
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) Fetal Umbilical Artery Doppler Pulsatility Index and Childhood 
Neurocognitive Outcome at 12 years 

AUTHORS Mone, Fionnuala; McConnell, Barbara; Thompson, Andrew; 
Segurado, Ricardo; Hepper, Peter; stewart, moira; Dornan, James; 
Ong, Stephen; McAuliffe, Fionnuala; Shields, Michael 

 

VERSION 1 - REVIEW 

REVIEWER Yves VILLE 
Paris Descartes University, France 

REVIEW RETURNED 06-Jul-2015 

 

GENERAL COMMENTS This is a commendable attempt at assessing the long-term follow-up 
following what can be categorized at moderately high risk 
pregnancies and births, with high resistance diagnosed in the 
umbilical circulation without identified growth restriction.  
Although the first part of the study has been published, the possible 
skew in the selection of the "abnormal" cases owing to the lack of 
answers, should prompt the authors to provide with a relevant 
summary of the pregnancy and delivery characteristics of both cases 
and controls.  
At 12 years, the influence of socio-economic status of the children' 
environment is likely to be a significant parameter to be accounted 
for  
The subset of "cases" considered should be compared for neonatal 
characteristics to the the entire "cases" cohort.  
The authors made it clear that these infants were not born growth 
restricted but this should be retrospectively evaluated by using some 
sort of customization process, rather that considering any cut-off 
birthweight.  
The authors should provide evidence for the clinical relevance of the 
values of the various tests reported. Also, cases with a clearly 
abnormal development and that could clearly shift the figures for the 
entire cohort should be identified in each group. 

 

REVIEWER Walter Ventura 
Instituto Nacional Materno Perinatal  
Lima, Peru 

REVIEW RETURNED 13-Jul-2015 

 

GENERAL COMMENTS The conclusion in the abstract should point out that there was no 
difference in terms of overall academic ability, mental processing 
and reasoning or overall behavioural function rather than present 
minor consequences 
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VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Reviewer Name Yves VILLE  

Institution and Country Paris Descartes University, France  

This is a commendable attempt at assessing the long-term follow-up following what can be 

categorized at moderately high risk pregnancies and births, with high resistance diagnosed in the 

umbilical circulation without identified growth restriction.  

We thank the reviewer for their comments. We feel that some of the suggested analyses are already 

incorporated in the paper, which therefore has benefitted from revisions to improve the clarity and 

precision of the methodological descriptions. We address each comment in turn below.  

 

Although the first part of the study has been published, the possible skew in the selection of the 

"abnormal" cases owing to the lack of answers, should prompt the authors to provide with a relevant 

summary of the pregnancy and delivery characteristics of both cases and controls.  

We have added to Table 1 further available details of pregnancy and delivery: Maternal smoking and 

mode of delivery and tested these for differences between cases and controls (none were significant 

at p<0.05).  

 

At 12 years, the influence of socio-economic status of the children' environment is likely to be a 

significant parameter to be accounted for  

Agree, hence an index of socio-economic deprivation ‘The Townsend score’ adjusted for in the 

regression analyses, as described in the Statistical Analysis section.  

 

The subset of "cases" considered should be compared for neonatal characteristics to the the entire 

"cases" cohort.  

Unfortunately, the data extrapolated for the index study from the original 1988 study of 2097 cases of 

inutero UAD do not include such neonatal characteristics to draw this comparison  

The authors made it clear that these infants were not born growth restricted but this should be 

retrospectively evaluated by using some sort of customization process, rather that considering any 

cut-off birthweight.  

In the Patient Selection section we describe as one of the exclusion criterion lying below the 10th 

centile of the gestational-age-adjusted birth weight dependent neonatal gender, as requested by the 

reviewer.  

 

The authors should provide evidence for the clinical relevance of the values of the various tests 

reported. Also, cases with a clearly abnormal development and that could clearly shift the figures for 

the entire cohort should be identified in each group.  

Added to discussion:  

The assessments which demonstrated clinical significance in our study; recall of objects verbal-spatial 

are controlled by the hippocampal region of the brain which controls declarative memory, with children 

with elevated UAD PI in utero having poorer scores in these assessments. There were no cases of 

abnormal development within this cohort as such cases were excluded at the selection process. What 

can be extrapolated clinically from this study is that the cohort of patients with an elevated UAD were 

more likely to have poorer but not abnormal scores in assessments of short-term and declarative 

memory function than their normal UAD PI peers, which may express itself as a child having 

executive –attention deficit and or mild learning difficulties, somewhat similar to that of children that 

had asymmetrical FGR in utero.18  

 

Reviewer: 2  

Reviewer Name Walter Ventura  

Institution and Country Instituto Nacional Materno Perinatal, Lima, Peru  

The conclusion in the abstract should point out that there was no difference in terms of overall 
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academic ability, mental processing and reasoning or overall behavioural function rather than present 

minor consequences  

 

Added to discussion:  

It is important to note, however that despite these changes (as above to other reviewer) they did not 

impact upon overall academic ability, mental processing and reasoning or overall behavioural 

function.  

 

Abstract Conclusion:  

An elevated UAD PI at 28 weeks’ gestation in the absence of FGR or prematurity is associated with 

poorer scores of declarative memory in children aged twelve years. A potential explanation for this is 

the element of placental insufficiency in the presence of the appropriately grown fetus, which impacts 

on development of the fetal hippocampus and information processing and memory long -term. These 

findings, however, had no impact upon overall academic ability, mental processing and reasoning or 

overall behavioural function. 

VERSION 2 – REVIEW 

REVIEWER Yves Ville 
Université Paris Descartes, Paris France 

REVIEW RETURNED 07-Sep-2015 

 

GENERAL COMMENTS I have read the amendments made to the manuscript together with 
the answers of the authors.  
One point remains puzzling, the lack of significance of Doppler 
measurements at 32 and 34 weeks, while all the difference is seen 
at 28 weeks'. the justification given by the authors and the 
supporting literature all refer to the very different situation of 
intrauterine growth restriction. However the highlight of this study is 
the supposedly normal growth. I cannot think of nor find any reason 
in the available literature to explain why a relevant effect at 28 
weeks would wane off by 32 and 34 weeks'.  
Owing to the lack of possibility to control for relevant events of the 
perinatal period and understandably so in an ancillary study that was 
not planned from the very beginning,  
I therefore suggest that the statistical methods be reviewed in order 
to rule out the effect of chance to explain this discrepancy in Doppler 
significance.  
Expert statistical opinion would probably be needed but I would have 
thought that running a multivariate analysis where Doppler at 28, at 
32 and at34 weeks are covariates together with smoking and other 
relevant variables (gestational age at delivery, birthweight, 
Apgar,pH, breech, mode of delivery, and townsend score) would 
lead to a more convincing conclusion.  

 

REVIEWER Dr Victoria Allgar 
University of York, England 

REVIEW RETURNED 12-Nov-2015 

 

GENERAL COMMENTS The aim of the paper is to determine if an elevated fetal umbilical 
artery Doppler (UAD) pulsatility index (PI) at 28-weeks gestation, in 
the absence of fetal growth restriction (FGR) and prematurity, is 
associated with adverse neurocognitive outcome in children aged 
twelve.  
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The title is a little unclear as patient selection and group allocation 
was based on subset of patients from the previous study who had 
either above (abnormal) or below (normal) the 90th centile for 
gestational age at 28-weeks gestation as per pre-defined criteria, 
and alternatively defined as abnormal or normal on the PI centile at 
34 and 38 weeks of gestation.  
 
There is limited detail on the randomisation process and the 
response rate achieved.  
 
In the statistical methods it states that "Categorical characteristics 
were compared between the UAD PI groups using Student’s t test 
after weighting for non-response." Students t-tests are not 
appropriate for categorical data, and further detail is needed on how 
the data was weighted for non-response.  
 
There was very little text in the results section and the tables were 
unclear (need base sizes adding for each group)- e.g. it was not 
sure when a linear model or logistic model was undertaken or which 
variables were adjusted for in the analysis - it would be useful to see 
unadjusted and adjusted figures. 

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer: 1  

Reviewer Name: Yves Ville  

Institution and Country: Université Paris Descartes, Paris France  

Please state any competing interests or state ‘None declared’: None  

 

I have read the amendments made to the manuscript together with the answers of the authors.  

One point remains puzzling, the lack of significance of Doppler measurements at 32 and 34 weeks, 

while all the difference is seen at 28 weeks'. the justification given by the authors and the supporting 

literature all refer to the very different situation of intrauterine growth restriction. However the highlight 

of this study is the supposedly normal growth. I cannot think of nor find any reason in the available 

literature to explain why a relevant effect at 28 weeks would wane off by 32 and 34 weeks'.  

Owing to the lack of possibility to control for relevant events of the perinatal period and 

understandably so in an ancillary study that was not planned from the very beginning,  

I therefore suggest that the statistical methods be reviewed in order to rule out the effect of chance to 

explain this discrepancy in Doppler significance.  

As we now mention in the Results section, and in the Discussion (under the limitations), chance may 

be a possible explanation for our results, given the inability to properly correct for multiple, correlated 

models. That said, the differences (effect sizes) between groups observed in this sample are larger in 

the 28 week case/control definition than in those at subsequent time-points, and the best way to 

proceed from this observation is to see if it replicates in future studies, hopefully with larger sample 

sizes still.  

Regarding perinatal factors, we do regret that the poor response rate impacted on the analysis in that 

stable models would not be achievable while controlling for additional factors. Again, we must await 

further studies for clarification of the impact of other factors, be they mediating or confounding.  

Expert statistical opinion would probably be needed but I would have thought that running a 

multivariate analysis where Doppler at 28, at 32 and at34 weeks are covariates together with smoking 

and other relevant variables (gestational age at delivery, birthweight, Apgar,pH, breech, mode of 

delivery, and townsend score) would lead to a more convincing conclusion.  

Again the sample size precluded the simultaneous estimation of all parameters in a full multivariable 

repeated-measures model. We agree that this would lend more credence to the findings, but 

unfortunately are unable to explore this in our sample.  
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Reviewer: 3  

Reviewer Name: Dr Victoria Allgar  

Institution and Country: University of York, England  

Please state any competing interests or state ‘None declared’:: None declared  

 

The aim of the paper is to determine if an elevated fetal umbilical artery Doppler (UAD) pulsatility 

index (PI) at 28-weeks gestation, in the absence of fetal growth restriction (FGR) and prematurity, is 

associated with adverse neurocognitive outcome in children aged twelve.  

 

The title is a little unclear as patient selection and group allocation was based on subset of patients 

from the previous study who had either above (abnormal) or below (normal) the 90th centile for 

gestational age at 28-weeks gestation as per pre-defined criteria, and alternatively defined as 

abnormal or normal on the PI centile at 34 and 38 weeks of gestation.  

The design of this re-analysis of an historic cohort was complex, and hope we have now clarified the 

full design. Initially intended as a purposive extreme-case study, a poor response rate prompted 

expansion to sampling from the full cohort. In addition, we used revised thresholds for definition of 

case/control status, which further deviate from the original planned sampling scheme.  

Case/control status was defined as above or below the PI 90th centile at 28 weeks to explore 

associations of week-28 abnormality with neurodevelopmental outcomes. As this definition would not 

reflect an abnormal PI at later ultrasound assessments, Case/control status was redefined using the 

90th centile of PI measured at the corresponding time-point, in order to explore associations with later 

PI abnormality and neurodevelopmental outcomes. We have adjusted the text (Patient Selection) and 

hope this is now clearer.  

There is limited detail on the randomisation process and the response rate achieved.  

The sampling strategy for neurodevelopmental assessments was complex, and adapted due to the 

low response rate from a first wave purposive extreme case sample (28 week PI ≥1.36 versus < 1) to 

a second wave random sample of available participants. We have updated the Patient Selection text 

to clarify the design, and added further detail on response rates to the Results section.  

In the statistical methods it states that "Categorical characteristics were compared between the UAD 

PI groups using Student’s t test after weighting for non-response." Students t-tests are not appropriate 

for categorical data, and further detail is needed on how the data was weighted for non-response.  

We thank the reviewer for noticing this oversight on categorical tests, this has now been corrected 

with a reference to Pearson chi-square tests. Additional detail has been added to the Statistical 

Analysis section on the non-response weighting.  

There was very little text in the results section and the tables were unclear (need base sizes adding 

for each group)- e.g. it was not sure when a linear model or logistic model was undertaken or which 

variables were adjusted for in the analysis - it would be useful to see unadjusted and adjusted figures.  

We have expanded the results section to include details on the response rate and total number of 

participants in the analyses, and also extended it to indicate all significant p-values found. We regret 

that there are no more interesting findings to highlight from our results, and we have …  

We have added in the group totals to Tables 2-5, which we hope will assist in the interpretation of the 

differences. We have also amended the tables (2 and 5) to indicate odds are presented for some 

outcomes, rather than means, where applicable, and clarified the captions.  

The variables included in regression models as potential confounders are listed in the Statistical 

Analysis section; we also now include these in the table captions. We agree that presentation of 

unadjusted results would be desirable, and can submit these in (online only) Supplementary materials 

to the article, subject to agreement by the editor. 

 

VERSION 3 - REVIEW 
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REVIEWER Dr Victoria Allgar 
University of York, England 

REVIEW RETURNED 26-Jan-2016 

 

GENERAL COMMENTS To determine if an elevated fetal umbilical artery Doppler (UAD) 
pulsatility index (PI) at 28-weeks gestation, in the absence of fetal 
growth restriction (FGR) and prematurity, is associated with adverse 
neurocognitive outcome in children aged twelve.  
 
A power calculation is based on detecting a mean difference of 7.5 
between groups in terms of mean scores for components of the 
British Ability Score (BAS-II) assessments of cognitive function. As 
this is the primary outcome it is stated in the discussion that at 12-
years of age, in the absence of FGR and prematurity, an  
elevated fetal UAD PI at 28 weeks’ gestation is associated with 
significantly lower scores in parameters of cognitive function in the 
form of information processing and memory. The parameters 
included (i) Recall of objects immediate verbal (p=0.002), (ii) 
delayed verbal (p=0.008) and (iii) recall of objects immediate spatial 
(p=0.0016). These were the only significant differences found 
amongst a large number of outcome measures so caution should be 
placed on these finding as should be discussed.  
 
Table 1 shows the characteristics of the two groups at baseline. 
Significance tests are undertaken, which is not convention and these 
should merely be described (CONSORT).  

 

VERSION 3 – AUTHOR RESPONSE 

A power calculation is based on detecting a mean difference of 7.5 between groups in terms of mean 

scores for components of the British Ability Score (BAS-II) assessments of cognitive function. As this 

is the primary outcome it is stated in the discussion that at 12-years of age, in the absence of FGR 

and prematurity, an elevated fetal UAD PI at 28 weeks’ gestation is associated with significantly lower 

scores in parameters of cognitive function in the form of information processing and memory. The 

parameters included (i) Recall of objects immediate verbal (p=0.002), (ii) delayed verbal (p=0.008) 

and (iii) recall of objects immediate spatial (p=0.0016). These were the only significant differences 

found amongst a large number of outcome measures so caution should be placed on these finding as 

should be discussed.  

 

Yes, agreed. Have noted this in the discussion section  

 

Table 1 shows the characteristics of the two groups at baseline. Significance tests are undertaken, 

which is not convention and these should merely be described (CONSORT).  

 

p-values removed from table  

 

Many thanks for the review and comments 
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VERSION 4 – REVIEW 

REVIEWER Dr Victoria Allgar 
University of York, England 

REVIEW RETURNED 13-Apr-2016 

 

GENERAL COMMENTS The cohort was recruited in 1988 and the data presented is the 
follow-up at 12 years e.g. 2000, so the data is over 16 years old.  
 
A power calculation was calculated that estimated that 200 subjects 
should be tested to detect a mean difference of 7.5 between groups 
in terms of mean scores for components of the British Ability Score 
(BAS-II) assessments of cognitive function with a power of 94% at a 
significance level of 0.05 at 28 weeks. I assume this was equal 
groups e.g. 100 in each group but in the paper the groups are 140 
and 40, so the study maybe under powered. This needs to be 
clarified and the SD quoted.  

 

VERSION 4 – AUTHOR RESPONSE 

We thank the reviewer for the opportunity to clarify; the power was reduced in the actual sample 

collected but we believe it remains adequate. The manuscript has been revised as follows:  

 

New text:  

“A power calculation estimated that 100 subjects per group should be tested to detect a mean 

difference of 7.5 (standard deviation of 15) in the scores for components of the British Ability Score 

(BAS-II) assessments of cognitive function at 28 weeks, with a power of 94% at a significance level of 

0.05. In the course of the study low response rates limited the sample to 180 with a 1:3.5 imbalance, 

however a post-hoc calculation indicated power was maintained at 79%.” 
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