
 

Thank-you for giving us the opportunity to submit a revised version of our paper. We have responded to the specific points 

raised by the editors and reviewers below.  

 

Editors comments:  

 
*We would like clarification about ethical approval. Although these data were collected as part on an audit, this is a sensitive 

topic and it seems unusual that no attempt to obtain ethical approval was made: We discussed this at some length. Having 

published our intitial paper (Abdallah), the guidance in the UK changed within two weeks of publication of the paper to new 

MSD and CRL measurements. Our aim was to evaluate the performance of the new guidance against the outcomes observed in 

our clinic. As the outcome in the initial paper was 11 to 14 weeks in order to rule out “sick” early pregnancies that were go ing 

to fail in any event, we felt we should continue to use this for what was an audit. Having decided to carry out this out we 

discussed the issue with our R&D department – which is a prerequisite to applying for ethics and they were of the view that 

this was audit and that ethical approval was not required nor did they support doing applying for it. Accordingly we continued 

with the study as an audit. We appreciate the care of women in early pregnancy is a sensitive issue, however as this study was 
entirely observational, based on anonymous data, and involved no intervention or change to the normal care of the women we 

felt this was reasonable. This was consistent with advice we have received on in relation to previous work in early pregnancy.  

 

*Editors noted some confusion around whether this was an audit or whether this is a prospective study. More clarification of 

terminology would be helpful. This was an audit of the performance of the new guidance against the outcomes following their 

application. On the other hand the information was collected prospectively – i.e. the variables (e.g. gestation sac size, embryo 

size, presence or absence of a heartbeat) were agreed in advance with standardized approaches to measuring and recording 

them. Accordingly the data were collected in what would conventionally be called a prospective way to agreed criteria (i.e. the 

new guidance) – this compares for example to looking through a previously collected database of patients where there was no 

prior agreement regarding what was being recorded before the information was entered. In our view there is a distinction 
between this kind of retrospective collation of data in comparison to agreeing on definitions and collecting data “prospectively” 

– i.e. going forward from that point. Accordingly we are not sure there is an adequate name to be used to describe this, but 

feel that “prospective audit” probably summarises the situation most clearly.  

 

*Although this paper is an extension of previous work, and thus incremental to some degree, editors felt that this paper had 

important practical implications for patients. Thank you.  

 

*We noted that the comparison (reference) group was viability at 11-14 weeks but there is no description of how this was 

verified. This is an oversight in the paper. Patients in most units have their scan information entered onto an ultrasound 
database (Astraia or Viewpoint). As part of routine antenatal care women with a viable pregnancy return for a further “nuchal 

scan” between 11 and 14 weeks. This information is included as a further scan on the same database. This scan finding can 

seen on the database as the next entry following the early pregnancy scan entries. We have now included the following 

sentence in the methods section of the paper to explain this:  

 

“The outcome at 11-14 weeks was obtained from the ultrasound reporting databases of the units where subsequent scan 

outcomes were entered as the next examination.”  

 

*Different centers had different criteria for classifying a pregnancy as being of unknown viability, and the criteria also changed 

over the course of the study. How does this heterogeneity affect the findings of the study? The criteria changed as a result in 
the change in guidance produced by the RCOG – which we had to implement. Some units had also chosen already to use 

slightly higher cutoff values as they felt cutoff values used were not conservative enough and did not account sufficiently for 

possible variation in ultrasound measurements between examiners, an issue we had published on before (Pexsters et al). We 

feel this heterogeneity improved the study by including pregnancies with larger mean gestation sac diameters and embryo 

crown rump lengths than we would have done before the guidance changes. Accordingly we were able to state the 

performance of using cut-off values for MSD between 25 and 30 and embryo CRL values between 5 and 8, which we were not 

in a position to do in our previous paper.  

 

It is interesting that they present values of sensitivity and specificity with confidence intervals but not the positive predictive 
value. The positive predictive value (really they quote post test probabilities of) is probably the most important parameter 

here, as you need the probability that a pregnancy is viable given the observed test results. Unfortunately the samples get 

very small for the PPVs e.g 2 out of 49 (first result top of page 11) gives a PPV of 5% with a 95% CI from 0.6% to 16.9%. 

(Another example: Proportion 0/12 for example – upper limit of CI goes up to 26% could be viable, so that’s very high.) There 

is a level of uncertainty that is not fully acknowledged.  

 

Thank-you, we considered specificity to be the most important parameter, because we aim to identify cut-offs that do not 

classify viable pregnancies as miscarriages. The positive predictive value (or in fact 1 minus PPV) also depends on the number 

of miscarriages that meet the cut-off. Ideally this number is high but this is of less importance, but nevertheless this number 

impacts on the confidence interval of 1 minus PPV. As requested however, we have now added 95% CIs for these numbers in 
order to be fully open.  

 

- We would like to see the combinations of the individual factors evaluated as well.  

Thank-you. We deliberately abstained from such an analysis for this paper to keep a clear focus on the performance of criteria 

that are used in the context of current guidelines and so avoid confusion as well as complexity. We understand that examining 

combinations of individual factors would be of interest and this is indeed something we plan to explore.  

 

- Lack of a reference standard as others have said  

 
The reference standard for the study was the outcome on the routine 11-14 week scan. We have tried to clarify this in the 

methods section with the following sentences.  

 

“For clarity the immediate outcome was the outcome that was used to establish if a pregnancy was viable and to clinically 

manage the patients. The final outcome and reference standard for the study was viability at 11-14 weeks in order to establish 

whether pregnancies of uncertain viability that were shown to be viable on repeat scans subsequently went on the fail in any 

event.”  

 

- The many abbreviations hampered readability in some places. Thank you. We have gone thought the manuscript and tried to 



reduce the number of abbreviations significantly. We would be happy to do so further if the editors think this would help make 

the paper more readable.  

 

Reviewer: 1  

 

Recommendation:  
 

Comments:  

Diagnosis of miscarriage is an important topic as bleeding in early pregnancy is around a common presentation to the 

emergency service affecting around 10,000 women in England and wales each year. This means that early pregnancy units 

have to provide high through-put services to met patient demand. High through-put services are subject to error rates and this 

paper is important as it details methods of reducing error rates. The clear criteria to diagnose miscarriage described in this 

paper are of great clinical importance.  

 

In general the manuscript is clear written contains original research that is analyzed in a through and robust fashion.  
 

However this manuscript seem to be aimed that the specialist early pregnancy sonographer. As the BMJ is a generalist journal 

I recommend some further clarifications are added to the manuscript:  

 

1. Most gestation sacs are not spherical but oval, sausage or heart shaped, hence a clear definition of mean sac diameter is 

needed. A diagram would help. Thank you, we have now included a diagram which we hope clearly indicates the 

measurements taken to define mean gestation sac diameter (fig 1.)  

 

2. The quality of ultrasound measurement is affected by factors such as obesity, ultrasound equipment, ultrasound couch, 

darkness of ultrasound room, operator training, operator experience. These would all affect accuracy of MSD and CRL 
measurements. We agree. We have previously published data demonstrating that  

there are inter-observer differences when measuring the size of a gestation sac and an embryo that are clinically significant 

(ref 4 in the paper). The factors outlined by reviewer 1 may also contribute to this. We carried out a pragmatic evaluation of 

the definitions of miscarriage that will include some variation in measurements for the reasons cited. For that reason we feel 

the results should be generalizable – rather than if the study had been for example carried out in a single university unit using 

the best available equipment in optimal conditions. We have included a sentence in the discussion to emphasise this point.  

 

“A further important issue relates to quality of scanning. For this study we did not introduce additional quality control measures 

beyond what was routine within the units, which included regular case review meetings, supervision by consultants and follow 
up of outcomes. For the study we carefully reviewed scans around the decision boundaries and carried out data cleaning and 

checking. Accordingly we feel the trial was pragmatic and the results reflect real clinical practice where several factors 

including equipment and training can impact on the interpretation of ultrasound findings.”  

 

3. The fetal heart in a 7mm fetus is very small and detection movement of a line <1mm is dependent on the angle between 

the scan probe and heart. Thank-you. For a 7mm fetus using ultrasonography, the heartbeat is inferred from a twinkle effect in 

the real time image as a pixel (or pixels) in the image cyclically switch on and off. The detection of the heartbeat is not based 

on movement, but reflects a periodic alteration in the echo intensity in one or more pixels (they are actually representative of 

the echo from a volume) as the heart beats. The heart itself does not need to be resolved and this periodic echo strength 

variation is not angle dependent. Accordingly we have not included a comment on angle dependence in the methodology.  
 

4. There if no mention of the use to colour ultrasound to ensure absence of heart beat is correctly diagnosed. Thank you for 

this comment. The use of Doppler to identify embryo heart activity was not used in this study and is not included in the clinical 

protocols of the participating hospitals – nor in national protocols. This is because of concerns about the energy levels 

associated with the use of Doppler in early pregnancy. This was recently highlighted in a scientific impact paper from the RCOG 

that states in its conclusion: “the use of colour and pulsed wave Doppler for all but brief insonation is not recommended during 

the embryonic period of development” (ref). The World Federation for Ultrasound in Medicine and Biology and the International 

Society of Ultrasound in Obstetrics and Gynecology also issued a joint statement that has been adopted by several other 

international organisations. It states “Doppler (i.e. pulsed wave [spectral], power and colour Doppler) should not be used 
routinely in all early pregnancies”. In view of the above the use of Doppler was not part of the standard protocols for 

examining early pregnancy in the participating units.  

5. There is no mention of the use of two observers to ensure absence of heart-beat as practiced in many units. Ie the issue of 

human error in measurement and observation of heartbeat is not discussed. Thank you for pointing this out. This is an 

important point and now is a key feature of NICE guidance. We have included a sentence in the discussion to emphasise the 

importance of this practice.  

 

“For these reasons we feel the advice given by NICE that ultrasound findings indicating a miscarriage should be checked by a 

second examiner is a sensible safeguard.8”  

 
 

6. Whilst the authors point out that some women do not know the first date of their last menstrual period they often know the 

date their pregnancy test was first positive. Hence time since positive pregnancy test is a clinical variable not mentioned in the 

manuscript. We agree and in retrospect this information would have been useful. However we do not ask routinely about the 

date of a positive pregnancy test in the clinic and so this was not recorded. The use of “first positive test” has been proposed 

as a useful marker to indicate that a patient must be a minimum of a certain number of weeks pregnant – which can help 

interpret scan findings particularly later in the first trimester. We are now carrying out a study where we are recording this 

information to test this, but we are unable to provide data on this for the current study.  

 
7. The concept of uncertain viability is distressing to patients thus sensitive communications of this issue should be mentioned. 

Thank-you. This is clearly an omission in the paper and we have added a sentence in the discussion to comment on this:  

 

“The requirement to repeat scans will inevitably leave women in a state of uncertainty that may be distressing. There is 

evidence that giving women information about the likely outcome can manage expectations and reduce anxiety11, and scoring 

systems and models now exist that give an accurate prediction regarding the likelihood of miscarriage12”  

 

Reviewer: 2  

 



Recommendation:  

 

Comments:  

24th Feb 2015  

 

Thank you for the opportunity to review this important paper which provides real life data to validate the safety of criteria used 
to diagnose miscarriage.  

I would like to see the results of this study published. I would like to know more details about  

 

1. Quality assurance around the collection of ultrasound measurement data contributing to the study Thank-you, we have 

commented on the specific quality assurance point made in the comments below. In general the data collected in the study 

was done so according to the standard clinical practice in the participating units – i.e. there were no changes to the standard 

care and procedures made.  

 

2. 95% confidence intervals around the estimates of “0%” false positive diagnosis of miscarriage as per modern (Doubilet et al 
2013) criteria  

 

This comment was also given by another reviewer (see above). For convenience, we repeat our answer here. “We considered 

specificity to be the most important parameter, because we aim to identify cut-offs that do not classify viable pregnancies as 

miscarriages. The positive predictive value (or in fact 1 minus PPV) also depends on the number of miscarriages that meet the 

cut-off. Ideally this number is high but this is of less importance, but nevertheless this number impacts on the confidence 

interval of 1 minus PPV. As requested however, we have now added 95% CIs for these numbers in order to be fully 

transparent.”  

 

 
3. The extent to which pregnancy gestational age/expected date of confinement was altered in the small minority with very 

small GSD at quite advanced duration of amenorrhoea.  

 

None of the pregnancies had their gestational age/EDD altered on the basis of the findings reported in the study. The policy in 

the UK is for dating to be carried out on the basis of the 11-14 weeks scan. So whilst the timing of this scan was inevitably 

pushed back on the basis of the pregnancy being earlier than anticipated – none of the actual EDD’s were changed as per 

national policy.  

 

I make the following specific suggestions for minor revisions to improve manuscript readability and clarify the three issues 
listed above.  

 

ABSTRACT  

This is clearly written. In particular, the abstracted results section usefully states the zero subsequently viable rates. Is it also 

possible to include 95% Cis related to these rates, please?  

 

Thankyou – we have now included 95% CI’s in the abstract as requested  

 

WHAT THIS PAPER ADDS  

No suggested changes  
 

INTRODUCTION  

No suggested changes  

 

METHODS  

Page 7, lines 27 ff  

Can you give any more information to support the quality of scans, e.g.  

 

• Were units following protocols, authored by ? BMUS or ? RCOG  
The protocols followed in the units were authored by the RCOG – according to the Addendum to GTG No 25 (Oct 2006): The 

Management of Early Pregnancy Loss published 19th October 2011. We have reworded the methods section now to reflect 

this:  

 

“In three hospitals, this was initially defined according to RCOG guidance at that time2 as an empty gestational sac <20mm 

MSD with or without a visible yolk sac but no embryo, or embryo with CRL <6mm with no heartbeat. Following amended 

United Kingdom guidance from the RCOG in December 201110 this definition changed to mean gestational sac size <25mm or 

embryo CRL of <7mm”  

 

• Any more information about the qualifications of those scanning e.g. ? nurse practitioners with or without certification in 
ultrasound ? doctors in training or qualified ? medical specialties within OG, ED, GP?  

The ultrasound scans were carried out by a variety of operators. In all units most examinations were carried out by nurse 

practitioners who had undergone ultrasound training in the units and competency agreed on a unit level – rather than attaining 

a formal certification in ultrasound such as the Diploma of Medical Ultrasound in the UK. In all the units some scans were 

carried out by consultant gynaecologists with an special interest in early pregnancy and they had final responsibility for 

agreeing the competency of the doctors and nurses scanning in their units and ensuring senior oversight of the quality of the 

scans being performed. For example at QCCH this role was taken by authors TB and CS, at Chelsea and Westminster by CB, St 

Thomas’s by JH, Northwick Park by PB and St Mary’s by DG. At St Thomas’ all scans were undertaken by qualified 

ultrasonographers, nurse sonographers with a post graduate qualification in scanning, or junior doctors with a post graduate 
qualification in scanning. At QCCH and C&W scans were carried out by experienced nurse practitioners, and clinical research 

fellows under supervision. In Southampton most scans were carried out by sonographers or nurses all with a postgraduate 

certificate in ultrasound.  

 

• Any quality assurance concerning image quality and validity of measurements?  

I am a clinician-researcher who lives in the real world, so if a formal QA system was not in practice, I am not horribly alarmed. 

Nevertheless any evidence for quality assurance programmes in current clinical practice and/or for the purposes of this study 

should be stated. If QA appears to be lacking, perhaps address this in the discussion as a study weakness with a firm resolve 

never to sin again…  



There was no extra quality assurance built in to this study other than the systems that exist in the units as part of normal 

clinical practice. In all units this involved a weekly case review MDT, consultant supervision and follow up of outcomes. In all 

units it was and remains policy for cases where a diagnosis of miscarriage had been made, that the findings are checked by a 

second operator who had been considered competent for independent scanning. In practice this usually meant someone with 

more experience such as a consultant. Regarding the study itself we reviewed the images for all cases where the 

measurements were close to the decision boundary. For example if the MSD was 20 mm but the pregnancy was found to be 
viable at 11-14 weeks these images were reviewed to ensure there had not been a gross error on the scan or a transcription 

error to the database. We agree that quality control is important, however we think that as extra measures were not included 

in this study (i.e. there were no changes to standard clinical management) the results are probably more reflective of how the 

criteria for miscarriage evaluated function in real clinical practice. Hopefully this will make the findings of the paper more 

generalizable. We have introduced a comment in the discussion on this issue as requested to highlight this point.  

 

“A further important issue relates to quality of scanning. For this study we did not introduce additional quality control measures 

beyond what was routine within the units, which included regular case review meetings, supervision by consultants and follow 

up of outcomes. For the study we carefully reviewed scans around the decision boundaries and carried out data cleaning and 
checking. Accordingly we feel the trial was pragmatic and the results reflect real clinical practice where several factors 

including equipment and training can impact on the interpretation of ultrasound findings. Particular care must be taken when 

the uterus is distorted by fibroids or a congenital abnormality. For this reason we feel the advice given by NICE that ultrasound 

findings indicating a miscarriage should be checked by a second examiner is a sensible safeguard8.”  

 

 

Page 7, line 53  

I am confused by the term “immediate viability”: please clarify. Do you mean to establish “diagnostic certainty of miscarriage 

or viable pregnancy” ?  

In essence yes. The endpoint of the study as stated is the outcome at 11-14 weeks – so this was what we looked on as the 
“final viability”. We chose this to avoid false positive diagnoses of miscarriage being seen as almost certainly “sick pregnancies” 

that would fail in any event. In clinical practice to manage the pregnancy we also looked at viability on repeat examinations 

e.g. 7-14 days later in order to make a decision about management and determine if the pregnancy was viable or not as would 

be case in conventional clinical management. We called this outcome the “immediate viability. It is very important this 

distinction is clear and we have added a sentence to methods that we hope makes this distinction clearer to the reader.  

 

“For clarity the immediate outcome was the outcome that was used to establish if a pregnancy was viable and to clinically 

manage the patients. The final outcome of the study was viability at 11-14 weeks in order to establish whether pregnancies of 

uncertain viability that were shown to be viable on repeat scans subsequently went on the fail in any event.”  
 

Page 8, line 20  

The phrase “certain of their dates” is a bit casual. It could even be interpreted as “certain that their dance partner would arrive 

on time and behave honourably!” May I suggest you rephrase this, for example “women were asked if they were certain of the 

recalled duration of amenorrhoea”  

Thank-you – we had not considered that potential ambiguity! We have replaced the phrase with:  

 

“patients were asked if they were certain of the date of the first day of their last menstrual period in order to calculate 

gestational age”  

 
Page 8, lines 28 ff  

The description of gestational sac and CRL measurements is admirably unambiguous. I have 2 questions, which also concern 

QA (as discussed above):  

• Is the description also readily available in guidance documents, e.g. from BMUS or RCOG?  

 

No, the RCOG guidance does not describe in detail how to measure either a gestation sac or embryo, nor is it commented on 

within the NICE guidance produced in the UK. BMUS quotes the RCOG guidance verbatim.  

 

• (As per QA comments above) Were images also reviewed by the research group to confirm the quality of submitted data?  
Yes as commented on above, we did review the data integrity and images of cases around the decision boundaries in order to 

be sure there were no errors for these key cases. We did not routinely or randomly review other cases. Standard data checks 

were carried out for data cleaning, for example cases where a pregnancy was described as an empty gestation sac, but then 

yolk sac measurements were included in the data for the patient. In such cases the data and images were rechecked by the 

participating centres in liaison with with authors JP and BVC. We have introduced the following sentence in the discussion to 

help clarify what was done:  

 

“A further important issue relates to quality of scanning. For this study we did not introduce additional quality control measures 

beyond what was routine within the units, which included regular case review meetings, supervision by consultants and follow 

up of outcomes. For the study we carefully reviewed scans around the decision boundaries and carried out data cleaning and 
checking. Accordingly we feel the trial was pragmatic and the results reflect real clinical practice where several factors 

including equipment and training can impact on the interpretation of ultrasound findings. Particular care must be taken when 

the uterus is distorted by fibroids or a congenital abnormality. For these reasons we feel the advice given by NICE that 

ultrasound findings indicating a miscarriage should be checked by a second examiner is a sensible safeguard8.”  

 

Page 9, Statistical Analysis  

No suggested alterations  

RESULTS  

Page 10, line 12 ff  
I am confused by the use of two descriptions “uncertain viability” and “unclear” close together. Being unclear about being 

uncertain suggests you might actually be certain! (double negative).  

 

Thank-you. We have tried to make this clearer by writing the sentence as follows  

 

“the category of intrauterine pregnancy of uncertain viability could not be determined in 10 patients due to incomplete data”  

Alternatively, would it be correct to rephrase as “10 participants’ scan results provided insufficient data to classify as definitely 

non-viable or of uncertain viability and were thus excluded”?  

 



See above – we meant that the type of pregnancy of uncertain viability could not be ascertained – for example and empty 

gestation sac or an embryo with no heartbeat.  

 

Page 11, line 5  

Can I clarify that if the maximum MSD for pregnancies with an empty sac with viable outcome was 20.3, and 2 cases with MSD 

> or = 20 were viable, then these 2 cases had MSD of between 20.1 and 20.3 mm inclusive? This is a minor question and does 
not necessarily require revision in the manuscript.  

 

Thank-you. These two patients had MSD measurements of 20 and 20.3 mm respectively.  

 

Page 11, line 33  

As viability is categorical (alive or not, not somewhat alive), but probability of viability is a continuous quantity (0 to 1), I 

suggest rephrasing as follows:  

“Gestational age: viability was less likely when …” to replace “viability was reduced”  

 
Thank-you, we have made this change as suggested  

 

Page 11, lines 38 ff  

Please clarify the clinical course of the interesting minority who reached 70 days of amenorrohea with uncertain ultrasound 

findings and who subsequently had viability confirmed at 11+ weeks ultrasound scan. The clinicians reading this manuscript 

will invariably ask “was the EDC adjusted?” Please address this question. For example, what was the evidence for extreme 

degrees of delayed ovulation and/or conception beyond the expected day 14 of the menstrual cycle?  

 

In the United Kingdom the policy is to adjust dates on the basis of the scan booked at what is presumed to be 11-14 weeks. In 

some cases this may mean that women need to be rebooked if the ultrasound dates then make them earlier in gestation than 
anticipated. So these pregnancies that remained PUV’s despite have an LMP 70 days previously were not formally redated on 

the basis of our scans. However the dates of their booked nuchal scans were adjusted to account for the discrepancy between 

the observed and expected size of the pregnancy. The pregnancies were then formally redated at those 11-14 week scans. We 

did not collect information about possible date of conception or the date of the first positive pregnancy test – which may help 

answer this question, so whilst ovulation/conception must have occurred much later than expected we do not have data to 

evidence this. We have introduced a sentence into the discussion to try and clarify this.  

 

“Finally we have limited information on the small number of women who reached up to 70 days amenorrhea yet still had a 

pregnancy of unknown viability. In these cases the timing of the 11-14 week scan was pushed later and the pregnancies 
formally redated at the time of that scan in line with national policy in the United Kingdom.”  

 

Page 12, line 32 ff  

Please clarify the course of one interesting pregnancy (or consider omitting, although I am interested as a clinician). The text 

currently reads: “One pregnancy with an empty gestational sac and of uncertain viability on repeat scan > 10 days later ended 

viable and was still an empty sac after 14 days”. Did the participant have 2 uncertain scans and then a reassuring 11+ week 

scan?  

 

Yes the data show she did indeed have two uncertain scans and subsequently had a viable pregnancy on the 11+ week scan.  

 
DISCUSSION  

Page 14, line 24  

Do your data support altering expected date of confinement/delivery/birth in a small proportion of pregnancies? Please 

discuss.  

 

We refer you to our answer above to the query regarding Page 11, lines 38 ff that perhaps covers the same issue. The findings 

of a pregnancy of uncertain viability in some pregnancies of around 70 days gestation must mean they are earlier in gestation 

than expected. Accordingly this means that the timing of subsequent scans may be adjusted to reflect this. This will mean that 

these pregnancies will then be formally redated at the 11 to 14 week scan.  
 

The remaining discussion reads well.  

REFERENCES  

No suggested alterations  

TABLE 1 No suggested changes  

TABLE 2 No suggested changes  

TABLE 3 No suggested changes  

TABLE 4 Can you provide 95% confidence intervals around the % estimation of viability please?  

 

Thank-you. These are now included in the table as requested  
 

TABLE S1 No suggested changes  

TABLE S2 No suggested changes  

TABLE S3 Please either define FHR (presumably fetal heart rate) or replace with the already defined EHA (embryonic heart 

activity), whichever is both accurate and meets author preference  

 

Thank-you. We have changed this to be “EHA” consistently throughout the table.  

 

TABLE S4 This is a particularly useful table for individual clinicians and for providing hospital Early Pregnancy Unit clinical 
guidance. Consider moving to the main body of the article.  

 

Thank-you – we would be very happy to move this table to the main body of the paper if permitted by the editors. We have 

included 95% CI’s in order to be consistent with table 4.  

 

FIGURES 1 to 3 and S1 to S5 No suggested changes  

 

Reviewer: 3  

 



Recommendation:  

 

Comments:  

Thank you for asking me to review this paper. This is a very interesting study with large numbers of participants. There are 

some really important messages here.  

It will be extremely helpful to have some clear guidance and timelines on the diagnosis of miscarriage.  
 

Please could the authors clarify if all women were followed expectantly until 11 to 14 weeks’ gestation. If not, I have some 

concerns that different centres are using different criteria for the diagnosis of miscarriage and that these criteria change during 

the course of study. In which case, I would suggest that the data using the smaller criteria (crown rump length less than 6 mm 

and mean sac diameter less than 20 mm) should be excluded from the analysis.  

Thank-you. We can confirm that all women with viable pregnancies were followed up until 11-14 weeks gestation i.e. the time 

of the routine nuchal screening scan. In the event that a miscarriage was diagnosed according to the criteria used in the units 

at the time, the women were managed according to the standard protocols in the individual units. To clarify this we have 

added the sentence  
 

“In the event that a pregnancy was diagnosed as a miscarriage, management was according to the existing protocols in the 

individual units, which was either surgery, medical or expectant.”  

 

We feel the change on criteria to define miscarriage according to the RCOG that happened during the study added to the study 

as it enabled us to have more data for cut-off values for MSD and CRL above the previously used thresholds. In one unit higher 

thresholds had been used from the outset because of clinicians concerns that guidance was not conservative enough. Overall 

we feel this heterogeneity has added to the study as it has resulted in more data-points above the decision boundaries. 

Regarding excluding data, we would be reluctant to do this. Whilst guidance in the UK related to threshold values of MSD 20 

mm and CRL 6 prior to recent changes, in the United States for example the cutoff values used previously were 16 mm and 5 
mm respectively. Many clinicians have taken the view that these were conservative and proposed even lower thresholds. We 

feel that publishing the data for all potential threshold values for MSD and CRL should settle the discussion regarding the use 

of these lower values not just in the UK but also internationally.  

 

Lines 20-24  

Until recently … the American College of Radiology used criteria  

In contrast the Royal College of Obstetricians and Gynaecologists (RCOG) used MSD ≥20mm or an embryo with CRL ≥6mm 

with no heartbeat2  

I have checked the RCOG guidance. The RCOG used an empty gestation sac (mean sac diameter > 20mm) containing no yolk 
sac or embryo or crown rump length > 6mm with no heart activity until 2011.  

Thank-you. The RCOG GTG no 25 does not clearly define miscarriage – but defines a pregnancy of “uncertain viability” and 

leaves it to the reader to assume that pregnancies that do not fit these criteria are a miscarriage. The wording is as follows:  

 

“Intrauterine sac (<20mm mean diameter) with no obvious yolk sac or fetus  

Or  

Fetal echo < 6mm crown-rump length with no obvious fetal heart activity. In order to confirm or refute viability, a repeat scan 

at a minimal interval of 1 week is necessary”  

 

Based on this wording, < 20 does not include 20.0mm and <6 does not include 6.0mm. Accordingly we have quoted that the 
RCOG used cutoff values of ≥20mm and ≥6mm respectively to define a miscarriage. If we have not interpreted this correctly 

we would like to correct this – but have double-checked the GTG no 25 and quoted verbatim from it above, accordingly at the 

moment we have left this unchanged. We have inserted the word relatively into the introduction, as the guidance changed in 

2011 in the UK so “until recently” no longer seems appropriate.  

 

Lines 55-56  

The authors suggest that the ACR was the first to change its guidance (Lane et al 2013). The RCOG issued revised guidance in 

2011 that the criteria for the diagnosis of miscarriage should be changed to an empty gestation sac (mean sac diameter > 

25mm) containing no yolk sac or embryo, or, crown rump length > 7mm without heart activity (Addendum to RCOG guidance 
19th October 2011 & Reference number 10 in this paper). For pregnancies with measurements below these cut-offs, the scan 

should be repeated after a minimum of seven days.  

NICE adopted the revised RCOG guidance and included these criteria in their guidance on Miscarriage & Ectopic Pregnancy 

December 2012. In addition NICE advise that a second observer should confirm the findings.  

The ACR guidance changed and was published in 2013.  

Suggest change order of wording and change order of references to follow chronology.  

Thank-you. We have altered the introduction to discuss the different guideline changes in the chronological order in which they 

took place and reordered the references accordingly – i.e. RCOG, NICE, ACR, Doubilet paper. This section of the paper now 

reads as follows  

 
“Following these publications, the RCOG immediately changed it guidance to one based on an empty gestational sac of MSD 

≥25mm or embryo with CRL ≥7mm without heart activity7. In December 2012, the National Institute for Health and Care 

Excellence (NICE) in the United Kingdom adopted the RCOG recommendations8. The ACR guidance then also changed in 2013, 

and adopted the same criteria to define miscarriage as the RCOG9. As part of their guideline NICE stated that for empty 

gestation sacs and embryos below the cut-off values, if the sac is empty or no embryo heartbeat is visible on an ultrasound 

scan after 7-10 days, these are definitive criteria for miscarriage. They reported no consensus regarding timing and frequency 

of repeat ultrasound scans for initially inconclusive scans, and identified this as a research priority8. Later in 2013, a review 

based on a consensus meeting of the Society of Radiologists in Ultrasound (SRU) in the United States in the New England 

Journal of Medicine highlighted risks of incorrectly diagnosing early pregnancy failure, and recommended criteria to diagnose 
miscarriage9.”  

 

 

Page 7  

Line 18  

A recent review in the New England Journal of Medicine was two years ago in 2013  

Thank-you for pointing this out, we have removed the word “recent” from this sentence.  

 

Page 8  



Between September 2010 & March 2011  

August 2011 – May 2013  

The criteria for the diagnosis of miscarriage changed from empty gestational sac > 20mm with or without a yolk sac or embryo 

crown rump length > 6mm in December 2011, to empty gestational sac > 25mm with or without a yolk sac or embryo crown 

rump length > 7mm. Please would the authors clarify if they followed NICE guidance that a second observer should confirm the 

diagnosis of non-viable pregnancy during the period of study.  
It was the general policy on the units for a diagnosis of miscarriage to be confirmed by a second operator as this reflects good 

practice, however we do not have data to confirm that this happened in every case of miscarriage in the study. Most cases had 

been recruited prior to the publication of the NICE guidelines in December 2012. After this time the use of a second observer 

was introduced into protocols and so this was reflected in the study as this was an observational study. To clarify this in the 

manuscript we have introduced the following sentence in the methods  

 

“In general a diagnosis of miscarriage was checked by a second operator, and after guidance changes in December 2012 this 

practice was introduced formally in all units.”  

 
Page 9  

Line 39  

Please would the authors comment on the age of the Ultrasound machines. There are standards that recommend that 

Ultrasound machines should be replaced after five years. Thank-you. All ultrasound machines used in the study to make a final 

diagnosis were less than 5 years old and were therefore within the recommended standards in the UK and were subject to 

regular maintenance according to manufacturers recommendations. One machine at St Thomas’ was 6 years old but had 

updated software and all scans where final decisions were made were carried out on a machine that was less than 5 years old. 

We have introduced a sentence into the methodology to reflect this:  

 

“All machines used in the study to make a final diagnosis were less than 5 years old and subject to regular maintenance”  
 

Page 10  

Line 28-43  

I do not understand the following paragraph  

We have not replaced missing values but have continued with complete cases.  

Please clarify - does this mean that the authors have excluded women with missing data?  

 

Thankyou, we have clarified this point by entering the following into the discussion  

 
“We did not impute missing data, but analyzed the available data for every research question because we felt that missing data 

in this trial is unsystematic with respect to the investigated relationships. In general, because the cut-offs investigated lead to 

near perfect specificity in order to avoid harm to viable pregnancies, we also felt that it was most appropriate to analyze 

observed data.”  

 

After internal investigation, we strongly believe that missing data regarding gestational age, MSD, CRL, second scan, and the 

interval between scans are not systematic with respect to the associations investigated in this study.  

What does this mean please?  

 

We intended to say that patients with missing values for the listed variables are on average not different from patients with 
complete data, and hence the omission of patients with missing values would not bias the results.  

 

The only exceptions are cases that were lost to follow-up, these are commented on in the discussion. I could not find any 

discussion about cases lost to follow up in the discussion.  

 

We have now commented on this in the statistical section of the paper and made the following comment in the discussion  

 

“We did not impute missing data, but analyzed the available data for every research question because we felt that missing data 

in this trial is unsystematic with respect to the investigated relationships. In general, because the cut-offs investigated lead to 
near perfect specificity in order to avoid harm to viable pregnancies, we also felt that it was most appropriate to analyze 

observed data. We did not impute missing data, but analyzed the available data for every research question because we felt 

that missing data in this trial is unsystematic with respect to the investigated relationships. In general, because the cut-offs 

investigated lead to near perfect specificity in order to avoid harm to viable pregnancies, we also felt that it was most 

appropriate to analyze observed data. Around 10% of patients were lost to follow up. The majority of these booked for delivery 

and had their 11-14 weeks scans carried out elsewhere and could not trace them. These patients had a yolk sac without an 

embryo visualized more often on the first scan than patients with complete follow up, this may suggest that patients lost to 

follow up were more likely to be viable at 11-14 weeks.”  

 

In addition, because we focus on cut-offs that lead to near perfect specificity (to avoid a misdiagnosis of miscarriage with 
viable pregnancies), we felt that it was most appropriate to analyze observed data. What does this mean please?  

 

We intended to say that, because we are looking for ‘extreme’ cut-offs, we will sometimes discuss individual cases. In such 

cases, it is difficult to discuss a patient for which a crucial missing value has been replaced (‘imputed’). We have now deleted 

this sentence to avoid confusion.  

 

Page 12  

The numbers in the non-viable group are small. (0/12 for mean sac diameter more than 25mm)  

 
Yes. The number of cases at the higher cut-off levels is small as might be expected. We have highlighted this point in the 

discussion as a weakness of the paper  

 

“Notwithstanding the large numbers, a weakness of the study is that around certain decision boundaries numbers are too small 

to be definitive”  

 

In the discussion, there should be mention that the diagnosis of miscarriage based on the failure to visualise an embryo or 

cardiac activity (“negative diagnosis”) is generally less safe than a diagnosis based on positive findings.  

 



I am sorry but we are not entirely clear about this point. Is this a general comment about a diagnostic test – i.e. the absence 

of something is harder to demonstrate than its presence? We have introduced the following sentence into the discussion to 

address this point and hope we have understood it correctly  

 

“This potential is compounded by the fact that diagnosing miscarriage with certainty is problematic as it is reliant on negative 

findings – i.e. the absence of a structure or a heartbeat and a lack of change over time.”  
 

Examiners should avoid making a diagnosis of miscarriage on a single ultrasound scan in clinically stable women with 

suspected miscarriage due to the presence of an empty gestational sac or due to the inability to document embryonic cardiac 

activity. In all these women, the findings should be confirmed by a second examiner or a follow up examination should be 

arranged at least 7 days later and in the case of smaller pregnancies at least 14 days later.  

 

Thank-you. The need to repeat scans at an interval is discussed and hopefully illustrated in table 4. We agree the issue of 

having scans suggesting miscarriage being checked by a second operator is an important point. We have included a sentence 

in the discussion to emphasise the importance of this practice.  
 

“For this reason we feel the advice given by NICE that ultrasound findings indicating a miscarriage should be checked by a 

second examiner is a sensible safeguard.8”  

 

Particular care should be taken in women with large uterine fibroids and congenital uterine anomalies, which increase the risk 

of diagnostic errors. In women with a history of previous Caesarean section, the uterus may be located high in the pelvis due 

to adhesions. In all these cases transabdominal scans should also be considered to minimise the risk of diagnostic errors.  

 

We agree that in these circumstances ultrasonography may be made more difficult and care must be taken. However we have 

no data on the performance of transabdominal ultrasonography in our study. Accordingly we would not like to give any 
indication to the reader that the features that indicate miscarriage on the basis of our data are applicable when a scan is 

carried out transabdominally. We have introduced into the discussion a comment relating to the technical difficulty of scanning 

when the uterus is not normal.  

 

“Particular care must be taken when the uterus is distorted by fibroids or a congenital abnormality”  

 

Conclusion  

If I have understood the results correctly, I would simplify the “take home messages”  

 
The criteria of empty gestation sac without yolk sac or embryo more than 25mm mean sac diameter or embryo more than 

7mm crown rump length should be adopted for the diagnosis of miscarriage.  

 

The diagnosis of miscarriage should always be confirmed by a second observer or the scan repeated after no less than 7 days.  

In pregnancies of uncertain viability, a repeat scan should be arranged  

If there is an embryo present, the scan should be repeated in no less than 7 days.  

If the sac is small and there is a yolk sac – the scan should be repeated in no less than 14 days.  

If the sac is small and a yolk sac has appeared on the second scan 14 days later, the scan should be repeated in no less than 7 

days.  

 
Thank-you. We have included proposed criteria for miscarriage based on our data in table 4 which we think state the messaged 

in a succinct way without making the discussion overly lengthy. We now refer to this table in the discussion to make this more 

clear. We also refer to what is now table S4 – which may become a further table in the paper if a further table is permitted 

editorially. We hope this makes things clear. We agree that checking a scan by a second operator is a sensible part of guidance 

and we have stated as such in the manuscript – however this was not something we evaluated in our paper and so felt this 

could not be a “conclusion” based on our findings.  

 

“We have proposed criteria for miscarriage based on our data in table 4 and in table S4 we describe the performance of 

currently used guidance when applied to our data to illustrate where there are limitations.”  
 

Page 18  

I would suggest that the date of the first positive pregnancy test should be studied as well as gestational age. Many women 

can’t remember their LMP, have irregular cycles which make LMP unreliable, or conceive following a miscarriage without having 

a period, but all have in common a positive pregnancy test.  

Thank-you. Yes, reviewer 1 also made this point. We gave the following answer: We agree and in retrospect this information 

would have been useful. However we do not ask routinely about the date of a positive pregnancy test in the clinic and so this 

was not recorded. The use of “first positive test” has been proposed as a useful marker to indicate that a patient must be a 

minimum of a certain number of weeks pregnant – which can help interpret scan findings particularly later in the first 

trimester. We are now carrying out a study where we are recording this information to test this, but unfortunately we are 
unable to provide data on this for the current study.  

 

Recommend publication with clarification of the above points.  
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