ≥24wkGA. We included all studies where the ultrasound was 

performed as part of universal screening, studies that used low-risk populations only and studies with 

mixed-risk populations. We excluded studies that were focused on high risk patients such as FGR and 

studies that the ultrasound was performed during labour.  

 

The CPR was commonly defined as the ratio of middle cerebral artery (MCA) pulsatility index (PI) to 

the umbilical artery (UA) PI. We included studies regardless of the threshold they used to define 

abnormality of the CPR and regardless of blinding of the result to the clinicians.   

 

We included studies that reported the following outcomes: severe adverse perinatal outcome (which 

included stillbirth, neonatal death and hypoxic ischaemic encephalopathy); fetal growth abnormalities 

such as SGA (defined as birthweight <10th centile) and severe SGA (birthweight <3rd of <5th centile); 

adverse neonatal outcomes such as neonatal unit admission, 5-minute Apgar score <7, and neonatal 

metabolic acidosis (as defined in each study); Caesarean section or operative delivery (including both 

Caesarean section and instrumental delivery) for fetal compromise in labour. In cases of significant 
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population overlap between studies that reported the same outcomes we included the larger study 

in the meta-analysis.  

 

Study quality assessment and statistical analysis 

The literature search, study selection, and analysis ware performed independently by two authors 

(myself and Dexter Hayes) using Review Manager 5.3. Any differences were resolved in discussion 

with the senior author (GS). The methods employed are described in Chapter 2.  
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Results 

Study characteristics and risk of bias assessment 

The literature search flowchart is presented in Figure 13. We identified 16 studies97, 111, 112, 114-126 that 

met our inclusion criteria involving 121,607 patients in total. The study characteristics are presented 

in Table 6. Four studies 97, 114, 115, 123(N= 85,059) included unselected pregnancies, seven studies111, 112, 

116, 117, 119, 122, 125 (N= 12,929) included only low-risk pregnancies and five studies118, 120, 121, 124, 126 (N= 

23,619) included mixed risk pregnancies. Nine studies (N= 87,208) were prospective and seven (N= 

34,399) were retrospective. There was likely population overlap between the Akolekar 2015,114 

Akolekar 2019,97 and Bakalis115 studies. For the first two we reported different outcomes and for those 

outcomes that were the same we employed the data from the larger Akolekar 2019 study in the meta-

analysis. The study published by Bakalis performed ultrasound at 32wkGA compared to the two 

Akolekar studies which performed ultrasound at around 36wkGA. There was also likely population 

overlap between the Khalil,112 Monaghan120 and Morales-Rosello121 studies which reported different 

outcomes at the same tertiary maternity unit. Moreover, there was also likely population overlap 

between the Flatley,118 Sabdia124 and Twomey126 studies. The study published by Twomey performed 

ultrasound at 32wkGA and the other two studies which performed ultrasound between 35 and 38 

weeks reported different rates of nulliparity and different gestational age at delivery (Sabdia included 

preterm deliveries) which indicates that the potential population overlap was not significant. Finally, 

there was a complete population overlap between the studies published by Bligh but the two studies 

reported different outcomes.  

 

The assessment of study quality was performed using the QUADAS-2 tool and is summarized in Figure 

14. The main risk of bias was for reference standard due to the lack of blinding in the majority of 

studies. Only five studies 111, 116, 117, 122, 123(N=3079) blinded the results to the clinicians. The second 

more common risk of bias was for flow and timing due to the different gestational ages that the 

ultrasound was performed. Bakalis, Rial-Crestelo and Twomey performed ultrasound at around 32 to 

33wkGA, and Prior (both studies) and Stumpfe performed the ultrasound prior to induction of labour 

(interval between ultrasound and delivery less than 72 hours). Hence, the results of the above studies 

might not be applicable to universal screening at 36wkGA. One study (Maged et al.) had unclear risk 

of selection bias as they did not specify if the selection of patients was consecutive or random.  
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Figure 13.Literature search PRISMA flow diagram for the systematic review on cerebro-placental 
ratio. 
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Table 6. Characteristics of the studies included in the meta-analysis of cerebroplacental ratio to predict adverse pregnancy outcome. 

First Author 

(Year) 

Type of Study, 

Setting 

Number of fetuses and 

selection 

(All singleton, non-

anomalous unless 

otherwise stated) 

Index test  

CPR = MCA PI/ 

Umbilical Artery 

PI 

(unless 

otherwise 

stated) 

Gestational 

age at 

ultrasound 

Reference standard Gestational 

age at delivery 

Other comments 

Akolekar 2015 Prospective cohort. 

2 NHS hospitals 

(King’s College 

London, Medway 

Maritime Hospital), 

UK. 

(Between February 

2014 and December 

2014).  

N= 6038. 

Universal screening.  

 

CRP < 5th 

centile. 

Not blinded.  

35+0 to 

37+6 

Median 36.1 

(IQR 36.0-

36.6) 

Cord arterial PH <7.0, 

5-min Apgar score <7, 

NICU admission. 

Median 39.9 

(IQR 39.0- 

40.7) 

Nulliparous: 49.8% 

IOL: 20% overall. 

Akolekar 2019 Prospective cohort, 

2 NHS Hospitals 

(King’s college, 

Medway Maritime 

Hospital), UK 

(Between March 

2014 and 

N= 47,211 

Universal screening.   

 

 

CRP < 10th 

centile. 

Not blinded. 

Between 

35+0 and 

37+6 weeks.  

Adverse perinatal 

outcome (composite of 

stillbirths, neonatal 

deaths and HIE grade 2 

or 3), perinatal hypoxia 

(composite of cord 

artery PH <7.0 and 

Median ga at 

delivery 40.0 

(39.0-40.9) 

weeks. 

Nulliparous: 45.4% 

for those with no 

adverse outcome, 

58.5% for those with 

adverse outcome.  

IOL: Not reported. 
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September 2018; 

Significant 

population overlap 

with Akolekar 2015 

study)  

venous <7.1, 5-minute 

Apgar score <7, NICU 

admission for >24 

hours), CS for fetal 

compromise, SGA <3rd 

centile.  

Bakalis 2015 Prospective cohort. 

3 NHS hospitals 

(KCL, UCL, Medway 

Maritime Hospital), 

UK 

(Between May 2011 

to August 2014; 

likely population 

overlap with 

Akolekar 2015 and 

2019 studies) 

N= 30,780. 

Universal screening.  

CRP < 5th 

centile. 

Not blinded. 

30+0 to 

34+6, Mean 

32.3  

(IQR 32.0- 

32.9) 

Stillbirth; Emergency 

caesarean for fetal 

distress (ECFS), cord art 

PH <7.0; cord venous 

PH ,7.1; 5-min Apgar 

score <7; NNU 

admission; NICU 

admission. 

Median 40 

(IQR 39.0-

40.9) 

Nulliparous: 50.2% 

Further analysed in 

SGA vs. AGA and 

delivery < 2 weeks 

from scan vs. > 2 

weeks from scan. 

IOL: 14.5% overall. 

Bligh 2018 

(A/UOG) 

Prospective cohort, 

1 hospital, Brisbane, 

Australia (May 2014 

– August 2016) 

N= 437 

Low risk 

Uncomplicated, term 

only.  

CPR <10th centile 

Blinded.  

From 36+1 

weeks 

forward.  

Within 2 

weeks of 

delivery 

CS for fetal distress. 

Composite adverse 

neonatal outcome 

(cord artery PH <7.10, 

5-min Apgar <7, or 

NICU admission) 

Median 40 

(IQR 39.3-

40.9) 

Nulliparous: 87.4% 

IOL: Not reported. 
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Bligh 2018 

(B/FDT) 

Prospective cohort, 

1 hospital, Brisbane, 

Australia (May 2014 

– August 2016) 

N= 437 

Low risk 

Uncomplicated, term 

only.  

CPR <10th centile 

CPR <5th centile 

Blinded.  

From 36 

Within 2 

weeks of 

delivery 

SGA <10th centile 

SGA <5th centile 

 

Median 40 

(IQR 39.3-

40.9) 

Nulliparous: 87.4% 

IOL: Not reported. 

Flatley 2019 Retrospective 

cohort, 

1 hospital, Brisbane, 

Australia (2010-

2015) 

(Likely some 

population overlap 

with Bligh 2018) 

N= 2425 

Mixed risk 

Excluded preterm 

delivery <37 weeks, 

maternal hypertension 

and diabetes mellitus.  

 

CPR <10th 

centile. 

Not blinded. 

Between 36-

38 wks  

Cord artery PH <7.00, 

5-minute Apgar 3, 

NICU admission, 

perinatal death. 

Composite of all the 

above (SCNO) 

CS for fetal distress. 

SGA <10th centile, SGA 

<5th centile.  

Term only, 

54.5% of those 

with abnormal 

CPR delivered 

<39 wks, 

36,4% of those 

with normal 

CPR 

Nulliparous: 65.4% of 

those with abnormal 

CPR, 48.0% of those 

with normal CPR. 

IOL: 46.4% for those 

with abnormal CPR, 

39.5% for those with 

normal CPR.  

Khalil AJOG 

2015 

Retrospective 

cohort. 

1 tertiary NHS 

hospital (St 

George’s), UK 

(2000-2013) 

N= 9772 

Low risk. 

Term only. For the 

analysis of operative 

delivery for fetal 

distress , the patients 

that had elective CS 

were excluded. 

CPR < 0.6765 

MoM  

Not blinded. 

Within 2 

wks of 

delivery. 

Median 40.4 

for those 

admitted to 

NNU, 40.4 

wks for 

those not 

admitted. 

NNU admission 

Operative delivery of 

fetal distress, (including 

instrumental delivery 

and CS),  

 

Median 41.1 

for both those 

admitted and 

those not 

admitted to 

NNU.  

Nulliparous:  

65.2% of those 

admitted to NNU, 

54.6% for those not 

admitted to NNU. 

IOL: 44.1% for NNU 

39.4% for no NNU. 
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Maged 2014 Prospective cohort 

1 hospital, Cairo, 

Egypt 

N= 100 

Low risk. 

Included those 

delivered between 40-

42 weeks. 

Excluded PPROM , APH, 

patients in labor and 

maternal HTN/DM.  

CPR < 1.05 

Not blinded. 

37.8 weeks 

for those 

with 

adverse 

outcome, 

39.5 weeks 

for those 

with normal. 

C-Section for fetal 

distress (CSFD). 

Composite adverse 

pregnancy outcome 

defined as 1 or more 

of: CSFD, 5-min Apgar 

<7, MAS, NICU 

admission. 

283.1 days for 

those with 

adverse 

outcome, 

281.7 for 

those with 

normal 

outcome. 

Nulliparous: Not 

reported. 

IOL: Not reported 

Monaghan 

2017 

Retrospective 

cohort 

1 NHS hospital (St 

George’s), UK 

January 2008- June 

2016  

(Likely population 

overlap with Khalil 

2015) 

N= 7013 

Mixed risk (had USS 

based on NHS 

indications). 

Only included those 

delivered after 36 

weeks. 

CPR <10th centile 

CPR <5th centile 

Not blinded 

36.4 wks for 

all live 

births, 37 

wks for 

perinatal 

deaths 

Perinatal death Median: 40.1 

weeks for all 

live births, 39 

weeks for 

perinatal 

deaths 

Nulliparous: Not 

reported. 

IOL: Not reported. 

 

Morales-

Rosello 2014 

Retrospective 

cohort 

1 NHS hospital 

(St George’s), UK,  

2002-2012  

(Likely population 

overlap with Khalil 

N= 11,576 

Mixed risk . 

Term only with USS 

within 14 days of 

delivery. 

CPR <0.6765 

MoM 

Not blinded 

Mean: 40.1 

+/-1.5 

weeks. 

SGA <10th centile. Mean 40.8 +/- 

1.3 

Nulliparous: Not 

reported. 

IOL: Not reported. 
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2015 and Monaghan 

2017) 

Prior 2013 Prospective cohort. 

1 NHS hospital 

(Queen Charlotte’s 

and Chelsea), UK. 

(March 2011-March 

2014) 

N= 400 

Low risk. 

Term only. Recruited 

before active labor. 

Excluded PET, FGR, 

intrauterine infection. 

CPR <10th 

centile 

Blinded.  

Mean: 40 

weeks + 2 

days. 

(Range: 

37+0 – 

42+1) 

CS for fetal 

compromise, 5-min 

Apgar <7, Cord arterial 

PH<7.20, NNU 

admission 

Within 72 

hours from 

scan  

Nulliparous: 65.5% 

IOL: Not reported. 

Prior 2015  Prospective cohort 

1 tertiary NHS 

hospital (Chelsea), 

UK. 

(Likely population 

overlap with Prior 

2013 study) 

N= 775 

Low risk  

Term only. Recruited 

before active labor or 

IOL (for postdates or 

social). Excluded 

SGA/FGR, PIH/PET, 

PPROM. 

CRP <0.6765 

MoM 

Blinded. 

Median 41 

weeks 

(range 37-

42) 

CS for fetal distress, 5-

min Apgar score <7, 

cord arterial PH<7.20, 

NNU admission. 

Within 72 

hours from 

scan 

Nulliparous: 80.8% 

IOL: Not reported. 

Rial-Crestelo 

2019  

Prospective cohort, 

1 hospital, 

Barcelona. January 

2013- December 

2016 

N= 1030 

Universal screening 

CPR <10th centile 

Doppler blinded 

for those with 

EFW >10th 

centile.  

Between 

32+0 and 

34+6 wks.  

Mean 33 

wks 

SGA <10th centile Mean 40 

weeks  

Nulliparous: 70% of 

those born SGA, 54% 

of non-SGA. 

IOL: Not reported. 

Sabdia 2015 Retrospective 

cohort 

N= 1381 

Mixed risk. 

CPR < 10th 

centile (1.20). 

Not blinded. 

Between 35 

and 37 

weeks 

Operative delivery for 

fetal distress (CS or 

instrumental), 5 min 

Median ga 36 

wks for those 

with abnormal 

Nulliparous: 53.9% of 

those with abnormal 
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1 hospital, Brisbane, 

Australia 

(June 1998- 

November 2013) 

Included cephalic with 

UA PI < 95th centile. 

Apgar score <7, NICU 

admission. 

CPR, 38 wks 

for normal 

CPR 

CPR, 40.4% of those 

with normal CPR 

IOL: Not reported. 

Stumpfe 2019 Retrospective 

cohort 

Single tertiary 

centre, Germany 

(January 2016- April 

2017) 

N= 1008 

Low risk,  

Term only, excluded 

those in labour, 

elective CS, EFW <10th 

centile. 

CPR <0.6765 

MoM 

Not blinded. 

Term , 

within 72 

hours of 

delivery 

CS for fetal distress, 5-

min Apgar score <7, 

cord arterial PH <7.10 

Term  

(not further 

specified) 

Nulliparous: Not 

specified 

IOL: 42.4% overall. 

 

Twomey 2016 Retrospective 

cohort. 

1 l hospital, 

Brisbane, Australia. 

(January 2007-

December 2013) 

(Population overlap 

with Sabdia 2015) 

n =1224. 

Mixed risk. 

Excluded women that 

had elective caesarean 

section. 

CPR <1. 

Not blinded. 

 

30–34 wks.  

Median 32.1 

wks. 

CS for fetal 

compromise, Cord PH 

<7.0, 5-minute Apgar 

3, NNU admission, 

SGA <10th centile, SGA 

<5th centile.  

Mean ga 32 

wks for those 

with CPR <1, 

37 wks for 

those with 

CPR>1. 

Nulliparous: 43.2% 

IOL: Not reported 
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Figure 14. Risk of bias and applicability concerns using the QUADAS-2 tool for the studies included 
in the meta-analysis of cerebro-placental ratio. 
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Meta-analysis results 

 

The summary results for the diagnostic accuracy of CPR at predicting adverse pregnancy outcomes 

are presented in Table 7. Overall, the strongest associations were with the risk of delivering an SGA or 

severely SGA infant and the positive LRs were in the region of 3.5 to 4.0, which was stronger than for 

UA on its own. Moreover, unlike the UA Doppler in the previous chapter, a low CPR was associated 

with a statistically significantly increased risk of neonatal morbidity. However, the strength of 

prediction was weak, with positive LRs between 1.5 and 3.0.   

 

The summary ROC curves are presented in Figure 15. Generally, the larger studies reported lower 

sensitivities and higher specificities for all the outcomes. We also present the pooling of the DORs in 

Figure 16. These demonstrate that for many of the outcomes there was a very high level of 

heterogeneity between the studies.  

 

Finally we used the Deeks’ funnel plot asymmetry test to assess the risk of publication bias using the 

outcome of neonatal unit admission for the analysis. The test showed no significant risk of publication 

bias (P=0.28; Figure 17) 
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Table 7. Diagnostic accuracy of CPR in predicting adverse pregnancy outcome. 

Outcome Studies Patients Summary 

sensitivity 

(95% CI) 

Summary 

specificity 

(95% CI) 

Positive LR 

(95% CI) 

Negative LR 

(95% CI) 

Neonatal unit admission 9 52,554 22.9% 

(10.5-42.9%) 

89.1% 

(82.1-93.5%) 

2.10 

(1.60-3.68) 

0.86 

(0.74-1.01) 

5-minute Apgar score <7 8 35,586 13.5% 

(8.8-20.2%) 

92.1% 

(90.0-93.8%) 

1.71 

(1.22-2.40) 

0.94 

(0.89-0.99) 

Neonatal metabolic acidosis 7 16,321 10.9% 

(6.9-16.8%) 

91.2% 

(87.9-93.6%) 

1.24 

(0.94-1.62) 

0.98 

(0.94-1.01) 

Severe adverse perinatal 

outcome 

4 87,429 18.6% 

(10.6-30.6%) 

90.9% 

(87.4-93.5%) 

2.04 

(1.49-2.80) 

0.90 

(0.81-0.99) 

SGA (<10th centile) 5 16,692 26.7% 

(18.0%-37.7%) 

93.0% 

(86.9%-96.4%) 

3.82 

(1.68-8.71) 

0.79 

(0.67-0.92) 

Severe SGA (<3rd or <5th 

centile) 

4 51,297 32.3% 

(20.1-47.5%) 

91.2% 

(84.3-95.3%) 

3.70 

(1.38-9.97) 

0.74 

(0.57-0.96) 

C-Section for fetal distress 9 68,506 25.9% 

(14.9-41.2%) 

90.6% 

(87.6-92.9%) 

2.75 

(1.96-3.88) 

0.82 

(0.70-0.96) 

Operative delivery for fetal 

distress 

5 12,162 19.4% 

(13.2-27.6%) 

92.6% 

(90.1-94.5%) 

2.63 

(1.81-3.83) 

0.87 

(0.80-0.94) 
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Figure 15. Summary ROC curves for the diagnostic performance of abnormal cerebroplacental ratio at predicting adverse pregnancy outcomes. A. Neonatal 
unit admission; B. 5-minute Apgar score <7; C. Neonatal metabolic acidosis; D. Severe adverse perinatal outcome (including stillbirth, neonatal death and 
hypoxic ischaemic encephalopathy); E. SGA (birthweight <10th centile); F. Severe SGA (<3rd or <5th centile); G. Caesarean section for fetal distress; H. 
Operative delivery for fetal distress (including both caesarean section and instrumental delivery) 
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Figure 16. DORs for the diagnostic performance of abnormal cerebroplacental ratio at predicting adverse pregnancy outcomes: A. Neonatal unit admission; 
B. 5-minute Apgar score <7; C. Neonatal metabolic acidosis; D. Severe adverse perinatal outcome (including stillbirth, neonatal death and hypoxic 
ischaemic encephalopathy); E. SGA (birthweight <10th centile); F. Severe SGA (<3rd or <5th centile); G. Caesarean section for fetal distress; H. Operative 
delivery for fetal distress (including both caesarean section and instrumental delivery) 
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Figure 17. Deeks’ funnel plot for publication bias for cerebroplacental ratio for the prediction of 
neonatal unit admission. 

  



 
 

 
 

91  

Discussion. 

 

The meta-analysis demonstrated that the CPR performed slightly better than UA Doppler in identifying 

pregnancies at an increased risk of adverse outcome. In the case of SGA, the positive LRs were in the 

region of 3.5 to 4.0 compared with 2.5 to 3.0 for UA Doppler. Moreover, unlike UA Doppler, CPR was 

predictive, albeit weakly, of neonatal morbidity (positive LRs of <2.0).  

 

With more than 100,000 patients included in this analysis, this is the largest systematic review to date 

on the prognostic accuracy of CPR and the only one that was conducted in unselected and low-risk 

populations. However, despite the size of the study there was significant heterogeneity in relation to 

both fetal weight and neonatal morbidity. This heterogeneity could be explained mainly due to two 

factors. First, only five studies blinded the ultrasound result to the clinicians and some of them did not 

blind other parts of the scan such as the fetal size. This could potentially explain the lack of association 

between CPR and neonatal metabolic acidosis since knowing the ultrasound result could affect the 

clinical decision making and expedite delivery prior to severe fetal compromise. Second, the timing of 

the ultrasound. Twomey et al performed a non-blinded ultrasound at 32wkGA in a mixed-risk 

population and the study showed significant association with NICU admission, SGA and severe SGA. 

Since it is well known that CPR is more strongly associated with early FGR,127 the iatrogenic delivery of 

those infants at preterm gestations would increase the need for neonatal unit support. We did not 

observe this strong association in the Bakalis et al study which also offered ultrasound at 32 wkGA 

likely because the scan was offered as part or routine ultrasound screening and not because of a 

clinical indication.  

 

This study shows that the association between CPR and SGA indicates that the ratio is likely to predict 

FGR. However, it is only weakly predictive of adverse obstetric and perinatal outcome. Our findings 

contradict the previously published systematic review128 which concluded that CPR at term has a 

strong association with adverse obstetric and perinatal outcomes. We believe this is because the 

systematic review by Dunn et al included mostly studies done in high-risk populations, did not include 

some large, recently published studies which offered ultrasound as part of universal screening 

(Akolekar97, Bakalis115) and did not produce any pooled analysis. Another systematic review129 that 

was focused in pregnancies with FGR showed that the CPR was strongly predictive of perinatal death 

but only weakly predictive of markers of neonatal morbidity such as neonatal metabolic acidosis and 

low 5-minute Apgar score with positive LRs of 1.6 (95 % CI 1.3-2.0) and 1.9 (95% CI 1.5-2.4) 

respectively. Since, we would expect that the association between CPR and adverse neonatal outcome 
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would be stronger in growth restricted fetuses, we believe that our corresponding positive LRs of 1.2 

and 1.7 are likely to be true findings in unselected pregnancies.  

 

In this systematic review I found that the CPR would be abnormal in about 1 in 4 SGA infants and 1 in 

3 severe SGA infants at term. Since abnormal fetal growth accounts for about 1 in 3 stillbirths at term,2  

pregnancies with abnormal CPR need to be monitored closely. However, an optimal screening policy 

will likely need to use a combination of ultrasound findings and biomarkers. We have previously shown 

that combining ultrasonic measurement of fetal size with an elevated sFLT1/PlGF ratio could increase 

the predictive accuracy for maternal pre-eclampsia or perinatal morbidity and mortality at term with 

a sensitivity of 38% and a positive LR of 17.5.130 A recently published study showed that a serum 

metabolite ratio could further increase the predictive accuracy for term FGR to an AUC of 0.78 

compared to 0.64 for the sFLT1/PlGF ratio.131 

 

In conclusion, the CPR is clearly associated with the delivery of SGA infants. However, it is unlikely that 

a policy of early term delivery based on the CPR alone would reduce overall neonatal morbidity. Future 

research is needed on examining the use of a combination of ultrasound and biomarkers to reduce 

neonatal morbidity at term.  
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Chapter 6. Systematic review of the diagnostic effectiveness of universal ultrasonic screening using 

severe oligohydramnios in the prediction of adverse perinatal outcome. 

 

Introduction  

 

The amniotic fluid is necessary for fetal development and the measurement of amniotic fluid volume 

has become a standard marker for the assessment of fetal wellbeing in the third trimester. Decreased 

amniotic fluid is called oligohydramnios and increased amniotic fluid is called polyhydramnios. Fetal 

urine is the main source of amniotic fluid in the second half of pregnancy and fetuses with no kidneys 

(renal agenesis) produce no amniotic fluid in the second and third trimester. However, congenital 

anomalies account only for a minority of cases with oligohydramnios. Oligohydramnios is commonly 

associated with rupture of the fetal membranes in which amniotic fluid is lost vaginally and can lead 

to other problems such as poor fetal lung development since the amniotic fluid helps expand and 

develop fetal lungs in utero. In these cases the ultrasonic assessment of the fetal bladder (filling and 

emptying) can confirm the production of amniotic fluid by the fetus. However, fetal distress can also 

be a cause of oligohydramnios through reduced fetal urine production. Fetal stress – such as arterial 

hypoxaemia – results in activation of a number of compensatory responses which include the 

increased release or arginine vasopressin (aka anti-diuretic hormone) which has a direct effect on the 

kidney 110  . Fetal hypoxia leads to changes in fetal circulatory distribution which increases blood supply 

to the vital organs (heart and brain) but reduces blood flow to other organs including the kidneys. The 

combination of increased arginine vasopressin and reduced renal blood flow will reduce fetal urine 

output and lead to oligohydramnios.  

 

The most common markers for assessing of amniotic fluid volume are the amniotic fluid index (AFI , 

the sum of the four deepest pockets of amniotic fluid in four quadrants of the uterus)132 and the single 

deepest pocket (SDP). Severe oligohydramnios is commonly defined as AFI<5cm or SDP<2cm. The aim 

of this chapter was to assess the diagnostic effectiveness of severe oligohydramnios in predicting 

adverse pregnancy outcomes at or near term. 
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Methods 

 

Publication statement 

This chapter was published as a chapter in the HTA report (Appendix 9C).113 Some passages were 

quoted verbatim from this paper where I wrote the text for this publication. The figures and tables 

have been reproduced after gaining permission by the journal. 

 

Sources for meta-analysis 

We identified a previous systematic review133 which was published in 2014 and included source 

material from publications up to 2011. However, the review did not limit searches to low or mixed risk 

pregnancies. We updated the systematic review including studies published from 01//01/2011 up to 

June 2019. An update search was done in November 2020. The systematic search was performed using 

Medline, EMBASE, the Cochrane database of Systematic Reviews (CDSR) and Cochrane Central 

Register of Controlled Trials (CENTRAL). No restrictions for language or geographic location were 

applied. The studies were identified using a combination of words related to “ultrasound”, 

“pregnancy”, “amniotic fluid volume”, “AFI”, “oligohydramnios”, and “single deepest pocket”. The 

exact search strategy is described in Appendix 4. 

 

Study selection 

Selection criteria included cohort or cross-sectional studies with singleton pregnancies where an 

ultrasound scan was performed ≥24wkGA. We included all studies where the ultrasound was 

performed as part of universal screening, studies that used low-risk populations only and studies with 

mixed-risk populations. These criteria were applied to the studies included in the previously published 

review and to the studies published subsequent to that review. We excluded studies that were 

focused in high risk patients such as FGR, studies which included pregnancies with preterm premature 

rupture of membranes, and studies where the ultrasound was performed intrapartum. We included 

studies that reported the outcomes described in chapter 2. 

 

Study quality assessment and statistical analysis 

The literature search, study selection, and analysis ware performed independently by two authors 

(AM and DW) using Review Manager 5.3. Any differences were resolved in discussion with the senior 

author (GS). The methods employed are described in Chapter 2.  
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Results 

 

The literature search flowchart is presented in Figure 18. We identified 14 studies134-147 that met our 

inclusion criteria involving 109,679 patients in total. The study characteristics are presented in Table 

8. Two studies137, 138 (N= 30,555) included unselected pregnancies, ten studies 134-136, 140-145, 147(N= 

61,047) included low-risk pregnancies only and two studies139, 146 (N= 18,077) included mixed risk 

pregnancies. Six studies 135, 138, 139, 141, 142, 144(N= 5740) were prospective, six 134, 137, 140, 143, 145, 146(N= 

97,022) were retrospective, one136 (N=260) was cross-sectional and one147 (N= 6657) was done as part 

of a clinical trial.   

 

The assessment of study quality was performed using the QUADAS-2 tool and is summarized in Figure 

19. The main risk of bias was for reference standard due to the lack of blinding in the majority of 

studies. Only two studies 141, 144(N=1892) blinded the results to the clinicians, one of which blinded 

only the AFI result and not the other aspects of the ultrasound. The second more common risk of bias 

was for flow and timing. Two studies135, 145 performed ultrasound prior to induction of labour or within 

4 days from delivery. Two other studies137, 142 did not report the gestational age at either ultrasound 

or delivery. Hence, these results may not be applicable for universal third trimester screening at 

36wkGA. Two studies had unclear risk of selection bias139, 146 as they did not report how they selected 

their patients and one study136 had high applicability concerns for patient selection as they included 

prolonged (>41 weeks’s gestation) pregnancies only.   

 

The summary results for the diagnostic accuracy of oligohydramnios at predicting adverse pregnancy 

outcomes are presented in Table 9. The most reported outcomes were neonatal unit admission and 

Caesarean section for fetal distress (11 and 10 studies respectively). The stronger statistically 

significant association was with SGA <10th centile with positive LR of 2.8 (Table 9). There were also 

statistically significant associations with NICU admission and Caesarean section for fetal distress with 

positive LRs of 1.7 and 2.2 respectively. The positive LR for neonatal death was 3.7 but because of the 

small number of events the confidence intervals were very large and include unity. The summary ROC 

curves are presented in Figure 20. Generally, the larger studies reported lower sensitivities and higher 

specificities for all the outcomes. Figure 21 illustrates forest plots of DORs. Finally we used the Deeks’ 

funnel plot asymmetry test to assess the risk of publication bias using the outcome of neonatal unit 

admission for the analysis (Figure 22). The test showed no evidence of publication bias (P=0.54). 
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Figure 18. PRISMA flowchart for the systematic review for severe oligohydramnios 
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Table 8. Characteristics of the studies included in the meta-analysis for severe oligohydramnios 

First Author 

(Year) 

Type of 

Study, Setting 

Number of fetuses and 

selection 

(All singleton, non 

anomalous unless 

otherwise stated) 

Index test  

 

Gestational 

age at 

ultrasound 

Reference standard Gestational age 

at delivery 

Other comments 

Ashwal 2014 Retrospective 

cohort 

Single 

University 

hospital, 

Israel 

N=23,267 

Low risk 

Term only. Excluded 

pregnancies with 

hypertensive disorders, 

diabetes, AFI >25cm, 

and EFW <10th centile. 

AFI <5cm  

Not 

blinded  

Within 1 

week from 

delivery 

C-Section for fetal distress 

(CSFD), operative vaginal delivery 

for fetal distress, 5-min Apgar <7, 

umbilical artery pH < 7.10, NICU 

admission, need for intubation, 

meconium aspiration syndrome 

(MAS) or HIE. Also stillbirth, 

neonatal death, IVH, meconium 

amniotic fluid (not MAS). 

39+8 +/- 1.1 for 

isolated 

oligohydramnios; 

39.3 +/- 1.1 for 

normal AFI 

Nulliparous: N= 442 

(44.8%) for isolated 

oligohydramnios, 

N=6,848 (30.7%) for 

normal AFI  

IOL: N= 273 (27.7%) for 

oligo, N= 824 (3.7%) for 

normal. 

Ghosh 2002 Prospective 

cohort, 

Single 

hospital, 

Sweden 

N= 333 

Low risk,  

Term only, in early 

labour or prior to IOL 

AFI <5cm 

Not 

blinded 

In early 

labour or 

before IOL 

Operative delivery for fetal 

distress, C-Section for fetal 

distress, 5-min Apgar <7, cord 

arterial PH <7.10, NICU 

admission. 

Mean GA 283 

days for those 

with AFI <5cm, 

280 days for AFI 

>5cm 

Nulliparous: 26/49 of 

those with AFI <5cm, 

134 for those with AFI 

>5cm. 

Hassan 2005 Cross-

sectional, 

N= 260 

Low risk,  

Postdates (after 41+0).  

AFI <6cm 

Not 

blinded 

After 41+0 Neonatal death, caesarean 

section, meconium stained 

amniotic fluid. 

After 41+0 Nulliparous: 34% of 

low AFI, 19.7% of those 

with normal. 

IOL: Not specified.  
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Single 

hospital, 

Pakistan 

Hsieh 1998 Retrospective 

cohort,  

Single 

hospital 

Taiwan 

N=27,506 

Universal  

Excluded those with 

AFI>24cm, PPROM.  

AFI <5cm 

Not 

blinded 

Not 

specified 

Stillbirth, SGA <10th centile, 5-min 

Apgar <7, NICU admission, 

Neonatal death. 

Not specified Nulliparous: Not 

specified 

IOL: Not specified. 

Locatelli 

2004 

Prospective 

cohort 

Single 

hospital, Italy 

N= 3049 

Universal  

Routine scan at 40 

weeks. 

Excluded those with 

PPROM and those with 

other indications for 

USS. 

AFI <5cm  

Not 

blinded 

40 weeks Meconium stained amniotic fluid, 

CS for fetal distress, SGA <10th 

centile, Apgar score <7, Cord 

arterial PH <7.0. 

40+0 – 41+6 

weeks 

Nulliparous: 72% for 

those with low AFI, 

58% for those with 

normal. 

IOL: 83% for those with 

low AFI, 25% for those 

with normal 

Megha 2013 Prospective 

cohort 

Single centre, 

India 

N=200 

Mixed. 

Selection not specified. 

AFI <5cm 

Blinded 

34-41 weeks 

Within 7 

days of 

delivery  

C-Section for fetal distress, 

meconium stained fluid, 5-min 

Apgar score <7, cord arterial PH 

<7.10. Admission to NICU for >48 

hours. 

Not specified. 

56% of those 

with low AFI 

delivered <37 

weeks vs. 34.3% 

with normal AFI 

Nulliparous: 68% of 

those with low AFI, 

58.9%  of those with 

normal. 

IOL: 72% of those with 

low AFI, 51% of those 

with normal. 
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Melamed 

2011 

Matched 

cohort (3:1) 

Single 

hospital, 

Israel 

N= 432  

Low risk.  

Excluded pregnancies 

with PET/DM/GDM, 

EFW <10th centile, 

abnormal umbilical 

artery doppler, and 

PROM.  

AFI <5cm 

Not 

blinded 

GA at initial 

USS: 33.9 for 

low AFI , 

33.9 for 

normal. 

GA at last 

scan not 

reported. 

C-Section for fetal distress, 

meconium stained fluid, preterm 

delivery (<37 weeks), admission 

to NICU. 

 

37.3 +/-1.6 for 

cases, 39.1 +/- 

1.8 for controls 

Nulliparous: 62 (57.4%) 

of cases, 186 (57.4% of 

controls) 

IOL: 54 (50%) of cases, 

31 (9.6%) of controls. 

Morris 2003 Prospective 

cohort, 

Single 

Hospital, 

Oxford, UK 

N= 1584 

Low risk,  

Term only (>40 weeks). 

Excluded non-vertex 

and those with clinically 

required ultrasound.  

AFI <5cm 

SDP <2cm 

Not 

blinded 

At or after 

40 weeks 

(59% at 40 

wks) 

C-Section for fetal distress, NICU 

admission, 5 min Apgar score <7 

At or after 40 

weeks (615 at 

41weeks) 

Nulliparous: 778 

(49.1%) 

IOL: 643 (40.6%) 

Myles 2002 Prospective 

cohort,  

Single 

hospital 

Florida, USA 

N= 266 

Low risk  

Term only. Excluded 

non-vertex, SROM, 

polyhydramnios, and 

any pregnancies with 

fetal or maternal 

complications. 

AFI <5cm 

SDP 

<2.5cm 

Not 

blinded 

Between 

37+0 and 

41+6 (Not 

specified) 

C-Section for fetal distress, NICU 

admission, Meconium stained 

amniotic fluid. 

Not specified.  Nulliparous: Not 

specified 

IOL: Not specified. 
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Naveiro-

Fuentes 

2015 

Retrospective 

cohort 

Single 

hospital, 

Spain 

N= 27,708 

Low risk, 

Term only. Routine 

antenatal scan at 39 

weeks. Excluded 

pregnancies with 

maternal or fetal 

pathology including 

suspected IUGR.  

AFI <5cm  

Not 

blinded 

39 weeks C-Section for fetal distress, 

instrumental delivery for fetal 

distress, meconium stained fluid, 

small for gestational age (<10th 

centile), 5-min Apgar score <7, 

Admission to NICU, umbilical 

artery pH < 7.10. 

279 +/- 7.3 days 

for those with 

oligohydramnios, 

278.2 +/- 7.5 for 

normal 

Nulliparous: 65.1%) of 

those with low AFI.  

IOL: Not reported. 

Quinones 

2012 

Prospective 

cohort, 

2 centres, 

Pennsylvania, 

USA 

N= 308  

Low risk 

Between 37-40 weeks 

Excluded pregnancies 

with maternal or 

obstetric complications 

(including suspected 

FGR). 

AFI <5cm 

AFI <8cm 

AFI <10cm 

SDP <2cm 

37-40 weeks 

(Mean 38.1 

+/- 0.9 

weeks) 

Fetal vulnerability index (FVI) 

which is defined as 1 or more of 

the following: 5 min Apgar <3, 

umbilical cord PH <7.0, 

intrapartum fetal death, neonatal 

seizures, intubation in the 

absence of meconium, or NICU 

admission for >24 hours. 

Mean ga 39.9 +/- 

0.8 

Nulliparous: 50% 

Rainford 

2001 

Retrospective 

cohort,  

Single 

hospital, USA 

N=232 

Low risk  

Term only. Excluded 

those with any maternal 

or fetal complications. 

AFI <5cm 

Not 

blinded 

Within 4 

days of 

delivery 

Operative delivery for fetal 

distress, NICU admission, 5-min 

Apgar score <7, meconium 

stained amniotic fluid. 

Mean ga 40.1 for 

those with 

oligohydramnios, 

40.9 for normal 

AFI. 

Nulliparous: 17% for 

low AFI, 20% for 

normal AFI. IOL: 98% of 

those with low AFI , 

51% of those with 

normal AFI. 
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Shanks 2011 Retrospective 

cohort 

Single centre, 

USA 

N= 17,877 

Mixed risk 

Selection criteria not 

specified 

AFI <5cm 

AFI <5th 

centile 

Not 

blinded 

Mean 34.38 

+/- 3.04 

weeks 

NICU admission 

 

 

Mean 38.27 +/- 

2.86 

Nulliparous: n=7069 

(39.5%) 

Zhang 2004 Clinical trial 

(USS 

screening vs. 

no 

screening). 

For this study 

data used by 

the screening 

group. 

N=6657 in the low risk 

group. They all had 2 

research scans at 15-22 

weeks and 31-35 weeks. 

Excluded multiple 

pregnancies and those 

with any maternal or 

fetal conditions. 

AFI <5cm 

Not 

blinded  

31-35 weeks CS for fetal distress, 5-min Apgar 

score <7, NICU admission, 

perinatal mortality 

 

Mean ga 39.6 

weeks for those 

with 

oligohysramnios, 

39.8 for those 

with normal AFI 

Nulliparous: 53% of 

oligohydramnios cases, 

45% of normal AFI 

IOL: Not specified.  
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Figure 19. Risk of bias graph of included studies for systematic review of severe oligohydramnios. 
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Table 9. Summary diagnostic performance of low AFI (<5cm) at predicting adverse pregnancy outcome. 

Pregnancy outcome Studies Patients Summary sensitivity 

(95% CI) 

Summary specificity 

(95% CI) 

Positive LR 

(95% CI) 

Negative LR 

(95% CI) 

NICU admission 11 106,072 10.9% 

(6.3-18.3%) 

93.7% 

(88.4-96.6%) 

1.73 

(1.15-2.60) 

0.95 

(0.91-0.99) 

5-minute Apgar <7 9 90,536 9.9% 

(5.8-16.4%) 

94.4% 

(89.0-97.2%) 

1.77 

(0.91-3.44) 

0.95 

(0.90-1.01) 

Neonatal metabolic 

acidosis 

5 54,557 9.8% 

(6.1-15.5%) 

92.1% 

(87.1-95.2%) 

1.24 

(0.87-1.77) 

0.98 

(0.95-1.01) 

Caesarean section for fetal 

distress 

10 63,706 18.7% 

(9.6-33.2%) 

91.6% 

(86.1-95.1%) 

2.24 

(1.80-2.78) 

0.89 

(0.80-0.98) 

SGA 4 58,463 10.6% 

(4.4-23.6%) 

96.2% 

(89.4-98.7%) 

2.79 

(1.42-5.46) 

0.93 

(0.86-1.00) 

Neonatal death 4 57,640 12.8% 

(0.4-83.2%) 

96.6% 

(87.5-99.1%) 

3.73  

(0.29-48.8) 

0.90 

(0.59-1.38) 
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Figure 20. Summary ROC curves for AFI <5cm at predicting adverse pregnancy outcome. A. NICU admission; B. 5-minute Apgar score <7; C. Neonatal 
metabolic acidosis; D. Caesarean section for fetal distress; E. SGA (<10th centile); F. Neonatal death 
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Figure 21. Meta-analysis of DORs for AFI <5cm at predicting adverse pregnancy outcome: A. NICU admission; B. 5-minute Apgar score <7; C. Neonatal 
metabolic acidosis; D. Caesarean section for fetal distress; E. SGA (<10th centile); F. Neonatal death. 
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Figure 22. Deeks’ funnel plot for publication bias for severe oligohydramnios for the prediction of 
neonatal unit admission. 
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Discussion 

 

The key finding of this meta-analysis was that severe oligohydramnios had a positive LR for SGA of 

between 2.5 and 3.0. Although, there was significant heterogeneity between the studies, 3 out of 4 

studies showed strong association with SGA. The only study143 that showed no correlation with SGA 

had excluded all those fetuses with EFW < 10th centile at the time of the scan. Moreover, this study 

performed the ultrasound at 39 weeks gestation by when it’s likely that most previously diagnosed 

SGA babies would have already been delivered. Finally, the outcome of SGA, when measured in 

percentiles for the gestational age, is unlikely to have been affected by clinical decision making. Thus, 

it is likely that the association between oligohydramnios and SGA is true.  

 

The associations with admission to NICU, emergency Caesarean section for fetal distress, and neonatal 

death are more difficult to interpret. These outcomes can significantly be affected by the timing of 

delivery as shown in the Hsieh study137 which had significant weight in all those meta-analyses. In this 

study, out of the 245 cases with oligohydramnios 32% were delivered preterm and 64% were delivered 

by Caesarean section. Since the study was not blinded, it is likely that revealing the result to the 

clinicians contributed to the decision to deliver the fetus early for suspected fetal distress. Preterm 

delivery is a major cause for NICU admission and neonatal death and revealing the results of the scan 

could explain both associations. In the case of Caesarean delivery for fetal distress, revealing the result 

that there is severe oligohydramnios was likely used as an indication (in whole or in part) to perform 

a Caesarean section for suspected fetal distress which would explain the high rates of Caesarean 

sections in this group.  

 

There were important differences between our findings and the previously published systematic 

review by Morris et al. 133 This meta-analysis included 43 studies, the majority of which were 

conducted in high-risk populations. They showed that the risk of SGA was 6-times higher in 

pregnancies with oligohydramnios which is double the risk in our study. They also showed a 9-times 

increased risk of neonatal death which is about double compared to our study. The results are likely 

explained by the differences in the populations included in each meta-analysis. 

 

In conclusion, this analysis confirms that severe oligohydramnios is associated with SGA. This can 

confidently be stated as there was an association with SGA which is much less likely to arise from 

biases. However, the association between oligohydramnios and neonatal morbidity is less clear. 
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Despite the association with SGA, the positive LR was not very high and its capacity to act as a 

screening test in unselected nulliparous women at 36wkGA is limited. 
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Chapter 7. Systematic review of the diagnostic effectiveness of universal ultrasonic screening using 

borderline oligohydramnios in the prediction of adverse perinatal outcome. 

 

Introduction 

 

In the preceding chapter, we assessed the association between severe oligohydramnios and the risk 

of adverse pregnancy outcome. Although associated with the risk of SGA, the finding was not strongly 

predictive of SGA and associations with neonatal morbidity were difficult to assess as >95% of the 

patients included in the meta-analysis participated in studies where the ultrasound scan was revealed. 

The aim of this element of the work was to determine the association between borderline 

oligohydramnios and adverse pregnancy outcome. First, we aimed to determine whether there was 

indeed a gradient in the strength of association comparing severe and borderline. Second, we were 

able to analyse previously unpublished data which were obtained from the POP study, where the 

ultrasonic finding of borderline oligohydramnios was blinded to the clinicians. This allowed us to 

address the true association between the finding and the risk of adverse outcome avoiding associated 

biases, for example, treatment paradox and ascertainment bias.  

 

Whereas severe oligohydramnios is defined as AFI <5cm, borderline oligohydramnios can be defined 

as 5cm to 8cm or 5cm to 10cm. In order to establish the predictive associations, we analysed 

unpublished data from the POP study (described above and below) and a systematic review of other 

studies of diagnostic effectiveness.   
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Methods  

 

Publication statement 

This chapter was published as a chapter in the HTA report (Appendix 9C).113 Some passages were 

quoted verbatim from this paper where I wrote the text for this publication. The figures and tables 

have been reproduced after gaining permission by the journal. 

 

Analysis of data from the Pregnancy Outcome Prediction study 

In the systematic review we included unpublished data from a prospective cohort study, the 

Pregnancy Outcome Prediction (POP) study, as described in Chapter 2. For the present analysis, 

women who delivered prior to their 36wkGA scan appointment were excluded. Screen positive was 

defined as an Amniotic Fluid Index (AFI) between 5 and 8 cm and screen negative as an AFI between 

8 and 24 cm. The definition of outcome data has previously been described.9 

 

Sources for meta-analysis 

We searched Medline, EMBASE, the Cochrane database of Systematic Reviews (CDSR) and Cochrane 

Central Register of Controlled Trials (CENTRAL) from inception to June 2019. An update search was 

done in November 2020. The studies were identified using a combination of words related to 

“ultrasound”, “pregnancy”, “amniotic fluid index”, “AFI”, “liquor volume”, and “prenatal diagnosis”. 

No restrictions for language or geographic location were applied. The exact search strategy is 

described in Appendix 5. 

 

Study selection 

Selection criteria included cohort or cross-sectional studies with singleton pregnancies where an 

ultrasound scan was performed ≥24wkGA. We included studies that used a matched design based on 

the ultrasound finding (borderline oligohydramnios versus normal AFI) but excluded case-control 

studies (matched on outcome). We included all studies where the ultrasound was performed as part 

of universal screening (i.e. ultrasound was offered to women regardless of indication), studies that 

were performed in low-risk populations (i.e. those that excluded pregnancies with any maternal or 

fetal complication) and studies with mixed risk population (i.e. those that did not specify the indication 

for the ultrasound). We included studies defining borderline oligohydramnios as either an AFI of 5-8 

cm or 5-10 cm and included studies both where the result was revealed (i.e. the result of the scan was 

reported to the clinician) and those where it was not revealed (clinicians masked to result). We 

excluded studies that were focused only on high risk populations, e.g. pregnancies known to be 
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complicated by FGR, and those where the scan was performed during labour. We included studies 

that reported the outcomes described in chapter 2. 

 

Study quality assessment and statistical analysis 

The literature search, study selection, and analysis ware performed independently by two authors 

(myself and Ilianna Armata) using Review Manager 5.3. Any differences were resolved in discussion 

with the senior author (GS). The methods employed are described in Chapter 2.  
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Results  

 

The POP study 

Initially we analysed the previously unpublished data from the POP study. Applying the inclusion 

criteria described above yielded a total of 3387 women with a blinded scan at 36wkGA out of the 4512 

women recruited (Figure 23) and 108 (3.2%) of these women had borderline oligohydramnios (AFI 5-

8 cm). The maternal age, socio-economic deprivation, ethnicity, BMI, and rates of alcohol 

consumption and smoking were similar between the two groups (Appendix 5, Table 16). Moreover, 

the groups had similar rates of pre-existing hypertension and pre-eclampsia. The median birthweight 

was 200g lower in the cases of borderline oligohydramnios with a small difference in the gestational 

age at delivery. The rates of IOL were similar in both groups but women with borderline 

oligohydramnios had higher rates of spontaneous vaginal delivery. The screening performance of 

borderline AFI in the POP study is presented in Table 10. Borderline AFI was associated with an 

increased risk of delivering a severely SGA infant but was not associated with SGA or an increased risk 

of a range of indicators of neonatal morbidity in the POP study. 

 

Meta-analysis 

The literature search flowchart is presented in Figure 24. We identified 11 studies148-157 (including the 

POP study) that met our inclusion criteria involving 37,848 patients in total. The study characteristics 

are presented in Table 11. Only the POP study (N=3387) included unselected pregnancies, three 

studies150, 156, 157 (N=1890) included only low-risk pregnancies and seven studies148, 149, 151-155 (N=32,571) 

included mixed risk pregnancies. Two studies156 (N=3817) were prospective and nine studies148-155, 157 

(N=34,031) were retrospective. Seven studies150, 152-156 (N=36,293) defined borderline oligohydramnios 

as between 5 and 8 cm and four studies148, 149, 151 (N=1555) as between 5 and 10 cm. The majority of 

patients in all the studies delivered at term. However, four studies148, 151, 154, 156 reported a significantly 

higher rate of preterm delivery for those with borderline oligohydramnios.   

 

The assessment of study quality was performed using the QUADAS-2 tool and is summarized in Figure 

25. The main risk of bias was lack of blinding of the ultrasound result (which we defined as high risk 

for reference standard) which affected all studies except the POP study. We classified one study152 as 

high risk for selection bias as they used only low risk patients for their comparison group and two 

studies148, 149 as unclear risk of selection bias as they did not specify if they enrolled a consecutive or 

random sample of patients. Moreover, we classified five studies148, 151, 153, 155, 157 as having an unclear 

risk of flow and timing because they did not report the gestational age at ultrasound or delivery.   
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The summary diagnostic performance of borderline oligohydramnios at predicting adverse pregnancy 

outcome is presented in Table 12. The meta-analysis demonstrated a statistically significant 

association between borderline oligohydramnios and all of the outcomes, and the strongest 

association was with delivery of an SGA infant (positive LR = 2.6). The summary ROC curves are 

presented in Figure 26. Forrest plots of the DORs demonstrated heterogeneity which was statistically 

significant for SGA and NICU admission (Figure 27). Two studies (POP and Petrozella et al) reported 

SGA below the 3rd centile and three studies reported perinatal death. However, we could not generate 

summary results for outcomes that were reported in less than four studies. Finally we used the Deeks’ 

funnel plot asymmetry test to assess the risk of publication bias using the outcome of SGA <10th centile 

for the analysis (Figure 28). The test showed no evidence of publication bias (P=0.33). 
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Figure 23. POP study inclusion flowchart for the analysis of borderline oligohydramnios 
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Table 10. Diagnostic performance of borderline low AFI (5-8cm) at predicting adverse pregnancy outcome at term in the POP study (N=3387). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a One or more of the following: 5 minute Apgar score less than 7, delivery with metabolic acidosis (defined as a cord blood pH <7.1 and a base deficit of 

>10mmol/L), NICU admission. b Term live birth associated with neonatal death, hypoxic ischemic encephalopathy, use of inotropes, mechanical ventilation, or 

severe metabolic acidosis (defined as a cord blood pH <7.0 and a base deficit of >12mmol/L).

Outcome  True Positive / 

False Positive 

True Negative / 

False Negative 

Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

Positive LR 

(95% CI) 

Negative LR 

(95% CI) 

SGA <10th centile 10/98 2969/310 3.1% 

(1.2-5.0) 

96.8% 

(96.2-97.4) 

0.98 

(0.52-1.86) 

1.00 

(0.98-1.02) 

SGA <3rd centile 6/102 3212/67 8.2% 

(1.9-14.5) 

96.9% 

(96.3-97.5) 

2.67 

(1.21-5.88) 

0.95 

(0.88-1.01) 

Any neonatal 

morbiditya 

6/102 3048/231 2.5% 

(0.5-4.5) 

96.8% 

(96.1-97.4) 

0.78 

(0.35-1.76) 

1.01 

(0.99-1.03) 
 

NICU admission 6/102 3084/195 3.0% 

(0.6-5.3) 

96.8% 

(96.2-97.2) 

0.93 

(0.41-2.10) 

1.00 

(0.98-1.03) 
 

5-min Apgar <7 0/108 3251/28 N/A 96.8% 

(96.2-97.4) 

N/A N/A 

 
Metabolic acidosis 0/108 3245/34 N/A 96.8% 

(96.1-97.3) 

N/A N/A 

Severe neonatal 

morbidityb 

1/107 3256/23 4.2% 

(0.5-27.4) 

96.8% 

(96.2-97.4) 

1.31 

(0.18-9.38) 

0.99 

(0.91-1.08) 
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Figure 24. PRISMA flowchart for the systematic review for borderline oligohydramnios 
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Table 11. Characteristics of the studies included in the meta-analysis for borderline oligohydramnios 

First Author 
(Year) 

Type of Study, 
Setting 

Population & 
selection 
(Singletons only 
unless otherwise 
specified) 

Index test  
 

Gestational 
age at 
ultrasound 

Reference standard Gestational age at 
delivery 
(Mean unless 
otherwise 
specified) 

Other comments 

Asgharnia 2013 Retrospective 
cohort, 
Single hospital, 
Iran 

N= 235  
Mixed risk. 
Pregnancies >28 wks,  
Excluded PPROM, 
uterine anomalies, 
vaginal bleeding. 

5 <AFI<10cm 
Not blinded 

>28 weeks 
(mean ga not 
reported) 

RDS, 5-minute Apgar 
score <7, NICU, IUGR, 
SGA <10th centile. 

Mean GA not 
reported 
Preterm: 
BAFI 40.4%  
normal AFI 14.9%   
 

Nulliparous: BAFI 
68.1%, normal AFI 
58.2% 
IOL: BAFI 22.3%, 
normal AFI 10.6% 

Banks, 1999 Retrospective 
cohort, 
Single hospital, 
USA 

N= 214 
Mixed risk 
Pregnancies with 
antepartum testing 
within 1 week of 
delivery.  

5cm <AFI <10cm 
Not blinded 

Not reported Intrapartum fetal 
distress, Meconium 
stained amniotic fluid, 
SGA <10th centile. 

Not reported Nulliparous: Not 
reported 
IOL: Not reported 
 

Choi 2016  Retrospective 
cohort 
Single Hospital, 
South Korea 

n=721 
Low risk 
Uncomplicated, term 
pregnancies only.  
Excluded SROM, 
elective CS, breech 
presentation, pre-
eclampsia, and other 
maternal disease. 

5.1 AFI  8.0 cm  Within 1 week 
of delivery 

Meconium stained 
amniotic fluid, C-
Section for fetal 
distress, 5-min Apgar 
score <7, NICU 
admission, SGA <10th 
centile 
 

BAFI: 
39.2 wks 
Normal AFI:  
39.4 wks 

Nulliparous: BAFI 
66.1%, normal AFI 
57.3%  
IOL: BAFI 60.7%, 
normal AFI 27.4%  

Gumus, 2007 Retrospective 
cohort 
Single hospital, 
Turkey 

n= 367 
Mixed risk 
Excluded PROM, 
uterine anomalies, 
PV bleeding 

5cm <AFI< 10cm Not reported Intrapartum fetal 
distress, meconium 
stained amniotic fluid, 
SGA <10th centile), 
NICU admission, RDS 

BAFI 37.7 wks for 
Normal AFI 38.3 
wks 
Preterm: BAFI 
18.9% 
Normal AFI 9.7% 

IOL:  BAFI 73.3% 
Normal AFI 54.5%  

Jamal 2016 Matched cohort 
(matched 1:1), 

n=128 
Mixed risk  

5.1 AFI  8.0 37-40 weeks  Meconium stained 
amniotic fluid, 5-min 

BAFI (median): 37 
wks +5 days 

Nulliparous: Not 
reported 
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Single hospital, 
Iran 

Term only, Excluded 
PPROM, anomalies, 
maternal medical 
diseases, 
contraindications for 
vaginal delivery 

within 1 wk of 
delivery 

Apgar score <7, 
umbilical artery pH 
<7.0, NICU admission, 
SGA <10th centile. 
 

Normal AFI: 38wks 
+6 days  
 
 

IOL: Not reported 
 
 

Kwon 2006 Retrospective 
cohort, 
Single hospital, 
South Korea 

n= 3740 
Mixed risk 
Excluded fetal 
malformations, 
SROM preeclampsia, 
chromosomal 
anomalies, AFI 
>25cm 

5.1 AFI  8.0 Within 2 
weeks of 
delivery 

Perinatal death, NICU 
admission, CS for fetal 
distress, 5-min Apgar 
score <7, SGA <10th 
centile. 

BAFI: 36.3 weeks  
 
normal AFI: 
38.0 weeks. 

Nulliparous: Not 
reported. 
IOL: Not reported. 
 

Moraitis 
(current paper) 

Prospective 
cohort, 
Single centre, 
Cambridge, UK 

N= 3387 
Nulliparous only,  
Universal screening  

5cm <AFI< 8cm 
Blinded  

36 weeks NICU admission, 
metabolic acidosis, 5-
min Apgar score <7, 
composite morbidity 
(all above), composite 
severe morbidity, 

 Nulliparous only. 
 

Petrozella, 2011 Retrospective 
cohort 
Regional 
hospitals, 
USA 
 

n= 27,601 
Mixed risk  
Those that received 
USS between 24-34 
weeks.  
Excluded AFI>24cm, 
SROM 

5cm <AFI< 8cm 24+0 to 33+6 
weeks. 
Mean ga 
29.2wks 

CS for fetal distress, 
SGA <10th centile, SGA 
<3rd centile Neonatal 
death 

BAFI 37.1 weeks 
Normal AFI 39.2 
weeks 
Preterm: BAFI 
37%, normal AFI 
8%  

Nulliparous: Not 
reported. 
IOL: Not reported. 
 

Rutherford, 
1987 

Retrospective 
cohort 
Single hospital, 
USA 

n= 286 
Mixed risk 
Those who had 
antepartum 
surveillance.  
Excluded PPROM, 

5cm <AFI< 8cm Not reported Meconium,  CS for 
fetal distress, 5-
minute Apgar score <7 

Not reported Nulliparous: Not 
reported. 
IOL: Not reported. 
 

Sahin, 2018 Prospective 
(matched 1:3) 

n= 430 
Low risk  

5cm <AFI 8cm Between 34+0 
and 36+6 
weeks 

5-minute Apgar <7, CS 
forfetal distress, RDS, 
meconium stained AF, 

BAFI: 37.5 wks 
Normal AFI: 
38.6wks. 

Nulliparous: Not 
reported. 
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Singleton 
hospital, 
Turkey 

Excluded maternal 
disease, IUGR 
chromosomal/ fetal 
abnormalities, 
SROM, abnormal 
Doppler.  

Mean 35,4 
weeks 

meconium aspiration 
syndrome, NICU, 
neonatal death 

Preterm: BAFI 
15.9%, normal AFI 
8,4% 

IOL: BAFI 34.6%, 
normal AFI 23.8%  

Wood 2014 Retrospective 
cohort  
(matched 1:3) 
2 hospitals, USA 

n= 739 
Low risk 
Exclusion criteria: 
AFI ≤5 cm, PPROM, 
preeclampsia 
 

5cm <AFI 10cm Not reported CS for fetal distress, 
SGA, meconium 
stained amniotic fluid, 
5-min Apgar score <7, 
NICU admission, 
preterm delivery  

BAFI: 
38.3 wks 
normal AFI: 
38.9 wks 

Nulliparous: Not 
reported 
IOL: Not reported. 
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Figure 25. Risk of bias graph of included studies for systematic review of borderline 
oligohydramnios. 
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Table 12. Summary diagnostic performance of borderline low AFI to predict adverse pregnancy outcome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SGA, Small for gestational age; LR, Likelihood ratio; CI, Confidence intervals 

  

Outcome Studies Patients Summary 

sensitivity 

(95% CI) 

Summary 

specificity 

(95% CI) 

Positive LR 

(95% CI) 

Negative LR 

(95% CI) 

SGA <10th 

centile 

9 37,132 31.6% 

(13.0-58.7%) 

87.9% 

(71.9-95.3%) 

2.60 

(1.83-3.69) 

0.78 

(0.61-0.99) 

NICU admission  8 9,747 34.8% 

(15.9-60.1%) 

82.6% 

(69.1-91.0%) 

2.00 

(1.41-2.85) 

0.79 

(0.61-1.02) 

5-minute Apgar 

score <7 

8 9,666 34.0% 

(17.4-55.8%) 

82.0% 

(68.8-90.4%) 

1.89 

(1.47-2.42) 

0.80 

(0.66-0.98) 

C-Section for 

fetal distress 

6 33,517 21.2% 

(7.5-47.2%) 

90.0% 

(74.5-96.5%) 

2.13 

(1.56-2.90) 

0.87 

(0.75-1.02) 

Meconium 

amniotic fluid 

7 2,885 42.1% 

(28.7-56.9%) 

 

74.9% 

(67.7-81.0%) 

1.68 

(1.24-2.28) 

0.77 

(0.62-0.96) 



 
 

 
 

123  

Figure 26. Summary ROC curves of borderline AFI at predicting: A. SGA <10th centile, B. NICU 
admission, C. 5-minute Apgar score <7, D. Caesarean section for fetal distress. 
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Figure 27. DORs of borderline AFI at predicting A. SGA <10th centile, B. NICU admission, C. 5-minute Apgar score <7, D. Caesarean section for fetal distress. 

 

DOR = Diagnostic odds ratio 
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Figure 28. Deeks’ funnel plot for publication bias for borderline oligohydramnios for the prediction 
of SGA <10th centile. 
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Discussion 

 

The main finding of the present study is that borderline oligohydramnios is moderately predictive of 

SGA. This was observed in the meta-analysis of multiple studies of variable quality. There was also a 

comparable association between borderline oligohydramnios and severe SGA in the only study where 

the scan result was blinded, the POP study.   

 

The observation that borderline oligohydramnios was associated only with severe SGA in the POP 

study is of interest. One possible explanation for this is that the scan result was not revealed, hence, 

the finding did not lead to changes in clinical management. The success of the blinding of the result is 

evidenced by the fact that borderline oligohydramnios was not associated with increased rates of IOL. 

in the POP study. A previous RCT of routine early term induction versus expectant management for 

suspected  SGA infants (<10th centile) demonstrated that early delivery was associated with a 

significantly decreased the risk of delivering a severely SGA baby (<3rd percentile).3 A possible 

explanation for the POP study association with severe SGA and the meta-analysis association with all 

SGA is that a finding of borderline oligohydramnios may have led to increased rates of early delivery 

in studies where the result was revealed, whereas the lack of intervention in the POP study led to 

growth restricted fetuses becoming progressively smaller for gestational age as the pregnancy 

advanced.  

 

The other major difference between the meta-analysis and the POP study may also relate to the lack 

of blinding in the other studies. Borderline oligohydramnios was associated with increased rates of 

neonatal morbidity in the meta-analysis but none of the outcomes of neonatal morbidity were 

associated with this finding in the POP study. However, the confidence intervals were wide and one 

explanation could be the lower statistical power of the POP study. However, plotting the DORs 

demonstrates that, in relation to NICU admission, the 95% CI observed in the POP study excluded the 

point estimate of the meta-analysis. This result could also be explained by the absence of blinding in 

the other studies. If the scan result is revealed the only disease modifying intervention available in 

late pregnancy is early delivery, and this could be late preterm or early term. It is well recognized that 

both are associated with increased rates of neonatal morbidity and NICU admission. Hence, the 

association between borderline oligohydramnios and neonatal morbidity in the meta-analysis could 

be because the finding led to iatrogenic prematurity and the absence of the finding in the POP study 

could be due to the lack of this effect. Assessment of individual studies in the meta-analysis is 

consistent with this interpretation. Gumus et al.151 reported higher rates of IOL in women with 
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borderline oligohydramnios which was associated with higher rates of preterm and early term 

delivery, and higher rates of NICU admission. Similarly, Asgharnia et al.148 offered screening after 28 

weeks, found that those with borderline oligohydramnios had a rate of preterm delivery of 40.4% 

(compared to 14.9% for those with normal AFI) and this is the likely explanation for the strong 

association between borderline oligohydramnios and NICU admission. This association was not found 

in studies that offered ultrasound later in pregnancy such as those by Sahin et al.156   

 

In conclusion, we provide strong evidence that borderline oligohydramnios is associated with an 

increased risk of delivering an SGA infant. However, when the finding of borderline oligohydramnios 

is revealed to clinicians, it may lead to increased risks of neonatal morbidity through earlier delivery. 

Given that the strength of prediction of SGA was not strong and that revealing the result may have led 

to increased risks of neonatal morbidity, the observed association with SGA does not necessarily mean 

that screening unselected nulliparous women near term with this method will result in better clinical 

outcomes. 
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Chapter 8. Screening for breech presentation (clinical and health economic case) 

 

Introduction 

 

Undiagnosed breech presentation in labour is associated with neonatal morbidity and mortality and 

represents a challenge for obstetric management.20 Fetal presentation is routinely assessed by 

palpation of the maternal abdomen by a midwife, obstetrician or general practitioner. Abdominal 

palpation detect between 57 and 70% of breech presentations, and depends on the skill and 

experience of the practitioner.23 In contrast, ultrasound examination could accurately and quickly  

identify fetal presentation. Effective interventions exist for the care of women who have breech 

presentation diagnosed near term. The Royal College of Obstetricians and Gynaecologists 

recommends “that all women with an uncomplicated breech presentation at term should be offered 

External Cephalic Version (ECV)”.24 The rationale for this is to reduce the incidence of breech 

presentation at term and avoid the risks of vaginal breech birth or Caesarean section. The success rate 

of ECV is considered to be approximately 50%,158 but it differs greatly between nulliparous and parous 

women (34% and 66% respectively).159 Should ECV be declined, or fail, generally women are offered 

delivery by planned (elective) caesarean section, as there is level 1 evidence of reduced risk of 

perinatal death and severe morbidity compared with attempting vaginal breech birth.20 

 

I used data from the Pregnancy Outcome Prediction (POP) study to analyse the outcomes for pregnant 

nulliparous women with breech presentation in the study. I collaborated with health economists 

(David Wastlund and Ed Wilson) to perform a cost-effectiveness analysis of universal ultrasound as a 

screening test for breech presentation.  
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Methods 

 

Publication statement 

This chapter was published as an individual paper in Plos Medicine (Appendix 8D).160 Some passages 

(in the methods and results sections) were quoted verbatim from this paper. The figures and tables 

have been reproduced under open access licence. 

 

Study design 

The POP study is described in detail in Chapter 2.  If the fetus was in a breech presentation at 36wkGA, 

women were counselled by a member of the medical team. In line with NICE guidelines, external 

cephalic version (ECV) was routinely offered unless there was a clinical indication which contra-

indicated the procedure, e.g. reduced amniotic fluid volume (AFI <5cm).161 ECV was performed by one 

of five obstetric consultants in the unit between 36-38 wkGA, patients were scanned before the 

procedure to confirm presentation and it was performed with ultrasound assessment; 0.25mg 

terbutaline SC was given prior to the procedure at the discretion of the clinician. If women refused 

ECV or the procedure failed, the options of vaginal breech delivery and elective caesarean section 

were discussed and documented. The local guideline for management of breech presentation, 

including selection criteria for vaginal breech delivery, was based upon recommendations from the 

RCOG.18 We extracted information about ECV from case records that were individually reviewed by 

research midwives. Finally, we obtained delivery related information from our hospital electronic 

database (Protos; iSoft, Banbury, UK). 

 

Statistical analysis 

The statistical methods for analysing the cohort are described in Chapter 2. 

 

Economic model and analysis 

To evaluate the cost-effectiveness of routinely offering late pregnancy presentation scan, a decision-

tree simulation model was constructed using R (version 3.4.1).162-165 The time horizon of the economic 

analysis was from the ultrasound scan (36wkGA) to infant lifetime, and costs were from the 

perspective of the English NHS. Costs for modes of delivery were obtained from NHS reference 

costs;166 since these do not list a separate cost for vaginal breech delivery, we assumed that the cost 

ratio between vaginal breech and elective Caesarean section deliveries was the same as in another 

study.167  
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The population of interest is unselected nulliparous women The model compares the outcomes at 

birth for two strategies: ‘universal ultrasound’ and ‘selective ultrasound’ (Figure 29). For universal 

ultrasound we assumed that all breech presentations at the time of scanning would be detected (i.e. 

assumed 100% sensitivity and specificity for the test). For selective ultrasound, the breech 

presentation was diagnosed either clinically (by abdominal palpation followed by ultrasound for 

confirmation) or as an incidental finding during a scan for a different indication. These assumptions 

were based upon current practice and derived from the POP study. The model input are presented in 

Appendix 6, Table 17. 

 

The end-state of the decision-tree was the mode of delivery, which was either vaginal, elective 

Caesarean section (ELCS), or emergency Caesarean section (EMCS). Delivery could be either cephalic 

or breech. Emergency Caesarean section could be either due to previously undiagnosed breech 

presentation, or for other reasons. All cases of breech could spontaneously revert to cephalic 

presentation. However, we assumed the probability of this to be lower if ECV had been attempted 

and failed.168 If ECV was successful, a reversion back to breech presentation was possible. It is currently 

unclear whether the probability of mode of delivery varies depending on whether cephalic 

presentation is the result of successful ECV or spontaneous reversion,19, 169-172 but we assumed that 

the probabilities differed. 

 

Long-term health outcomes were modelled based upon the mortality risk associated with each mode 

of delivery (MOD). The risk of neonatal mortality was taken from the RCOG guidelines. For breech 

presentation, these risks were 0.05% for delivery through ELCS, and 0.20% for vaginal delivery. The 

risk of neonatal mortality for cephalic presentation with vaginal delivery was 0.10%.18 There were no 

randomized clinical trials that allowed us to compare the outcomes of ELCS vs. vaginal delivery for 

uncomplicated pregnancies with cephalic presentation, however, most observational studies found 

no significant difference in neonatal mortality and serious morbidity between the two modes.173-175 

For this reason, we assumed the mortality risk for cephalic vaginal and ELCS deliveries to be identical. 

We also assumed that emergency Caesarean section (EMCS) would have the same mortality rate as 

ELCS, both for cephalic and breech deliveries. Studies have found that the mode of delivery for breech 

presentation affects the risk of serious neonatal morbidity in the short term, but not in the long 

term.18, 20, 176 For this reason, we focused the economic analysis on the effect from mortality only. The 
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average lifetime QALYs per member of the UK population was estimated using data on quality of life 

from Euroqol, weighted by longevity indexes from ONS.177, 178 Using the annual discount rate of 3.5% 

as recommended by NICE, the net present value for the average lifetime QALYs at birth was 24.3.179 

 

The model was probabilistic, capturing how uncertainty in the input parameters affected the outputs 

by allowing each parameter to vary according to its distribution. Binary and multivariable outcomes 

were modelled using the beta and the Dirichlet distributions, respectively.180 Probabilities of events 

were calculated from the POP study and presented in Table 17. On top of the probabilistic sensitivity 

analysis, the sensitivity of individual parameters was also explored through one-way sensitivity 

analyses modifying probabilities by +/- 1 percentage point, and costs by +/- £10, to see which 

parameters had the greatest impact on cost-effectiveness estimates. 

 

Total costs depended on the distribution of mode of delivery, the number of expected mortalities, and 

the cost of ultrasound scanning and ECV. Nationwide costs for each screening strategy were calculated 

for 585,489 deliveries, i.e. the number of births in England 2016-17, assuming 92% occur after 

36wkGA.9, 181 Model parameters were sampled from their respective distributions in a Probabilistic 

Sensitivity Analysis (PSA) of 100,000 simulations for each strategy. To determine cost-effectiveness, 

we used two different willingness-to-pay thresholds, £20,000 and £30, 000.179  
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Figure 29. Simulation model structure for screening for breech. ‘Universal ultrasound’ strategy starts in Model A, and patients with breech presentation 
enter Model C. ‘Selective ultrasound’, i.e. no routine ultrasound, starts in Model B, and only those with a detected breech presentation enters Model C.  
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Results 

Recruitment to the POP study cohort is shown in Figure 30 and has been previously described.182 

Information about presentation at the 36-week scan was available for 3879 women who delivered at 

the Rosie Hospital, Cambridge, UK; 179 of these had a breech presentation. 

 

Figure 30. Patient recruitment. Schedule of patient recruitment in the POP study, shown by fetal 

presentation. 

 

 

We compared maternal and fetal characteristics of the 179 women with breech presentation at 36 

weeks to the women with a cephalic presentation (Appendix 6; Table 18). Women diagnosed with 

breech presentation were on average a year older than women with a cephalic presentation, but other 

maternal characteristics did not differ. The babies of women diagnosed breech were smaller and born 

earlier but their birth weight centile and the proportions of SGA or LGA were not markedly different. 

There were no differences in maternal BMI between the groups. As expected, women with breech 

presentation were more likely to deliver by elective or emergency Caesarean section. 
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Breech presentation was suspected before the 36wkGA scan for 79 (44.1%) of the women with breech 

presentation through abdominal palpation by the midwife or doctor; out of these, 27 had a clinically 

indicated scan between 32-36 weeks in which the presentation was reported. For 96 women, the 

breech presentation was unsuspected before the 36-week scan. Information on suspected breech 

position was missing for 4 women. There were no differences in BMI between the 79 women with 

suspected breech and the 96 women misdiagnosed as cephalic prior to the scan (median BMI was 24 

in both groups, Wilcoxon rank sum test p=0.31). 

 

Mode of delivery by external cephalic version (ECV) status is shown in Table 13. ECV was performed 

for 84 women, declined by 45 women, and unsuitable for 23; contraindications included low AFI at 

screening (18 women), uterine abnormalities (2), and other reasons (3). For 25 women, an ECV was 

never performed despite consent; 17 babies turned spontaneously, 6 had reduced AFI on the day of 

the ECV, and 2 went into labour before ECV. When performed, ECV was successful for 12 women; in 

one case, the baby later reverted to breech presentation before delivery. Information on ECV uptake 

was missing for 2 women.  

 

Table 13. Mode of delivery by presentation and response to ECV for POP study participants with 

breech presentation at 36-week scan (n = 179). 

ECV status Vaginal ELCS EMCS Total 

ECV successful 8 1 3 12 

ECV unsuccessful 0 54 18 72 

ECV not offered * 1 17 5 23 

ECV discussed but declined 1 32 12 45 

ECV accepted but not performed † 9 5 11 25 

Missing 0 1 1 2 

Total 19 110 50 179 

 

ELCS = Elective caesarean section; EMCS = Emergency caesarean section 

* 18 women were contraindicated due to low AFI at screening, 2 for uterine abnormalities, and 3 for 

other reasons 

 † 17 babies turned spontaneously, 6 had reduced AFI on the day of the ECV, and 2 went into labour 

before ECV 
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The results from the economic analysis are presented in Table 14. On average, universal ultrasound 

resulted in an absolute decrease in breech deliveries by 0.39%. It also led to fewer vaginal breech 

deliveries (absolute decrease by 1.04%), and overall EMCS deliveries (0.72%) than selective 

ultrasound, but increased overall deliveries through ELCS (1.51%). Resulting from the more favourable 

distribution of mode of delivery, the average risk of mortality fell by 0.0013%. On average, 40 women 

had to be scanned to identify one previously unsuspected breech presentation (95% Credibility 

Interval (CrI): 33 to 49); across England, this would mean that 14,826 (95% CrI: 12.048 – 17,883) 

unidentified breech presentations could be avoided annually. 

 

Table 14. Simulated cost and mode of delivery distribution for universal ultrasound and no 

ultrasound 

  

Universal 

ultrasound 

Selective 

ultrasound 

Difference 

(per patient) 

Difference 

(Total population) 

Total cost 2956.59 2949.30 7.29 4,268,004  

  Screening cost 20.70 0.43 20.27 11,867,159  

  ECV cost 6.52 2.94 3.57 2,093,048  

  Delivery cost 2927.78 2944.31 -16.53 -9,679,396  

  Mortality cost 1.59 1.62 -0.02 -12,806  

Vaginal cephalic 0.6850 0.6826 0.0024 1,399  

ELCS cephalic 0.0442 0.0441 0.0001 84  

EMCS cephalic 0.2321 0.2305 0.0016 918  

Vaginal breech 0.0007 0.0110 -0.0104 -6,061  

ELCS breech 0.0273 0.0123 0.0150 8,774  

EMCS breech 0.0107 0.0194 -0.0087 -5,115  

Total mortality 0.000982 0.000995 -0.000013 -7.89  

Total QALY 24.27615 24.27582 0.000327 191.73 

 

Costs (£) are presented per patient, except in column for ‘Total population’ (n = 585,489). 

CV = Cephalic vaginal; ECV = External cephalic version; ELCS = Elective caesarean section; EMCS = 

Emergency caesarean section; QALY = Quality-adjusted life years; VB = Vaginal breech. 
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The expected per person cost of universal ultrasound was £2,957 (95% Credibility Interval (CrI): £2,922 

- £2,991), compared to £2,949 (95% CrI: £2,915 - £2,984) from selective ultrasound, a cost increase of 

£7.29 (95% CrI: 2.41 – 11.61). Across England, this means that universal ultrasound would cost £4.27M 

more annually than current practice. The increase stems from higher costs of ultrasound scan (£20.3 

per person) and ECV (£3.6 per person), but is partly offset by the lower delivery costs (-£16.5 per 

person). The simulation shows that universal ultrasound would on average increase the number of 

total ELCS deliveries by 8,858 (95% CrI: 7,662 – 10,068), but decrease the number of EMCS and vaginal 

breech deliveries by 4,196 (95% CrI: 2,779 – 5,603) and 6,061 (95% CrI: 6,617 – 8,670) per year, 

respectively. 

 

The long-term health outcomes are presented in Table 14. Nationwide, universal ultrasound would be 

expected to lower mortality by 7.89 cases annually (95% CrI: 3.71, 12.7). After discounting, this means 

that universal ultrasound would be expected to yield 192 QALYs annually (95% CrI: 90, 308). The cost-

effectiveness of universal ultrasound depends on the value assigned to these QALYs. The incremental 

cost-effectiveness ratio was £23,611 (95% CrI: 8,184, 44,851), which is of borderline cost-effectiveness 

(given NICE’s willingness to pay of £20,000 to £30,000).179 The number needed to scan per prevented 

mortality was 74,204 (95% CrI: 46,124 – 157,642). 

 

One-way sensitivity analysis showed that the probability parameter with the greatest impact upon the 

cost-effectiveness of universal ultrasound was the prevalence of breech: increasing this parameter by 

1  percentage point was associated with a relative reduction of costs for universal ultrasound by £3.07. 

The results were less sensitive to the ECV success rate, an increase by 1 percentage point led to a 

relative reduction in the cost of universal ultrasound by £0.12. The most important cost parameter 

was the unit cost of ultrasound scan, an increase in this parameter by £10 led to a relative increase 

for universal ultrasound by £9.79. Keeping all other parameters equal, universal ultrasound would be 

cost-effective if ultrasound scanning could be provided for less than £19.80 or £23.10 per mother, for 

a willingness-to-pay threshold of £20,000 or £30,000, respectively. For universal ultrasound to be cost-

saving, scans would need to cost less than £12.90 per mother.  
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Discussion 

 

This is the first study that was published to assess routine ultrasound screening for presentation in the 

third trimester. The incidence of breech presentation was 4.6%, and for more than half of these, it had 

not previously been diagnosed by clinical assessment. The majority of these women were delivered 

by planned Caesarean section. Some women were delivered by emergency Caesarean section because 

they went into labour before their elective procedure, and a small number had a cephalic vaginal 

delivery following either spontaneous or. ECV. No woman in the cohort had a vaginal breech delivery 

or experienced an intrapartum Caesarean for undiagnosed breech.  

 

Universal late pregnancy presentation scan would decrease the number of fetal mortalities associated 

with breech presentation. The cost-effectiveness analysis showed, and that this is of borderline cost-

effectiveness, costing an estimated £23,611 per QALY gained, and that this is mainly driven by the cost 

of the scan itself and the maximum cost at which it would be cost-effective was £19.80. These unit 

costs may be feasible if assessment of presentation could be performed as part of a routine antenatal 

visit using low-cost portable ultrasound systems. Training midwives to perform presentation scans 

would likely require a few sessions and could be done at fraction of the costs associated with the 

training of a specialised sonographer. If universal ultrasound could be provided for less than £12.90 

per scan, the policy would also be cost-saving. 

 

Our analysis shows that introducing a policy of universal late pregnancy ultrasound screening would 

decrease the number of emergency Caesarean sections by about 5000 annually in the UK. However, 

it will increase the total number of Caesarean sections due to the increase of the elective Caesarean 

section by slightly less than 9000. Evidence suggests that Caesarean delivery may have long-term 

consequences on the health of the child (increased risk of asthma and obesity), the mother (reduced 

risk of pelvic organ prolapse and increased risk of subfertility) and future pregnancies (increased risk 

of placenta previa and stillbirth).183, 184 There is no evidence that these are related to the type of the 

Caesarean section (elective vs emergency). 183, 184  

 

Fetal presentation was revealed to all women in the POP study. Consequently, this study cannot say 

what would have happened without routine screening. However, revealing the result was appropriate 

since there is level 1 evidence that planned caesarean delivery reduces the risk of perinatal morbidity 

and mortality at term.185 However, less than half of all breech presentations in the POP study were 
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detected clinically. It is unclear whether the detection rates were affected by midwives knowing that 

the women were part of the POP study and hence would receive an ultrasound scan at 36wkGA. It is 

also unclear whether malpresentation would have been detected clinically later in pregnancy if the 

women had no presentation scan. 

 

The prevalence of breech presentation in this analysis was 4.6% which is higher than the 3-4% that is 

often reported in literature.18 However, this study report the prevalence of breech presentation at 36 

weeks’ gestation rather than at delivery. Considering that some fetuses will revert spontaneously to 

cephalic and some will be cephalic after successful ECV our finding is consistent with the literature. 

The ECV success rate in the POP study was considerably lower than reported elsewhere in the 

literature. This could be partly because the cohort consisted of nulliparous women, who have higher 

rates of ECV failure than parous women.159, 186, 187 It is also possible that the real world ECV success 

rate is lower than in the literature due to publication bias. However, sensitivity analysis indicates that 

the impact from an increased ECV success rate would be modest (an increase in ECV success rate by 

10 percentage points lowers the incremental cost of universal ultrasound by £0.91 per patient). 

 

In conclusion this analysis showed that introducing a policy of universal late pregnancy ultrasound for 

fetal presentation would virtually eliminate undiagnosed breech presentation at term. It would also 

likely reduce perinatal morbidity and mortality. Introducing presentation scan into routine care into 

the routine 36 weeks appointment, for example, by midwives using a portable ultrasound system, it 

is likely to be cost-effective.  
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Chapter 9. Discussion 

 

Overall conclusions 

 

This thesis aimed to address the question whether we should offer a third-trimester ultrasound to all 

pregnant women regardless of their risk profile. More specifically, it was the first study to assess 

ultrasonic screening for fetal presentation, the largest study to assess universal screening using fetal 

macrosomia, and the first study to assess the effectiveness of screening using markers such as liquor 

volume and Doppler in a low-risk population. The main conclusions of the thesis are presented below:  

 

First, there is a strong clinical and health economic case for implementing late pregnancy ultrasound 

screening to assess fetal presentation. It would virtually eliminate undiagnosed breech presentation, 

and prevent about 5000 emergency Caesarean sections and 8 perinatal deaths annually in the UK. The 

policy would be cost-effective at about £20 and cost-saving at about £13 per scan. 

 

Second, universal ultrasound screening for macrosomia increased the detection of LGA fetuses but 

was only weakly predictive of shoulder dystocia. Despite the large number of studies in the analysis, 

there was not enough evidence to assess the effect of screening on neonatal morbidity. We 

recommend caution prior to introducing universal ultrasound screening for macrosomia as it would 

increase the rates of intervention without necessarily reducing neonatal morbidity.  

 

Third, umbilical artery Doppler, CPR, severe oligohydramnios, and borderline oligohydramnios were 

all weakly predictive of the risk of delivering an SGA infant but either non-predictive or weakly 

predictive of the risk of neonatal morbidity. They should not be used alone to screen for neonatal 

morbidity, however a positive result would justify further fetal monitoring due to the association of 

all above markers with SGA.  

 

Fourth, the quality of the studies included in the meta-analyses was variable and most studies did not 

blind the result of the index test. This could introduce bias either by not seeing associations where 

true associations exist (e.g. through treatment paradox) or by seeing associations where no true 

associations exist (e.g. through ascertainment bias or iatrogenic harm). Hence, much of the existing 

literature informing the utility of ultrasound as a screening test in late pregnancy has a profound 

limitation in addressing the research question. Only two studies (the POP study and the Genesis study 

in Ireland) performed universal late pregnancy ultrasound in unselected nulliparous women and 
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blinded the results to the clinicians. However, the latter has not published widely on the results. The 

results of the POP study in relation to both SGA and LGA (outcomes which are objectively defined and 

less prone to biases) were comparable to the summary estimates across all studies. 
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Clinical interpretation 

 

Screening for breech presentation 

 

This study makes a strong case for universal third trimester ultrasound screening for breech 

presentation.  Our original publication in Plos Medicine160 (Appendix 10) was the first study to assess 

universal ultrasound screening for presentation. The incidence of breech diagnosis was 4.6% and for 

about half of them the breech was not diagnosed prior to the scan. However, after the universal scan 

there were no undiagnosed breech presentations at delivery. It showed that the introduction of a 

policy of universal screening for presentation would prevent about 5000 emergency Caesarean 

sections which have higher risk of complications for both the mother and the fetus compared to 

elective Caesarean sections. Finally, it showed that ECV would have a minimal effect on the overall 

incidence of breech presentation at delivery (about 0.4%). However, in our study ECV was attempted 

in about half of the eligible cases with low rates of success (14.3%) which could be associated to the 

nulliparous population of the study.  

 

Since that publication a large cohort study was published in Oxford, UK188 which included both 

nulliparous and multiparous women. The Salim et al. study confirmed that the introduction of 

universal screening reduced the rate of undiagnosed breech presentation by about 80% from 22.3% 

to 4.7%. This remaining percentage of undiagnosed breech presentations was mostly due to 

multiparous women and only 4 nulliparous women reverted from cephalic to breech between the 

time of scan and delivery. It could also be explained by the earlier timing of scan starting at 35 weeks’ 

gestation which makes reversion more likely. Finally, despite their higher uptake of ECV (>80%) and 

higher success rates (47.2%) the overall rate of breech presentation at delivery was only reduced by 

0.1% from 2.7% to 2.6% which confirms that the main benefit of this policy would be through reducing 

the number of emergency Caesareans and undiagnosed vaginal breech deliveries rather than 

increasing the number of cephalic vaginal deliveries through ECV. 

 

A policy of universal ultrasound screening for presentation could be implemented relatively quickly 

and cheaply. There is no need for long specialised training in ultrasonography to diagnose a breech 

presentation and it could be done by midwives after a few training sessions. Moreover, it does not 

require expensive equipment and it can be done with low-cost portable devices at an outpatient 

setting. There will be practically no false positives or false negatives at the time of the scan and only a 

small number of fetuses will revert to breech between the timing of the scan and delivery. Our 
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economic analysis shows that the policy would be cost-effective at £20 and cost-saving at £13 which 

we consider feasible.  

 

After our publication, there was public interest and media attention on the findings which also led to 

MP questions in the UK parliament about the implementation of the policy. Finally, we have made a 

proposal to the National Screening Committee which is currently under consideration.  

 

 

Screening for fetal biometry, liquor volume and Doppler.  

 

Contrary to our findings about screening for breech presentation, the findings about screening for 

macrosomia, liquor volume, umbilical artery Doppler and CPR do not justify the introduction of policy 

of universal third trimester screening using those markers.  

 

Our study on universal screening for macrosomia was published in Plos Medicine47 (Appendix 8). It 

showed that universal screening for macrosomia identified slightly more than half LGA babies and 2 

in 3 severely LGA babies at delivery with high diagnostic accuracy (positive likelihood ratios between 

7 and 12). However, it identified only 1 in 5 cases of shoulder dystocia. This finding is not surprising 

given that the majority of cases of shoulder dystocia occur in appropriately sized babies.90 

Interestingly, two blinded studies, the POP85 and Genesis62 studies, reported no association between 

diagnosis of a LGA fetus and shoulder dystocia. Revealing a scan result may lead to ascertainment bias 

with an over reporting of shoulder dystocia as clinicians may have a lower threshold to initiate 

manoeuvres for shoulder dystocia or to document that a delayed delivery is due to shoulder dystocia 

when the baby was suspected to be LGA. Only the POP study reported on outcomes such as Apgar 

score, metabolic acidosis, neonatal jaundice and neonatal hypoglycaemia with very weak associations.  

 

Moreover, a screening policy for macrosomia will need to be coupled with a successful intervention. 

A randomised control trial indicated that routine induction of labour in the presence of suspected 

macrosomia may reduce the risk of shoulder dystocia by about 70%5. However, in this study the 

incidence of shoulder dystocia in the control group was 4% which is unusually high and could possibly 

be explained by the fact that the study was not conducted in a low-risk population. Another large 

randomised trial, the Big Baby Trial trial (Induction of labour for predicted macrosomia: the Big Baby 

trial”; ISRCTN1822989) has not reported the results yet.  
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Our initial plan for analysis did not include screening for SGA. This was because another systematic 

review which was performed by one of our co-applicants which was later published.29. This review 

identified the POP study9 as the only one that was done antenatally and blinded the results to 

clinicians. For SGA <10th centile it reported a sensitivity of 74%  for a specificity of 88%. In the POP 

study, the sensitivity was 57% for a specificity of 90%.  For severe SGA (birth weight <3rd percentile) 

it reported a sensitivity of 66% for a specificity of 87%. In the POP study, the sensitivity was 77% for a 

specificity of 87%. The findings are surprising since it would be expected that the prediction would be 

higher for a more severe outcome, as was observed in the POP study. This could reflect the differences 

in the studies included.  

 

A policy of induction of labour for suspected SGA has some potential risks due to the false positives 

(incorrectly identified as small). This was evident in France.189 where after the introduction of routine 

ultrasonography there were higher rates of adverse outcomes in the false positive women compared 

to those correctly identified as having an appropriately grown baby. These adverse outcomes include 

a six-fold increased risk of neonatal resuscitation and a two-fold increase in admission to NICU. This 

was likely secondary to a four-fold increase in delivery at preterm gestations in the group of women 

who were incorrectly classified as having an SGA baby. Using routine ultrasonography to detect SGA 

fetuses improves the sensitivity of detection of SGA at the expense of reduced specificity. In the POP 

study when selective ultrasound was used, 2% of women were incorrectly classified as SGA but this 

increased to 10% when routine ultrasonography was used. This equates to two additional false 

positives for every one additional true positive result with the use of universal scanning.  

 

Ultrasonic markers such as the umbilical artery Doppler, the CPR, and the amniotic fluid volume have 

been studied extensively in high-risk populations such as fetuses with FGR. We studied in detail all 

those markers in this study using both systematic review and by analysing original data of the POP 

study (Appendix 9).95 As described above all those markers could be moderately predictive of SGA and 

severe SGA but non- or weakly predictive of neonatal morbidity. Moreover, there are no clinical trials 

to assess the effectiveness of delivery based on the abnormality of those markers in low-risk 

populations. Hence, universal screening using those markers is unlikely to reduce neonatal morbidity. 
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Additional cost-effectiveness and value of information analysis 

 

As part of the larger HTA project which we later published113, we planned to use the results generated 

from the meta-analyses to produce cost-effectiveness analyses for universal third trimester screening 

in collaboration with the health economists David Wastlund and Ed Wilson. The findings for the cost-

effectiveness of universal screening for presentation are presented in chapter 8. I contributed to the 

two following publications160, 190 mainly by helping design the decision models, filling the inputs and 

writing the clinical part of the draft.  

 

Cost-effectiveness of late pregnancy screening for macrosomia 

 

In the Wastlund et al paper191 we sought to identify the most cost-effective policy for detection and 

management of fetal macrosomia in late-stage pregnancy. We compared long-term maternal-fetal 

health and cost outcomes for two strategies for detection (universal ultrasound scanning versus 

selective ultrasound scanning), combined with three strategies for management (planned Caesarean 

section versus induction of labour versus expectant management) of suspected fetal macrosomia.  

 

The model structure for detection and management for macrosomia is shown in Appendix 9E (Figure 

1 of the paper). Four different screening statuses were possible: true positives (TP), false negatives 

(FN), false positives (FP), and true negatives (TN). The likelihood of each state was driven by the 

sensitivity and specificity of the test used for detection, as well as the prevalence of macrosomia. 

Suspected macrosomia was managed according to the pre-determined management strategy: 

planned Caesarean section, induction of labour, or expectant management. If macrosomia was not 

suspected, it was assumed vaginal delivery would be attempted, with a risk of emergency Caesarean 

section.  

 

Five fetal delivery outcomes were possible: No complications, Respiratory distress, Shoulder dystocia, 

Other acidosis (i.e. acidosis not induced by shoulder dystocia), and death. Their respective likelihood 

were affected by both screening and management strategies (see below). The outcomes from the 

fetal delivery outcomes were then extrapolated into long-term costs and quality-adjusted life years 

(QALYs).  

 

We showed that the least expensive option was selective ultrasound with expectant management, 

and the most, universal ultrasound with planned CS.  The least effective option (in terms of QALYs 
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gained) was universal ultrasound with planned CS, and the most, universal ultrasound with induction 

of labour. Assuming a willingness to pay threshold of £20,000 per QALY (as per standard in the NHS), 

universal US plus induction of labour was expected to yield marginally greater QALYs (+0.002) at an 

added cost of £113 which yields an ICER of £52,719. This was above the threshold and is therefore not 

cost-effective. 

 

Late pregnancy ultrasound to screen for and manage potential birth complications in nulliparous 

women: a cost-effectiveness and value of information analysis 

 

In the paper published by Wilson et al190 we estimate the cost-effectiveness of various late-pregnancy 

screening and management strategies, and predict the return on investment from a future clinical 

trial.  

 

We compared three screening options, ‘selective’, ‘universal breech’ and ‘universal’. ‘Selective’ 

screening means only those mothers who are clinically indicated (current practice in the NHS). The 

‘universal breech’ scanning strategy offers all mothers a simple presentation-only scan, whereas scans 

assessing other features, such as biometry, would be as per current clinical indications. ‘Universal’ 

screening is defined as all mothers receiving an ultrasound scan including fetal biometry. Findings from 

a presentation scan can be either cephalic or breech, and fetal size could be either appropriate, small 

or large for gestational age (AGA, SGA and LGA, respectively).  If a breech presentation is identified, 

all mothers are offered ECV unless contraindicated.  If this is declined or unsuccessful, an elective 

Caesarean section may be scheduled.  If LGA is detected, the mother may be offered either IOL or 

expectant management.  If SGA is detected, all mothers are offered IOL. We therefore compared six 

alternative screening and management policies comprising three possible screening modes and two 

alternative management plans, summarised in Appendix 9F (Table 1 in the paper). We created 

decision trees and used short term outcomes for each condition (breech, LGA and SGA) as described 

in the paper. In this analysis we also included long-term outcomes such as special educational needs.  

 

We showed that given a willingness to pay of £20,000 per QALY gained, the most cost-effective 

strategy is a routine presentation-only scan for all women.  Universal ultrasound screening for fetal 

size is unlikely to be cost-effective.  Value of information analysis showed that the greatest uncertainty 

was around the costs associated with IOL and that a randomised controlled trial with an endpoint of 

stillbirth is extremely unlikely to be a value for money investment.  
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Patient and public involvement 

 

In the HTA project we sought to assess views of recently delivered and currently pregnant women on 

universal ultrasound screening in late pregnancy which we have published in the HTA report.113. The 

aims of this section were threefold. First, to assess the knowledge of pregnant women on the current 

antenatal care pathway for low-risk pregnancies. Second, to assess their understanding of the 

potential benefits and drawbacks of third trimester screening.  Third, to estimate their willingness to 

participate in a future randomised clinical trial, examine which trial design they would prefer to 

participate in, and calculate the expected recruitment rate.    

 

For these above aims we conducted a survey and ran focus groups. For both aims we collaborated 

with the NIHR Cambridge BRC Communications and PPI Department of Cambridge University Hospitals 

NHS Foundation Trust (CUHFT).  

 

Survey  

 

The objective of the survey was to meet the requirements of aims 1 and 3 by involving a large and 

representative number of women. We planned to recruit low risk nulliparous women after their 

ultrasound scan at 12 or 20 weeks’ gestation, given that the scan confirms a viable pregnancy. The 

questionnaire was approved by all the collaborators of the study and tested by the PPI office in CUHFT 

to ensure it was understood by the women. We received feedback from five anonymous individuals 

and modified our form accordingly. The final version of the questionnaire in Appendix 13. In brief, this 

questionnaire included three parts. The first two questions were about their knowledge of the current 

antenatal care and their willingness to have an additional ultrasound scan in the third trimester. The 

second part included three questions about potential participation in a future randomised trial. We 

discussed two possible trial designs. The first study (study A) would randomize low risk women to have 

a scan at 36 weeks’ gestation or not (current standard of care). The ultrasound results would be 

revealed to their clinical care team and their management would be affected accordingly. In the 

second study (study B) all women would have an ultrasound at 36 weeks’ gestation. If there was a 

major problem (eg breech presentation or very small amount of fluid around the baby) the result 

would be revealed to the care team. In all other cases the result would be blinded to the mothers and 

the clinicians. Finally, we included some questions on women’s demographics, such as age, ethnicity, 

and education to ensure that the sample of women was diverse. All the replies were anonymised.   
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We collected 100 replies from pregnant women in the Rosie hospital, Cambridge. We present the 

results in Table 16. The respondents were diverse regarding their age group, ethnicity and education 

level. The majority (85%) was aware that low risk pregnancies are not been offered routine ultrasound 

in the third trimester and 84% would like to have a routine third trimester scan. Regarding 

participation in a future clinical trial, 76% would agree or strongly agree to participate in study A and 

66% in study B. When asked which study they would prefer to participate in, out of the 65 women 

that replied this question, 10 (15.4%) preferred study A, 23 (35.4%) study B, and 32 (49.2%) would be 

happy to participate in either study. 

 

Focus group 

 

The second part this section was to run a focus group in which we could discuss the qualitative aspects 

of all the above aims. We planned to recruit women that have recently delivered (within the last two 

years), and discuss in detail the benefits and potential risks of third trimester screening. For the 

advertisement we used the mailing list of the PPI office, personal contact by midwives, and social 

media. The focus group discussion was run by myself and Amanda Stranks, the Lead of the PPI office 

in CUHFT.  

 

Eight women showed an initial interest in participating in our focus groups.  Due to difficulties with 

childcare four of the women could not participate in a focus group in one of multiple suggested dates. 

We managed to run one focus group with four participants. The participant characteristics are as 

below (quoted verbatim form the HTA report):  

 

A: One previous delivery, low risk, she was measuring slightly small on symphysis-fundal height (2cm 

below the appropriate for the gestational age) but had no extra scans. Normal uncomplicated delivery 

of 2.49kg baby at 40wkGA. Her motivation for participation was whether she needed a third scan. She 

also mentioned that her husband is French where they all have a third trimester scan and she wanted 

to know why this is not the policy in the UK.   

 

B: Two previous deliveries (4 and 2 years old), both low risk. The first baby was born in the birth centre, 

for the second she had induction of labour for postdates. Both deliveries were uncomplicated. Her 

motivation for participation was that four of her friends had stillbirths at term in the last few years 

which she found very stressful as she was planning for a third pregnancy.  
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C: One previous delivery, initially high risk due to low BMI, had growth scans at 32 and 36 weeks (both 

normal). Then discharged to midwifery care. Delivered in the midwifery unit without complications. 

Her motivation for participating was whether she needed all these scans as it was difficult to attend 

due to work.  

 

D: One previous delivery, initially low risk. Due to low PAPP-A she had close monitoring during 

pregnancy. She had IOL at 37wkGA for suspected FGR. She delivered vaginally a 2.1Kg baby (2nd 

centile) who stayed in NICU for 3 days. Her motivation for participation was whether this could have 

been missed if the PAPP-A was not marginally abnormal in the first trimester.   

 

We initially discussed their opinion on the current screening schedule and whether they would want 

an additional ultrasound scan in the third trimester. Two participants (A and B) thought that this is not 

enough and there is long period after 20wkGA that they don’t know about the fetal wellbeing. They 

both believed that an additional scan would make them feel more reassured. One participant (C) 

considered herself low risk (despite her low BMI) and found it difficult to attend the additional scans 

that she was offered. Finally, the fourth participant thought that the schedule was about right and she 

wanted to have more evidence that the additional scans would be beneficial before introducing them.   

 

We then discussed about potential diagnoses such as breech presentation, SGA and LGA. The 

management in each case was explained and the statistics regarding the risks and benefits. We also 

discussed a large study from France which showed that universal screening could cause harm. In the 

case of breech presentation all participants said that they would definitely want to know and they 

would all opt for external cephalic version in case of diagnosis. In the cases of SGA and LGA one 

participant (B) said that she would definitely want to know and that she would opt for IOL if she was 

diagnosed with either SGA and LGA. Two participants (A and D) said that they would still want to have 

the scan but were not sure about induction of labour and they would like to have further conversation 

with the doctors. One participant (C) said that she was sceptical about the potential misdiagnosis and 

hesitant about the management.   

 

Finally we discussed about participation in a future trial. All women would be happy to participate in 

a future trial. When we specifically discussed the two potential study designs as above they all 

preferred study B (screening all women and randomizing to blind or not the result). This was because 

they would be reassured about the baby’s presentation and that a diagnosis of a severe problem 

would be revealed. The main suggestions about blinding were that we had to make clear which 
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conditions would be revealed and which would not. Additionally they wanted us to explain clearly that 

we are not withholding information from them but we simply collect more of it, and that they would 

receive the normal care in case they were randomized in the control group. When we discussed about 

the timing of the consent they would all be happy to be approached in the first or second trimester. 

However, they would prefer to have a second discussion about the randomization at 36 wkGA because 

they would have forgotten the details of the consent form at 12 or 20 wkGA and they would prefer to 

have a longer conversation at that point. 
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Future research  

 

Feasibility of a randomised clinical trial of screening with ultrasound and intervention 

 

We considered all the above findings from the meta-analyses, cost-effectiveness and VOI analyses, 

and patient perspectives to assess potential designs for a randomised controlled trial. The results were 

published in Smith et al113. The size and, consequently, cost of the trial would depend both on the 

design of the trial and the primary outcomes selected.  

 

There are two possible approaches to trial design. First, a “screen versus no screen” design in which 

women might be randomised (a) to be screened, with the offer of intervention if they screen positive, 

or (b) to receive routine care. The result of this trial design is a simple comparison between the two 

groups The drawback of this design is that in the event of a negative result, it is impossible to 

determine whether the trial failed because of the screening or the intervention. The second approach 

is a “screen all” design, in which the whole of the population is screened and high risk women are 

randomised to intervention or routine care (masking the result in the latter group). The advantages of 

the second approach are that the number of women who need to be recruited is substantially reduced 

and that the same trial can assess both the diagnostic effectiveness of the screening test and the 

clinical effectiveness of the intervention. The two approaches are illustrated in Appendix 8, Figure 33. 

 

The choice of primary outcome would greatly influence the power calculations for a randomised trial 

(Appendix 8, Table 19). Using perinatal mortality would require at least 200.000 participants, assuming 

that the test has high predictive accuracy (positive LR) and that the intervention would reduce the 

outcome by 50%. Using neonatal morbidity would require close to 40.000 participants. Using SGA as 

the primary outcome would reduce the number of participants required but would include a lot of 

babies constitutionally small, therefore not at higher risk. All power calculations are performed for 

P<0.05 (two-sided) with 90% power to detect the effect. 

 

Overall, the conclusion was that using ultrasound alone as screening test in a randomised trial would 

make this trial too large and too expensive to conduct.  
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Combining ultrasound with biochemical markers 

 

A large number of biochemical markers have been assessed for the prediction of SGA and stillbirth in 

all trimesters. These included markers that are currently used for Down’s syndrome screening, such 

as the pregnancy-associated plasma protein A (PAPP-A), angiogenic factors, such as soluble fms-like 

tyrosine kinase-1 (sFLT1), soluble endoglin (sENG), and placental growth factor (PlGF), and hormonal 

factors such as the insulin-like growth factor binding protein (IGFBP). A detailed review for all those 

markers was published by Gaccioli et al.192.  

 

A Cochrane systematic review29 assessed the predictive accuracy of four biomarkers including human 

placental lactogen (hPL), oestriol, PlGF and uric acid,  and compared it with ultrasound for the 

prediction of SGA or stillbirth. It showed that PlGF had high predictive accuracy for identifying stillbirth 

(DOR ~49), and PlGF and hPL had moderate predictive accuracy for SGA. However, most of the studies 

included were done in high-risk populations and none was done exclusively in a low-risk population.  

 

A study that was published in the POP cohort130 using ultrasound in combination with the sFLT1/PlGF 

ratio at 28 and 36 weeks’ gestation. At 28 weeks, the combination of ultrasonic small for gestational 

age and an elevated sFLT1/PlGF ratio which was observed in 1% of pregnancies had high predictive 

accuracy (positive LR ~40) for the preterm delivery of a small for gestational age infant. At 36 weeks, 

the combination of ultrasonic small for gestational age and an elevated sFLT1/PlGF ratio was observed 

in 3% of the cases and the positive LR for delivery of a small for gestational age infant associated with 

maternal pre-eclampsia or perinatal morbidity or mortality was ~17.  

 

Finally, study by Sovio et al131 was done in the POP cohort and additionally in the Born in Bradford 

(BiB) cohort using ultrahigh performance liquid chromatography-tandem mass spectroscopy (UPLC-

MS/MS) metabolomics on maternal serum at 12, 20 and 28 weeks’ gestation. It demonstrated that a 

ratio of the products of the relative concentrations of two positively associated metabolites (1-(1-enyl-

stearoyl)-2-oleoyl-GPC (P-18:0/18:1) and 1,5-anhydroglucitol) to the product of the relative 

concentrations of two negatively associated metabolites (5α-androstan-3α,17α-diol disulfate and 

N1,N12-diacetylspermine) predicted FGR at term. The ratio had approximately double the 

discrimination as compared to the sFLT1:PlGF ratio (AUC 0.78 versus 0.64, P = 0.0001). 
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Overall, the above show that combining ultrasound with biochemical markers could make a trial of 

screening and intervention feasible and likely effective as it would identify fetuses that are at higher 

risk of an adverse outcome compared to those identified by ultrasound alone. 
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Appendix 1. Supporting data for the systematic review of the diagnostic effectiveness of universal 

ultrasonic screening using macrosomia in the prediction of adverse perinatal outcome. 

 

Literature search strategy for Medline and Embase (from inception to May 2020) 

 

1. exp fetus echography/  

2. ultrasonography, prenatal.mp.  

3. exp ultrasound/  

4. ultraso*.mp.  

5. sonograph*.mp.  

 

6. exp biometry/  

7. USS.mp.  

8. estimated fetal weight.mp.  

9. EFW.mp.  

10. abdominal circumference.mp.  

11. AC.mp.  

 

12. exp macrosomia/  

13. macrosomi*.mp.  

14. exp fetus weight/  

15. fetal weight.mp.  

16. exp birth weight/  

17. birthweight.mp.  

18. large for gestational age.mp.  

19. LGA.mp.  

20. large fetus.mp.  

21. exp brachial plexus injury/ or brachial plexus injury.mp.  

22. exp shoulder dystocia/ or shoulder dystocia.mp. 

  

23. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11  

24. 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22  

25. 23 and 24  

  

26. exp pregnancy/  

27. 25 and 26 
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Appendix 2. Supporting data for the systematic review of the diagnostic effectiveness of universal 

ultrasonic screening using late pregnancy umbilical artery Doppler flow velocimetry in the 

prediction of adverse perinatal outcome. 

 

 

Literature search strategy for Medline and Embase (from inception to the 19/03/2019) 

 

1. exp pregnant woman/  

2. exp pregnancy/  

3. pregnan*.mp.  

 

4. exp prenatal diagnosis/  

5. exp fetus echography/  

6. exp Doppler ultrasonography/  

 

7. arterial doppler.mp.  

8. doppler velocimetry.mp.  

9. doppler ultraso*.mp.  

10. umbilical arter*.mp. 

  

11. 1 or 2 or 3  

12. 4 or 5 or 6  

13. 7 or 8 or 9 or 10  

14. 11 and 12  

15. 13 and 14 
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Table 15. Maternal characteristics and birth outcomes of POP study for the analysis of UA Doppler. 

      

Characteristic Umbilical artery PI 

>90th centile 

(N=346) 

Umbilical artery PI 

<90th centile 

(N=3269) 

P Value Overall baseline 

characteristics 

(N=3615) 

      

Maternal characteristics  

Age, years  29.7 (26.2-32.7) 30.3 (26.8-33.3) 0.05 30.2 (26.7-33.3) 

      

Deprivation quartile     

 1 (lowest) 97 (28.0) 784 (24.0) 0.14 881 (24.4) 

 2 73 (21.1) 776 (23.7) 849 (23.5) 

 3 92 (26.6) 773 (23.7) 865 (23.9) 

 4 (highest) 71 (20.5) 799 (24.4) 870 (24.1) 

 Missing  

 

13 (3.7) 137 (4.2)  150 (4.2) 

White ethnicity 324 (93.6) 3036 (92.9) 0.53 3360 (93.0) 

 Missing  

 

6 (1.7) 56 (1.7)  62 (1.7) 

Married 229 (66.2) 2238 (68.5) 0.39 2467 (68.2) 

      

Smoker 24 (6.9) 152 (4.7) 0.06 176 (4.9) 

      

Any alcohol consumption 13 (3.8) 155 (4.7) 0.40 168 (4.7) 

 Missing  

 

0 (0) 1(0)  1 (0) 

BMI, kg/m2 24.3 (21.7-28.1) 24.0 (21.8-27.2) 0.44 24.0 (21.8-27.3) 

      

≥1 previous miscarriage 34 (9.8) 331 (10.1) 0.86 365 (10.1) 

      

Chronic hypertension 25 (7.3) 161 (4.9) 0.06  
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Pre-eclampsia 29 (8.4) 204 (6.2) 0.12 233 (6.5) 

 Missing 0(0) 2(0.1)  2 (0.1) 

      

Diabetes     

 Type 1 or type 2 DM 2 (0.6) 10 (0.3) 0.14 12 (0.3) 

 Gestational DM 20 (5.8) 124 (3.8) 144 (4.0) 

     

Birth outcomes  

Birth weight, g  3263 (2970-3560) 3470 (3170-3770) <0.001 3445 (3150-3750) 

     

Gestational age, weeks 40.4 (39.3 – 41.1) 40.4 (39.4- 41.3) 0.74 40.4 (39.4- 41.3) 

 <37 3 (0.9) 34 (1.0) 0.19* 37 (1.0) 

 37 22 (6.4) 133 (4.1) 155 (4.3) 

 38 35 (10.1) 360 (11.0) 395 (10.9) 

 39  71 (20.5) 641 (19.6) 712 (19.7) 

 40 92 (26.6) 1001 (30.6) 1093 (30.2) 

 41 102 (29.5) 909 (27.8) 1011 (30.0) 

 ≥ 42 21 (6.1) 191 (5.8) 212 (5.9) 

      

Induction of labor 125 (36.1) 1081 (33.1) 0.25 1206 (33.4) 

     

Mode of delivery     

 Spontaneous vaginal 178 (51.5) 1662 (50.8) 0.20 1840 (50.9) 

 Assisted vaginal 86 (24.9) 821 (25.1) 907 (25.1) 

 Intrapartum cesarean 54 (15.6) 601 (18.4) 655 (18.1) 

 Pre-labor cesarean 27 (7.8) 176 (5.4) 203 (5.6) 

 Missing  1 (0.3) 9 (0.3)  10 (0.3) 
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Appendix 3. Supporting data for the systematic review of the diagnostic effectiveness of universal 

ultrasonic screening using late pregnancy cerebro-placental ratio in the prediction of adverse 

perinatal outcome.  

 

Literature search strategy for Medline and Embase (from inception to the 30/05/2019) 

1. exp pregnant woman/  

2. exp pregnancy/  

3. pregnan*.mp.  

 

4. exp fetus echography/  

5. exp prenatal diagnosis/  

6. exp Doppler ultrasonography/  

7. exp fetus monitoring/  

8. ultraso*.mp.  

 

9. exp middle cerebral artery/  

10. middle cerebral artery.mp.  

11. uteroplacental.mp.  

12. utero-placental.mp.  

13. cerebroplacental.mp.  

14. cerebro-placental.mp.  

15. cerebroumbilical.mp.  

16. cerebro-umbilical.mp.  

17. fetal brain doppler.mp.  

18. fetal cerebral doppler.mp. 

  

19. 1 or 2 or 3  

20. 4 or 5 or 6 or 7 or 8  

21. 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18  

22. 19 and 20  

23. 21 and 22 
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Appendix 4. Supporting data for the systematic review of the diagnostic effectiveness of universal 

ultrasonic screening using severe oligohydramnios in the prediction of adverse perinatal outcome.  

 

Literature search strategy for Medline and Embase (from 01/01/2011 to 10/11/2020) 

1. exp Pregnant Women/  

2. limit 1 to yr="2011 -Current"  

3. exp Pregnancy Trimester/ 

4. limit 3 to yr="2011 -Current"  

5. pregnan*.mp.  

6. limit 5 to yr="2011 -Current"  

7. exp Prenatal Diagnosis/  

8. limit 7 to yr="2011 -Current"  

9. exp Ultrasonography, Prenatal/  

10. limit 9 to yr="2011 -Current"  

11. exp Amniotic Fluid/  

12. limit 11 to yr="2011 -Current"  

13. exp Oligohydramnios/  

14. limit 13 to yr="2011 -Current"  

15. oligohydramnio*.mp.  

16. limit 15 to yr="2011 -Current"  

17. exp Polyhydramnios/  

18. limit 17 to yr="2011 -Current"  

19. polyhydramnio*.mp.  

20. limit 19 to yr="2011 -Current"  

21. amniotic fluid index.mp.  

22. limit 21 to yr="2011 -Current"  

23. AFI.mp.  

24. limit 23 to yr="2011 -Current"  

25. maximum pool depth.mp.  

26. limit 25 to yr="2011 -Current"  

27. MPD.mp.  

28. limit 27 to yr="2011 -Current"  

29. single deepest pocket.mp.  

30. limit 29 to yr="2011 -Current"  

31. SDP.mp.  

32. limit 31 to yr="2011 -Current"  

33. largest vertical pocket.mp.  

34. limit 33 to yr="2011 -Current"  

35. LVP.mp.  

36. limit 35 to yr="2011 -Current"  

37. maximum vertical pocket.mp.  

38. limit 37 to yr="2011 -Current"  

39. MVP.mp.  

40. limit 39 to yr="2011 -Current"  

41. amniotic fluid volume.mp.  
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42. limit 41 to yr="2011 -Current"  

43. anhydramnios.mp.  

44. limit 43 to yr="2011 -Current"  

45. liquor volume.mp.  

46. limit 45 to yr="2011 -Current"  

47. quadrants.mp.  

48. limit 47 to yr="2011 -Current"  

49. biophysical profile.mp.  

50. limit 49 to yr="2011 -Current"  

51. BPP.mp.  

52. limit 51 to yr="2011 -Current"  

53. 2 or 4 or 6  

54. 8 or 10 or 12 or 14 or 16 or 18 or 20  

55. 22 or 24 or 26 or 28 or 30 or 32 or 34 or 36 or 38 or 40 or 42 or 44 or 46 or 48 or 50 or 52  

56. 53 and 54 and 55  

57. 8 or 10  

58. 12 or 14 or 16 or 18 or 20 or 22 or 24 or 26 or 28 or 30 or 32 or 34 or 36 or 38 or 40 or 42 or 44 

or 46 or 48 or 50 or 52  

59. 53 and 57 and 58 
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Appendix 5. Supporting data for the systematic review of the diagnostic effectiveness of universal 

ultrasonic screening using borderline oligohydramnios in the prediction of adverse perinatal 

outcome.  

 

Literature search strategy for Medline and Embase (from inception to 10/11/2020) 

1. exp Pregnant Women/  

2. exp pregnancy/  

3. pregnan$.mp. 

  

4. exp oligohydramnios/  

5. oligohydramnio$.mp.  

6. exp Amniotic Fluid/  

7. amniotic fluid index.mp.  

8. AFI.mp.  

9. liquor volume.mp.  

 

10. low.mp.  

11. borderline.mp.  

12. decreased.mp.  

 

13. perinatal.mp.  

14. peripartum.mp.  

15. fetal.mp.  

 

16. 1 or 2 or 3  

17. 4 or 5 or 6 or 7 or 8 or 9  

18. 13 or 14 or 15  

 

19. 16 and 17 and 18  

20. 10 or 11 or 12  

21. 19 and 20 
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Table 16. Patient characteristics and birth outcomes of POP study for the analysis of borderline 

oligohydramnios. 

Characteristic Borderline AFI 5-8cm 

(N= 108) 

Normal AFI 8-24cm 

(N= 3279) 

P Value Overall baseline 

characteristics  

(N= 3387) 

      

Maternal characteristics  

Age, years  30.1 (26.7-33.2) 30.3 (26.2-33.7) 0.60 30.1 (26.7-33.2) 

      

Deprivation quartile     

 1 (lowest) 29 (26.9) 808 (24.6) 0.53 837 (24.7) 

 2 28 (25.9) 769 (23.5) 797 (23.5) 

 3 23 (21.3) 776 (23.7) 799 (23.6) 

 4 (highest) 25 (23.2) 783 (23.9) 808 (23.9) 

 Missing  

 

3 (2.8) 143 (4.4)  146 (4.3) 

White ethnicity 96 (88.9) 3052 (93.1) 0.16 3148 (92.9) 

 Missing  

 

3 (2.8) 54 (1.7)  57 (1.7) 

Married 81 (75.0) 2222 (67.8) 0.11 2303 (68.0) 

      

Smoker 3 (2.8) 164 (5.0) 0.29 167 (4.9) 

      

Any alcohol consumption 1 (0.9) 154 (4.7) 0.06 155 (4.6) 

 Missing  

 

0 (0.0) 1(0.0)  1 (0.0) 

BMI, kg/m2 23.4 (21.6-26.5) 23.9 (21.8-27.1) 0.19 23.9 (21.8-27.0) 

      

≥1 previous miscarriage 8 (7.4) 327 (10.0) 0.38 335 (9.9) 

      

Chronic hypertension 4 (3.7) 164 (5.0) 0.54  

      

Pre-eclampsia 9 (8.3) 201 (6.1) 0.35 210 (6.2) 
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 Missing 0(0) 2(0.1)  2 (0.1) 

      

Birth outcomes  

Birth weight, g  3260 (3005-3520) 3460 (3150-3770) <0.001 3450 (3150-3760) 

     

Gestational age, weeks 40.0 (38.8 – 40.9) 40.4 (39.6- 41.3) <0.001 40.4 (39.6- 41.3) 

      

Induction of labor 41 (38.0) 1016 (31.0) 0.12 1057 (31.2) 

     

Mode of delivery     

 Spontaneous vaginal 70 (64.8) 1685 (51.4) 0.04 1755 (51.8) 

 Assisted vaginal 19 (17.6) 832 (25.4) 851 (25.1) 

 Intrapartum 

Caesarean 

13 (12.0) 596 (18.2) 609 (18.0) 

 Pre-labor Caesarean 6 (5.6) 157 (4.8) 163 (4.8) 

 Missing  0 (0.0) 9 (0.3)  9 (0.3) 

      



 

 
 

180  

Appendix 6. Additional data for screening for breech presentation   

 

Table 17. Inputs for costs and probabilities for the economic model 

Costs Costs Source 

Ultrasound scanning 20.7 Expert opinion * 

ECV 297.4 James et al. (2001)193 † 

CV delivery 2297.3 NHS Reference costs 2015-16166 ‡ 

Elective caesarean delivery 3438.1 NHS Reference costs 2015-16166 ‡ 

Emergency caesarean delivery 4553.4 NHS Reference costs 2015-16166 ‡ 

VB delivery 3999.7 Expert opinion * 

Probabilities Alpha Beta Mean Node Source 

Breech prevalence at ~36wkGA 179 3700 0.046 A1 & B1 POP study 

ECV attempted 84 93 0.475 C1 POP study 

Detection without ultrasound 79 96 0.451 B3 POP study 

Successful ECV 12 72 0.143 C2 POP study 

SRC (ECV not attempted) 21 72 0.226 C3 POP study 

SRB 1 11 0.083 C4 POP study 

SRC (failed ECV) 3 127 0.023 C5 Ben-Meir et al.168 § 

Mode of delivery CV ELCS EMCS VB Node Source 

No breech 2813 141 735 0 A2 & B2 POP study 

Cephalic (successful ECV) 8 0 3 0 C8 POP study 

Cephalic (spontaneous reversion) 11 1 9 0 C6 & C10 POP study 

Breech (ECV not attempted) 0 52 20 0 C7 POP study 

Breech (Unsuccessful ECV) 0 54 18 0 C11 POP study 

Breech (spontaneous reversion) 0 0 15 11 C9 Leung et al.22 

Undetected breech 0 0 15 11 B4 Leung et al.22  

 
Costs given per unit/episode. For probabilities, Alpha represent case of event and Beta case of no 

event. Mode of delivery shows input values for Dirichlet distribution.  

CV = Cephalic Vaginal; ELCS = Elective caesarean section; EMCS = Emergency caesarean section; IDR 

= Incidental detection rate; SRB = Spontaneous reversion to breech; SRC = Spontaneous reversion to 
cephalic; VB = Vaginal breech 
* Details on how this value was estimated is provided as supporting information, S1 Text. 
 
† Cost for ECV (high staff cost), converted to 2017 price level using the Hospital & Community Health 
Services (HCHS) index.194 
‡ Weighted average of all complication levels (Total HRG’s) 
§ Due to the small sample size for these parameters in the POP study, the model used inputs for 
mode of delivery for undetected breech instead. 
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Table 18. Characteristics and delivery outcomes in the POP study by presentation at 36 weeks. 

Characteristics Breech (N=179) Cephalic (N=3,700) P-value  

Maternal    
   Age (years) 31 (28 - 34) 30 (27 - 33) 0.002 
   Age stopped FTE  (years) 21 (18 - 23) 21 (18 - 23) 0.19 
        Missing 5 (3%) 105 (3%)  
   Racial ancestry    
        White European     172 (96%) 3437 (93%) 0.38 
        Missing 0 (0%) 66 (2%)  
   Alcohol consumption 7 (4%) 172 (5%) 0.65 
        Missing 0 (0%) 1 (<0.1%)  
   Smoker 4 (2%) 179 (5%) 0.11 
   BMI, kg/m2 24 (22 - 27) 24 (22 - 27) 0.69 
        Missing 0 (0%) 1 (<0.1%)  
   Deprivation quartile   0.08 
        1 (lowest) 46 (26%) 899 (24%)  
        2 53 (30%) 873 (24%)  
        3 39 (22%) 886 (24%)  
        4 (highest)  33 (18%) 892 (24%)  
        Missing 8 (4%) 150 (4%)   
Fetal or neonatal    
   Female sex 96 (54%) 1841 (50%) 0.31 
        Missing 0 (0%) 1 (<0.1%)  
   Birth weight (grams) 3310 (2995 – 3560) 3445 (3145 – 3750) <0.001 
   Gestational age (weeks) 39.1 (38.7 – 39.7) 40.4 (39.4 – 41.3) <0.001 
   Birth weight centile     49 (25 – 70) 44 (24 – 66) 0.22 
   Birth weight centile category   0.32 
        SGA 12 (7%) 332 (9%)  
        AGA 158 (88%) 3199 (86%)  
        LGA 9 (5%) 168 (5%)  
        Missing 0 (0%) 1 (<0.1%)   

Mode of delivery   <0.001 
   Spontaneous vaginal cephalic 11 (6.1%) 1885 (50.9%)  
   Instrumental vaginal cephalic 8 (4.5%) 928 (25.1%)  
   Elective caesarean section 110 (61.5%) 141 (3.8%)  
   Emergency caesarean section 50 (27.9%) 735 (19.9%)  
   Missing 0 (0%) 11 (0.3%)   

 
Statistics are presented as n (%) for binary outcomes, and median (inter-quartile range) for 
continuous variables. The "Missing" category was not included in statistical tests. For variables 
without a "Missing" category, data were 100% complete. P-values are reported for the difference 
between groups using the two-sample Wilcox rank-sum test for continuous variables and the 
Pearson Chi-square test for categorical variables, with trend test as appropriate (i.e. for deprivation 
quartile and birth weight centile category). 
FTE= full time education; BMI= body mass index; SGA, AGA and LGA denotes small, average and 
large for gestational age, respectively. 
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Appendix 7. Questionnaire for attitudes towards universal ultrasound screening in late pregnancy. 
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Thank you for taking the time to read the background of our research project and considering the 

following five questions.  

Background 

As part of routine NHS care all pregnant women are offered two scans. The first scan is usually done 

at about 12 weeks. This scan dates the pregnancy, checks for twins and contributes to screening for 

Down’s syndrome. The second scan is usually performed at around 20 weeks. This scan looks for some 

physical abnormalities and can often check to see if  the baby is a boy or girl.  Healthy women with an 

uncomplicated pregnancy are NOT routinely scanned after 20 weeks but a scan may be suggested if 

their doctor or midwife has concerns.   

We want to carry out research to find out whether offering all women expecting their first baby a third 

scan at around 36 weeks would result in better outcomes for babies. By this we mean fewer babies 

having to be admitted to special baby units because they are born unwell, fewer babies being born 

who are smaller than expected and the worst outcome of all which is when a baby dies before he or 

she is born, a stillbirth. The reason for having a scan at 36 weeks would be to check the baby is growing 

normally, check the placenta (the baby’s life line to the mother) is still healthy and check if the baby 

is head down, which is the correct position for birth.  

Research is needed because while having a third scan at 36 weeks as part of normal care may be useful 

in some cases, it may not always give accurate information and could therefore be harmful. For 

example, there might be a difference of up to 10% between the weight of the baby as calculated 

during the scan and the actual weight, which can be up to 1 pound (lb) difference (equivalent to about 

450 grams) for large babies. Similarly, the scan may suggest a baby is not growing well when in fact 

the baby is perfectly healthy. This can lead to unnecessary and potentially harmful interventions such 

as delivering the baby earlier than needed, which can increase the risk of the baby being admitted to 

special care. We would like to plan a study that women would be happy to join.  For this reason your 

views are important, and will help us decide on the design a future research project on whether we 

should be offering women scans in late pregnancy.   

 

1. Were you aware that  women whose pregnancies are straight-forward are NOT routinely scanned 

after 20 weeks? (circle one) 

A) Yes, I was aware that healthy women are NOT routinely scanned after 20 weeks. 

B) No, I thought all women have a scan after 20 weeks.  

 

2. How much do you agree/disagree with the following statement?  

“I would like to have the option of a scan at around 36 weeks as part of my routine NHS care”. Circle 

one. 

Strongly disagree Disagree Neither agree nor disagree Agree Strongly agree 

(don’t want scan)        (do want scan) 
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3. Imagine that today you are asked to be in a research study. This study is called “A”. If you agreed to 

take part you would be randomly put into one of two groups. One group would have a scan at 36 

weeks and the other group would not have a scan at 36 weeks (i.e the current standard of care). That 

is, you would agree to take part in the research and, after you had consented, you would find out 

whether or not you were one of the women selected to have a routine scan at 36 weeks.  

How much do you agree/disagree with the following statement? “I would be likely to agree to take 

part in such a research project”. 

Strongly disagree Disagree Neither agree nor disagree Agree Strongly agree 

(wouldn’t want to take part)                  (would take part) 

 

4. Now imagine that you are asked to be in study (B) where you would definitely have a scan at 36 

weeks. All women would be told whether their baby was head first or bottom first and if there was a 

major obvious problem (e.g. very small amount of fluid around the baby). However, in this new study 

you would also be randomly put into one of two groups. In this study other information from the scan 

(such as the estimated size of the baby – the part that may suggest you should be delivered early) 

would only be told to women and the midwives and doctors looking after women in one of the groups. 

If you were in this group, the care you received might change in the light of knowing your scan results 

(such as being required to deliver in the consultant-led unit and not in the midwife-led unit). If you 

were in the other group the midwives and doctors and you would not be told this extra information 

and you will receive the standard care.  

How much do you agree/disagree with the following statement? “I would be likely to agree to take 

part in such a research project”.  

Strongly disagree Disagree Neither agree nor disagree Agree Strongly agree 

(wouldn’t want to take part)                  (would take part) 

 

5. If you are happy to participate in one of the above research projects which one would you prefer?  

A. The study in which you may or may not have an additional scan at 36 weeks (depending on 

which group you were randomly put in). For women who have a scan the results will be 

revealed to you and your midwife or doctor. 

B. The study in which all women have an additional scan at 36 weeks. If there is any major 

problem (as described above) the results will be revealed to you and your midwife and doctor. 

If there is not a major problem the results might or might not be revealed (depending on which 

group you were randomly put in).   

C. I will be happy to participate in either study. 

About you 
Age (circle one):    <20   20-24   25-29   30-34   35-39     40+ 
Ethnicity: …………………………………… 
Age stopped full time education (circle one):      <18       18-21        22-24        25+ 
Have you been told that you are going to have extra NHS scans anyway?                       YES      NO 
Have you had a previous birth (births include stillbirths but not miscarriages)?             YES      NO 



 

 
 

185  

Appendix 8. Additional data for future randomised controlled trial.  

 

 
 

 

Figure 31. Flowcharts of possible trial designs. 
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Table 19. Sample size calculations for different outcomes, screening tests and trial designs. 

Outcome  Screening test  SPR  PPV    Sample size  Reference  

            Screen all, randomise high risk    

  

  

      Screen vs.   

no screen  

Number   

needed to screen  

Number of   

high risk women  

  

Perinatal death (background = 0.2%)              

  LR+ = 2  10%  0.4%    1,488,448  234,740  23,474    

  LR+ = 3  10%  0.6%    644,156  156,260  15,626    

  LR+ = 5  10%  1.0%    219,382  93,460  9,346    

  LR+ = 2  5%  0.4%    6,110,172  469,480  23,474    

  LR+ = 3  5%  0.6%    2,680,882  312,520  15,626    

  LR+ = 5  5%  1.0%    940,096  186,920  9,346    

  LR+ = 10  5%  2.0%    219,382  92,760  4,638    

Any neonatal morbidity                

  EFW <10th  14%  10.3%    36,910  6,014  842  Sovio et al 2015  

  EFW< 10th + ACGV  4.3%  15.7%    172,522  12,279  528  Sovio et al 2015  

Severe  neonatal morbidity                

  EFW <10th  14%  1.07%    422,336  63,743  8,924  Sovio et al 2015  

  EFW< 10th + ACGV  4.3%  2.33%    965,714  93,256  4,010  Sovio et al 2015  
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Complicated SGA                

  EFW <10th  14%  7.5%    13,920  8,457  1,184  Gaccioli et al 2018  

  EFW< 10th + ACGV  4.3%  11.2%    73,538  17,860  768  Gaccioli et al 2018  

  Delphi  11.3%  8.5%    16,952  9,168  1,036  Gaccioli et al 2018  

 

SPR = screen positive rate, PPV = positive predictive value, EFW = estimated fetal weight, ACGV = abdominal circumference growth velocity in the lowest decile 

(see Sovio et al 2015). Delphi  = fulfilled definition of late FGR using  criteria of Gordjin et al 2016 (except MCA Doppler not included).  Neonatal morbidity and 

severe neonatal morbidity are defined in Sovio et al 2015 and complicated SGA is defined in Gaccioli et al 2018 (in brief =  delivery of a baby with a birth weight 

<10th percentile where either the mother had a diagnosis of preeclampsia or the baby experienced neonatal morbidity
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Abstract

Background

The effectiveness of screening for macrosomia is not well established. One of the critical

elements of an effective screening program is the diagnostic accuracy of a test at predicting

the condition. The objective of this study is to investigate the diagnostic effectiveness of uni-

versal ultrasonic fetal biometry in predicting the delivery of a macrosomic infant, shoulder

dystocia, and associated neonatal morbidity in low- and mixed-risk populations.

Methods and findings

We conducted a predefined literature search in Medline, Excerpta Medica database

(EMBASE), the Cochrane library and ClinicalTrials.gov from inception to May 2020. No lan-

guage restrictions were applied. We included studies where the ultrasound was performed

as part of universal screening and those that included low- and mixed-risk pregnancies and

excluded studies confined to high risk pregnancies. We used the estimated fetal weight

(EFW) (multiple formulas and thresholds) and the abdominal circumference (AC) to define

suspected large for gestational age (LGA). Adverse perinatal outcomes included macroso-

mia (multiple thresholds), shoulder dystocia, and other markers of neonatal morbidity. The

risk of bias was assessed using the Quality Assessment of Diagnostic Accuracy Studies

(QUADAS-2) tool. Meta-analysis was carried out using the hierarchical summary receiver
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operating characteristic (ROC) and the bivariate logit-normal (Reitsma) models. We identi-

fied 41 studies that met our inclusion criteria involving 112,034 patients in total. These

included 11 prospective cohort studies (N = 9986), one randomized controlled trial (RCT)

(N = 367), and 29 retrospective cohort studies (N = 101,681). The quality of the studies was

variable, and only three studies blinded the ultrasound findings to the clinicians. Both EFW

>4,000 g (or 90th centile for the gestational age) and AC >36 cm (or 90th centile) had >50%

sensitivity for predicting macrosomia (birthweight above 4,000 g or 90th centile) at birth with

positive likelihood ratios (LRs) of 8.74 (95% confidence interval [CI] 6.84–11.17) and 7.56

(95% CI 5.85–9.77), respectively. There was significant heterogeneity at predicting macro-

somia, which could reflect the different study designs, the characteristics of the included

populations, and differences in the formulas used. An EFW >4,000 g (or 90th centile) had

22% sensitivity at predicting shoulder dystocia with a positive likelihood ratio of 2.12 (95%

CI 1.34–3.35). There was insufficient data to analyze other markers of neonatal morbidity.

Conclusions

In this study, we found that suspected LGA is strongly predictive of the risk of delivering a

large infant in low- and mixed-risk populations. However, it is only weakly (albeit statistically

significantly) predictive of the risk of shoulder dystocia. There was insufficient data to ana-

lyze other markers of neonatal morbidity.

Author summary

Why was this study done?

• There is a debate regarding introducing universal third-trimester screening for macro-

somia. An effective screening program requires two elements: an effective test at pre-

dicting a condition and an effective intervention.

• There is evidence that early-term induction of labor (IOL) could reduce the rates of

shoulder dystocia. However, there is no high-quality evidence regarding the diagnostic

effectiveness of fetal biometry at predicting macrosomia and associated morbidity.

What did the researchers do and find?

• We searched more than 10,000 titles and identified 41 studies including 112,034 patients

that offered third-trimester ultrasounds for the prediction of macrosomia as part of uni-

versal ultrasound screening or were done in low- and mixed-risk populations. The qual-

ity of the studies was variable, and only three studies blinded the ultrasound findings to

the clinicians.

• We found that the two most common ultrasound markers, the estimated fetal weight

(EFW) and the abdominal circumference (AC), could predict the majority of macroso-

mic infants at birth (sensitivity >50%) with high diagnostic performance (positive LRs

between 7 and 10).
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• However, the EFW could only predict about 1 in 5 cases of shoulder dystocia (22% sen-

sitivity) with low diagnostic performance (positive likelihood ratio of about 2). There

was insufficient data to analyze other markers of neonatal morbidity.

What do these findings mean?

• Universal third-trimester ultrasound screening will identify more pregnancies with

macrosomia. However, it will not have a clinically significant effect at predicting shoul-

der dystocia. There is not enough evidence on the effect of ultrasound screening on neo-

natal morbidity.

• We recommend caution prior to introducing universal third-trimester screening for

macrosomia, as it would increase the rates of intervention, with potential iatrogenic

harm, without clear evidence that it would reduce neonatal morbidity.

Introduction

Macrosomia is usually defined as birthweight>4,000 g or>90th centile for sex and gestational

age. Macrosomic birth weight is associated with the risk of adverse outcomes, including perinatal

death [1] and injuries related to traumatic delivery [2]. Ultrasonic estimated fetal weight (EFW)

was first described in 1975 [3]. The equation for EFW that is in most widespread use was pub-

lished by Hadlock and colleagues in 1985 [4], and the distribution of EFW in relation to week of

gestation was published in 1991 [5]. Hence, the diagnostic tools to identify small for gestational

age (SGA) and large for gestational age (LGA) fetuses have been available for many years. One of

the main complications associated with macrosomia is shoulder dystocia, and a Cochrane review

of four randomized controlled trials (RCTs) including 1,190 women demonstrated that routine

induction of labor (IOL) for suspected LGA may prevent this outcome [6]. However, it remains

unclear whether screening and intervention for suspected LGA results in better outcomes.

An RCT of IOL in women with an ultrasonically suspected LGA infant is in progress in the

United Kingdom (The Big Baby trial, ISRCTN18229892). However, the women recruited to

this trial will have been scanned because they were high risk for some reason, as the National

Institute for Health and Care Excellence (NICE) has recommended that women should not be

routinely scanned in late pregnancy [7]. Although the trial will confirm whether IOL is effec-

tive in high-risk women, it will not determine whether screening women without risk factors

and intervening results in net benefit. It is often the case that screening and intervention pro-

grams that work well in high-risk groups do not work as well in low-risk populations, and one

explanation for this can be that the screening test is less informative in low- and mixed-risk

populations due to the lower prior risk of disease. In this study, we sought to quantify the diag-

nostic effectiveness of screening for fetal macrosomia and associated complications using uni-

versal ultrasonic fetal biometry in late pregnancy.

Methods

Sources

The protocol for this review was prospectively written and registered with PROSPERO (the

International Prospective Register of Systematic Reviews), and the registration number was
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CRD42017064093. We searched the literature systematically using the Cochrane Database of

Systematic Reviews (CDSR), Cochrane Central Register of Controlled Trials (CENTRAL),

Medline, EMBASE, and ClinicalTrials.gov from inception to August 2019. An update search

was done on May 28, 2020. We applied no restrictions on the language of the report or the

location of the study. The studies were identified using a combination of words related to

“ultrasound,” “pregnancy,” “estimated fetal weight,” “EFW,” “birthweight,” “macrosomia,”

“large for gestational age,” “shoulder dystocia,” and “brachial plexus injury.” The exact search

strategy is presented in S1 Text.

Study selection

We set out to include cohort studies where an ultrasound scan was performed�24 weeks’ ges-

tation (wkGA), excluding multiple pregnancies. We included studies of low-risk populations,

universal screening, and mixed-risk populations (i.e., included both high-risk and low-risk

pregnancies). Studies that included only high-risk women, such as patients with preexisting or

gestational diabetes, and those in which the ultrasound was performed during labor were

excluded. Studies were not selected on the basis of the definition of the index test, i.e., the for-

mula and the threshold used. Finally, we included both blinded and unblinded studies.

Index tests and outcomes

For the purposes of the meta-analysis, we defined suspected LGA as a fetus with an EFW

>4,000 g or>90th centile or with an abdominal circumference (AC)>36 cm or>90th centile.

However, we have also documented other thresholds used. The outcomes studied included

macrosomic birth weight (>4,000 g or >90th centile) and severe macrosomic birth weight

(>4,500 g or >97th centile); shoulder dystocia; and perinatal morbidity (neonatal unit admis-

sion, 5-minute Apgar score of six or less, metabolic acidosis, neonatal hypoglycaemia, and neo-

natal jaundice).

Quality assessment

Two authors (AAM and NS) independently performed the literature search, using the software

package Review Manager 5.3. Any differences were addressed in consultation with the senior

author (GCS). The Quality Assessment of Diagnostic Accuracy Studies (QUADAS 2) tool was

used to assess the risk of biases, following the Cochrane Handbook of Diagnostic Test Accuracy
Studies [8]. The QUADAS 2 tool was employed to assess potential biases in patient selection,

index test, reference standard, and flow and timing. In relation to flow and timing, we assessed

the risk from the perspective of universal ultrasound screening near term (i.e., around 36

wkGA). Flow and timing are based on the timing of the ultrasound scan, the timing of delivery,

and the length of the interval between scan and delivery. A standardized data extraction form

was employed to obtain information on the characteristics of the study (publication year,

location, setting, study design, blinding), the participants (inclusion and exclusion rules and

number, including inclusion or exclusion of women with diabetes, either preexisting or gesta-

tional), the index test (range of wkGA when the scan was conducted, the EFW equation

employed, and the threshold for screen positive), reference standard (outcome, wkGA at deliv-

ery, and the scan-to-delivery interval).

Data extraction and synthesis

Sensitivity, specificity, positive and negative likelihood ratios (LRs) [9] were calculated from

standard two-by-two tables, which had been extracted for each study by tabulating each of the
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different definitions of screen positive with each of the different outcomes studied. The

“hierarchical summary receiver–operating characteristics” (HSROC) model of Rutter and

Gatsonis [10] was utilized for data synthesis. This method allows the results of studies to be

combined despite variation between studies in the threshold employed for screen positive.

The bivariate logit-normal (Reitsma) model [11] was used to calculate average estimates of

sensitivity and specificity and respective variances, at a specific threshold, in analyses in

which data were available from at least four studies. We also used meta-analysis to obtain a

summary of the diagnostic odds ratios (DORs) [12]. Publication bias was assessed using the

Deeks’ funnel plot asymmetry test when data was available from a sufficient number of stud-

ies. Significant asymmetry was assumed at P< 0.05 [13]. Statistical analyses were performed

using STATA version 14 (StataCorp LP, College Station, Texas), specifically, its METANDI,

METAN, and MIDAS packages. Analysis and reporting was performed using the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (S1

PRISMA Checklist) [14].

Results

Study characteristics

Fig 1 is the literature search PRISMA flowchart. Out of 9,811 unique titles and 72 full paper

reviews, we identified 41 studies [15–55] fulfilling the inclusion criteria, including a total of

112,034 participants. The study characteristics are presented in S1 Table. Six studies [18,27,33,

36,37,52] (N = 53,935) included unselected pregnancies, nine [23,29,31–33,35,43,45,53,54]

(N = 6,436) were confined to low-risk pregnancies, and 26 [15–17, 9–22,24–26,28,30,34,38–

42,44,46–51,55] (N = 51,663) recruited pregnancies at mixed risk. The list of the excluded stud-

ies and the reasons for the exclusion are presented in S2 Table.

Quality assessment

The risk of bias, as assessed by the QUADAS-2 tool, is summarized in Fig 2 and presented in

detail in S1 Fig. The Galvin 2017 study [29] was published as an abstract; hence, we used a dif-

ferent study from the same cohort (GENESIS study) [56] to assess the risk of bias. Two of the

included studies [51,52] have been authored by some of the coauthors of this paper. We used

the same criteria for the quality assessment and analysis. Only three studies—Sovio 2018 [52]

(Pregnancy Outcome Prediction study), Galvin 2017 [29] (GENESIS study), and Peregrine

2007 [47]—blinded the results to the clinicians. Hence, the large majority of studies were at

risk of bias in relation to the reference standard. The second most common risk of bias was in

relation to flow and timing, as six studies [19,24,36,39,47,55] performed the ultrasound either

prior to IOL or less than 72 hours before delivery, resulting in a very short interval between the

scan and delivery. Conversely, two studies [18,27] had a very long interval (ultrasound <33

wkGA). Two studies [17,20] did not present data on the gestational age at delivery. Finally,

three studies [23,48,54] were confined to pregnancies progressing beyond 41 wkGA and were

classified as having “high applicability concerns due to patient selection”.

Meta-analysis results

Full details of the summary diagnostic performance are presented in Table 1. In summary,

both definitions of ultrasonically suspected macrosomia (i.e., either EFW >4,000 g or>90th

percentile) had >50% sensitivity for predicting LGA at birth. Many associations were similar

regardless of the formula employed, but the positive LRs for the Hadlock formulae (ranging

between 7.5 and 12) tended to be higher than for the Shepard formula (around 5). The
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Fig 1. PRISMA flow diagram.

https://doi.org/10.1371/journal.pmed.1003190.g001
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Fig 2. Summary of bias assessment using the QUADAS-2 tool of the studies included in the meta-analysis. QUADAS 2, Quality Assessment of Diagnostic Accuracy

Studies.

https://doi.org/10.1371/journal.pmed.1003190.g002

Table 1. Summary diagnostic performance of suspected LGA to predict adverse perinatal outcome.

Diagnostic test Studies Patients Summary sensitivity Summary specificity Positive LR

(95% CI)

Negative LR

(95% CI)

(95% CI) (95% CI)

Outcome: Birthweight >4,000 g (or 90th centile)

EFW (any) >4,000 g (or 90th centile) 30 80,045 53.2% 93.9% 8.74 0.50

(47.2%–59.1%) (91.9%–95.5%) (6.84–11.17) (0.44–0.56)

EFW (Hadlock-AC/FL/HC/BPD) 9 22,073 63.1% 94.3% 11.13 0.39

(49.1%–75.2%) (90.9%–96.5%) (8.24–15.04) (0.28–0.55)

EFW (Hadlock- AC/FL/BPD) 10 17,110 55.1% 92.9% 7.77 0.48

(44.1%–65.7%) (89.7%–95.2%) (5.55–10.89) (0.38–0.61)

EFW (Hadlock- AC/FL/HC) 7 60,648 55.2% 94.9% 11.84 0.47

(45.7%–64.2%) (92.4%–96.6%) (7.46–15.74) (0.39–0.58)

EFW (Hadlock- AC/FL) 9 16,736 60.5% 92.0% 7.54 0.43

(50.7%–69.5%) (89.4%–93.7%) (6.13–9.29) (0.34–0.54)

EFW (Hadlock- AC/BPD) 6 13,617 62.9% 93.7% 9.99 0.40

(36.1%–83.5%) (85.9%–97.3%) (6.40–15.58) (0.21–0.75)

EFW (Shepard) 7 14,060 73.7% 85.1% 4.96 0.31

(54.4%–86.9%) (76.5%–90.9%) (3.29–7.48) (0.17–0.56)

AC >36cm (or 90th centile) 5 10,543 57.8% 92.3% 7.56 0.46

(39.6%–74.2%) (88.7%–94.9%) (5.85–9.77) (0.30–0.68)

Outcome: Birthweight >4,500 g (or 97th centile)

EFW (any) >4,000 g (or 90th centile) 5 51,686 67.5% 89.7% 6.58 0.36

(47.8%–82.6%) (79.1%–95.3%) (2.78–15.58) (0.20–0.65)

Outcome: Shoulder dystocia

EFW (any) >4,000 g (or 90th centile) 6 26,264 22.0% 89.6% 2.12 0.87

(9.9%–42.0%) (80.8%–94.6%) (1.34–3.35) (0.74–1.02)

Abbreviations: AC, abdominal circumference; BPD, Biparietal diameter; CI, confidence interval; EFW, estimated fetal weight; FL, femur length; HC, head

circumference; LR, likelihood ratio

https://doi.org/10.1371/journal.pmed.1003190.t001
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performance of definitions using just the AC was similar to using an ultrasonic EFW. The sen-

sitivity for predicting severe macrosomia at birth of suspected LGA was around 70%. However,

macrosomia (EFW>4,000 g or >90th centile) had a lower (22%) sensitivity for predicting

shoulder dystocia, although the association was statistically significant and the positive LR was

approximately 2.

Fig 3 has summary ROC curves for shoulder dystocia and macrosomia. For the prediction

of macrosomia at birth, most of the large studies were close to the point estimate, and only a

few small studies were outside the prediction intervals. For shoulder dystocia, most studies

reported sensitivities below 30%, and only one study [55] reported a sensitivity of>50%. How-

ever, in this study, the total number of shoulder dystocia cases was very small (n = 3). Fig 4 and

Fig 5 present graphs of the pooling of DORs for macrosomia and shoulder dystocia, respec-

tively. There was significant heterogeneity for the prediction of macrosomia but not for the

prediction of shoulder dystocia.

Only three studies—Crimmins 2018 [25], Galvin 2017 [29], and Sovio 2018 [52]—reported

neonatal unit admission as an outcome, and a meta-analysis was not feasible. However, none

of the studies reported statistically significant results with positive LRs of 0.73 (95% confidence

interval [CI] 0.36–1.48), 1.39 (95% CI 0.97–2.00), and 1.33 (95% CI 0.80–2.22), respectively.

Only the Sovio 2018 [52] study reported on 5-minute Apgar score of less than 7 and neonatal

metabolic acidosis with positive LRs of 1.94 (95% CI 0.66–5.75) and 1.08 (95% CI 0.28–4.18),

respectively. Moreover, the Sovio 2018 study was the only one that reported on neonatal hypo-

glycaemia and neonatal jaundice with positive LRs of 1.9 (95% CI 1.1–3.4) and 1.2 (95% CI

0.6–2.4), respectively.

The analysis demonstrated no significant evidence of publication bias (P = 0.57) when eval-

uated using Deeks’ funnel plot asymmetry test (S2 Fig).

Fig 3. Summary ROC curves for the diagnostic performance of EFW>4,000 g (or 90th centile) at predicting (A) macrosomia at birth (birthweight above 4,000 g or

above the 90th centile) and (B) shoulder dystocia. EFW, estimated fetal weight.

https://doi.org/10.1371/journal.pmed.1003190.g003
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Discussion

The main conclusion of this analysis is that an ultrasonic EFW indicating an increased risk of

a large baby was strongly associated with delivering a macrosomic infant, but it was only

weakly associated with the risk of shoulder dystocia. When the EFW was calculated using the

widely employed Hadlock method, the positive LRs for macrosomia were in the region of 7 to

12, whereas they were approximately 2 in relation to the risk of shoulder dystocia.

Fig 4. Diagnostic performance of EFW>4,000 g (or 90th centile) at predicting macrosomia at birth (birthweight above 4,000 g or above the 90th centile). EFW,

estimated fetal weight.

https://doi.org/10.1371/journal.pmed.1003190.g004
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This is the largest systematic review on the prediction of macrosomia and the only study

that was focused on low- and mixed-risk populations from the perspective of using third-tri-

mester ultrasound as routine screening in all pregnancies. We reported on multiple ultrasound

markers and formulas. Moreover, we also reported on the prediction of shoulder dystocia,

which is a major perinatal complication, the prevention of which would be a major aim of the

routine ultrasound screening. The main limitation of this study is that there was significant

heterogeneity between the studies in the ability to predict a macrosomic infant, as the forest

plot of DORs indicates. The source of this heterogeneity is unclear, but it could relate to differ-

ences in the quality of the performance of the diagnostic test, such as the quality of the imaging

equipment, the skill and training of sonographers, and the characteristics of the population.

Finally, despite the large amount of studies included, only three studies [25, 29, 52] reported

any outcomes of neonatal morbidity, and a meta-analysis was not feasible.

In the current study, we incorporated previously published data from the POP study (Sovio

2018) [52], which included nulliparous women who had a research scan at 36 wkGA, which was

blinded in most cases to the clinicians. We found that the DOR (95% CI) from the POP study was

very similar to the summary DOR derived from all of the other studies, which suggests that the

results from the POP study are likely to be generalizable. The POP study was one of only a few

identified that blinded the ultrasound result. Another blinded study, conducted in seven centers

across Ireland between 2012 and 2015, the GENESIS study (Galvin 2017) [29], was a prospective

cohort study of 2,772 nulliparous pregnant women. The results of the GENESIS study have only

Fig 5. Diagnostic performance of EFW>4,000 g (or 90th centile) at predicting shoulder dystocia. EFW, estimated fetal weight.

https://doi.org/10.1371/journal.pmed.1003190.g005
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been published in conference proceedings [29] and include the outcome of shoulder dystocia but

not macrosomia. Interestingly, neither the POP study nor the GENESIS study observed a statisti-

cally significant association between ultrasonic LGA and shoulder dystocia. When blinded and

unblinded studies were combined, the meta-analysis demonstrated that ultrasound may be pre-

dictive of shoulder dystocia, albeit weakly. However, the associations observed in the other studies

may be due to ascertainment bias. Specifically, if the fetus is suspected to be large on the basis of

the EFW, the staff attending the delivery may have a lower threshold for using maneuvers for

shoulder dystocia in the event of any delay. They may also be more likely to document a given

delay as being due to shoulder dystocia. Hence, unblinded studies could result in stronger associa-

tions with shoulder dystocia through ascertainment bias. The fact that ultrasonic EFW is relatively

poor as a predictor of shoulder dystocia is not unexpected, given that the actual birth weight of

the baby is also not strongly predictive of the outcome: the majority of cases of shoulder dystocia

involve a normal birth weight infant [57].

Finally, ultrasonic suspicion of a large baby is a clinical situation where there is evidence

that knowledge of the scan result may itself cause complications. Multiple studies have demon-

strated that women who have a false positive diagnosis of fetal macrosomia based on EFW are

more likely to be delivered by emergency caesarean section [58,59]. This finding underlines

the potential for harm caused by screening low-risk women. Research studies in which the

results of the scan are revealed could lead to associations with adverse outcomes that were

caused by an iatrogenic harm from a false positive result. Conversely, analysis of studies in

which the scan was revealed may fail to show true associations with adverse outcome as knowl-

edge of the scan result led to interventions that mitigated the risk.

We conclude that ultrasonically suspected LGA in the general population has quite good

diagnostic effectiveness for macrosomic birth weight. However, it is not strongly predictive of

the risk of associated complications, such as shoulder dystocia. Similar observations have been

made in relation to ultrasonically suspected SGA [60, 61]. That study indicated that reduced

fetal abdominal growth velocity helped discriminate between healthy SGA babies and those

that were at increased risk of complications. Interestingly, the analogous finding is also true in

LGA babies, in whom the combination of LGA and accelerated abdominal growth velocity

was associated with the risk of neonatal morbidity [52]. We believe that future studies should

address the other factors which help differentiate those suspected LGA fetuses which are at the

greatest risk of complications.
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A B S T R A C T   

The objective of this study was to investigate the accuracy of universal third trimester umbilical artery (UA) 
Doppler to predict adverse pregnancy outcome at term. We searched Medline, EMBASE, the Cochrane library and 
ClinicalTrials.gov from inception to October 2020 and we also analyzed previously unpublished data from a 
prospective cohort study of nulliparous women, the Pregnancy Outcome Prediction (POP) study. We included 
studies that performed a third-trimester ultrasound scan in unselected, low or mixed risk populations, excluding 
studies which only included high risk pregnancies. Meta-analysis was performed using the hierarchal summary 
receiver operating characteristic curve (HSROC) analysis and bivariate logit-normal models. We identified 13 
studies (including the POP study) involving 67,764 pregnancies which met our inclusion criteria. The overall 
quality was variable and only six studies (N = 5777 patients) blinded clinicians to the UA Doppler result. The 
summary sensitivity and positive likelihood ratio (LR) for small for gestational age (SGA; birthweight <10th 
centile) were 21.7% (95% CI 13.2–33.6%) and 2.65 (95% CI 1.89–3.72) respectively. The summary positive LR 
for NICU admission and metabolic acidosis were 1.35 (95% CI 0.93–1.97) and 1.34 (95% CI 0.86–2.08) 
respectively. The results were similar in the POP study: associations with SGA (positive LR 2.66 [95% CI 
2.11–3.36]) and severe SGA (birthweight <3rd centile; positive LR 3.27 [95% CI 2.29–4.68]) but no statistically 
significant association with neonatal morbidity. We conclude that third trimester UA Doppler has moderate 
predictive accuracy for small for gestational age but not for indicators of neonatal morbidity in unselected and 
low risk pregnancies.   

1. Introduction 

Measurement of the umbilical artery (UA) Doppler has been used to 
monitor high risk pregnancies, including those with suspected fetal 
growth restriction (FGR). A systematic review of diagnostic test accu-
racy has shown that the UA Doppler can be useful at predicting perinatal 

mortality and risk of compromise in high-risk pregnancies [1]. A 
Cochrane review of 19 randomized controlled trials (RCTs) of 10,667 
women has shown that UA Doppler ultrasound in high-risk pregnancies 
reduces the number of perinatal deaths (risk ratio [RR] 0.71, 95% 
confidence interval [CI] 0.52 to 0.98) and the number of Cesarean sec-
tions (RR 0.90, 95% CI 0.84 to 0.97) [2]. However, a similar Cochrane 
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review of RCTs in low risk pregnancies was unable to demonstrate any 
difference in perinatal deaths between pregnancies that were offered UA 
Doppler and those that had no Doppler (risk ratio 0.80, 95% confidence 
interval 0.35 to 1.83) [3]. This latter review included 5 studies that 
compared routine Doppler vs no Doppler, none of the studies blinded the 
results to the clinicians, but despite this there was no consistent man-
agement plan for the abnormal findings. Critically, the meta-analysis 
only included data from a total of 14,185 women whereas this study 
design would require more than 100,000 women to assess rare outcomes 
such as perinatal death [4]. The conclusion was that there is no evidence 
that the use of routine UA Doppler ultrasound benefits either the mother 
or the baby. 

In order for a large screening programme to be implemented it needs 
to meet two prerequisites; first, an index test that can accurately predict 
adverse outcome and, second, a safe and effective intervention. In this 
context we have suggested that ultrasound screening at 36 weeks’ 
gestation with a policy of induction of labor (IOL) for those screened 
positive at 37 weeks could have the potential to be safe and effective [5]. 
We have previously shown that universal ultrasound screening using 
biometry and fetal growth velocity can triple the detection of SGA in-
fants and identify infants at increased risk of neonatal morbidity [6]. 
However, there is no clear evidence of the effectiveness of UA Doppler as 
part of universal ultrasound screening. 

The aim of this study is to assess the accuracy of third trimester UA 
Doppler to predict adverse pregnancy outcome at term. We conducted a 
systematic review and meta-analysis focusing in low and mixed risk 
populations. In the above analysis we also included unpublished data 
from a large prospective cohort study, the Pregnancy Outcome Predic-
tion (POP) study [6]. 

2. Methods 

2.1. Search strategy 

The protocol for the review was designed a priori and registered with 
the PROSPERO International Prospective Register of Systematic Re-
views (Registration number: CRD42017064093). This review is part of a 
larger project on the value of the universal third trimester screening 
which was funded by NIHR Health Tachnology Assessment (HTA 15/ 
105/01). A systematic search was performed using Medline, EMBASE, 
the Cochrane database of Systematic Reviews (CDSR), Cochrane Central 
Register of Controlled Trials (CENTRAL), and ClinicalTrials.gov from 
inception to October 2020. The studies were identified using a combi-
nation of words related to “ultrasound”, “Doppler”, “umbilical artery”, 
“pregnancy” and “prenatal diagnosis”. No restrictions for language or 
geographic location were applied. The exact search strategy is presented 
in the Supplementary file. 

2.2. Study selection 

We included cohort and cross-sectional studies as well as randomized 
clinical trials with singleton pregnancies which had an ultrasound done 
after 24 weeks’ gestation. Case-control studies were excluded. We 
included all studies in which the ultrasound was done as part of uni-
versal ultrasound screening (the ultrasound was offered to all women 
regardless of indication), studies that were done in low-risk populations 
(those that excluded pregnancies with any maternal or fetal complica-
tion) and studies with mixed risk population (the ultrasound was offered 
selectively based on current clinical indications including low risk in-
dications such as presentation). We excluded studies that were focused 
only on high risk populations such as pregnancies with FGR as well as 
studies that performed the ultrasound intrapartum. 

We included all reported indices of umbilical artery Doppler such as 
the Pulsatility Index (PI), Resistance Index (RI) or the systolic to diastolic 
ratio (S/D ratio), as well as all reported cut-off values. We included 
studies that reported the following outcomes: Small for gestational age 

(SGA; defined as birthweight <10th centile), severe SGA (birthweight 
<3rd centile), neonatal unit admission, 5-min Apgar score <7, neonatal 
metabolic acidosis (most commonly defined as cord arterial PH < 7.1), 
Cesarean section for fetal distress, and pre-eclampisa (PET). We also 
defined as severe adverse perinatal outcome one or more of the 
following: stillbirth, neonatal death, hypoxic ischemic encephalopathy, 
inotrope support, or severe metabolic acidosis (defined as a cord arterial 
pH < 7.0 and a base deficit of >12 mEq/L). Finally, we included studies 
regardless of blinding of the ultrasound to the clinicians but this was 
reported in the study characteristics. 

2.3. Study quality assessment 

The literature search, study selection, and analysis were performed 
independently by two authors (AM and TB) using Review Manager 5.3. 
Any differences were resolved in discussion with the senior author (GS). 
The risk of bias in each included study was assessed using the Quality 
Assessment of Diagnostic Accuracy Studies (QUADAS 2) tool as 
explained in the Cochrane Handbook of Diagnostic Test Accuracy 
Studies [7]. We used a pre-designed data extraction form to extract in-
formation on study characteristics (year of publication, country, setting, 
study design, blinding), patient characteristics (inclusion and exclusion 
criteria, sample size), the index test (gestation at scan, Doppler indices 
and cut-off values used), reference standard (pregnancy outcome, 
gestation at delivery, and interval from scan to delivery). 

2.4. Analysis of data from the POP study 

In the systematic review we included unpublished data from a pro-
spective cohort study, the Pregnancy Outcome Prediction study (POPS), 
which was conducted at the Rosie Hospital, Cambridge (UK) between 
2008 and 2012 and which has previously been described in detail [6]. In 
brief, the study included nulliparous women only, and all women who 
agreed to participate had two research ultrasound scans at 28 and 36 
weeks’ gestational age (wkGA). The ultrasound results were blinded to 
the women and the clinicians except in certain circumstances based on 
the protocol (detailed in Pasupathy et al., 2008) [8], but all the women 
who had a result revealed were excluded from this analysis. About 40% 
of the women had clinically indicated ultrasound scans in the third 
trimester based on the local and national guidelines and those results 
were revealed to the clinicians. In the present analysis we included 
women that attended their 36-week research scan and had a live birth at 
the Rosie Hospital. Women who delivered prior to their 36-week scan 
appointment were excluded. 

Screen positive was defined as an umbilical artery pulsatility index 
(PI) > 90th percentile [6]. The databases used, and the definition of the 
outcome data have been described before [6]. In brief, neonatal 
morbidity was defined as ≥1 of the following: a 5 min Apgar score less 
than 7, delivery with metabolic acidosis (defined as a cord arterial pH <
7.1 and a base deficit of >10 mEq/L) or admission to the neonatal unit at 
term (defined as admission <48 h after birth at ≥37 weeks gestational 
age and discharge ≥48 h after admission). Severe adverse perinatal 
outcome was defined as term perinatal death, hypoxic ischemic en-
cephalopathy, use of inotropes, mechanical ventilation, or severe 
metabolic acidosis (defined as a cord arterial pH < 7.0 and a base deficit 
of >12 mEq/L). Small for gestational age (SGA) and severe SGA were 
defined as a birthweight <10th percentile and <3rd percentile respec-
tively for sex and gestational age using a UK reference. [9]. 

Ethical approval for the study was given by the Cambridgeshire 2 
Research Ethics Committee (reference number 07/H0308/163). 

2.5. Statistical analysis 

From each study we extracted the 2 × 2 tables for all combinations of 
index tests and outcomes and we calculated the sensitivity, specificity, 
positive and negative likelihood ratios (LRs) respectively [10]. For the 
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data synthesis we used the hierarchical summary receiver – operator 
characteristics (HSROC) model of Rutter and Gatsonis [11] which allows 
for variation of cut-off points between studies. Whenever four or more 
studies were available, estimates of mean sensitivity and specificity and 
respective variances at a specific threshold were additionally generated 
using the bivariate logit-normal model [12]. Finally, we used pooling of 
the diagnostic odds ratios (DORs) [13]. For the assessment of publica-
tion bias we used the Deeks’ funnel plot asymmetry test and plotted the 
inverse of the square root of the effective sample size against the DOR 
[14]. As this method requires a large number of studies, we used the 
most commonly reported outcome for the analysis. For the statistical 
analyses we used the METANDI, METAN and MIDAS packages from 
STATA version 14 (StataCorp LP, College Station, TX). 

3. Results 

3.1. Study selection and characteristics of included studies 

The literature search PRISMA flowchart is presented in Fig. 1. Out of 
6594 titles identified through database searching, 29 were eligible for 

full-text review. We identified 13 studies [15–25] including the POP 
study that met the inclusion criteria involving 67,764 participants in 
total. The study characteristics are presented in Supplementary Table 1. 
Five studies [15,21,24,25] (N = 63,436) included unselected pregnan-
cies, four studies [16,19,20,26] (N = 2634) included only low-risk 
pregnancies and four studies [17,18,22,23](N = 1694) included mixed 
risk pregnancies. Three of the studies [15,24,25] that were done in the 
same hospitals might have a short period of patient overlap. Nine studies 
[16,17,19–23,26](N = 8097) were prospective and four [15,18,24,25] 
(N = 59,687) were retrospective. The differences between the studies 
included the gestational age at scan (ranging from 28 to 41 weeks’ 
gestation), as well as the indices and the cut-off points used. The ma-
jority of patients from all of the studies delivered at term. The studies 
excluded from the meta-analysis and the reasons for the exclusion are 
presented in Supplementary Table 2. 

3.2. Risk of bias of the included studies 

The assessment of study quality is presented in Fig. 2. Overall the 
quality was variable. The main risk of bias was that only six studies [16, 

Fig. 1. Literature search PRISMA flow diagram.  
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17,19,21,23] (N = 5777) blinded the UA Doppler to the clinicians and 
only one study (POPS) blinded the whole ultrasound findings. Five of 
these six studies revealed other features of the scan result, such as fetal 
biometry meaning only the POP study blinded clinicians to both the 
utero-placental Doppler and fetal biometry. We classified two studies 
[19,26] as high risk for flow and timing as they included only preg-
nancies beyond 41 weeks’s gestation. Finally we classified two studies 
[18,19] as unclear risk of patient selection bias as they did not clarify 
whether the recruitment was random or consecutive. 

3.3. Synthesis of results 

The summary results of the meta-analysis are presented in Table 1. A 
high resistance pattern of UA Doppler was associated with an increased 
risk of delivering an SGA infant or a severely SGA infant. However, the 
finding was not strongly predictive with positive LRs between 2.5 and 

3.0. A high resistance pattern of UA Doppler was not associated with an 
increased risk of a range of indicators of neonatal morbidity. The sum-
mary ROC curves for those outcomes are presented in Fig. 3. Most of the 
large studies reported low sensitivities and high specifities for all the 
reported outcomes. However, some smaller studies reported higher 
sensitivities which resulted in large prediction intervals. For some out-
comes such as 5-min Apgar score <7, Cesarean section for fetal distress, 
and pre-eclampsia (PET) the Rutter-Gatsonis model was unable to pro-
duce summary results despite an adequate number of studies. However, 
we performed pooling of DORs for all the reported outcomes and illus-
trated the variation between studies using forest plots (Fig. 4). The 
overall heterogeneity for most outcomes was low with notable exeption 
NICU admission (Fig. 4). This is likely due to the Filmar et al. [18] study 
reporting significantly higher DOR for NICU admission which could be 
related to the difference in mean gestation at delivery (37 weeks for 
those with abnormal UA Doppler and 39 weeks for those with normal). 

We had planned to perform subgroup analyses for the different 
populations (universal, low-risk, and mixed-risk), gestational age at scan 
(<36 wkGA, ≥36 wkGA), blinding of results to the clinicians, and 
whether the study was prospective or retrospective. However, due to the 
small number of studies for each combination of subgroup and outcome 
separate meta-analyses per subgroup were not feasible. Nevertheless, we 
found that the three large studies that performed universal ultrasound 
scan at 36 weeks (Akolekar 2019, Valino 2016b and POPS) showed 
similar results (overlapping confidence intervals; Fig. 4) despite the first 
two studies being retrospective and not blinded, and POPS being pro-
spective and blinded. 

Finally, we used the Deeks’ funnel plot asymmetry test to assess the 
risk of publication bias using the outcome of neonatal unit admission for 
the analysis (Supplementary Figure 1). The test suggested no evidence of 
publication bias (P = 0.52). 

3.4. Analysis of the POP study 

The analysis included 3615 women that met the inclusion criteria 
(Supplementary Figure 2). The maternal age, social status, ethnicity, 
BMI, and rates of alcohol consumption were similar between women 
with normal and high resistance UA at 36-weeks (Supplementary 
Table 2). The gestational age at delivery and rate of IOL were similar in 
both groups which can be attributed to the blinding of the ultrasound 
findings (Supplementary Table 3). The screening performance of UA PI 
> 90th centile is presented in Table 2. A high resistance pattern of UA 
Doppler was associated with an increased risk of delivering an SGA in-
fant or a severely SGA infant and the association was stronger for the 
latter outcome. However, the finding was not strongly predictive with 
positive LRs between 2.5 and 3.5. A high resistance pattern of UA 
Doppler was not associated with an increased risk of the range of in-
dicators of neonatal morbidity in the POP study, although severe 
adverse outcomes were uncommon. 

Fig. 2. Risk of bias graph of included studies.  

Table 1 
Summary diagnostic results of meta-analysis of the umbilical artery Doppler at predicting adverse pregnancy outcome.  

Outcome Number of 
studies 

Number of 
patients 

Summary Sensitivity 
(95% CI) 

Summary Specificity 
(95% CI) 

Summary Positive LR 
(95% CI) 

Summary Negative LR 
(95% CI) 

Diagnostic Odds Ratio 
(95% CI) 

SGA <10th 
centile 

8 19,203 21.7% (13.2–33.6) 91.8% (86.5–95.1) 2.65 (1.89–3.72) 0.85 (0.77–0.94) 3.03 (2.20–4.19) 

SGA <3rd 
centile 

5 53,907 25.4% (14.0–41.5%) 90.4% (78.6–96.1%) 2.65 (1.92–3.66) 0.83 (0.75–0.91) 3.31 (2.99–3.67) 

NICU 
admission 

8 66,253 13.6 (6.8–25.3) 89.9 (83.5–94.0) 1.35 (0.93–1.97) 0.96 (0.90–1.03) 1.41 (1.00–2.00) 

Neonatal 
acidosis 

5 9629 12.0% (5.3–25.0) 91.1% (81.0–96.1) 1.34 (0.86–2.08) 0.97 (0.91–1.02) 1.40 (0.86–2.26) 

Severe APOa 4 58,866 9.3% (4.8–17.5) 88.3% (74.5–95.2) 0.80 (0.44–1.46) 1.03 (0.95–1.11) 0.81 (0.49–1.34) 

SGA, Small for gestational age; LR, Likelihood ratio; CI, Confidence intervals; APO, Adverse pregnancy outcome. 
a The definition varied between studies and includes one or more of the following: stillbirth, neonatal death, hypoxic ischemic encephalopathy, inotrope support, or 

severe metabolic acidosis. 
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4. Discussion 

The main finding of this study was that in an unselected population a 
high resistance pattern of umbilical artery Doppler has moderate pre-
dictive accuracy for detecting SGA and severely SGA infants but it does 
not predict neonatal morbidity at term. The results were very similar in 
both the POP study and the meta-analysis. However, the association was 
slightly stronger for severe SGA in the POP study compared to the meta- 
analysis. The outcome of SGA is used as a proxy for FGR but it is rec-
ognised that only a proportion of SGA infants are small due to FGR. The 
lower the threshold for defining SGA, the higher the proportion of cases 
which are truly FGR. Hence, the stronger association with severe SGA is 
most likely explained by a true association between high resistance 
patterns of UA Doppler and FGR due to placental dysfunction. 

The similar associations between the POP study and the meta- 
analysis suggestes that the findings were generalizable. Of all the 
studies evaluated, only the POP study blinded both the Doppler result 
and fetal biometry. The failure to blind studies could lead to bias. First, 
by revealing the results the clinicians might decide to intervene which 
then improves the outcome of the pregnancy. This could hide a true 
association between an investigation and an adverse outcome. However, 
revealing the result could also lead to a non-informative test being 

wrongly identified as predictive of adverse outcome. The decision to 
deliver the fetus preterm or at early term based on an abnormal result, 
can cause iatrogenic morbidity. Hence a non-informative test could 
appear to be associated with adverse neonatal outcome which was, in 
fact, iatrogenic. Moreover, there is the risk of ascertainment bias. For 
example, a study could show an association between an abnormal UA 
Doppler and Cesarean section for fetal distress because the clinicians had 
a lower threshold to deliver the infant by Cesarean section based on the 
prior knowledge of the abnormal ultrasound finding. 

In this meta-analysis we found no association between abnormal UA 
Doppler and neonatal morbidity. This is likely explained by two reasons. 
First, abnormal UA Doppler is present in a minority of term SGA infants. 
This study showed that about 1 in 5 of the SGA infants born below the 
10th birthweight centile and 1 in 4 of those born below the 3rd birth-
weight centile had abnormal UA Doppler. Second, only a small per-
centage of overall morbidity at term is associated with abnormal fetal 
growth. For example, previous studies on perinatal death at term 
demonstrated that only 1 in 3 stillbirths at term is associated with 
abnormal fetal growth [27]. This association would likely be even 
weaker for other outcomes such as NICU admission which includes 
morbidity for various reasons not related to the fetal size, such as 
neonatal infection. It is plausible that elevated UA Doppler would be 

Fig. 3. Summary ROC curves for the elevated UA Doppler at predicting: A. NICU admission, B. Neonatal Metabolic acidosis, C. SGA (<10th centile), D. Severe SGA 
(<3rd centile). 
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more strongly predictive of adverse neonatal outcome in fetuses which 
were actually SGA and this has been confirmed in a previous analysis of 
the POP study [6]. 

A recent systematic review [28] has also shown that there is 
considerable heterogeneity in the methodological quality of ultrasound 
studies on which reference ranges for UA Doppler indices are based. 
These differences may at least partly explain some of the discrepancies 
seen in perinatal outcomes following an index above the 90th centile - 
essentially, what is a normal index on one reference range may be 
abnormal in another; thus, the review showed clinical cut-offs varied 
significantly and could lead to important differences in clinical 

management, demonstrating that up to 40% of fetuses may be classified 
as having an abnormal result by using one chart rather than another 
[29]. 

Given that UA Doppler appears to be moderately predictive of FGR in 
low risk women it might be regarded as surprising that the RCTs of its 
use as a screening test failed to demonstrate any benefit. However, a 
previous analysis of required sample sizes of screening and intervention 
to prevent stillbirth demonstrated that, even if a test had a positive LR of 
5 for perinatal death, and was observed in 5% of women, and even if the 
test was coupled to an intervention that reduced the risk of perinatal 
death by 50%, an RCT of screen versus no screen would need to recruit 

Fig. 4. Meta-analysis of DORs of elevated UA Doppler at predicting: A. NICU admission, B. Neonatal metabolic acidosis, C. 5-minute Apgar score <7, D. Severe 
adverse perinatal outcome, E. Cesarean section for fetal distress, F. Pre-eclampsia, G. SGA (<10th centile), H. Severe SGA (<3rd centile). 
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~300,000 to achieve 90% power see Supplementary Figure 10 in Fle-
nady et al., 2016 [30]. Thus, the Cochrane meta-analysis of low-risk 
pregnancies is significantly underpowered to identify a reduction in 
perinatal death [31]. 

However, despite the lack of evidence, the policy of universal third- 
trimester ultrasound screening has been applied locally and nationally. 
This can have unintentional consequences as shown in France, where 
this policy resulted in a significantly higher risk of provider-initiated 
preterm birth, neonatal morbidity and obstetric intervention in those 
pregnancies that were wrongly identified as SGA (false positives) 
compared to those that were truly SGA but were missed by the screening 
(false negatives) [32]. These results could partly be explained by the 
gestational age at screening which was about 32 weeks’ gestation. Of-
fering routine ultrasound screening at around 36 weeks’ gestation with a 
policy of induction of labor (IOL) for the screen positives reduces the risk 
of iatrogenic herm related to prematurity. However, early term de-
liveries (between 37 + 0 and 38 + 6 weeks’ gestation) are still at higher 
risk of intrapartum asphyxia [33], respiratory distress, prolonged hos-
pitalisation [34] and also higher risk of educational needs later in life 
[35]. 

Some recent studies have combined the UA Doppler with the middle- 
cerebral artery (MCA) Doppler to create the cerebro-placental ratio 
(CPR) which have been reported to increase the detection of adverse 
pregnancy outcomes including emergency Cesarean section [36]. A 
recent systematic review [37] showed moderate accuracy of the CPR for 
predicting perinatal death and low accuracy for neonatal morbidity in 
pregnancies with suspected FGR. There is no clear evidence about the 
use of CPR in low risk populations. In the POP study, the MCA Doppler 
was not measured so we were unable to investigate this in our popula-
tion. However, a recent large cohort study of unselected women found 
that the CPR had poor predicition of adverse neonatal outcome [15]. 

In conclusion, a high resistance pattern of UA Doppler is moderately 
predictive of the risk of delivering an SGA infant. The strength of pre-
diction was similar using a blinded 36wkGA scan in unselected nullip-
arous women in the POP study as it was in a systematic review including 
the rest of the eligible literature. 
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Abstract

Background

Despite the relative ease with which breech presentation can be identified through ultra-

sound screening, the assessment of foetal presentation at term is often based on clinical

examination only. Due to limitations in this approach, many women present in labour with an

undiagnosed breech presentation, with increased risk of foetal morbidity and mortality. This

study sought to determine the cost effectiveness of universal ultrasound scanning for breech

presentation near term (36 weeks of gestational age [wkGA]) in nulliparous women.

Methods and findings

The Pregnancy Outcome Prediction (POP) study was a prospective cohort study between

January 14, 2008 and July 31, 2012, including 3,879 nulliparous women who attended for a

research screening ultrasound examination at 36 wkGA. Foetal presentation was assessed

and compared for the groups with and without a clinically indicated ultrasound. Where

breech presentation was detected, an external cephalic version (ECV) was routinely offered.

If the ECV was unsuccessful or not performed, the women were offered either planned

cesarean section at 39 weeks or attempted vaginal breech delivery. To compare the likeli-

hood of different mode of deliveries and associated long-term health outcomes for universal

ultrasound to current practice, a probabilistic economic simulation model was constructed.

Parameter values were obtained from the POP study, and costs were mainly obtained from

the English National Health Service (NHS). One hundred seventy-nine out of 3,879 women

(4.6%) were diagnosed with breech presentation at 36 weeks. For most women (96), there

had been no prior suspicion of noncephalic presentation. ECV was attempted for 84

(46.9%) women and was successful in 12 (success rate: 14.3%). Overall, 19 of the 179

women delivered vaginally (10.6%), 110 delivered by elective cesarean section (ELCS)
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(61.5%) and 50 delivered by emergency cesarean section (EMCS) (27.9%). There were no

women with undiagnosed breech presentation in labour in the entire cohort. On average, 40

scans were needed per detection of a previously undiagnosed breech presentation. The

economic analysis indicated that, compared to current practice, universal late-pregnancy

ultrasound would identify around 14,826 otherwise undiagnosed breech presentations

across England annually. It would also reduce EMCS and vaginal breech deliveries by 0.7

and 1.0 percentage points, respectively: around 4,196 and 6,061 deliveries across England

annually. Universal ultrasound would also prevent 7.89 neonatal mortalities annually. The

strategy would be cost effective if foetal presentation could be assessed for £19.80 or less

per woman. Limitations to this study included that foetal presentation was revealed to all

women and that the health economic analysis may be altered by parity.

Conclusions

According to our estimates, universal late pregnancy ultrasound in nulliparous women (1)

would virtually eliminate undiagnosed breech presentation, (2) would be expected to reduce

foetal mortality in breech presentation, and (3) would be cost effective if foetal presentation

could be assessed for less than £19.80 per woman.

Author summary

Why was this study done?

• Risks of complications at delivery are higher for babies that are in a breech position, but

sometimes breech presentation is not discovered until the time of birth.

• Ultrasound screening could be used to detect breech presentation before birth and

lower the risk of complications but would be associated with additional costs.

• It is uncertain if offering ultrasound screening to every pregnancy is cost effective.

What did the researchers do and find?

• This study recorded the birth outcomes of pregnancies that were all screened using

ultrasound.

• Economic modelling and simulation was used to compare these outcomes with those if

ultrasound screening had not been used.

• Modelling demonstrated that ultrasound screening would lower the risk of breech deliv-

ery and, as a result, reduce emergency cesarean sections and the baby’s risk of death.

What do these findings mean?

• Offering ultrasound screening to every pregnancy would improve the health of mothers

and babies nationwide.

Cost effectiveness of universal ultrasound screening for breech presentation in late pregnancy
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• Whether the health improvements are enough to justify the increased cost of ultrasound

screening is still uncertain, mainly because the cost of ultrasound screening for presen-

tation alone is unknown.

• If ultrasound screening could be provided sufficiently inexpensively, for example, by

being used during standard midwife appointments, routinely offering ultrasound

screening would be worthwhile.

Introduction

Undiagnosed breech presentation in labour increases the risk of perinatal morbidity and mor-

tality and represents a challenge for obstetric management. The incidence of breech presenta-

tion at term is around 3%–4% [1–3], and fewer than 10% of foetuses who are breech at term

revert spontaneously to a vertex presentation [4]. Although breech presentation is easy to

detect through ultrasound screening, many women go into labour with an undetected breech

presentation [5]. The majority of these women will deliver through emergency cesarean sec-

tion (EMCS), which has high costs and increased risk of morbidity and mortality for both

mother and child.

In current practice, foetal presentation is routinely assessed by palpation of the maternal

abdomen by a midwife, obstetrician, or general practitioner. The sensitivity of abdominal pal-

pation varies between studies (range: 57%–70%) and depends on the skill and experience of

the practitioner [6,7]. There is currently no guidance on what is considered an acceptable false

negative rate when screening for breech presentation using abdominal palpation. In contrast,

ultrasound examination provides a quick and safe method of accurately identifying foetal

presentation.

Effective interventions exist for the care of women who have breech presentation diagnosed

near term. The Royal College of Obstetricians and Gynaecologists recommends ‘that all

women with an uncomplicated breech presentation at term should be offered external cephalic

version (ECV)’ [2]. The rationale for this is to reduce the incidence of breech presentation at

term and avoid the risks of vaginal breech birth or cesarean section. The success rate of ECV is

considered to be approximately 50% [2,8,9], but it differs greatly between nulliparous and par-

ous women (34% and 66%, respectively) [9]. ECV is overall safe, with less than 1% risk to the

foetus and even smaller risk to the mother [10]; despite this, a significant number of women

decline ECV for various reasons [11]. Should ECV be declined or fail, generally women are

offered delivery by planned (elective) cesarean section, as there is level 1 evidence of reduced

risk of perinatal death and severe morbidity compared with attempting vaginal breech birth,

and it is also associated with lower costs [3,12,13]. However, some women may still opt for an

attempt at vaginal breech birth if they prioritise nonintervention over managing the relatively

small absolute risks of a severe adverse event [1,14].

We sought to assess the cost effectiveness of universal late-pregnancy ultrasound presenta-

tion scans for nulliparous women. We used data from the Pregnancy Outcome Prediction

(POP) study, a prospective cohort study of>4,000 nulliparous women, which included an

ultrasound scan at 36 weeks of gestational age (wkGA) [15]. Here, we report the outcomes for

pregnant nulliparous women with breech presentation in the study and use these data to per-

form a cost effectiveness analysis of universal ultrasound as a screening test for breech

presentation.

Cost effectiveness of universal ultrasound screening for breech presentation in late pregnancy
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Methods

Study design

The POP study was a prospective cohort study of nulliparous women conducted at the Rosie

Hospital, Cambridge (United Kingdom) between January 14, 2008 and July 31, 2012, and the

study has been described in detail elsewhere [15–17]. Ethical approval for the study was

obtained from the Cambridgeshire 2 Research Ethics Committee (reference 07/H0308/163),

and all participants provided informed consent in writing. Participation in the POP study

involved serial phlebotomy and ultrasound at approximately 12 wkGA, 20 wkGA, 28 wkGA,

and 36 wkGA [16]. The outcome of pregnancy was obtained by individual review of all case

records by research midwives and by linkage to the hospital’s electronic databases of ultraso-

nography, biochemical testing, delivery data, and neonatal care data. The research ultrasound

at 36 wkGA was performed by sonographers and included presentation, biometry, uteropla-

cental Doppler, and placental location. The ultrasound findings were blinded except in cases

of breech presentation, low lying placenta, or foetal concerns such as newly diagnosed foetal

anomaly and an amniotic fluid index (AFI)< 5 cm. This study was not prospectively defined

in the POP study protocol paper [16] but required no further data collection.

If the foetus was in a breech presentation at 36 wkGA, women were counselled by a mem-

ber of the medical team. In line with guidelines from the National Institute for Health and

Care Excellence (NICE), ECV was routinely offered unless there was a clinical indication that

contraindicated the procedure, e.g., reduced AFI (<5 cm) [18]. ECV was performed by 1 of 5

obstetric consultants in the unit between 36–38 wkGA, patients were scanned before the pro-

cedure to confirm presentation, and it was performed with ultrasound assessment; 0.25 mg

terbutaline SC was given prior to the procedure at the discretion of the clinician. If women

refused ECV or the procedure failed, the options of vaginal breech delivery and elective cesar-

ean section (ELCS) were discussed and documented. The local guideline for management of

breech presentation, including selection criteria for vaginal breech delivery, was based upon

recommendations from the Royal College of Obstetricians and Gynaecologists (RCOG) [1].

We extracted information about ECV from case records that were individually reviewed by

research midwives. Finally, we obtained delivery-related information from our hospital elec-

tronic database (Protos; iSoft, Banbury, UK).

Foetal outcomes included mode of delivery (MOD), birth weight, and gestational age at

delivery. We used the UK population reference for birthweight, with the 10th and 90th percen-

tile cut-offs for small and large for gestational age, respectively; the centiles were adjusted for

sex and gestational age [19]. Maternal age was defined as age at recruitment. Smoking status,

racial ancestry, alcohol consumption, and BMI were taken from data recorded at the booking

assessment by the community midwife. Socioeconomic status was quantified using the Index

of Multiple Deprivation (IMD) 2007, which is based on census data from the area in the moth-

er’s postcode [20]. Ethical approval for the study was obtained from the Cambridgeshire 2

Research Ethics Committee (reference 07/H0308/163), and all participants provided informed

consent in writing.

This study is reported as per the Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) guideline.

Statistical analysis

Data are presented as median (interquartile range) or n (%), as appropriate. P values are

reported for the difference between groups calculated using the two-sample Wilcox rank-sum

(Mann–Whitney) test for continuous variables and the Pearson Chi-square test for categorical

Cost effectiveness of universal ultrasound screening for breech presentation in late pregnancy
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variables, with trend tests when appropriate. Comparisons were performed using Stata (ver-

sion 15.1). Missing values were included in the presentation of patient characteristics and out-

comes but were excluded from the economic analysis and estimation of parameters.

Economic model and analysis

To evaluate the cost effectiveness of routinely offering late-pregnancy presentation scans, a

decision-tree simulation model was constructed using R (version 3.4.1) [21–24]. The time

horizon of the economic analysis was from the ultrasound scan (36 wkGA) to infant lifetime,

and costs were from the perspective of the English National Health Service (NHS). Costs for

modes of delivery were obtained from NHS reference costs [25]; since these do not list a sepa-

rate cost for vaginal breech delivery, we assumed that the cost ratio between vaginal breech

and ELCS deliveries was the same as in another study (see Supporting information, S1 Text)

[12].

The population of interest is unselected nulliparous women. The model compares the out-

comes at birth for two strategies: ‘universal ultrasound’ and ‘selective ultrasound’ (Fig 1). For

universal ultrasound, we assumed that all breech presentations at the time of scanning would

be detected (i.e., assumed 100% sensitivity and specificity for the test). For selective ultrasound,

the breech presentation was diagnosed either clinically (by abdominal palpation followed by

ultrasound for confirmation) or as an incidental finding during a scan for a different indica-

tion. These assumptions were based upon current practice and derived from the POP study.

Compared to a standard antenatal ultrasound for which, typically, multiple measurements

are made, an ultrasound scan for foetal presentation alone is technically simple. We theorised

that such a scan could be provided by an attending midwife in conjunction with a standard

antenatal visit in primary care, using basic ultrasound equipment. Since a specific unit cost for

a scan for foetal presentation alone is not included in the national schedule of reference costs

[25], we estimated the cost of ultrasound to include the midwife’s time, the cost of equipment,

and room. More details are presented in the Supporting information, S1 Text. The cost of

ECV was obtained from James and colleagues [26] and converted to the 2017 price level using

the Hospital and Community Health Services (HCHS) index [27]. The probability of ECV

uptake and success rate as well as MOD were obtained from the POP study. All model inputs

are presented in Table 1 and S1 Table, and the calculation of cost inputs is shown in Support-

ing information, S1 Text.

The end state of the decision tree was the MOD, which was either vaginal, ELCS, or EMCS.

Delivery could be either cephalic or breech. EMCS could be either due to previously undiag-

nosed breech presentation or for other reasons. All cases of breech could spontaneously revert

to cephalic presentation. However, we assumed the probability of this to be lower if ECV had

been attempted and failed [28]. If ECV was successful, a reversion back to breech presentation

was possible. It is currently unclear whether the probability of MOD varies depending on

whether cephalic presentation is the result of successful ECV or spontaneous reversion

[2,10,29–31], but we assumed that the probabilities differed.

Long-term health outcomes were modelled based upon the mortality risk associated with

each MOD. The risk of neonatal mortality was taken from the RCOG guidelines. For breech

presentation, these risks were 0.05% for delivery through ELCS and 0.20% for vaginal delivery.

The risk of neonatal mortality for cephalic presentation with vaginal delivery was 0.10% [1].

There were no randomised clinical trials that allowed us to compare the outcomes of ELCS

versus vaginal delivery for uncomplicated pregnancies with cephalic presentation; however,

most observational studies found no significant difference in neonatal mortality and serious

morbidity between the two modes [32–34]. For this reason, we assumed the mortality risk for

Cost effectiveness of universal ultrasound screening for breech presentation in late pregnancy
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cephalic vaginal and ELCS deliveries to be identical. We also assumed that EMCS would have

the same mortality rate as ELCS, both for cephalic and breech deliveries. Studies have found

that the MOD for breech presentation affects the risk of serious neonatal morbidity in the

short term but not in the long term [1,3,35]. For this reason, we focused the economic analysis

on the effect from mortality only. The average lifetime quality-adjusted life-years (QALYs) per

member of the UK population was estimated using data on quality of life from Euroqol,

weighted by longevity indexes from the Office for National Statistics (ONS) [36,37]. Using the

annual discount rate of 3.5%, as recommended by NICE, the net present value for the average

lifetime QALYs at birth was 24.3 [38].

The model was probabilistic, capturing how uncertainty in the input parameters affected

the outputs by allowing each parameter to vary according to its distribution. Binary and multi-

variable outcomes were modelled using the beta and the Dirichlet distributions, respectively

[39]. Probabilities of events were calculated from the POP study and presented in Table 1.

On top of the probabilistic sensitivity analysis (PSA), the sensitivity of individual parameters

was also explored through one-way sensitivity analyses modifying probabilities by +/− 1

Fig 1. Simulation model structure. Structure of economic simulation model. ‘Universal ultrasound’ strategy starts in Model A, and patients with breech presentation

enter Model C. ‘Selective ultrasound’, i.e., no routine ultrasound, starts in Model B, and only those with a detected breech presentation enter Model C. The letter–

number codes for each node are equivalent to the codes in Table 1. ELCS, elective cesarean section; EMCS, emergency cesarean section.

https://doi.org/10.1371/journal.pmed.1002778.g001
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percentage point and costs by +/− £10 to see which parameters had the greatest impact on cost

effectiveness estimates.

Total costs depended on the distribution of MOD, the number of expected mortalities, and

the cost of ultrasound scanning and ECV. Nationwide costs for each screening strategy were

calculated for 585,489 deliveries, i.e., the number of births in England from 2016–2017, assum-

ing 92% occur after 36 wkGA [15,40]. Model parameters were sampled from their respective

distributions in a PSA of 100,000 simulations for each strategy. To determine cost effective-

ness, we used two different willingness-to-pay thresholds: £20,000 and £30,000 [38]. A copy of

the model code is available from the corresponding author (EW) upon request.

Results

Recruitment to the POP study cohort is shown in Fig 2 and has been previously described

[17]. Information about presentation at the 36-week scan was available for 3,879 women who

delivered at the Rosie Hospital, Cambridge, UK; 179 of these had a breech presentation.

Table 1. Inputs for costs and probabilities for the economic model.

Costs Costs Source

Ultrasound scanning 20.7 Expert opinion�

ECV 297.4 James et al. (2001) [26] †

CV delivery 2,297.3 NHS Reference costs 2015–16 [25] ‡

Elective cesarean delivery 3,438.1 NHS Reference costs 2015–16 [25] ‡

Emergency cesarean delivery 4,553.4 NHS Reference costs 2015–16 [25] ‡

VB delivery 3,999.7 Expert opinion�

Probabilities Alpha Beta Mean Node Source

Breech prevalence at approximately 36 wkGA 179 3,700 0.046 A1 and B1 POP study

ECV attempted 84 93 0.475 C1 POP study

Detection without ultrasound 79 96 0.451 B3 POP study

Successful ECV 12 72 0.143 C2 POP study

SRC (ECV not attempted) 21 72 0.226 C3 POP study

SRB 1 11 0.083 C4 POP study

SRC (failed ECV) 3 127 0.023 C5 Ben-Meir and colleagues [28]§

MOD CV ELCS EMCS VB Node Source

No breech 2,813 141 735 0 A2 and B2 POP study

Cephalic (successful ECV) 8 0 3 0 C8 POP study

Cephalic (spontaneous reversion) 11 1 9 0 C6 and C10 POP study

Breech (ECV not attempted) 0 52 20 0 C7 POP study

Breech (unsuccessful ECV) 0 54 18 0 C11 POP study

Breech (spontaneous reversion) 0 0 15 11 C9 Leung and colleagues [5]

Undetected breech 0 0 15 11 B4 Leung and colleagues [5]

Abbreviations: CV, cephalic vaginal; ELCS, elective cesarean section; EMCS, emergency cesarean section; MOD, mode of delivery; NHS, National Health Service; POP,

Pregnancy Outcome Prediction; SRB, spontaneous reversion to breech; SRC, spontaneous reversion to cephalic; VB, vaginal breech.

Costs given per unit/episode. For probabilities, alpha represent case of event and beta case of no event. MOD shows input values for Dirichlet distribution. Node refers

to the chance nodes in Fig 1.

�Details on how this value was estimated is provided as Supporting information, S1 Text.

†Cost for ECV (high staff cost), converted to 2017 price level using the HCHS index [27].

‡Weighted average of all complication levels (Total HRGs).

§Due to the small sample size for these parameters in the POP study, the model used inputs for MOD for undetected breech instead.

https://doi.org/10.1371/journal.pmed.1002778.t001
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We compared maternal and foetal characteristics of the 179 women with breech presenta-

tion at 36 weeks to the women with a cephalic presentation (Table 2). Women diagnosed with

breech presentation were, on average, a year older than women with a cephalic presentation,

but other maternal characteristics did not differ. The babies of women diagnosed breech were

smaller and born earlier, but their birth weight centile and the proportions of small for gesta-

tional age (SGA) or large for gestational age (LGA) were not markedly different. There were

no differences in maternal BMI between the groups. As expected, women with breech presen-

tation were more likely to deliver by ELCS or EMCS.

Breech presentation was suspected before the 36-wkGA scan for 79 (44.1%) of the women

with breech presentation through abdominal palpation by the midwife or doctor; out of these,

27 had a clinically indicated scan between 32–36 weeks in which the presentation was

reported. For 96 women, the breech presentation was unsuspected before the 36-week scan.

Information on suspected breech position was missing for 4 women. There were no differ-

ences in BMI between the 79 women with suspected breech and the 96 women misdiagnosed

as cephalic prior to the scan (median BMI was 24 in both groups, Wilcoxon rank-sum test

P = 0.31).

MOD by ECV status is shown in Table 3. ECV was performed for 84 women, declined by

45 women, and unsuitable for 23; contraindications included low AFI at screening (18

women), uterine abnormalities (2), and other reasons (3). For 25 women, an ECV was never

performed despite consent; 17 babies turned spontaneously, 6 had reduced AFI on the day of

the ECV, and 2 went into labour before ECV. When performed, ECV was successful for 12

women; in one case, the baby later reverted to breech presentation before delivery. Informa-

tion on ECV uptake was missing for 2 women. Foetal presentation and ECV status in the

structure of the economic model is shown in Supporting information, S1 Fig.

The results from the economic analysis are presented in Table 4. On average, universal

ultrasound resulted in an absolute decrease in breech deliveries by 0.39%. It also led to fewer

vaginal breech deliveries (absolute decrease by 1.04%) and overall EMCS deliveries (0.72%)

than selective ultrasound but increased overall deliveries through ELCS (1.51%). Resulting

from the more favourable distribution of MOD, the average risk of mortality fell by 0.0013%.

Fig 2. Patient recruitment. Schedule of patient recruitment in the POP study shown by foetal presentation. POP, Pregnancy Outcome

Prediction.

https://doi.org/10.1371/journal.pmed.1002778.g002
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On average, 40 women had to be scanned to identify one previously unsuspected breech pre-

sentation (95% Credibility Interval [CrI]: 33 to 49); across England, this would mean that

14,826 (95% CrI: 12,048–17,883) unidentified breech presentations could be avoided annually.

The expected per person cost of universal ultrasound was £2,957 (95% CrI: £2,922–£2,991),

compared to £2,949 (95% CrI: £2,915–£2,984) from selective ultrasound, a cost increase of

Table 2. Characteristics and delivery outcomes in the POP study by presentation at 36 weeks.

Characteristics Breech (N = 179) Cephalic (N = 3,700) P value

Maternal

Age (years) 31 (28–34) 30 (27–33) 0.002

Age stopped FTE (years) 21 (18–23) 21 (18–23) 0.19

Missing 5 (3%) 105 (3%)

Racial ancestry

White European 172 (96%) 3,437 (93%) 0.38

Missing 0 (0%) 66 (2%)

Alcohol consumption 7 (4%) 172 (5%) 0.65

Missing 0 (0%) 1 (<0.1%)

Smoker 4 (2%) 179 (5%) 0.11

BMI, kg/m2 24 (22–27) 24 (22–27) 0.69

Missing 0 (0%) 1 (<0.1%)

Deprivation quartile 0.08

1 (lowest) 46 (26%) 899 (24%)

2 53 (30%) 873 (24%)

3 39 (22%) 886 (24%)

4 (highest) 33 (18%) 892 (24%)

Missing 8 (4%) 150 (4%)

Foetal or neonatal

Female sex 96 (54%) 1,841 (50%) 0.31

Missing 0 (0%) 1 (<0.1%)

Birth weight (grams) 3,310 (2,995–3,560) 3,445 (3,145–3,750) <0.001

Gestational age (weeks) 39.1 (38.7–39.7) 40.4 (39.4–41.3) <0.001

Birth weight centile 49 (25–70) 44 (24–66) 0.22

Birth weight centile category 0.32

SGA 12 (7%) 332 (9%)

AGA 158 (88%) 3,199 (86%)

LGA 9 (5%) 168 (5%)

Missing 0 (0%) 1 (<0.1%)

MOD <0.001

Spontaneous vaginal cephalic 11 (6.1%) 1,885 (50.9%)

Instrumental vaginal cephalic 8 (4.5%) 928 (25.1%)

Elective cesarean section 110 (61.5%) 141 (3.8%)

Emergency cesarean section 50 (27.9%) 735 (19.9%)

Missing 0 (0%) 11 (0.3%)

Abbreviations: AGA, appropriate for gestational age; FTE, full-time education; LGA, large for gestational age; MOD, mode of delivery; POP, Pregnancy Outcome

Prediction; SGA, small for gestational age.

Statistics are presented as n (%) for binary outcomes and median (interquartile range) for continuous variables. The "Missing" category was not included in statistical

tests. For variables without a "Missing" category, data were 100% complete. P values are reported for the difference between groups using the two-sample Wilcox rank-

sum test for continuous variables and the Pearson Chi-square test for categorical variables, with trend test as appropriate (i.e., for deprivation quartile and birth weight

centile category).

https://doi.org/10.1371/journal.pmed.1002778.t002
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£7.29 (95% CrI: 2.41–11.61). Across England, this means that universal ultrasound would cost

£4.27 million more annually than current practice. The increase stems from higher costs of

ultrasound scan (£20.3 per person) and ECV (£3.6 per person) but is partly offset by the lower

delivery costs (−£16.5 per person). The distribution of differences in costs between the two

strategies is shown as Supporting information, S2 Fig. The simulation shows that universal

ultrasound would, on average, increase the number of total ELCS deliveries by 8,858 (95% CrI:

7,662–10,068) but decrease the number of EMCS and vaginal breech deliveries by 4,196 (95%

CrI: 2,779–5,603) and 6,061 (95% CrI: 6,617–8,670) per year, respectively.

The long-term health outcomes are presented in Table 4. Nationwide, universal ultrasound

would be expected to lower mortality by 7.89 cases annually (95% CrI: 3.71, 12.7). After dis-

counting, this means that universal ultrasound would be expected to yield 192 QALYs annu-

ally (95% CrI: 90,308). The cost effectiveness of universal ultrasound depends on the value

assigned to these QALYs. The incremental cost effectiveness ratio (ICER) was £23,611 (95%

Table 3. MOD by presentation and response to ECV for POP study participants with breech presentation at 36-week scan (n = 179).

ECV status Vaginal ELCS EMCS Total

ECV successful 8 1 3 12

ECV unsuccessful 0 54 18 72

ECV not offered� 1 17 5 23

ECV discussed but declined 1 32 12 45

ECV accepted but not performed† 9 5 11 25

Missing 0 1 1 2

Total 19 110 50 179

Abbreviations: ECV, external cephalic version; ELCS, elective cesarean section; EMCS, emergency cesarean section; MOD, mode of delivery.

�Eighteen women were contraindicated due to low AFI at screening, 2 for uterine abnormalities, and 3 for other reasons.

†Seventeen babies turned spontaneously, 6 had reduced AFI on the day of the ECV, and 2 went into labour before ECV.

https://doi.org/10.1371/journal.pmed.1002778.t003

Table 4. Simulated cost and MOD distribution for universal ultrasound and no ultrasound.

Universal ultrasound Selective ultrasound Difference

(per patient)

Difference

(total population)

Total cost 2,956.59 2,949.30 7.29 4,268,004

Screening cost 20.70 0.43 20.27 11,867,159

ECV cost 6.52 2.94 3.57 2,093,048

Delivery cost 2,927.78 2,944.31 −16.53 −9,679,396

Mortality cost 1.59 1.62 −0.02 −12,806

Vaginal cephalic 0.6850 0.6826 0.0024 1,399

ELCS cephalic 0.0442 0.0441 0.0001 84

EMCS cephalic 0.2321 0.2305 0.0016 918

VB 0.0007 0.0110 −0.0104 −6,061

ELCS breech 0.0273 0.0123 0.0150 8,774

EMCS breech 0.0107 0.0194 −0.0087 −5,115

Total mortality 0.000982 0.000995 −0.000013 −7.89

Total QALY 24.27615 24.27582 0.000327 191.73

Abbreviations: ECV, external cephalic version; ELCS, elective cesarean section; EMCS, emergency cesarean section; MOD, mode of delivery; QALY, quality-adjusted

life years; VB, vaginal breech.

Costs (£) are presented per patient, except in column for ‘total population’ (n = 585,489).

https://doi.org/10.1371/journal.pmed.1002778.t004
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CrI: 8,184, 44,851), which is of borderline cost effectiveness (given NICE’s willingness to pay

of £20,000 to £30,000) [38]. The number needed to scan per prevented mortality was 74,204

(95% CrI: 46,124–157,642).

One-way sensitivity analysis showed that the probability parameter with the greatest impact

upon the cost effectiveness of universal ultrasound was the prevalence of breech: increasing

this parameter by 1 percentage point was associated with a relative reduction of costs for uni-

versal ultrasound by £3.07. The results were less sensitive to the ECV success rate; an increase

by 1 percentage point led to a relative reduction in the cost of universal ultrasound by £0.12.

The most important cost parameter was the unit cost of ultrasound scan; an increase in this

parameter by £10 led to a relative increase for universal ultrasound by £9.79 (see Supporting

information, S3 Fig). Keeping all other parameters equal, universal ultrasound would be cost

effective if ultrasound scanning could be provided for less than £19.80 or £23.10 per mother,

for a willingness-to-pay threshold of £20,000 or £30,000, respectively. For universal ultrasound

to be cost saving, scans would need to cost less than £12.90 per mother.

Discussion

In a prospective cohort study of>3,800 women having first pregnancies, a presentation scan

at approximately 36 wkGA identified the 4.6% of women who had a foetus presenting by the

breech, and for more than half of these, breech presentation had not previously been clinically

suspected. The majority of these women were ultimately delivered by planned cesarean sec-

tion, some experienced labour before their scheduled date and were delivered by EMCS, and a

small proportion had a cephalic vaginal delivery following either spontaneous cephalic version

or ECV. No woman in the cohort had a vaginal breech delivery or experienced an intrapartum

cesarean for undiagnosed breech. The low uptake of vaginal breech birth is likely to reflect the

fact that this is a nulliparous population, and it is generally accepted that the risks associated

with vaginal breech delivery are lower in women who have had a previous normal birth.

Our economic analysis suggests that a universal late-pregnancy presentation scan would

decrease the number of foetal mortalities associated with breech presentation and that this is

of borderline cost effectiveness, costing an estimated £23,611 per QALY gained. The key driver

of cost effectiveness is the cost of the scan itself. In the absence of a specific national unit cost,

we have identified the maximum cost at which it would be cost effective. This is £19.80 per

scan to yield an ICER of £20,000 per QALY and £23.10 at £30,000. These unit costs may be

possible if assessment of presentation could be performed as part of a routine antenatal visit.

Portable ultrasound systems adequate for presentation scans are available at low cost, and a

presentation scan is technically quite simple, so the required level of skill could be acquired by

a large cadre of midwives. This would result in a small fraction of the costs associated with a

trained ultrasonographer performing a scan in a dedicated space using a high-specification

machine. If universal ultrasound could be provided for less than £12.90 per scan, the policy

would also be cost saving.

Our sensitivity analysis shows that the unit cost of ultrasound scans and the prevalence of

breech presentation were by far the biggest determinants of the cost and cost effectiveness of

universal ultrasound. The detection rate with abdominal palpation (i.e., for selective ultra-

sound) is the most important parameter aside from these. By contrast, the costs, attempt, and

success rates for ECV have modest impact upon the choice of scanning strategy. It appears

that the main short-term cost benefit from late-pregnancy screening lies in the possibility of

scheduling ELCSs when breech presentation is detected, rather than turning the baby into a

cephalic position.

Cost effectiveness of universal ultrasound screening for breech presentation in late pregnancy

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002778 April 16, 2019 11 / 16

https://doi.org/10.1371/journal.pmed.1002778


This analysis may have underestimated the health benefits of universal late-pregnancy

ultrasound. In the absence of suitable data on long-term outcomes by MOD and foetal presen-

tation, we made the simplifying assumption that mortality rates were equal for ELCSs and

EMCSs. Relaxing this assumption would likely favour universal ultrasound, as this strategy

would reduce EMCSs, and these are associated with higher risks of adverse outcomes than

ELCSs [41–44]; on top of health benefits, this may also reduce long-term NHS costs. It is also

possible that an EMCS for a known breech presentation is less expensive and has better health

outcomes than one for which breech is detected intrapartum, although lack of separate data

for these two scenarios prevented us from pursuing this analysis further.

Our analysis shows that universal late-pregnancy ultrasound screening would increase total

number of cesarean sections. Evidence suggests that cesarean delivery may have long-term

consequences on the health of the child (increased risk of asthma and obesity), the mother

(reduced risk of pelvic organ prolapse and increased risk of subfertility), and future pregnan-

cies (increased risk of placenta previa and stillbirth) [45,46]. There is no evidence that these

are related to the type of the cesarean section (elective versus emergency) [45,46]. Our eco-

nomic modelling has not been able to capture these complex effects due to the model’s end-

points and the focus on the current pregnancy only. However, accounting for these effects, it

seems plausible that universal late-pregnancy ultrasound would be more favourable for moth-

ers than children or future pregnancies.

Our results are also driven by vaginal delivery yielding worse long-term health outcomes

than ELCS for breech presentation [1]. However, even though the rate of vaginal breech birth

declined after the Term Breech Study, in many cases, the outcomes are not inferior to that of

ELCS, and the RCOG guidelines state that vaginal breech delivery may be attempted following

careful selection and counselling [1,3,47]. It is hard to assess how an increase in vaginal breech

delivery would affect the cost effectiveness of universal ultrasound; while decreased mortality

risk from vaginal breech delivery would decrease the importance of knowing the foetal presen-

tation, universal screening would facilitate selection for attempted vaginal breech delivery.

One limitation of this study is that foetal presentation was revealed to all women in the

POP study. Consequently, this study cannot say what would have happened without routine

screening. However, we felt that it was appropriate to reveal the presentation at the time of the

36-wkGA scan, as there is level 1 evidence that planned cesarean delivery reduces the risk of

perinatal morbidity and mortality in the context of breech presentation at term [44]. Another

weakness was that the study was being undertaken in a single centre only and that the sample

size was too small to avoid substantial parameter uncertainty for rare events. Moreover, less

than half of all breech presentations in the POP study were detected by abdominal palpation.

It is unclear whether the detection rates were affected by midwives knowing that the women

were part of the POP study and, hence, would receive an ultrasound scan at 36 wkGA.

The prevalence of breech presentation in this study (4.6%) appears higher than the 3%–4%

that is often reported in literature [1]. However, this study is unique in that it reports the prev-

alence at the time of ultrasound scanning, approximately 36 wkGA. Taking into account the

number of spontaneous reversions to cephalic and that some cases of successful ECV may

have turned spontaneously without intervention, our finding is consistent with the literature.

The ECV success rate in the POP study was considerably lower than reported elsewhere in the

literature; it was even lower than the 32% success rate that has been reported as the threshold

level for when ECV is preferred over no intervention at all [48]. This might partly reflect the

participants in the POP study; they were older and more likely to be obese than in many previ-

ous studies, and the cohort consisted of nulliparous women, who have higher rates of ECV fail-

ure than parous women [9,49,50]. It is also possible that the real-world ECV success rate is

lower than in the literature due to publication bias. However, sensitivity analysis indicates that
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the impact from an increased ECV success rate would be modest (an increase in ECV success

rate by 10 percentage points lowers the incremental cost of universal ultrasound by £0.91 per

patient).

The findings from this study cannot easily be transferred to another health system due to

the differences in healthcare costs and antenatal screening routines. Some countries, e.g.,

France and Germany, already offer a third-trimester routine ultrasound scan. However, these

scans are offered prior to 36 wkGA, and as many preterm breech presentations revert sponta-

neously, it would have limited predictive value for breech at term [51]. Whether screening for

breech presentation in lower-income settings is likely to be cost effective largely depends on

the coverage of the healthcare system; while screening may be relatively more costly, the bene-

fits from avoiding undiagnosed breech presentation may also be relatively larger.

Whether the findings of this study could be extrapolated beyond nulliparous women is

hard to assess. The absence of comparable data on screening sensitivity without universal

ultrasound for parous women is an important limitation. The risks associated with breech

birth also differ between nulliparous and parous women [52,53]. Compared to nulliparous

women, parous women have higher success rates for ECV but also higher risk of spontaneous

reversion to breech after 36 wkGA [9,28]. Also, the risks associated with vaginal breech deliv-

ery are lower in women who have had a previous vaginal birth [30].

Breech presentation is not the only complication that could be detected through late-preg-

nancy ultrasound screening. The same ultrasound session could also be used to screen for

other indicators of foetal health, such as biometry and signs of growth restriction. Whether

also scanning for other complications could increase the benefits from universal ultrasound

has been and currently is subject to research [54,55]. Exploring the consequences from such

joint screening strategies goes beyond the scope of this paper but has important implications

for policy-makers and should therefore be subject to further research.

Conclusion

This study shows that implementation of universal late-pregnancy ultrasound to assess foetal

presentation would virtually eliminate undiagnosed intrapartum breech presentation in nul-

liparous women. If this procedure could be implemented into routine care, for example, by

midwives conducting a routine 36-wkGA appointment and using a portable ultrasound sys-

tem, it is likely to be cost effective. Such a programme would be expected to reduce the conse-

quences to the child of undiagnosed breech presentation, including morbidity and mortality.
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Objective To identify the most cost-effective policy for detection

and management of fetal macrosomia in late-stage pregnancy.

Design Health economic simulation model.

Setting All English NHS antenatal services.

Population Nulliparous women in the third trimester treated

within the UK NHS.

Methods A health economic simulation model was used to

compare long-term maternal–fetal health and cost outcomes for

two detection strategies (universal ultrasound scanning at

approximately 36 weeks of gestation versus selective ultrasound

scanning), combined with three management strategies (planned

caesarean section versus induction of labour versus expectant

management) of suspected fetal macrosomia. Probabilities, costs

and health outcomes were taken from literature.

Main outcome measures Expected costs to the NHS and quality-

adjusted life-years (QALYs) gained from each strategy, calculation

of net benefit and hence identification of most cost-effective

strategy.

Results Compared with selective ultrasound, universal ultrasound

increased QALYs by 0.0038 (95% CI 0.0012–0.0076), but also
costs by £123.50 (95% CI 99.6–149.9). Overall, the health gains

were too small to justify the cost increase given current UK

thresholds cost-effective policy was selective ultrasound coupled

with induction of labour where macrosomia was suspected.

Conclusions The most cost-effective policy for detection and

management of fetal macrosomia is selective ultrasound scanning

coupled with induction of labour for all suspected cases of

macrosomia. Universal ultrasound scanning for macrosomia in

late-stage pregnancy is not cost-effective.

Keywords Economic modelling, health economics, macrosomia,

pregnancy, screening, third-trimester, ultrasound.

Tweetable abstract Universal late-pregnancy ultrasound screening

for fetal macrosomia is not warranted.

Linked article This article is commented on by BD Einerson,

p. 1251 in this issue. To view this mini commentary visit

https://doi.org/10.1111/1471-0528.15851.
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Introduction

The detection and management of macrosomia, i.e. exces-

sive fetal growth, poses a challenge to maternity care.

Macrosomia is associated with increased perinatal mortality

and morbidity, e.g. shoulder dystocia leading to brachial

plexus injury, as well as increased risk of maternal

morbidity.1–3 The definition of macrosomia varies, but is

usually defined as a birthweight >4000 or >4500 g. It is dif-

ferentiated from, but closely related to, the concept of

large-for-gestational-age, which is a relative measure:

weight greater than the 90th centile for a given gestational

age.1,4 Macrosomia can only be definitively diagnosed by

weighing the infant following delivery. However,
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ultrasound scans can be used to estimate the fetal weight

antenatally, although this approach is known to have low

predictive value.1 There is no general agreement on how to

manage macrosomia if it is suspected following ultra-

sound.1,4–6 Possible interventions include scheduling an

elective Caesarean section (CS), or early induction of

labour. However, uncertainty regarding the clinical effec-

tiveness of these interventions persists.1,5 Furthermore, if

given without clinical need, intervention may cause unnec-

essary harm, e.g. neonatal respiratory morbidity, and the

increased maternal risks of CS.1,4,7,8

There is currently no national programme that couples

screening for macrosomia with a proven, disease-modifying

intervention.4,9 Currently, clinical examination of third-tri-

mester pregnancies does not routinely include ultrasound,

but women may be selected for ultrasound scanning fol-

lowing clinical suspicion of macrosomia (selective ultra-

sound). An alternative approach would be to prospectively

scan all women for macrosomia (universal ultrasound) at

around 36 weeks of gestation, but whether the benefits of

such an approach would justify the increased costs and risk

of harmful interventions is unclear. A previous study

showed only modest health benefits from universal ultra-

sound, and the cost for every prevented severe adverse out-

come was too high to justify routine scanning.10 However,

this study is now over 20 years old and only considered

one management strategy for suspected macrosomia: deliv-

ery by planned CS. Following recent research and changes

in obstetric care, we sought to re-evaluate the case for uni-

versal ultrasound screening for macrosomia.11

In this study, we identify the most cost-effective strategy

for detection and management of macrosomia in late preg-

nancy among nulliparous women in the setting of the UK

National Health Service (NHS).

Methods

Model structure
The scope of this model was limited to screening for

macrosomia rather than any other complication of preg-

nancy. To compare the cost-effectiveness of different poli-

cies for detection and management, we constructed a

decision tree simulation model using R (Figure 1).12–14

Each policy had two components: one for the detection of

macrosomia, and one for the management of suspected

macrosomia. The detection strategy was either universal

ultrasound in the third trimester (around 36 weeks of ges-

tation), or selective ultrasound, i.e. clinical examination

through abdominal palpation, where ultrasound would be

offered only where macrosomia was suspected. The man-

agement strategy for suspected macrosomia was either to

schedule an elective CS (Planned CS), induce labour

(Induction), or expectant management awaiting

spontaneous labour onset. If macrosomia was not sus-

pected, expectant management was used. There are there-

fore a total of six discrete detection/management policies.

The model structure for detection and management for

macrosomia is shown in Figure 1(A). Four different screen-

ing statuses were possible: true positives, false negatives,

false positives and true negatives. The likelihood of each

state was driven by the sensitivity and specificity of the test

used for detection, as well as the prevalence of macrosomia.

When macrosomia was suspected, the pregnancy was man-

aged according to the management strategy being evalu-

ated: planned CS, induction of labour, or expectant

management. If macrosomia was not suspected, it was

assumed that vaginal delivery would be attempted, with a

risk of emergency CS. To accurately capture the conse-

quences of a false-positive diagnosis of macrosomia, we

distinguished between expectant management when macro-

somia was suspected or not suspected; suspected macroso-

mia increased the risk of Caesarean delivery following

expectant management.8

Five neonatal delivery outcomes were possible: No com-

plications, Respiratory morbidity, Shoulder dystocia, Other

acidosis (i.e. acidosis not induced by shoulder dystocia)

and perinatal mortality. Their respective likelihoods were

affected by both screening and management strategies (see

below). The fetal delivery outcomes were then extrapolated

into long-term costs and quality-adjusted life-years

(QALYs) through the model shown in Figure 1.

Model inputs

Probabilities
For each adverse outcome (respiratory morbidity, shoulder

dystocia, other acidosis and mortality), we obtained the

baseline risk of that outcome; i.e. the risk if infant was a

non-large and non-induced neonate with vaginal delivery.

We then multiplied this risk with the relative risk of each

present risk factor (macrosomia, induction, delivery

through elective CS and delivery through emergency CS).

For technical details, see Supplementary material

(Appendix S1).

Model input parameters are shown in the Supplementary

material (Table S1). Values were identified from literature

by AM and DW, prioritising values from systematic reviews

and UK data where possible. Ideally, every input should be

based upon a systematic review, reflecting current state of

knowledge. However, resources only permitted identifica-

tion of suitable data, rather than performing a meta-analy-

sis. For this reason, sources that provided a distribution for

the likely parameter values were prioritised, so that the

overall uncertainty associated with this parameter could be

assessed through probabilistic sensitivity analysis.15 Where

multiple sources were available the source was chosen by
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consensus or through arbitration by GS. Where no credible

values for a model parameter could be identified from the

literature, AM and GS identified lower and upper limits to

the value that the parameter could reasonably assume; the

model then sampled input values from this interval using a

uniform distribution.

Macrosomia was defined as estimated fetal weight ≥90th
centile, i.e. the same as large-for-gestational-age. The sensi-

tivity and specificity for detection of macrosomia, as well

as the prevalence of macrosomia, were taken from the POP

study, a prospective cohort study of unselected nulliparous

women in which all women had fetal biometry at 36 weeks

of gestation, where the result of the scan was blinded.16,17

Using data from this study allowed for a comparison

between diagnostic performance of universal and selective

ultrasound. Detection with selective ultrasound was based

upon clinical suspicion before 36 weeks of gestation follow-

ing measurement of symphyseal–fundal height, and con-

firmed with a clinically indicated ultrasound.17 The baseline

risk of each adverse outcome was defined as the risk for a

normal-size neonate, where labour was not induced and

resulted in a vaginal delivery. We used odds ratios from

the literature when directly presented, otherwise we calcu-

lated unadjusted odds ratios from prevalence data.18 Odds

ratios were assumed to be log-normally distributed.

Long-term outcomes
Unit costs and health state utilities are shown in the Sup-

plementary material (Table S1). The average costs for

induction of labour and respiratory morbidity were calcu-

lated from the NHS reference costs (see Supplementary

material, Appendix S2).19 Brachial plexus injury could be

either transient or permanent, this was modelled using a b
distribution.20 We assumed that brachial plexus injury

would require the same resource usage as reported by Cul-

ligan et al., and obtained the costs for these resources from

the NHS reference costs (see Supplementary material,

Appendix S2).19,21 We assumed that all cases of nonsevere

asphyxia would be treated in the neonatal unit for 1–
3 days, but that no additional costs would accrue beyond

this. To estimate the long-term outcomes from ‘severe

anoxic brain damage’, we made the simplifying assumption

that the costs, consequences and likelihood mirrored those

of neonatal encephalopathy. Evidence shows that providing

therapeutic hypothermia reduces the likelihood of adverse

outcomes from neonatal encephalopathy, and this treat-

ment is routine clinical practice.22,23 We assumed that all

cases of neonatal encephalopathy would receive therapeutic

hypothermia, and adjusted costs and consequences from

neonatal encephalopathy accordingly; for this reason, we

reduced the likelihood of mortality and severe anoxic brain

damage following asphyxia by 11.1%.24 The costs from sev-

ere anoxic brain damage included hospital- and commu-

nity-care costs for all survivors in the cooled group as

reported by Regier et al.;22 the hospital costs were for the

first 18 months only, but we assumed that the community-

care costs after discharge would accrue annually for the

entirety of the model’s time horizon. We made the simpli-

fying assumption that the cost of death would be the same

regardless of reason.

Quality-adjusted life-years combine the utility of a

health-state with its duration, where utility is based upon

quality of life (QOL). Quality of life can be expressed as a

numeric value, where 1 is equivalent to full health and 0 is

equivalent to death.25,26 Maternal QALYs were based upon

the mode of delivery, and QOL weights were obtained

from Petrou et al.;27 these QOL weights were derived using

EQ-5D, as recommended by NICE.28,29 For surviving

Figure 1. Structure of simulation model. The figure shows the model structure, from screening to long-term health outcomes. Part A (left) shows

the pathway from screening to the mode of delivery. When macrosomia is suspected (‘T+’), the mode of delivery depends on the management

strategy as shown in part B (middle). Part C (right) shows the different delivery outcomes, and their associated long-term outcomes. BPI, brachial

plexus injury; D+, disease-positive; D�, disease-negative; T+, test-positive; T�, test-negative.
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infants, we calculated the expected QALYs based upon the

assumptions above; per definition, fetal QALYs were zero

for death.

Model scope
The expected cost and QALYs gained from six different

policies for screening and management of macrosomia were

calculated over a 20-year time horizon. Costs and QALYs

were discounted by 3.5% annually, as recommended by

NICE.29 Probabilistic sensitivity analysis was used to cap-

ture the overall effect of uncertainty in the model parame-

ters. Costs associated with potential litigation claims or

potential effects upon subsequent pregnancies were not

included. Results were based upon 100 000 simulations and

results presented as expected values, incremental cost and

QALYs, incremental cost-effectiveness ratios (ICERs) (the

ratio of incremental cost to incremental QALYs), and net

benefits (defined as QALYs multiplied by the willingness to

pay [WTP] for a QALY less the cost). The WTP per QALY

threshold was assumed to be £20,000 (the lower of NICE’s

stated thresholds).29 Decision uncertainty is illustrated

using cost-effectiveness acceptability curves.29,30 The mod-

el’s sensitivity towards key parameters was explored

through one-way sensitivity analysis (see Supplementary

material, Appendix S4). Given the paucity of data relating

to maternal quality of life, an additional scenario was con-

ducted including neonatal QALYs alone. Further scenarios

explored the impact of assigning zero additional costs for

induction of labour, and assuming that induction of labour

is cost saving (due to reduced antenatal assessments).29,30

All costs are from the third-party payer (i.e. NHS) perspec-

tive, and the price year is 2016/17. Costs from other years

were inflated to the price year of the analysis using the

Hospital & Community Health Services index.31 As this is

a secondary analysis/synthesis of existing data, no patients

nor the public were involved in the study.

Results

The expected costs and QALYs for each policy are shown

in Table 1. The least expensive option is selective ultra-

sound with expectant management and the most expensive

option is universal ultrasound with planned CS. The least

effective option (in terms of QALYs gained) is universal

ultrasound with planned CS and the most effective option

is universal ultrasound with induction of labour. Three

strategies (selective US + planned CS, universal ultrasound

+ expectant management, and universal ultrasound +
planned CS) are dominated or extended-dominated by

other strategies. Taking into account the balance between

costs and outcomes (and with a WTP threshold of £20,000
per QALY), the most cost-effective strategy is selective

ultrasound plus induction of labour where macrosomia is

suspected. Although universal ultrasound plus induction is

expected to yield marginally greater QALYs (+0.002), the
added cost (+£113) yields an ICER of £52,719. This is

above the threshold and is not, therefore, cost-effective.

The expected distribution of mode of delivery and neonatal

delivery outcomes is detailed in the Supplementary material

(Appendix S3 and Table S2).

We investigated the value of universal ultrasound alone

by comparing the results for universal and selective ultra-

sound when using the same management strategy. When

the management strategy was planned CS, universal ultra-

sound was associated with a cost increase of £123.50 (95%

CI £99.60–£149.90), and a QALY increase of 0.0038 (95%

CI 0.0012–0.0076). The ICER for this strategy was £35,755
(95% CI £15,962–£98,506). The comparable ICERs for

induction of labour and expectant management were even

higher, indicating that universal ultrasound screening is

unlikely to be cost-effective.

The probability of each policy being the most cost-effec-

tive as a function of the WTP threshold is shown by the

cost-effectiveness acceptability curves (Figure 2). Selective

ultrasound coupled with induction of labour for suspected

macrosomia had the greatest chance of being cost-effective

for NICE’s recommended thresholds of £20,000–£30,000
per QALY.29 Sensitivity analysis showed that the choice of

policy was most sensitive towards the specificity of ultra-

sound (both universal and selective), maternal QOL for

delivery through elective CS, and the prevalence of macro-

somia (see Supplementary material, Appendix S4 and

Table S3). Although influential, the cost of ultrasound

screening alone appears insufficient to determine whether

universal screening would be cost-effective; analysis showed

that if other parameters remained unchanged, universal

ultrasound would only be cost-effective if the cost of ultra-

sound was £26.56 or lower.

Excluding maternal QALYs from the analysis, selective

ultrasound plus planned CS was the preferred management

strategy, compared with induction of labour, under the

base case (see Supplementary material, Table S4). No other

assumptions tested in the alternative scenarios affected the

conclusions; selective ultrasound with induction of labour

remained the preferred strategy for all other scenarios.

Discussion

Main findings
This study has compared the cost-effectiveness of different

policies for detection and management of fetal macrosomia

in late-stage pregnancy among nulliparous women. The

most cost-effective policy was selective ultrasound coupled

with induction of labour for all cases of suspected fetal

macrosomia. Although universal ultrasound scanning leads

to higher identification of suspected macrosomia, this only
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translates into modest improvements of overall long-term

health outcomes, which are not justified by the added cost

of the ultrasound scan. The expected health gain (0.003

QALYs over 20 years) is small because of both the low risk

of severe neonatal outcomes resulting from undiagnosed

macrosomia and the risk of interventions themselves caus-

ing harm.

Where macrosomia is suspected following ultrasound

scanning, intervention is generally preferred to awaiting

spontaneous labour onset. Although currently subject to

further research,32 this study found that induction of

labour is the preferred intervention. However, it is worth

noting that from the infant’s perspective alone, the best

option is an elective CS (see Supplementary material,

Table S4, scenario ‘Maternal QALYs excluded’).

Universal (rather than selective) ultrasound coupled with

induction of labour has the potential to be the most cost-

effective policy, but only at very high valuations of health

Table 1. Expected costs and QALYs per screening and management strategy

Strategy Cost (95% CI) QALY (95% CI)* ICER NMB (95% CI)

Selective ultrasound + expectant 2821 (2409–3236) 27.441 (27.262–27.621) — 546 007 (542 803–549 204)

Selective ultrasound + induction 2826 (2412–3242) 27.446 (27.267–27.626) 904 546 098 (542 890–549 298)

Selective ultrasound + planned CS 2833 (2436–3230) 27.417 (27.244–27.588) Dominated 545 501 (542 424–548 561)

Universal ultrasound + expectant 2933 (2502–3366) 27.441 (27.261–27.621) Dominated 545 884 (542 695–549 070)

Universal ultrasound + induction 2939 (2506–3374) 27.448 (27.268–27.628) 52 719 546 028 (542 829–549 214)

Universal ultrasound + planned CS 2955 (2549–3360) 27.396 (27.224–27.565) Dominated 544 956 (541 919–547 978)

NMB, net monetary benefit.

Options ordered from lowest to highest expected cost. ICERs calculated beginning with least expensive option, and comparing with next most

expensive, non-dominated option; a policy was dominated/extended-dominated if any other policy or weighted average of two policies was

associated with both lower costs and higher QALYs. Net monetary benefit (NMB) was calculated using a WTP threshold of £20,000; higher NMB

value means greater cost-effectiveness. Option with the highest expected net monetary benefit highlighted in bold. All costs and NMB are given

in pounds sterling (£).
*The maximum QALYs for two people over 20 years, discounted at 3.5%, is 29.42.

Figure 2. Cost-effectiveness acceptability curve for policies for detection and management of fetal macrosomia. Cost-effectiveness acceptability

curve showing the chance of each policy of being the most cost-effective for different levels of WTP. Policies with universal ultrasound are shown as

dashed lines and selective ultrasound as solid. Higher values for WTP imply a higher valuation of a QALY. The conventional WTP threshold for cost-

effectiveness is £20,000–£30,000 (marked in figure).29
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gain: the small added benefit does not currently justify the

cost. Sensitivity analysis shows that the relative cost-effec-

tiveness of the policies is sensitive to changes in the cost of

ultrasound scanning, as well as the costs of CS and induc-

tion of labour, and the sensitivity and specificity of ultra-

sound scanning. Hence, if the cost of the scan falls

substantially in the future, a universal scanning policy

could be cost-effective; analysis shows that this would hap-

pen at a cost below £26.56 (a cost reduction of 74.4%).

Further, macrosomia is not the only fetal complication that

can be assessed through ultrasound screening, so when

combined with a scan for other anomalies, such as breech

presentation, the marginal cost of detecting macrosomia

may be sufficiently low to render the overall policy cost-

effective. However, further work is needed to explore this.

Strengths and limitations
The strength of this study is that it evaluates strategies for

both detection and management of fetal macrosomia

jointly. There has been a lack of studies evaluating screen-

ing strategies coupled with clear evidence-based interven-

tions. Economic modelling allows us to estimate how

neonatal and maternal health outcomes would be affected

if ultrasound screening were to be routinely implemented

in clinical practice. However, the robustness of the conclu-

sions is only as strong as the data available to inform them.

Indeed, many parameters were informed by a single study,

and where no data were available we relied on expert opin-

ion. Critically, as a part of this process we elicited a range

of plausible values to represent the inherent uncertainty.

The probabilistic sensitivity analysis incorporates this

uncertainty to determine how much it affects the overall

results.

We have limited our analysis to nulliparous women. It is

unclear whether our findings could be extended to parous

women as well, especially given the absence of data on

screening performance for universal and selective ultra-

sound for this group. The economic modelling also relies

upon simplifying assumptions regarding the long-term out-

comes from the mode of delivery and fetal delivery out-

comes and did not take account of alterations to planned

place of birth following ultrasound. The interplay between

fetal macrosomia and long-term outcomes may be too

complex to capture entirely within our model; macrosomia

can lead to more complications than those explored in this

analysis. However, in the absence of more detailed data on

many of these complications, this model is still based upon

the best current understanding of macrosomia and its con-

sequences.

The probability of delivery outcomes in this analysis

relied upon the assumption of no interaction between

macrosomia and the intervention. In reality, this assump-

tion may not hold perfectly; for example, elective CS may

yield a greater relative risk reduction for babies with

macrosomia. However, data limitations made the assump-

tion necessary in order to model the relevant outcomes,

especially given the many different sources used for param-

eters. Also, the relative risks associated with both macroso-

mia and interventions were included in the analysis, even

though interactions were not modelled.

Interpretations
Our conclusion that universal ultrasound screening for fetal

macrosomia is not cost-effective aligns with previous find-

ings for macrosomia management based upon ultrasound

screening.10 Universal ultrasound screening strategies were

less cost-effective than selective ultrasound for all scenarios.

Our analysis demonstrated that universal ultrasound is

associated with improved health outcomes, but that these

gains are too small to justify its added cost.

This analysis is based in a UK NHS setting. The results

will be generalisable to other settings with similar manage-

ment policies and relative costs: current UK practice is to

offer a scan at first and second trimesters but to only offer

late-pregnancy scans where clinically indicated (our ‘selec-

tive ultrasound’ policy). Many European countries perform

a third scan around 32 weeks.33 Diagnostic effectiveness at

32 weeks for predicting complications related to macroso-

mia at delivery is likely to be poorer than at the 36–
37 weeks assumed in our analysis, given the longer interval

between the scan and time of birth.16 This would suggest

that earlier scans are even less likely to be cost-effective.

As stated above, the impact of CS on maternal QOL was

a key driver of the results. To the best of our knowledge,

the study by Petrou et al.27 is the only study that reports

maternal QOL as a function of the mode of delivery, using

an adequate time horizon and a measure for QOL recom-

mended by NICE.29 However, it reported lower QOL for

women who underwent elective CS than their counterparts

who delivered through emergency CS, a finding that

appears counterintuitive. If maternal QOL had been higher

following elective CS than emergency CS, the economic

analysis would have been more favourable towards policies

with planned CS. Against this should be weighted the

research that has shown that CS is associated with

increased risk of a range of complications in subsequent

pregnancies.34–36 These risks are not captured in our simu-

lation model because the perspective was for the current

pregnancy, but implies that managing suspected macroso-

mia through planned CS may be more detrimental than

suggested in this analysis.

This analysis has compared interventions based upon

suspicion of macrosomia alone. However, in clinical prac-

tice more factors influence antenatal management than just

whether ultrasound screening indicates fetal macrosomia.

This analysis offers valuable information for policymaking,
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but it does not rule out the use of planned CS or expectant

management in individual cases.

Conclusion

Universal ultrasound scanning in the third trimester is not

cost-effective at detecting macrosomia in nulliparous

women at current UK cost-effectiveness threshold limits. If

fetal macrosomia is suspected following ultrasound, induc-

tion of labour is likely to be the most cost-effective man-

agement option.

The conclusions are based on a single scan for macroso-

mia alone. A strategy that combines scanning for macroso-

mia with other conditions, e.g. breech presentation (and

growth restriction), might be cost-effective. Future research

should focus on whether joint screening for multiple fetal

complications would be cost-effective, as well as on the

long-term health consequences from delivery outcomes,

especially how maternal health is affected by the mode of

delivery.
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Economic Evaluation
Late Pregnancy Ultrasound to Screen for and Manage Potential Birth
Complications in Nulliparous Women: A Cost-Effectiveness and Value of
Information Analysis

Edward C.F. Wilson, PhD, David Wastlund, MSc, Alexandros A. Moraitis, MSc, Gordon C.S. Smith, DSc
1098-30
A B S T R A C T

Background: Fetal growth restriction is a major risk factor for stillbirth. A routine late-pregnancy ultrasound scan could help
detect this, allowing intervention to reduce the risk of stillbirth. Such a scan could also detect fetal presentation and predict
macrosomia. A trial powered to detect stillbirth differences would be extremely large and expensive.

Objectives: It is therefore critical to know whether this would be a good investment of public research funds. The aim of this
study is to estimate the cost-effectiveness of various late-pregnancy screening and management strategies based on current
information and predict the return on investment from further research.

Methods: Synthesis of current evidence structured into a decision model reporting expected costs, quality-adjusted life-years,
and net benefit over 20 years and value-of-information analysis reporting predicted return on investment from future clinical
trials.

Results: Given a willingness to pay of £20 000 per quality-adjusted life-year gained, the most cost-effective strategy is a
routine presentation-only scan for all women. Universal ultrasound screening for fetal size is unlikely to be cost-effective.
Research exploring the cost implications of induction of labor has the greatest predicted return on investment. A
randomized, controlled trial with an endpoint of stillbirth is extremely unlikely to be a value for money investment.

Conclusion: Given current value-for-money thresholds in the United Kingdom, the most cost-effective strategy is to offer all
pregnant women a presentation-only scan in late pregnancy. A randomized, controlled trial of screening and intervention to
reduce the risk of stillbirth following universal ultrasound to detect macrosomia or fetal growth restriction is unlikely to
represent a value for money investment.

Keywords: economic evaluation, pregnancy, third trimester, ultrasound, value of information analysis.
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Introduction

Complications of pregnancy, both to mother and baby, are a
major determinant of the Global Burden of Disease.1 Stillbirth,
defined as the baby born dead at 24 weeks gestational age or later,
is a major contributor to this: there was a total of 2689 stillbirths
in England and Wales in 2018, equating to approximately 0.4% of
all births.2 Fetal growth restriction (FGR) occurs when the baby
fails to achieve its genetically determined growth potential, and it
is a major risk factor for stillbirth.3 It is possible that offering a
routine ultrasound scan to every mother in late pregnancy
(around 36 weeks gestational age) could help detect FGR, allowing
intervention to reduce the risk of stillbirth. Furthermore, an ul-
trasound scan has the potential to detect other conditions that
place the pregnancy at risk, such as macrosomia (birthweight .4
kg) and fetal presentation (cephalic or breech).
15/$36.00 - see front matter Copyright ª 2020, ISPOR–The Professional So
Under current guidelines in England and the rest of the United
Kingdom,4,5 an ultrasound scan after 28 weeks is offered only
where clinically indicated (eg, relevant medical history or con-
cerns following clinical examination). An alternative approach is
to offer an ultrasound scan to all late-stage pregnancies. This
would be expected to identify more pregnancies in need of
intervention. However, this could also increase false positive di-
agnoses, leading to unnecessary, and possibly harmful, in-
terventions. The overall balance of risk to harm to fetal health and
whether such a screening program would represent the best use
of healthcare resources is unknown, and the need to evaluate this
has been highlighted previously.6-8

A Cochrane review (searching to August 2014) of routine ultra-
sound in late-stage pregnancy concluded that there was insufficient
evidence to recommend universal screening.9 However, none of the
13 trials studied screening followed by an intervention; the
ciety for Health Economics and Outcomes Research. Published by Elsevier Inc.
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different trials applied different definitions of screen positive and
performed assessments at different gestational ages, and even the
meta-analysis was underpowered for plausible estimates of diag-
nostic and interventional effectiveness.10

The key pieces of information that can be obtained from a scan
around 36 weeks are whether the fetus measures small gesta-
tional age (SGA) or large for gestational age (LGA; defined as fetal
size in the 1st or 10th decile of the distribution, respectively) and
whether the fetus is in a cephalic (head down) presentation. An
SGA fetus may be suffering FGR and hence may be at increased
risk of stillbirth, whereas an LGA fetus may be macrosomic at
delivery (defined as birthweight over 4 kg), which increases the
risk of complications during delivery. We previously reported
analyses of a level 1 study of diagnostic effectiveness11 (where the
results of the ultrasound scan were blinded) in relation to ex-
tremes of fetal size,12,13 and we have also reported that, in the
same cohort study, a late pregnancy scan identified about 2.5% of
women with a previously undiagnosed breech presentation at 36
weeks.14 Our previous work has also estimated the cost-
effectiveness scanning for each of these individually, concluding
that scanning for LGA15 and SGA (Wastlund, et al [unpublished
data]) is unlikely to be worthwhile. However, we predict that a
presentation scan could prevent around 8 perinatal deaths per
annum and could be cost-neutral to the English National Health
Service (NHS) if able to be performed by a midwife as part of a
routine antenatal appointment.14

In this article we build on this work, comparing all screening
and management strategies simultaneously within one decision
model framework. Critically, we use our framework to estimate
overall decision uncertainty and perform a value of information
analysis16–18 to determine whether there is sufficient evidence to
make a policy recommendation or whether investment in
further research—for example, a randomized, controlled trial or
other data-gathering exercise—would represent value for money
for a major public sector funder of research (the National Insti-
tute for Health Research, England, United Kingdom). This is of
particular importance, given that most existing studies (and
systematic review19) were underpowered to detect a statistically
significant difference in stillbirth rates between routine and se-
lective screening arms. A new and sufficiently powered clinical
trial would need to be extremely large, and thus expensive. It is
vital, therefore, to consider whether this is the best use of scarce
public funds, or whether more health could be generated for the
population from investment in other studies or direct patient
care.
Table 1. Comparator strategies and policies.

Strategy Screen Offe

Bree

1 Selective ECV

2 Selective ECV

3 Universal Breech ECV

4 Universal Breech ECV

5 Universal ECV

6 Universal ECV

ECV indicates external cephalic version; Exp, expectant management; IoL, induction o
Methods

Population

The target population is singleton nulliparous pregnancies (ie,
babies born to new mothers) in England.

Comparator Strategies

The comparator strategies comprise both a screening option
and subsequent management. Screening options are “selective,”
“universal breech,” and “universal.” All scans are assumed to take
place at between 36 weeks and 36 weeks 16 days gestational age.
“Selective” screening means only those mothers who are clinically
indicated for a late pregnancy scan receive one, assumed to reflect
the status quo.4,5 The universal breech scanning strategy offers all
mothers a simple presentation-only scan, that is, solely to deter-
mine the orientation of the fetus. It is assumed performed by a
midwife using a point-of-care ultrasound device as part of a
routine antenatal contact. Universal screening is defined as all
mothers receiving an ultrasound scan incorporating measure-
ments to estimate fetal size. Given the simplicity of establishing
fetal presentation, this scan would also identify any babies in the
breech position. Findings from a presentation scan can be either
cephalic or breech, and fetal size could be either appropriate,
small, or large for gestational age (AGA, SGA, and LGA,
respectively).

If a breech presentation is identified, all mothers are assumed
to be offered external cephalic version (ECV, manual manipulation
of the mother’s belly to turn the fetus to a cephalic presentation),
unless contraindicated. If this is declined or unsuccessful, an
elective Caesarean section may be scheduled. If LGA is detected,
the mother may be offered either induction of labor or expectant
management. If SGA is detected, all mothers are offered induction
of labor.

We therefore compare 6 alternative screening and manage-
ment policies comprising 3 possible screening modes and 2
alternative management plans, numbered 1 through 6 and sum-
marized in Table 1.

Model Structure

The model structure is a decision tree with 4 sections covering
breech, LGA, SGA, and AGA (Fig 1 and Appendix 1 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2020.11.005). It
was established by discussion among the study team, comprising
red management if diagnosed:

ch1 Macrosomia1 SGA1

IoL IoL

Exp IoL

IoL IoL

Exp IoL

IoL IoL

Exp IoL

f labor; SGA, small for gestational age.

https://doi.org/10.1016/j.jval.2020.11.005


Figure 1. Model structure overview: Screening-management options and fetal conditions. [1] = subbranches of model collapsed for
clarity; see Appendix 1 (in the Supplemental Materials found at https://doi.org/10.1016/j.jval.2020.11.005) for expanded nodes. Nodes
with the same letter have identical subsequent structures, while a different number and lowercase letter indicates different probabilities
assigned to the next subbranch. The prefix before the underscore indicates a set of probabilities relevant to breech (B_), LGA (L_), or SGA
(S_) For example, nodes D1 and D4 have identical substructures, but D1 relates to AGA babies delivered spontaneously, whereas D4
relates to AGA babies wrongly diagnosed as SGA or LGA and undergoing induction of labor unnecessarily.

AGA indicates appropriate gestational age; ECV, external cephalic version; EmCS, emergency Caesarean section; Exp, expectant management; FN, false
negative; FP, false positive; IoL, induction of labor; LGA, large gestational age; SGA, small gestational age; TP, true positive; TN, true negative; US, ultrasound.
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economists and clinicians. For parsimony, we assume they are all
mutually exclusive. This is logically true for LGA, SGA, and AGA,
but a baby may be both breech and LGA, for example. The struc-
ture is arranged hierarchically, with breech position first because
this is most easily and reliably identified.

We assume a presentation-only scan is perfectly predictive of
breech (ie, 100% sensitive and specific). However, our model al-
lows for false negatives that are interpreted as undetected breech
deliveries under the selective scanning strategy (node B_B, Fig 1).
Where breech is detected, ECV is offered, which may be successful
or not. If unsuccessful, an elective Caesarean section may be
scheduled. In either case, the baby may spontaneously revert to
breech or cephalic position. Reversion to breech can lead to a
vaginal breech delivery or emergency Caesarean section. Out-
comes from delivery comprise none, moderate or severe
morbidity, or stillbirth. Surviving infants could subsequently have
no long-term complications, special educational needs, severe
neurological morbidity, or neonatal/infant mortality. The risk of
long-term complications increases with neonatal morbidity
severity (see Appendix Figure 1.1 in Supplemental Materials found
at https://doi.org/10.1016/j.jval.2020.11.005).

An LGA baby may or may not be diagnosed as such, deter-
mined by the sensitivity of the scan (Fig 1, node L_B). A positive
scan can be managed either with induction of labor or expec-
tant management, determined by the overall strategy (Table 1,
Fig 1, node MGT_LGA_TP). Induction is assumed to reduce the
risk of emergency Caesarean section (Fig 1, nodes L_C3 and
L_C2, respectively). Delivery of a macrosomic baby leads to
either no complications or respiratory morbidity, shoulder
dystocia (trapping of the shoulder behind the mother’s pubic
bone) with attendant risk of transient or permanent brachial
plexus injury (damage to the nerves of the arm) and acidosis
(lowered blood pH usually due to build-up of carbon dioxide),
other acidosis (ie, not related to shoulder dystocia), or neonatal

https://doi.org/10.1016/j.jval.2020.11.005
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mortality (Appendix Figure 1.2 in Supplemental Materials found
online at https://doi.org/10.1016/j.jval.2020.11.005). Long-term
complications are divided into none, special educational needs,
severe neurological morbidity, and neonatal/infant mortality
(mirroring the structure of the breech arms; see Appendix
Figure 1.1 in Supplemental Materials found at https://doi.org/1
0.1016/j.jval.2020.11.005).

An SGA baby diagnosed as such will undergo induction of la-
bor, with either a vaginal or emergency Caesarean section as the
delivery mode. Undetected SGA babies are not induced and un-
dergo either vaginal or emergency Caesarean section, with
differing probabilities (Figure 1, nodes S_B, S_C3 and S_C2,
respectively). Infants are then at risk of none, moderate or severe
morbidity, or stillbirth, with long-term outcomes comprising no
complications, special educational needs, severe neurological
morbidity, and neonatal/infant mortality (Appendix Figure 1.3 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.202
0.11.005), mirroring the structure of the breech arms (Appendix
Figure 1.1 in Supplemental Materials found at https://doi.org/1
0.1016/j.jval.2020.11.005).

AGA babies may be falsely diagnosed as SGA or LGA, in which
case the management and patient pathways are as per the true
positives described above (Figure 1, node B). However, the risks of
adverse outcomes vary as described below (“Model Data”). Babies
correctly identified as AGA undergo routine deliveries, with a
“background” risk of conversion to emergency Caesarean section
for reasons other than fetal size or presentation (Figure 1, node
C1). The expanded tree for AGA babies is shown in Appendix
Figure 1.4 in Supplemental Materials found at https://doi.org/1
0.1016/j.jval.2020.11.005.

Model Data

Data to populate the model were extracted from multiple
sources in the literature12-14,20–62 (Appendix Table 2.1 in Supple-
mental Materials found at https://doi.org/10.1016/j.jval.2020.11.
005). Good-quality systematic reviews and meta-analyses were
prioritized, followed by large, good-quality clinical trials or cohort
studies as appropriate. Where possible, probabilities were
expressed as a baseline and odds ratio (or relative risk where odds
were not calculable). Unit costs pertained to a 2016-2017 price
year. Care was taken to appropriately reflect uncertainty in all
parameters, as specified in the assigned probability distributions
(see Appendix Table 2.1 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.11.005). Where no evidence for
a parameter existed, we relied on expert opinion either to judge
whether a study in a related area provided a sufficient proxy, or to
provide a central estimate and credible interval representing be-
liefs about plausible values for the parameter. Source data for
parameters were assigned a subjective quality rating, with high
representing a source of directly relevant data and low repre-
senting use of indirectly relevant or no data, revised with expert
opinion. Model inputs and details of derivation are reported in
Appendix 2 (in Supplemental Materials found at https://doi.org/1
0.1016/j.jval.2020.11.005).

Analysis

The model was analyzed via Monte Carlo simulation, with the
appropriate number of simulations determined by the trade-off
between minimizing Monte Carlo error and computational
expense (Appendix 3 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2020.11.005). Model outcomes comprised
mean, variance, and covariance of costs and quality-adjusted life-
years (QALYs), reported as mean and 95% credibility intervals for
cost, QALYs, and net benefits calculated at £20 000 per QALY. We
also report incremental net benefit relative to strategy 1 (selective
scanning and induction of labor for SGA and LGA). Decision un-
certainty is illustrated with cost-effectiveness acceptability curves.
All costs were from a third-party payer perspective (the English
NHS), and the health consequences from a fetal perspective only.
All costs and QALYs were discounted by 3.5% annually, as
recommended by NICE.63 The time horizon was 20 years in the
base-case scenario. Costs in other currencies were converted to
GBP (£) by the exchange rate of the respective year. All prices were
updated to the price level of 2016-2017 using the hospital and
community health services (HCHS) index.55

To complement the probabilistic sensitivity analysis, we
also investigated the model’s sensitivity to key parameters
through 1-way sensitivity analysis. Further, our base-case analysis
assumed early labor induction would only affect long-term fetal
outcomes via its impact on neonatal outcomes. However, there is
evidence suggesting that induction of labor may of itself increase
the risk of special educational needs in later life.39 We therefore
explore the impact of an independent effect of induction of labor
on the risk of special educational needs.

We report the per-patient (ie, per mother/infant dyad) and
population expected value of perfect information (EVPI) at a
willingness to pay of £20 000/QALY and the expected value of
perfect parameter information (EVPPI) for each parameter indi-
vidually using the Sheffield Accelerated Value of Information
(SAVI) tool.64 Parameters with a positive EVPPI were grouped into
those that could be collected within a single research study and
the EVPPI for that group of parameters calculated. The expected
value of sample information (EVSI) for any parameters or groups
of parameters was then calculated using the method of moment
matching with 30 nested samples.65 EVPPI and EVSI calculations
are traditionally extremely computationally expensive. The SAVI
and moment matching methods generate statistical approxima-
tions, allowing calculation within a feasible timeframe. Briefly,
SAVI estimates the EVPPI via a generalized additive model with
nonparametric smoothing applied to the sampled input parameter
set and resulting net benefits. Our implementation of the moment
matching method relies on the conjugate distribution of the
respective prior to estimate the preposterior distribution for a
given study sample size (see Appendix 3 for code and walk-
through). Population values are calculated over a time horizon of
10 years and as a “conservative” estimate, assuming the infor-
mation is only of value to singleton nulliparous pregnancies
resulting in a beneficial population of 1 689 663 and again with a
broader estimate that assumes the information is of value to all
pregnancies in England (n = 5 477 940; Appendix 2 in Supple-
mental Materials found at https://doi.org/10.1016/j.jval.2020.11.
005).

The model was coded in R66 and associated packages.67–73 Full
model code is available from the corresponding author upon
request.
Results

Economic evaluation results are presented based on 100 000
simulations of the model. Value of information analysis statistics
are based on 10 000 simulations (stability testing results reported
in Appendix 4 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2020.11.005).

Given current evidence and assuming a willingness to pay of
£20 000 per QALY, the strategy associated with the highest net
benefit is strategy 3: a presentation-only scan for all women (unless
further screening is clinically indicated) with induction of labor
where LGA or SGA are suspected. The added benefits from universal
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Table 2. Cost effectiveness results (per mother scanned).

Screening 1 management Cost (£) QALYs NB|£20k INB|£20k P_CE|£
20k

1. Selective US 1 IoL for LGA 6090 (4420, 7890) 13.640 (13.441, 13.841) £266 719 (£262 333, £271 079) £0 (£0, £0) 0.65%

2. Selective US 1 Exp for LGA 6091 (4424, 7889) 13.639 (13.439, 13.839) £266 682 (£262 297, £271 040) –£37.09 (–£124.7, £35.24) 0.22%

3. Universal US for
breech 1 IoL for LGA *

6101 (4443, 7887) 13.645 (13.446, 13.846) £266 806 (£262 426, £271 154) £87.36 (£4.88, £205.68) 44.19%

4. Universal US for breech 1
Exp for LGA

6102 (4446, 7887) 13.644 (13.444, 13.844) £266 769 (£262 389, £271 120) £50.29 (–£68.06, £186.43) 15.63%

6. Universal US1 Exp for LGA 6178 (4508, 7972) 13.646 (13.446, 13.846) £266 734 (£262 351, £271 099) £14.47 (–£133.98, £173.31) 0.51%

5. Universal US 1 IoL for LGA 6180 (4498, 7983) 13.648 (13.448, 13.849) £266 779 (£262 386, £271 147) £60.24 (–£151.43, £281.7) 38.81%

Note. Strategies are listed in order of increasing cost (1,2,3,4,6,5). Management refers to management strategy when LGA is suspected, all cases of suspected SGA are
assumed induced and breech to be offered ECV.
Exp indicates expectant Management; INB, incremental net benefit relative to current practice (strategy 1, selective US 1 induction of labor); IoL, induction of labor; NB,
net benefit ; P_CE|£20k, probability of being the most cost-effective strategy given a willingness to pay of £20 000 per QALY gained.
*Strategy with highest expected net benefit (shown in bold).
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ultrasound screening for fetal size are unlikely to justify its added
cost (Table 2). However, there is substantial uncertainty associated
with this recommendation, with only a 44% probability of this
yielding the highest net benefit, and a 39% probability of universal
screening being optimal (Table 2, Fig 2). As the willingness-to-pay
threshold rises, the probability that universal screening becomes
the most cost-effective strategy also rises (Fig 2).

One-way sensitivity analyses suggested that the cost-
effectiveness outcomes were only sensitive to a few parameters:
presentation-only scanning is the most cost-effective option if the
time horizon of the analysis is below 45 years, above which uni-
versal screening becomes the most cost-effective option. A
presentation-only scan remains the most cost-effective option,
provided it costs no more than £90, above which status quo is the
most cost-effective, and that the baseline stillbirth rate is below
0.28%, at which point universal scanning is most cost-effective.
Finally, we found that the impact of induction of labor on risk of
special educational needs would change the conclusions only if
the relative risk of special educational needs was lower than 0.95
or above 1.3; observational data suggest that the effect is highly
unlikely to be outside this range (Appendix 5 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2020.11.005).39

The per patient EVPI is £31.56. Given a population who can
benefit from the information of 1 689 663 (see Appendix 2 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.202
0.11.005), the population EVPI to England is £53.3 million. If the
results of the analysis are assumed generalizable to all pregnan-
cies in England, then the population EVPI is £172.9 million
(Table 3). Only 5 input parameters yielded a population EVPPI
greater than £100 000, and these logically group into 3 clusters of
outcome measures that could be collected in possible future
studies or RCTs (labeled studies 1, 2, and 3). The parameter with
the greatest EVPPI is the difference in net cost of induced versus
noninduced deliveries, accounting for 84% of the EVPI. No other
parameters individually account for more than 1% of the total EVPI
(Table 3).

EVSI analysis of study 1, exploring the net cost difference be-
tween early labor induction and expectant management suggests
scope for it to yield a positive return on investment. For example, a
study with 1000 patients (in each arm of a 2-arm study) has an
EVSI to England of £11.3 million (or £97.2 million if this informa-
tion is of value to all pregnancies in England, not just low-risk
nulliparous singleton pregnancies; Figure 3). If such a study
were to cost £1 million, it would yield a net return on investment
of at least £10.3 million. The EVSI algorithm was not able to esti-
mate an EVSI for studies 2 and 3; after investigation, we concluded
that for very low EVSIs, the approximation method is not able to
return a value. We therefore conclude that the EVSI is very low;
thus studies collecting data on the respective parameters are
unlikely to be worth more than the cost of collecting them.
Discussion

Given current information, the most cost-effective strategy for
late-pregnancy ultrasound scanning is to offer all women a
presentation-only scan (those women who are currently indicated
to undergo a full third-trimester ultrasound scan to continue to do
so), and where SGA or LGA are suspected, the mother should be
offered induction of labor, unless otherwise contraindicated. Given
current thresholds,63 universal routine ultrasound screening to
assess fetal size is not cost-effective.

There is substantial decision uncertainty around this
recommendation. However, the expected value of eliminating all
uncertainty is only worth a maximum of £172.9 million or 8644
QALYs to the population of England (assuming £20 000 per
QALY). This represents the expected opportunity loss due to the
probability that the above recommendation is incorrect (crudely,
the probability of being “wrong” multiplied by the consequence
of being “wrong”). The majority of the EVPI is concentrated in a
single parameter, namely the difference in cost as a result of
early induction of labor. This is somewhat surprising, but arises
due to the large standard error around the relevant model
parameter (Appendix Table 2.1, row “Induction of labor” in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
020.11.005). This is because the cost encompasses not only the
cost of inducing a pregnancy itself, but the costs of delivery and
antenatal visits, which may or may not be avoided, too. In-
duction also has an uncertain impact on complications and
hence long-term cost and outcomes of delivery. On top of this,
less than perfect sensitivity and specificity of the scans at
detecting LGA and SGA babies magnify the impact of uncer-
tainty in the cost and outcomes of induction of labor. The EVSI
of this parameter suggests that a study of “reasonable” size (eg,
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Figure 2. Cost-effectiveness acceptability curves showing probability of cost-effectiveness as a function of willingness-to-pay for an
additional quality-adjusted life-year.

Bre indicates universal presentation-only scan; Exp, expectant management if LGA suspected; IoL, induction of labor if LGA suspected; Sel, selective
scanning; Uni, universal scan of fetal biometry and presentation.
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1000 mothers per arm with a cost of £1 million) would likely
yield a highly positive return on investment.

An ideal study design to measure the cost difference would be
a study randomizing mothers to induction of labor or not, irre-
spective of indication. This is likely to raise ethical issues and
would require careful consideration of the pros and cons and risks
Table 3. Expected value of perfect information.

P
SE

Study 1

Cost difference from early induction of labor

Study 2

RR for acidosis in macrosomic fetuses if induced early

OR for mortality if fetus is macrosomic

Group

Study 3

RR for emergency CS among SGA fetuses following early labor
induction

OR for severe neonatal morbidity if fetus is SGA

Group

Expected value of perfect information

Note. Standard error around estimates of EVPPI are a result of the SAVI73 approximati
error. Note sum of EVPPI will not usually equal the EVPI owing to interactions/correla
CS indicates Caesarean section; EVPI, expected value of information; EVPPI, expected v
risk.
*First pEVPPI column assumes information is applicable just to the target population
applicable to all births in England.
to mothers and their babies, based on the current state of
knowledge. A nonrandomized study design (eg, database or
cohort analysis) would be feasible but at risk of bias. The mathe-
matics of value of information analysis are blind to whether
reducing uncertainty in a parameter is ethical or not, or even
possible or not. Instead, as with all economic evaluation, they
er person EVPPI (£expected,
)

% of
EVPI

pEVPPI
(£)*

pEVPPI (£)*

26.51 (0.07) 84 44 790 000 145 200 000

0.27 (0.04) 1% 456 000 1 478 000

0.26 (0.03) 1% 438 900 1 423 000

0.72 (0.07) 2% 1 215 199 3 939 513

0.06 (0.01) 0% 99 290 321 900

0.03 (0.01) 0% 48 740 158 000

0.26 (0.04) 1% 443 104 1 436 484

31.56 (-) 100% 53 326 764 172 883 786

on algorithm. The EVPI is calculated directly and thus has no associated standard
tions between input parameters.
alue of partial perfect information; OR, odds ratio; SE, standard error; RR, relative

(nulliparous singleton pregnancies), second assumes the information is equally



Figure 3. Expected value of sample information of study 1.
Expected value of sample information as a function of sample
size for a study of the cost-difference between early induction of
labor versus expectant management.
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provide a guide and input to the decision-making process. An
important finding from our analysis is that there is no evidence
that a large-scale RCT powered to detect a difference in stillbirth
would be a worthwhile investment: the EVPPI from reducing
uncertainty in stillbirth rates is worth less than £100 000, a sum
for which it is not possible to deliver an RCT.

We believe our analysis represents the most plausible sum-
mary of the evidence on the costs and effects of different ultra-
sound screening and subsequent management strategies in late
pregnancy. The decision model translates uncertainty in parame-
ters (crudely, the standard errors around mean estimates of effect,
cost, and health state utilities) to decision uncertainty (standard
errors around mean estimates of net benefit). The value of infor-
mation analysis then predicts the likely return on investment from
reducing the SEs of the input parameters.

However, the validity of our conclusion rests entirely on the
validity of the model. Although we believe we have appropriately
captured parameter uncertainty, we have implicitly assumed that
the structure of the model itself is “correct.” Addressing such
structural uncertainty is challenging in decision models. In theory
it would require constructing many alternative models and
comparing or averaging out the results, which would be prohibi-
tively expensive. However, where possible we did explore struc-
tural uncertainty—for example, our base case assumed that all
long-term morbidity was mediated through the risk of neonatal
morbidity, while there is evidence to suggest an independent ef-
fect of induction of labor on risk of special educational needs. We
explored this and found our conclusions to be robust to all but
implausibly extreme assumptions as to the relative risk. Our an-
alytic perspective was limited to fetal outcomes only, excluding
maternal quality of life. This may underestimate the QALY gains
from screening and so underestimate cost-effectiveness.

Second, our conclusions regarding the cost-effectiveness of
presentation scanning are contingent on midwives being able to
undertake the scan as part of a routine antenatal contact. This is
currently unknown and requires a feasibility study to test. It
should also be noted that the scans will certainly increase the
burden on midwives while we predict a reduction in delivery
complications. This will require a shift in resources from second-
ary care to (antenatal) midwifery. The budgetary mechanisms
underlying this are not considered in our analysis. It is worth
noting that our previous work14 focusing only on presentation
scans (and not including the alternative strategies considered
here) concluded that a presentation-only scan was cost-effective
so long as it could be provided for £19.80 or less. Our analysis
here, which models longer-term costs and outcomes in greater
detail, suggests greater scope for cost-effectiveness, with our 1-
way sensitivity analysis suggesting the scan remaining cost-
effective so long as it can be provided for less than approxi-
mately £90 (Appendix Figure 4.2).

To our knowledge, this is the first value of information analysis
estimating the return on investment from future research into late
pregnancy ultrasound scans. Economic evaluations of obstetric
investigations commonly include estimates of the value of perfect
information—for example, there may be value in future studies on
quality-of-life gains and costs of early detection of gestational
diabetes,74 the effects of interventions to prevent postnatal
depression,75 the cost-effectiveness of financial incentives for
smoking cessation during pregnancy,76 and possibly the effec-
tiveness of a screening program to reduce periconceptional
exposure to methylmercury.77 However, we are not aware of any
attempts to calculate the expected value of sample information
from specific study designs in obstetrics.

Conclusion

Our results suggest that universal ultrasound for fetal presen-
tation only may be both clinically and economically justified, but
that implementation research is needed before it is adopted into
routine care. Specifically, this must explore whether a scan can be
conducted by a midwife during a routine antenatal visit. Universal
ultrasound including estimation of fetal weight is of borderline
cost-effectiveness and sensitive to certain assumptions. Our
formal value of information analysis suggests that future research
should be focused on the net cost of induction of labor compared
to expectant management, and that there is unlikely to be value in
a large-scale RCT of routine versus selective ultrasound screening
powered to detect a difference in stillbirth rates.

Supplemental Materials

Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2020.11.005.
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