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ABSTRACT
Objectives To assess the diagnostic accuracy of non- 
invasive or minimally invasive autopsy techniques in 
deaths under 1 year of age.
Design This is a systematic review of diagnostic test 
accuracy. The protocol is registered on PROSPERO.
Participants Deaths from conception to one adjusted 
year of age.
Search methods MEDLINE (Ovid), EMBASE (Ovid), CINAHL 
(EBSCO), the Cochrane Library, Scopus and grey literature 
sources were searched from inception to November 2021.
Diagnostic tests Non- invasive or minimally invasive 
diagnostic tests as an alternative to traditional autopsy.
Data collection and analysis Studies were included if 
participants were under one adjusted year of age, with 
index tests conducted prior to the reference standard.
Data were extracted from eligible studies using 
piloted forms. Risk of bias was assessed using Quality 
Assessment of Diagnostic Accuracy Studies- 2. A narrative 
synthesis was conducted following the Synthesis without 
Meta- Analysis guidelines. Vote counting was used to 
assess the direction of effect.
Main outcome measures Direction of effect was 
expressed as percentage of patients per study.
Findings We included 54 direct evidence studies (68 
articles/trials), encompassing 3268 cases and eight index 
tests. The direction of effect was positive for postmortem 
ultrasound and antenatal echography, although with 
varying levels of success. Conversely, the direction of 
effect was against virtual autopsy. For the remaining tests, 
the direction of effect was inconclusive.
A further 134 indirect evidence studies (135 articles/trials) 
were included, encompassing 6242 perinatal cases. The 
addition of these results had minimal impact on the direct 
findings yet did reveal other techniques, which may be 
favourable alternatives to autopsy.
Seven trial registrations were included but yielded no 
results.
Conclusions Current evidence is insufficient to make firm 
conclusions about the generalised use of non- invasive or 
minimally invasive autopsy techniques in relation to all 
perinatal population groups.
PROSPERO registration number

CRD42021223254.

BACKGROUND
The devastating loss of a child has emotional, 
psychological and physical implications for 
parents. While healthcare practices have 
come a long way in reducing death under 
1 year of age, approximately 5% of this popu-
lation still die annually.1 Understanding why 
this has happened can provide some support 
to parents through the grieving process and 
contribute to identifying potential risks for 
future pregnancies.2 An autopsy can provide 
additional information or a change of diag-
nosis regarding cause of death in up to 76% 
of cases.3

Over the last 20 years, there has been a 
decline in the uptake of autopsy for the peri-
natal population.4 5 Studies have shown a 
decrease in uptake of 15%–20% in England 
and Wales between the 1990s and 2000s, 
with <60% of cases gaining consent for 
autopsy.3 4 6 The Alder Hey hospital reten-
tion inquiry, 1999–2001, saw children’s 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This systematic review followed PRISMA- S, 
PRISMA- DTA and Synthesis without Meta- Analysis 
reporting standards.

 ⇒ The search was conducted by a trained information 
specialist and peer- reviewed by a Cochrane infor-
mation specialist.

 ⇒ Publication bias was reduced by considering all 
study designs for inclusion.

 ⇒ The direction of effect may be overestimated due to 
the inclusion of low powered studies.

 ⇒ A narrative synthesis was conducted for each of the 
index tests as it was not possible to derive estimates 
of effect size.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064774 on 6 January 2023. D

ow
nloaded from

 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-0107-711X
http://dx.doi.org/10.1136/bmjopen-2022-064774
http://dx.doi.org/10.1136/bmjopen-2022-064774
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2022-064774&domain=pdf&date_stamp=2023-01-06
http://bmjopen.bmj.com/


2 O'Keefe H, et al. BMJ Open 2023;13:e064774. doi:10.1136/bmjopen-2022-064774

Open access 

organs and tissues being held after post- mortem without 
consent.7 8 Organ retention was one of the biggest 
concerns for parents when consenting to autopsy, 
following disclosures of unlawful organ retention (after 
the Alder Hey episode) and was still listed among the 
seven major themes describing barriers to postmortem 
uptake in two recent papers.2 8 9 Disfigurement of the 
child is of similar concern to the parents with many 
fearing invasive techniques will cause further trauma and 
feeling a need to protect the child.10 11 This is paralleled 
with religious beliefs where any disfigurement or delay to 
burial is unacceptable, for example, in Muslim or Jewish 
faiths, which generally require burial within 48 hours and 
any desecration of the body is forbidden.2 12 Implications 
for research have also been highlighted in response to 
decreasing uptake rates. Collating statistics for research 
can help to identify knowledge gaps and encourage 
funding bodies to drive the development of new inter-
ventions to prevent such deaths from occurring. Offering 
non- invasive or minimally invasive alternatives to autopsy 
is well supported by parents, religious groups and clin-
ical pathologists, although with some caveats around the 
impact on the pathology specialism. This has been widely 
reflected in the qualitative evidence along with confirma-
tion that non- invasive or minimally invasive techniques 
will likely increase uptake rates for the perinatal popula-
tion.2 13–15

Cause of death can be distinguished as underlying, 
intermediate and immediate. Appropriate non- invasive 
or minimally invasive techniques may vary depending 
on which of these categories the postmortem is trying to 
identify.16 According to the Royal College of Pathologists 
(RCP) guidelines traditional autopsy is used to determine 
immediate cause of death.17–19 However, underlying cause 
of death is often used in mortality statistics. Guidelines 
from the RCP state that non- invasive or minimally inva-
sive techniques should not be used alone, instead they 
should be used as adjuncts to traditional autopsy.17–19 In 
some circumstances, the family is charged for these alter-
native services, with costs starting at ~£500.20–22 In 2012, 
the UK National Health Service (NHS) recommended 
that 30 specialist mortuary- based imaging centres should 
be adopted across the country, five of which should be 
specialist paediatric centres, combining pathology and 
radiology services. They also recommended that a flat 
rate for autopsy services should be implemented, regard-
less of the techniques used, although recognising that 
this would likely inflate the NHS costs burdened by local 
authorities, but prevent costs being passed to the family.23 
This vision is slowly coming to fruition with the Great 
Ormond Street centre and planned openings at facili-
ties across the country, including adult imaging centres 
in Northumbria and Preston.20 24 However, there is little 
systematically compiled quantitative evidence to support 
these NHS recommendations for paediatric centres. To 
date, seven systematic reviews have attempted to address 
the evidence.25–31 However, it is clear that there are major 
limitations to the search methodologies in these reviews, 

potentially introducing bias, which means that the results 
cannot be interpreted with confidence. With the excep-
tion of the review by Wojcieszek et al, these reviews all 
focus on imaging techniques and do not consider other 
viable non- invasive or minimally invasive techniques.25–31 
Similarly, the population groups are highly variable. 
Some consider a whole of life population, while others 
consider few very distinct perinatal populations. This 
makes it difficult to assess how these techniques perform 
across the subpopulations of the perinatal period (see 
online supplemental file 1 for a critique of the literature).

This systematic review focuses on deaths from concep-
tion up to one year of age. For consistency, we adhere to 
UK terminology for five subpopulations and consider 
index tests which are underpinned by imaging, visual, 
verbal or laboratory techniques. While these tests are not 
commonly used in mortuaries at present, the majority are 
used routinely in clinical practice and are already well 
defined (see online supplemental file 2 for details of the 
clinical role of the index tests). Given the existing clinical 
application of the index tests, there is a broad spanning 
literature base which could be classified into two distinct 
groups. Studies where the primary aim was to assess non- 
invasive and minimally invasive techniques as an alter-
native to traditional autopsy can be classified as direct 
evidence. Conversely, studies where the primary aim was 
assessing these techniques for routine diagnostic use but 
follow- up in an autopsy population can be classified as 
indirect evidence.

Aim
To establish the direction of effect for non- invasive and 
minimally invasive autopsy techniques when discerning 
the cause of death in previable, loss in utero, stillborn, 
neonatal and infant populations up to one adjusted year 
of age.

Objectives
The specific objectives were to:

 ► Synthesise the existing literature to assess which 
non- invasive and minimally invasive autopsy tech-
niques have been studied as alternatives to traditional 
autopsy.

 ► Undertake a comparative analysis of the level of agree-
ment and disagreement between the index test(s) and 
the reference standard.

 ► Assess the direction of effect for the index test(s) and 
reference standard using a vote counting approach.

METHODS
The methodologies used in this systematic review follow 
the Preferred Reporting Items for Systematic Review and 
Meta- Analysis (PRISMA) reporting standards for search 
strategies PRISMA- S, Cochrane standards of conduct 
for Diagnostic Test Accuracy reviews, and the PRISMA 
diagnostic test accuracy reporting standards PRIS-
MA- DTA.32–34 The protocol was published in PROSPERO 
in January 2021 (online supplemental file 3) and a full 
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protocol is available through the project website https:// 
research.ncl.ac.uk/perinatal-post-mortem-dta/ .35

Patient and public involvement
Patients or publics were not involved in the design, or 
conduct, or reporting or dissemination plans of our 
research.

Eligibility criteria
Population
This systematic review includes loss of life from concep-
tion to one adjusted year. Population cohorts have been 
split according to UK terminology as follows. Previable 
deaths include spontaneous and elective abortions at 
<24 weeks of gestation. Stillbirths include deaths at ≥24 
weeks gestation. Loss in utero has been used for deaths 
where it was not possible to determine the gestational 
age or where gestational age has been given as a range 
that straddles the 24- week cut- off for previable deaths 
and stillbirths. Neonatal death includes deaths within 28 
unadjusted days from birth. Infant deaths include deaths 
up to one adjusted year of age. All causes of death were 
included, with the only exception relating to elective 
abortions with no indication of fetal compromise as no 
diagnostic benefit will be gained from autopsy in a large 
proportion of cases.

Index tests
The focus of this systematic review is non- invasive and 
minimally invasive techniques. Imaging techniques, 
amniocentesis, Chorionic Villus Sampling (CVS), fetal- 
free DNA analysis, percutaneous and endoscopic biopsy, 
umbilical cord and placental examinations, virtual and 
verbal autopsy have been included. In some instances, 
these techniques were carried out during the antenatal 
period, either prior to or after fetal demise. This system-
atic review only included studies where the index tests 
were performed antenatally or in the postmortem period. 
Therefore, studies where the index test was performed on 
living perinates in the post- partum period prior to death 
were excluded.

Reference standard
Full or partial traditional autopsies are the gold standard 
in postmortem diagnosis. Full autopsy includes examina-
tion of the body and internal organs, often with organ 
dissection and biopsy. Partial autopsy is performed on 
a specific region or regions of the body and/or specific 
organs or organ systems. Therefore, both techniques have 
been considered as reference standard within this review.

Study design
All study designs where individuals had received both the 
index test(s) and the reference standard were included. 
However, invasive procedures or removal of tissue samples 
during reference standard autopsy may affect the accu-
racy of any index test(s) conducted afterwards, poten-
tially leading to false positive or negative results. Incisions 
or tissue sampling may mask details that would otherwise 

be obtained through imaging techniques had they been 
conducted initially. Therefore, studies where the index 
test(s) were performed secondary to the reference stan-
dard were excluded. Both prospective and retrospective 
studies were included to ensure coverage of retrospective 
analysis performed on index test(s) completed during the 
antenatal period. Studies reporting mixed populations 
were accepted if it was possible to isolate the populations 
of interest. Similarly, those with mixed comparators were 
included where the autopsy population could be distin-
guished from other non- autopsy- based comparators. 
Conference abstracts have been included where enough 
information was available to determine the methods used 
by the researchers and either the cause of death diagnosed 
by the index test(s) and reference standard or summary 
statistics with an indication of the number of index 
test(s) and reference standards in agreement. Qualitative 
evidence and systematic reviews were excluded from this 
review; however, the reference lists of systematic reviews 
were hand searched for eligible studies.

Search methods and information sources
A search strategy was designed by an information 
specialist (HO) in Medline(Ovid) and reviewed by a 
Cochrane Information Specialist using the Peer Review 
of Electronic Search Strategies (PRESS) checklist.36 The 
search was translated into other databases as appropriate. 
The search strategy comprised of population, index test 
and reference standard concepts and a diagnostic study 
design filter was applied. No date or language restrictions 
were placed on the search and searches were conducted 
on 18 January 2021 and rerun on 17h November 2021 
(online supplemental file 4).

Electronic searches
Bibliographic databases were searched from incep-
tion to 17 November 2021. The main databases were 
Medline(Ovid); Embase(Ovid); CINAHL(EBSCO); 
Cochrane library(Wiley) and Scopus.

The reference lists of systematic reviews were hand 
checked for eligible studies. In addition to the main data-
bases, Web of Science—Conference Proceedings Citation 
Index;  ClinicalTrials. gov and WHO international clin-
ical trials registry platform were searched for conference 
abstracts and trials. The Royal College of Obstetrics and 
Gynaecologists; Royal College of Midwives and Royal 
College of Paediatrics and Child Health were searched 
for grey literature.

Study selection
Duplicate references were removed using EndNote 
V.x9.01.37 Title and abstracts and full- text screening 
were conducted by a single reviewer (HO) and 20% 
was screened independently at each stage by a second 
reviewer (RS or MB), after which clarification of eligi-
bility took place before completion of screening. Where 
full texts were not freely available, they were requested 
through interlibrary loans. Articles written in non- English 
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language were translated to English prior to full- text 
screening. Discrepancies were resolved by discussion 
between the review team (n=37 title and abstracts; 
n=24 full texts).

Data collection process
In a change to protocol, studies were collated into groups 
of either direct or indirect evidence for data extraction. 
Piloted forms were used to extract data from eligible 
studies.35 Authors were contacted where information was 
missing or unclear. Accuracy measures were recorded on 
a per- patient basis where possible, or a per- lesion basis 
otherwise. Studies where the autopsy was clinically non- 
diagnostic in some cases have been included. However, 
the non- diagnostic cases have not contributed towards 
direction of effect in the analysis.

Risk of bias and applicability
Risk of bias was assessed using an adaptation of the 
Quality Assessment of Diagnostic Accuracy Studies- 2 
(QUADAS- 2) tool, in line with author recommendations 
(see online supplemental table 1 for adaptations).38 The 
QUADAS- 2 tool comprises four domains covering patient 
selection, index test, reference standard and flow and 
timing. Signalling questions are used in each domain to 
assess the extent to which the study has minimised bias 
in the way the patients were enrolled and the setting in 
which the study took place, the conduct and interpreta-
tion of results for both the index and reference standard 
tests, the timing between test and whether all patients 
received both tests.

Synthesis of results
A narrative synthesis was conducted following the PRIS-
MA- DTA (online supplemental table 2) and Synthesis 
without Meta- Analysis (SWiM) reporting guidelines. 
Where possible, results have been converted from true 
positive (TP), true negative (TN), false positive (FP), false 
negative (FN) measures to numbers and percentages 
for consistency of reporting. Specifically, TP+TN being 
combined to demonstrate full agreement between tests, 
and FP+FN combined to show full or partial disagreement 
between tests. Those with >50% full agreement between 
the index test and reference standard within a cohort 
are deemed to have a positive direction of effect towards 
the index test as an alternative to traditional autopsy. To 
this end, a vote counting approach was taken for this 
synthesis. Vote counting is the process of counting the 
number of studies where the results from the index and 
reference standard tests matched, and those where they 
disagreed.39 We have used the terminology of ‘favour’, 
‘favourable’, ‘favouring’ and ‘favoured’ throughout the 
manuscript to express the direction of effect, that is to say 
when the index test results matched the reference stan-
dard results (denoted as favoured index test) and when 
they did not (denoted as favoured reference standard). 
This does not indicate usefulness or accuracy of the tests, 
instead it refers to the observed variability between tests 

as a means of demonstrating non- inferiority. Results with 
>80% agreement within a cohort were considered highly 
favourable, those with 51%–80% agreement were consid-
ered moderately favourable.40

RESULTS
Study selection
Title and abstract screening was performed on 2117 
references, 1633 were excluded as they did not meet our 
inclusion criteria. At full- text stage, 484 references were 
screened for eligibility. Of these, 281 were excluded as 
they did not meet the inclusion criteria (figure 1, online 
supplemental table 3). Articles and trials were grouped 
into direct (n=68) and indirect (n=135) evidence. Direct 
evidence was article, which focused on the index test(s) 
specifically for autopsy purposes. Indirect evidence was 
articles where the intention of the index test(s) was not 
for autopsy but did follow- up in an autopsy population, 
providing valuable insight into the suitability of these tests 
for autopsy purposes.

Study groupings
Three studies had multiple published articles which 
discussed the same population. The risk of double 
counting was minimised by carefully selecting the most 
comprehensive articles where different index tests had 
been described in the same study (online supplemental 
table 4).

This resulted in 50 of the 62 direct evidence papers or 
abstracts being synthesised, along with six trial records. 
However this only amounted to 54 studies in total as some 
artices described different tests from the same study. Of 
the 134 indirect evidence papers or abstracts, 133 were 
synthesised41–174 as well as a single trial record.175 None 
of the seven included trials identified from trial registries 
reported interim or final results and only four remain 
active.176–179 A trial in France (Unnamed Investigators) 
has been terminated due to lack of recruitment,180 and 
the trial by Blaser in Canada has been withdrawn.181 The 
final trial by Fuchs, conducted in France, was completed 
in August 2020.175

Risk of bias and applicability
Risk of bias assessment was performed for all papers or 
abstracts (n=196), regardless of study groupings, but not 
for trial registry records (n=7). We performed risk of 
bias assessment on all studies for transparency, particu-
larly when considering reporting and within study biases 
across the grouped articles.

Direct evidence
Out of 62 articles, eight (13%) articles had a low risk of 
bias,182–189 45 (72%) articles had some concerns,185 190–234 
and nine (15%) articles had a high risk of bias235–243 
(figure 2).

The overall ratings of the applicability of the arti-
cles to the review question found one (2%) article 
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had a high level of concern,241 20 (31%) had some 
concerns,195 200 205 206 212 214 215 217 220 222 225 226 231–234 237–240 
and 41 (67%) had a low level of concern.182–194 196–199 

201–204 207–211 213 216 218 219 221 223 224 227–229 235 236 242 243

Indirect evidence
For both risk of bias and applicability to the 
review question, the majority (n=129) had some 
concerns,41 42 44–67 69–87 89–149 151–170 172–174 and five had a 
high level of concern43 68 88 150 171 (figure 3).

Study characteristics
Postmortem MRI was the most widely studied tech-
nique among the direct evidence, with 24 studies and 
three trials. Conversely, antenatal CT, amniocentesis and 
placental examination were not present in any of the 
direct evidence studies. Similarly, little direct evidence 
(n=1) was seen for both virtual autopsy and verbal 
autopsy. The indirect evidence for antenatal ultrasound 
was considerable (n=96). Antenatal MRI and antenatal 
echography were also widely demonstrated through 
indirect studies, with 31 and 22 studies, respectively. All 

remaining techniques in the inditrect evidence had rela-
tively low total study numbers (n<10).

Among the indirect evidence, antenatal ultrasound had 
the highest total number of cases (n=5746), as expected 
from the volume of studies. For the direct evidence, ante-
natal ultrasound and postmortem MRI had the highest 
total number of cases, 1506 and 1669, respectively, despite 
differences in the number of studies for each technique 
(figure 4).

Two studies did not report the country of origin.173 241 
The remaining studies were split across 40 countries, with 
the UK having the highest output. A total of 26 direct 
and 12 indirect studies (15.84%) came from the UK. The 
USA was the second largest producer, with 21 direct and 
two indirect studies. Conversely, only one direct study was 
identified from China;231 however, this country had the 
largest output of indirect studies (n=20), making it the 
third largest producer of outputs (figure 5).

Synthesis of results
None of the seven trials included in this systematic review 
reported interim or final results.175–181 The results from 

Figure 1 Preferred Reporting Items for Sytematic Reviews and Meta- Analysis (PRISMA) flow diagram of study selection. 
*Indirect evidence which underwent limited data extraction. These articles did not focus specifically on the diagnostic accuracy 
of the index test(s) for autopsy purposes.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064774 on 6 January 2023. D

ow
nloaded from

 

http://bmjopen.bmj.com/


6 O'Keefe H, et al. BMJ Open 2023;13:e064774. doi:10.1136/bmjopen-2022-064774

Open access 

Figure 2 Risk of bias assessment for the 62 direct evidence papers and abstracts. Risk of bias assessment performed with 
QUADAS- 2 evaluation tool. Inclusive rating for each domain and overall score. Priority order of scoring for each domain was as 
follows: high>some concern>low. QUADAS- 2, Quality Assessment of Diagnostic Accuracy Studies- 2.
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each of the remaining studies have been described below 
in terms of favourability of each test in different perinatal 
populations. It is important to note, this demonstrates 
the direction of effect but not the degree of that effect 
(figure 4).

Antenatal ultrasound
Direct evidence
Among the direct evidence, diagnostic accuracy results for 
antenatal ultrasound in a previable population appeared 

Figure 3 Summary risk of bias assessment for the 134 indirect evidence papers and abstracts. Risk of bias assessment 
performed with QUADAS- 2 evaluation tool. Summary rating for each domain and overall score. Priority order of scoring for each 
domain was as follows: high>some concern>low. QUADAS- 2, Quality Assessment of Diagnostic Accuracy Studies- 2.

Figure 4 Summary of the findings. Twelve non- invasive or minimally invasive techniques covered by direct or indirect evidence 
in the literature. This figure shows the number of studies and total number of cases in those studies. A graphical representation 
of the findings demonstrates whether the index test or reference standard was favoured, or where findings were inconclusive, 
for each subpopulation and as a whole perinatal population.
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to be inconclusive with only a single study demonstrating 
a 50:50 split between agreement and disagreement.208

In a loss in utero population, results are conflicting with 
four studies in favour of ultrasound, one borderline favour-
able and two suggesting a large proportion of partial agree-
ments making ultrasound unfavourable.215 220 228 230 233 243 
Another found favour for ultrasound in cases of CNS 
anomalies but not for somatic tissue anomalies.229

The final study considered loss in utero, stillbirths and 
neonates. This study had partial agreements, resulting in 
autopsy being the favourable technique205 (online supple-
mental figure 1A).

For antenatal ultrasound, the majority of studies had 
some concerns around the risk of bias,205 208 215 220 228–230 233 
while one was at high risk (online supplemental figure 
1A).243 Struksnaes et al contributed highly to the favour-
ability of antenatal ultrasound in a loss in utero popula-
tion but had a high risk of bias due to conduct of the 
reference standard in domain 3 of the QUADAS- 2 assess-
ment. The autopsy was not performed by a prenatal and 
paediatric specialist and the results of the index were not 
blinded.243

Indirect evidence
The indirect evidence indicated that in a 
previable population, 15 studies favoured 
autopsy,86 91 92 108 110 112 116 119 129 131 133 152 156 160 172 whereas 13 
favoured antenatal ultrasound.41 45 53 55 57 66 73 88 94 98 104 107 166 
A single study demonstrated a 50:50 split.65

In contrast, antenatal ultrasound was favourable in 
the majority of studies (n=35) for a loss in utero popula-
tion.42 43 46 56 60 68 78–80 83 84 89 90 93 95 97 99 100 109 114 118 120 125 127 

130 135 138 142 150 155 157 161 169 170 173 Only 12 studies favoured 
autopsy,70–72 96 115 123 126 134 149 154 163 164 and 5 studies 
presented a 50:50 split between agreement and disagree-
ment.44 132 144 162 171

In a stillbirth population, the number of studies 
favouring the index test was higher than those favouring 
the reference standard. Eighteen studies favoured ante-
natal ultrasound,41 52–54 57 75 77 78 85 89 90 98 108 124 128 133 137 166 
and 11 favoured autopsy.50 61 65 82 86 91 110 148 159 160 167

Similarly, studies assessing a neonatal population 
tended to favour the index test.51 52 68 73 78 89 90 154 Seven 
studies favoured the reference standard.46 86 91 119 130 136 137 
However, two studies were inconclusive.60 65

Figure 5 Geographical distribution of direct and indirect evidence studies. The size of each pie chart is representative of the 
total number of studies from each country. Pie slices represent the count of direct and indirect evidence.
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The final piece of indirect evidence considered a single 
infant and found in favour of autopsy83 (online supple-
mental figure 1B).

Five of the 96 articles assessing antenatal ultrasound 
had high risk of bias,43 68 88 150 171 the remainder had some 
concerns (online supplemental figure 1B). Akgun et al, 
Tudorache et al and Zsansett et al considered a loss in 
utero population, Faugstad et al considered loss in utero 
and neonatal populations, and Indrani et al considered 
previable population. With the exception of the study 
by Zsansett et al which was inconclusive, these studies 
favoured antenatal ultrasound.43 68 88 150 171 However, all 
had a high risk of bias due to domain 3, where the results 
of the reference standard had not been interpreted 
without knowledge of the index test results.

Antenatal echography
Direct evidence
Only two direct evidence studies were available for ante-
natal echography. Both showed similar results in favour of 
the index test.231 232 Both studies showed some concerns 
around the risk of bias (online supplemental figure 1E).

Indirect evidence
Only one study was in favour of autopsy in a previable 
population.63 The remaining studies favoured antenatal 
echography.117 122 141

All 11 studies including a loss in utero population were 
favourable of the index test.48 49 59 62 76 87 102 103 106 121 153

Similarly, in a stillbirth population, the majority of 
studies favoured the index test,74 101 139 151 165 168 with only 
two favouring autopsy.140 174

Among the neonatal population, two studies favoured 
antenatal echography,121 151 and one study was indiscrimi-
nate between the index test and reference standard.63

All studies showed some concerns around the risk of 
bias (online supplemental figure 1D).

Antenatal CT
Indirect evidence
Two studies considered a loss in utero population,81 154 
one of these also considered neonates.154 The final study 
considered a stillbirth population.61 In all cases, antenatal 
CT was favoured over autopsy. These studies demon-
strated some concerns around the risk of bias (online 
supplemental figure 1E).

Antenatal MRI
Direct evidence
In a loss in utero population, one study was in favour of 
antenatal MRI, whereas the other was inconclusive, with 
partial agreement or disagreement in 50% of the popula-
tion182 237 (online supplemental figure 1F).

The two studies for antenatal MRI were opposing, with 
one having high risk of bias,237 and the other low risk 
(online supplemental figure 1F).182 The study by Griffiths 
et al had a high risk of bias as it did not employ consecu-
tive or random sampling, as assessed in domain 1.237 This 

study was favourable for antenatal MRI and removal of 
this high risk study would alter the findings of this review.

Indirect evidence
The indirect evidence for antenatal MRI showed that 
six studies favoured the index test in a previable popula-
tion.64 67 69 113 160 166 However, in another six studies, autopsy 
was favourable,116 129 133 143 146 152 and one study presented 
a 50:50 split between agreement and disagreement.65

All 11 studies considering a loss in utero population 
favoured the index test.44 70 80 103 105 111 130 135 162 163 170

In a stillbirth population, there was a mixture of results, 
with seven studies favouring the index test,69 75 77 133 159 160 166 
three studies favouring the reference standard65 85 167 and 
one having a split opinion.52

Contrastingly, four studies assessing a neonatal popu-
lation favoured autopsy,52 65 143 147 with a fifth study being 
indiscriminate between the tests130 (online supplemental 
figure 1G).

All indirect evidence studies considering antenatal 
MRI had some concerns around the risk of bias (online 
supplemental figure 1G).

Virtual autopsy, X-ray babygram
Direct evidence
This single study favoured autopsy in a mixed population 
of loss in utero, stillbirth and infants. This was largely due 
to a high proportion of partial agreement.198 This study 
was considered to have some concerns around the risk of 
bias.198

Biopsy
Direct evidence
There were three studies and one trial covering popula-
tions of loss in utero, stillbirth, neonates and infants. For 
loss in utero, the findings favoured autopsy with 100% 
disagreement between index tests and reference stan-
dard.236 In stillbirths, biopsy is highly favoured, whereas, 
in neonates, it is moderately favoured.213 For infants, 
results suggest biopsy is favoured, but more so in a 
younger infant ≤5 months218 (online supplemental figure 
1H). Two of these studies showed some concerns around 
risk of bias,213 218 and the other had a high risk of bias as 
not all cases were included in the analysis (online supple-
mental figure 1H).236

Placental examination
Indirect evidence
A single study favoured placental examination for identi-
fying blood flow restrictions in unexplained stillbirths but 
had some concerns around the risk of bias.124

Amniocentesis
Indirect evidence
Amniocentesis in a loss in utero population was highly 
favourable in three studies, all of which were for the 
identification of congenital infection.47 100 158 However, 
concerns were shown around the risk of bias (online 
supplemental figure 1I).
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Verbal autopsy
Direct evidence
For stillbirths, verbal autopsy was unfavourable. However, 
in neonates, it appeared that verbal autopsy was favour-
able for diagnosis of infections, but unfavourable for 
congenital malformations, intrapartum complications, 
preterm complications and other diseases.214 This study 
for verbal autopsy showed some concerns around the risk 
of bias.214

Postmortem CT
Direct evidence
A single study investigated postmortem CT in a previable 
population and was in favour of CT.183 Two studies looked 
at a loss in utero population, in both cases, CT was gener-
ally favourable.223 241 However, one of these studies split 
the results by positive, negative and neutral markers and 
found that autopsy was favourable for neutral markers.241 
One study assessed neonates only, showing favour for 
CT.239 One study included neonates and infants as a 
mixed population, again this was in favour of CT.199 One 
study had a mixed population of stillbirths and infants. 
This study favoured CT for identifying intracerebral and 
intraventricular haemorrhages but found it unfavourable 
for germinal matrix haemorrhages.216 In contrast, the 
final study favoured autopsy in an infant- only popula-
tion209 (online supplemental figure 1J).

Two of these studies demonstrated a high risk of 
bias,239 241 four had some concerns199 209 216 223 and one 
was at low risk (online supplemental figure 1J).183 The 
studies by Guddat et al and Sandrini et al were both in 
favour of postmortem CT in a loss in utero and neonatal 
population, respectively.239 241 However, both had a high 
risk of bias for domain 3, which considered the perfor-
mance of the reference standard. The pathologist was 
not a prenatal and paediatric specialist in the Guddat et al 
study and it was unclear whether the results of the refer-
ence standard were interpreted without knowledge of 
the index test results.239 In the Sandrini et al study, it was 
not clear whether the reference standard was conducted 
by a specialist and the results were interpreted without 
blinding of the index test.241 The study by Sandrini et al 
also had issues regarding domain 2, which focuses on the 
conduct of the index tests. The results of the index test 
were not interpreted without knowledge of the results of 
the reference standard, resulting in a high risk of bias in 
this domain.241

Indirect evidence
The single piece of indirect evidence considering post-
mortem CT favoured the index, with 100% accuracy for 
identifying brain haemorrhages in neonates.58

Postmortem ultrasound
Direct evidence
A single study included previable and stillbirths as sepa-
rate populations for some but not all outcomes. Neverthe-
less, in all cases, postmortem ultrasound was favourable.186 

One study included stillbirths and infants and was highly 
favourable for identifying intracerebral and intraventric-
ular haemorrhages but only moderately favourable for 
germinal matrix haemorrhages.216 Three studies included 
loss in utero only and favoured ultrasound.184 217 242 The 
final study included a mixed population of loss in utero 
and stillbirths, favouring ultrasound212 (online supple-
mental figure 1K).

Two studies demonstrated low risk of bias,184 186 and 
three showed some concerns,212 216 217 the final study had 
a high risk of bias (online supplemental figure 1K).242 
The study by Votino et al favoured postmortem ultra-
sound for loss in utero but did not include all cases in the 
analysis.242 This resulted in a high risk of bias in domain 4.

Indirect evidence
One study included postmortem ultrasound in a loss in 
utero population.145 This study found post- mortem ultra-
sound to be highly favourable, ranging from 85% to 97% 
diagnostic accuracy for different haemorrhagic locations 
in the brain but had some concerns for risk of bias.

Post-mortem MRI
Direct evidence
Four studies included a previable population only. One 
has not reported the results sufficiently enough to extract 
the data.221 One was indiscriminate with a 50:50 split of 
agreement and disagreement.208 The final studies were in 
favour of postmortem MRI.185 187 However, one of these 
only favoured MRI in combination with external exam-
ination and blood tests, not MRI alone.185

Two studies considered a previable and stillbirth popu-
lation and favoured MRI.219 227

A single study included a mixed population of previ-
able, loss in utero, stillbirth and neonates. This study 
found in favour of MRI when compared with full autopsy, 
however favoured the reference standard when consid-
ering partial autopsy.203

Twelve studies described a loss in utero population 
only. Seven studies favoured MRI184 207 210 211 224 226 234 and 
three favoured autopsy.182 206 233 One study was border-
line in favour of MRI.228 The final study favoured autopsy 
overall; however, MRI was favourable for major anomalies 
but autopsy was favourable for minor anomalies.235 Major 
anomalies are those that directly contribute to cause of 
death or would have resulted in death had the infant 
survived. Conversely, minor anomalies are those that may 
have contributed to death but are unlikely to be the caus-
ative anomaly.234 235

Three studies include a mixed population of loss in 
utero and stillbirths. One of these did not report the results 
sufficiently to extract the data.236 Of the remaining two, 
one favoured MRI and the other favoured autopsy.202 238

One study included stillbirths, neonates and infants as 
separate populations. This study favoured MRI in the still-
birth population only.201 A second study considered these 
populations in combination and favoured MRI.195 A single 
study included neonates only and was highly favourable 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064774 on 6 January 2023. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2022-064774
https://dx.doi.org/10.1136/bmjopen-2022-064774
https://dx.doi.org/10.1136/bmjopen-2022-064774
https://dx.doi.org/10.1136/bmjopen-2022-064774
https://dx.doi.org/10.1136/bmjopen-2022-064774
http://bmjopen.bmj.com/


11O'Keefe H, et al. BMJ Open 2023;13:e064774. doi:10.1136/bmjopen-2022-064774

Open access

of the index test.222 Finally, two studies reported an infant 
only population. One favoured autopsy due to partial 
agreement in all cases.240 The second favoured autopsy 
over MRI alone, but favoured MRI in combination with 
external examination and blood tests185 (online supple-
mental figure 1L).

The majority of studies for postmortem 
MRI showed some concern around the risk of 
bias.185 195 201–203 206–208 210 219 224 226 228 233 234 241 Two studies 
had a low risk,182 187 while three studies had high risk 
(online supplemental figure 1L).235 238 240 The study by 
Alderliesten et al was in favour of postmortem MRI for 
loss in utero but showed a high risk of bias in domain 4 
as not all cases were included in the final analysis.235 Grif-
fiths et al was also in favour of postmortem MRI for both 
loss in utero and stillbirths, however they did not use a 
consecutive or random sample, resulting in high risk of 
bias in domain 1.238 Finally, the study by Hart et al, which 
favoured the reference standard for infants had a high 
risk of bias in domain 3 as both signalling questions were 
refuted.240

Indirect evidence
Three indirect studies considered postmortem MRI. 
In all cases, the study included a previable population. 
Contrasting results were seen, with two case studies 
favouring autopsy as a result of partial corroboration 
between tests.116 129 The final study of 28 individuals 
favoured postmortem MRI, claiming 100% diagnostic 
accuracy.67 All studies had some concerns around the risk 
of bias (online supplemental figure 1M).

DISCUSSION
Summary of evidence
This systematic review included direct evidence from 54 
studies of diagnostic accuracy for non- invasive or mini-
mally invasive autopsy techniques in the perinatal popula-
tion. Postmortem MRI was the most widely investigated test 
with 24 studies and three trials including this technique. 
Other index tests were explored in fewer studies, ranging 
from one to nine direct evidence studies per technique. 
A substantial volume of indirect evidence has also been 
included in the review, with 134 studies. Antenatal ultra-
sound was covered by 96 of these indirect studies, making 
it the most widely investigated technique overall. Greater 
emphasis has been placed on the direct evidence as these 
studies were specifically designed to assess the index 
tests as an alternative to traditional autopsy. While direct 
studies offer the most robust evidence, it is important to 
recognise the value of indirect studies, particularly when 
direct evidence is sparse.244 The inferences drawn from 
scant direct evidence may be supported or superseded 
by indirect evidence. In cases where no direct evidence is 
available, indirect evidence can help determine whether 
clinical trials are warranted.

Direct evidence from six studies, supported by indirect 
evidence from one study, suggested that postmortem 

ultrasound was generally favoured across all subpopu-
lations investigated for this technique, yet with varying 
degrees of success. Similarly, direct evidence of post-
mortem CT from eight studies, supported by a single 
indirect study, demonstrated favourability in previable, 
stillbirth and infant populations, but traditional autopsy 
was preferable in loss in utero and neonatal populations. 
Conversely, the direct evidence of virtual autopsy (X- ray 
babygram) in a loss in utero, stillbirth and infant popula-
tion showed favour for traditional autopsy (figure 4).

While direct evidence was available for antenatal echog-
raphy (n=2), the majority was indirect evidence (n=22). 
This technique was favoured across all subpopulations 
investigated. Indirect evidence of antenatal CT, placental 
examination and amniocentesis were favourable for the 
use of these techniques, however, in limited populations. 
Studies have shown that time elapsed between events 
and the conduct of verbal autopsy has an effect on the 
prediction of the cause of death due to the reliability 
on memory of the interviewees.245 The same could be 
expected for placental or cord examination conducted at 
the time of birth and relayed at a later date, particularly 
when the birth is uneventful and there is no apparent 
issue with the child at the time of delivery. The single indi-
rect evidence study for placental examination meant it 
was not possible to analyse differences in performance for 
previable, stillbirth and loss in utero populations versus 
the populations of neonates and infants. While this is not 
a direct limitation of this systematic review, it does prompt 
caution around the interpretation of the results for these 
techniques.

It was found that all other evidence was inconclusive 
in the perinatal population as a whole, whereas the use 
of these techniques was favoured or refuted in individual 
subpopulations (figure 4). For example, direct evidence 
of biopsy was favourable in three of the four subpopu-
lations studied; however, unfavourable in a loss in utero 
population making it inconclusive overall. The findings 
also varied depending on the reference standard used. 
Cohen et al studied postmortem MRI with loss in utero, 
previable, stillbirth and neonatal cases; 10 (10%) of which 
underwent partial autopsy.203 There was a stark contrast 
in findings among the two groups: there was a tendency 
to favour postmortem MRI in those undergoing full 
autopsy, whereas, when a partial autopsy was conducted, 
the reference standard was the favourable test in all cases. 
Partial autopsy is usually conducted when maceration of 
particular organs or systems is severe or upon parental 
request.8 10 In the Cohen et al study, maceration scores 
did not affect which cases received full or partial autopsy, 
suggesting parental consent was the deciding factor.203 
This raises questions around why partial autopsy does not 
show any agreement with postmortem MRI in these cases.

Strengths and Limitations
This systematic review has a number of strengths. The 
reporting of results followed the PRISMA- S and PRIM-
SA- DTA reporting standards (online supplemental table 
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2A–C); a robust, well- documented methodology for rapid 
systematic reviews.32 34 The search strategy was designed 
by an information specialist, peer reviewed by a highly 
experienced Cochrane information specialist using a vali-
dated checklist and run across a broad range of sources, 
maximising the return of relevant articles.33 246 In addi-
tion, the reference lists of relevant systematic reviews 
were hand searched for further articles. A validated study 
design filter was used to capture sequential and diagnostic 
accuracy study designs, as randomised controlled trials or 
comparative studies are unlikely to be available given the 
moral and ethical implications of such research.33 246–248 
Conference abstracts were included where there was 
enough information to extract data, adding weight to the 
findings and reducing publication bias. There was one 
article which was not retrievable for full- text screening 
and had to be excluded on that basis.249 This was due to 
international interlibrary loans being unavailable during 
the COVID- 19 pandemic. From the abstract, it appears 
that this study considered antenatal ultrasound tech-
niques and autopsy in a loss in utero population.249 It 
is unclear what, if any, effect inclusion of this study may 
have had on the findings of this systematic review. In addi-
tion to this, there were a number of seemingly applicable 
studies which could not be included due to the stringent 
inclusion and exclusion criteria laid out in this systematic 
review.

The risk of bias assessment was performed with an 
adaptation of the QUADAS- 2 tool, in accordance with the 
guidance (online supplemental table 1).38 The resulting 
changes to the signalling question altered the outcome 
of the assessment in some cases to unclear or high but 
made the risk of bias assessment much more applicable to 
the review question. For example, the majority of studies 
(direct evidence n=42; indirect evidence n=126) had some 
concerns, this mostly arose from domain 3 question 1 
about the reference standard.38 It would be expected that 
a low risk of bias would be given for all studies under the 
original domain 3 question 1. Confluence between risk 
of bias assessments was 100% and minor comments were 
made between reviewers in <1% of the data extraction 
which did not result in changes to the data interpretation 
or findings of this systematic review.

A vote counting approach was taken for the analysis 
due to limitations with data reporting in the included 
studies. However, in cases where the studies have low 
power, particularly case studies, a vote counting meth-
odology can give a false impression of the true direction 
of effect. In addition to this, vote counting will not take 
account of any results, which show some partial agree-
ment between the reference standard and index test(s). 
Here, those with partial agreement have been counted as 
favourable towards the reference standard. This included 
cases where the reference standard may have revealed 
findings which were not identified by the index test or 
vice versa.

In a clinical setting index tests, such as ultrasound, 
CT or MRI may be beneficial for identifying certain 

types of congenital anomalies but not others. This has 
been shown to hold true in the context of autopsy.250 
This means that comparing results between studies may 
introduce confounding as the populations and condi-
tions of interest may vary considerably.33 246 This system-
atic review has limited this by narratively describing the 
results in terms of subgroups of the perinatal popula-
tion; however, it was not feasible to group the outcomes 
by cause of death. This was partly due to inconsistent 
reporting of conditions or anatomy, where study authors 
have looked either more generally at cause of death or at 
specific scenarios. Furthermore, no subgroup analysis was 
performed by date of publication. This may have poten-
tial implications as technology has developed rapidly 
since the early 2000s. However, dates have been provided 
for all studies (online supplemental figure 1) and only 5 
of the 62 direct evidence studies were published prior to 
2000 (figure 2).

A simplified version of the data extraction process 
was conducted for indirect evidence studies. While this 
is a limitation in the review process, the simplified data 
extraction has contributed significantly to this systematic 
review and a comprehensive extraction process would 
likely not have impacted the reporting of results. It is 
plausible that extensive data extraction may have allowed 
subgroup analysis in this set of data, although that would 
not have been comparable to the direct evidence as it does 
not support subgroup analysis. The substantial volume 
of indirect evidence (n=134 studies) has included non- 
invasive or minimally invasive autopsy techniques that 
were not found in the body of direct evidence, adding to 
the strength of this systematic review as a whole.

Implications for clinical practice
The inconclusive direction of effect for antenatal ultra-
sound and antenatal MRI in this population bears signifi-
cant weighting on current clinical practice where parents 
may decide to terminate a pregnancy as a result of these 
tests. Many of the studies included loss in utero due to 
termination of pregnancy as a result of the index tests. 
The techniques have mixed favourability in indirect 
studies and are inconclusive in all direct studies. These 
inconclusive results may be due to the specific anomalies 
which led to termination, as are often the focus of these 
articles. While this systematic review only considers the 
diagnostic accuracy of the tests relative to autopsy, and not 
to live birth, it is worth a renewed effort to evaluate the 
effectiveness of antenatal ultrasound and/or MRI under 
different conditions. As stated in the National Institute 
for Health and Care Excellence (NICE) guidelines for 
antenatal care, diagnostic results from antenatal ultra-
sound and MRI do have limitations and parents should 
be made aware of this.251

The NHS guidance to open new imaging centres 
throughout the UK recommended that five centres 
be open specifically for perinatal and child autop-
sies.23 These recommendations were primarily based 
on the lack of uptake for traditional autopsy and scant 
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findings from prior studies that had not been systemat-
ically assessed. As part of the report, specialist centres 
were asked to complete a questionnaire. Only two centres 
responded and no comment was made on the results of 
these responses.23 In addition, the report openly states 
that the review conducted by Thayyil et al found insuf-
ficient evidence to support the use of postmortem MRI 
(online supplemental file 1).23 30 In this systematic review, 
the evidence for postmortem cross- sectional imaging (CT 
and MRI) is still inconclusive, 10 years after the findings 
by Thayyil et al, showing no indication for the use of these 
techniques as a replacement for traditional autopsy. The 
NHS report, originally conducted in 2012, should be 
reviewed in light of the systematic evidence produced 
since 2010 and an up- to- date benefit- to- cost ratio for 
these centres should be produced.252

Implications for policy
By UK law, only neonates and infants with unexplained 
or suspicious deaths are required to have a post-
mortem.2 253 However, autopsy may be offered by NHS 
pathology services for deaths occurring at 12 or more 
weeks of pregnancy, or any neonatal and infant deaths.3 
Current NICE and NHS policy states that guidelines from 
the RCP should be followed as a minimum standard.3 At 
present, these guidelines emphasise that non- invasive 
or minimally invasive techniques should only be used as 
an adjunct to traditional autopsy.17–19 However, partial 
autopsy may be offered when consent to full autopsy is 
denied.

All autopsy procedures should be conducted within 
7 days, with urgent examinations being performed 
within 48 hours. It is also recommended that perinatal 
pathology services have a minimum of two whole- time 
equivalent prenatal and paediatric pathology specialists, 
led by a specialist consultant in perinatal pathology, each 
performing a minimum of 50 perinatal autopsies per 
year.254 This is a particular point of interest as the number 
of prenatal and paediatric pathologists is declining 
and there are fewer specialists available to fulfil the 
policy requirements for staffing in perinatal pathology 
services.2 3 13–15 This means that specialists are having 
to travel across the country to provide their services, 
increasing the waiting time for autopsy. There are very 
few trainees in this specialism, so it is expected that these 
delays will continue for the foreseeable future unless 
uptake rates increase and the specialism is revived.255 
The consequences for parents are considerable, without 
specialists parents may not receive accurate informa-
tion, which could be detrimental for risk management 
of future pregnancies.256 These alternative techniques 
could be performed by radiographers or general pathol-
ogists with results sent electronically to specialist patholo-
gists where review is needed. This would reduce strain on 
current services and could potentially reduce NHS costs.2 
There are clear benefits of employing non- invasive and 
minimally invasive autopsy techniques, such as reduced 
requirements on specialists and specialist services, as well 

as quicker turnaround time and return to the family.2 12 
However, the current evidence does not support their use 
as standalone procedures. Therefore, changes to these 
policies cannot be recommended.

Implications for research
It is notable that there is a substantial lack of standardised 
reporting among these quantitative studies, specifically 
anatomical descriptions and reporting of numerical 
results. To address this, agreement in reporting practices 
is needed among prenatal and paediatric researchers and 
clinicians. A strategy for this may be best deployed by one 
of the leading bodies, such as the Royal College of Paedi-
atric and Child Health. While the vast majority of studies 
included in this review appear to be assessing the imme-
diate cause of death, it is not definitively clear from the 
reporting. This has implications when considering which 
tests may be appropriate for identifying underlying, inter-
mediate and immediate cause of death as the accuracy 
of the techniques may differ under each circumstance. 
This should be reported plainly throughout manuscripts, 
enabling comparison across the different categories of 
cause of death. Furthermore, very few studies reported 
sufficient sensitivity and specificity data, which should be 
a primary statistic in diagnostic accuracy reports. Without 
this, it is not possible to derive degree of effect measure-
ments, summary statistics, confidence intervals or inves-
tigate heterogeneity. A key recommendation for future 
research is to include sensitivity and specificity analysis in 
all reports.

Further research is needed to understand what leads 
to early loss of life and to help produce interventions 
to prevent death or minimise risk. In light of a lack of 
supportive evidence for introducing these new tech-
niques, increasing the uptake of traditional autopsy will 
provide the advantage of data collation for research 
purposes.257 There is a recognisable body of qualitative 
literature discussing the barriers to traditional autopsy; 
however, there are few studies considering enablers for 
consent. One recommendation for future research is 
to conduct qualitative studies with parents, guardians, 
religious representatives, healthcare professionals and 
supporting charities to better understand potential 
enablers in this area.

CONCLUSIONS
The current evidence is insufficient to support the routine 
use of non- invasive or minimally invasive techniques in 
autopsy practice for all perinatal subpopulations. Post-
mortem ultrasound and antenatal echography are the 
most promising with both direct and indirect evidence 
favouring the use of the index test. However, without suffi-
cient sensitivity and specificity data, the degree of effect 
cannot be deduced. Moreover, the heterogeneity of the 
results cannot be formally assessed. This is the same for 
each of the index tests evaluated here and poses a substan-
tial barrier to the clinical and parliamentary acceptance 
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or rejection of such techniques. The current guidelines 
from the RCP should remain in place and continue to be 
adhered to.17–19

Acknowledgements With thanks to Sheila Wallace for careful peer review of the 
search strategy, to Dr Ryan Kenny, Dr Malcolm Moffat and Dr Svetlana Glinyanaya 
for helpful comments and revision of the manuscript.

Contributors HOK: guarantor, conceptualisation, data curation, formal analysis, 
methodology, writing, reviewing and editing the manuscript. RS: data curation, 
reviewing and editing the manuscript. MB: data curation, reviewing and editing 
the manuscript. FB: conceptualisation, supervision, data curation, methodology, 
reviewing and editing the manuscript. JR: conceptualisation, supervision, data 
curation, methodology, reviewing and editing the manuscript.

Funding Judith Rankin is part- funded by the National Institute of Health Research 
Applied Research Collaboration North East and North Cumbria.Judith Rankin is part- 
funded by the National Institute of Health Research Applied Research Collaboration 
North East and North Cumbria.Judith Rankin is part- funded by the National Institute 
of Health Research Applied Research Collaboration North East and North Cumbria.

Disclaimer The views expressed are those of the author(s) and not necessarily 
those of the NIHR or the Department of Health and Social Care.

Map disclaimer The inclusion of any map (including the depiction of any 
boundaries therein), or of any geographic or locational reference, does not imply 
the expression of any opinion whatsoever on the part of BMJ concerning the legal 
status of any country, territory, jurisdiction or area or of its authorities. Any such 
expression remains solely that of the relevant source and is not endorsed by BMJ. 
Maps are provided without any warranty of any kind, either express or implied.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data sharing is not applicable as no new datasets 
were generated and/or analysed for this study. No additional data available.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Hannah O'Keefe http://orcid.org/0000-0002-0107-711X

REFERENCES
 1 Tommy’s. Pregnancy loss statistics, 2021. Available: https://www. 

tommys.org/baby-loss-support/pregnancy-loss-statistics
 2 Lewis C, Riddington M, Hill M, et al. Availability of less invasive 

prenatal, perinatal and paediatric autopsy will improve uptake 
rates: a mixed- methods study with bereaved parents. BJOG 
2019;126:745–53.

 3 NHS. Perinatal pathology, 2013. Available: https://www.england. 
nhs.uk/wp-content/uploads/2013/06/e12-perinatal-path.pdf

 4 Adappa R, Paranjothy S, Roberts Z, et al. Perinatal and infant 
autopsy. Arch Dis Child Fetal Neonatal Ed 2007;92:F49–50.

 5 Brodlie M, Laing IA, Keeling JW, et al. Ten years of neonatal 
autopsies in tertiary referral centre: retrospective study. BMJ 
2002;324:761–3.

 6 Khong TY, Tanner AR. Foetal and neonatal autopsy rates and use 
of tissue for research: the influence of 'organ retention' controversy 
and new consent process. J Paediatr Child Health 2006;42:366–9.

 7 Royal Liverpool children’s inquiry. The Royal Liverpool children’s 
inquiry - summary and recommendations. In: House of commons, 
2001.

 8 Burton JL, Wells M. The alder Hey affair: implications for pathology 
practice. J Clin Pathol 2001;54:820–3.

 9 Lewis C, Hill M, Arthurs OJ, et al. Factors affecting uptake of 
postmortem examination in the prenatal, perinatal and paediatric 
setting. BJOG 2018;125:172–81.

 10 McHaffie HE, Fowlie PW, Hume R, et al. Consent to autopsy for 
neonates. Arch Dis Child Fetal Neonatal Ed 2001;85:4F–7.

 11 Meaney S, Gallagher S, Lutomski JE, et al. Parental decision 
making around perinatal autopsy: a qualitative investigation. Health 
Expect 2015;18:3160–71.

 12 Geller SA. Religious attitudes and the autopsy. Arch Pathol Lab 
Med 1984;108:494–6.

 13 Horey D, Flenady V, Heazell AEP, et al. Interventions for supporting 
parents' decisions about autopsy after stillbirth. Cochrane Database 
Syst Rev 2013:CD009932.

 14 Lewis C, Hill M, Arthurs OJ, et al. Health professionals' and 
coroners' views on less invasive perinatal and paediatric autopsy: a 
qualitative study. Arch Dis Child 2018;103:572–8.

 15 Rankin J, Wright C, Lind T. Cross sectional survey of parents' 
experience and views of the postmortem examination. BMJ 
2002;324:816–8.

 16 Inai K, Noriki S, Kinoshita K, et al. Postmortem CT is more accurate 
than clinical diagnosis for identifying the immediate cause of 
death in hospitalized patients: a prospective autopsy- based study. 
Virchows Arch 2016;469:101–9.

 17 Osborn M. Guidelines on autopsy practice: neonatal death, 2019. 
Available: https://www.rcpath.org/uploads/assets/0a7c073e-c773- 
4941-a1e998df666e17e3/G168-Guidelines-on-autopsy-practice- 
Neonatal-death.pdf

 18 Osborn M, Lowe J. Guidelines on autopsy practice: fetal autopsy 
(2nd trimester fetal loss and termination of pregnancy for congenital 
anomaly), 2017. Available: https://www.rcpath.org/uploads/assets/ 
b20ea503-7799-433c-99160653762f896c/Fetal-autopsy-2nd- 
trimester-fetal-loss-and-termination-of-pregnancy-for-congenital- 
anomaly.pdf

 19 Osborn M, Lowe J. Guidelines on autopsy practice: third 
trimester antepartum and intrapartum stillbirth, 2017. Available: 
https://www.rcpath.org/uploads/assets/0e55a233-5fe6-4965- 
b85f4fa7c9971742/Guidelines-on-autopsy-practice-Third-trimester- 
antepartum-and-intrapartum-stillbirth.pdf

 20 Lancashire Council. Non- Invasive post- mortem examination, 2019. 
Available: https://www.lancashire.gov.uk/births-marriages-and- 
deaths/deaths/coroners/non-invasive-post-mortem-examination/

 21 Haringey Council. Oxford MinimallyInvasive autopsy service, 2013. 
Available: https://www.haringey.gov.uk/search/haringey_cse/mia

 22 Great Ormond Street Hospital for Children. Minimally invasive 
autopsy and imaging, 2017. Available: https://www.gosh.nhs. 
uk/medical-information/procedures-and-treatments/minimally- 
invasive-autopsy-and-imaging [Accessed Feb 2017].

 23 NHS. Can cross- sectional imaging as an adjunct and/or alternative 
to the invasive autopsy be implemented within the NHS? 2012. 
Available: http://www.aaptuk.org/downloads/Cross-Sectional- 
Imaging-October-2012.pdf

 24 Economic and Social Research Council. Changing practices and 
supporting parents for infant post- mortems, 2019. Available: 
https://esrc.ukri.org/news-events-and-publications/impact-case- 
studies/changing-practices-and-supporting-parents-for-infant-post- 
mortems/

 25 Dawood Y, Strijkers GJ, Limpens J, et al. Novel imaging techniques 
to study postmortem human fetal anatomy: a systematic 
review on microfocus- CT and ultra- high- field MRI. Eur Radiol 
2020;30:2280–92.

 26 Eriksson A, Gustafsson T, Höistad M, et al. Diagnostic accuracy of 
postmortem imaging vs autopsy- A systematic review. Eur J Radiol 
2017;89:249–69.

 27 Filograna L, Bernardi B, Flach PM, et al. Post- mortem magnetic 
resonance (PMMR) imaging of fetal central nervous system: a 
systematic review. J Forensic Radiol Imaging 2017;11:24–7.

 28 Rossi AC, Prefumo F. Correlation between fetal autopsy and 
prenatal diagnosis by ultrasound: a systematic review. Eur J Obstet 
Gynecol Reprod Biol 2017;210:201–6.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064774 on 6 January 2023. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-0107-711X
https://www.tommys.org/baby-loss-support/pregnancy-loss-statistics
https://www.tommys.org/baby-loss-support/pregnancy-loss-statistics
http://dx.doi.org/10.1111/1471-0528.15591
https://www.england.nhs.uk/wp-content/uploads/2013/06/e12-perinatal-path.pdf
https://www.england.nhs.uk/wp-content/uploads/2013/06/e12-perinatal-path.pdf
http://dx.doi.org/10.1136/adc.2005.091447
http://dx.doi.org/10.1136/bmj.324.7340.761
http://dx.doi.org/10.1111/j.1440-1754.2006.00874.x
http://dx.doi.org/10.1136/jcp.54.11.820
http://dx.doi.org/10.1111/1471-0528.14600
http://dx.doi.org/10.1136/fn.85.1.F4
http://dx.doi.org/10.1111/hex.12305
http://dx.doi.org/10.1111/hex.12305
http://www.ncbi.nlm.nih.gov/pubmed/6547302
http://www.ncbi.nlm.nih.gov/pubmed/6547302
http://dx.doi.org/10.1002/14651858.CD009932.pub2
http://dx.doi.org/10.1002/14651858.CD009932.pub2
http://dx.doi.org/10.1136/archdischild-2017-314424
http://dx.doi.org/10.1136/bmj.324.7341.816
http://dx.doi.org/10.1007/s00428-016-1937-6
https://www.rcpath.org/uploads/assets/0a7c073e-c773-4941-a1e998df666e17e3/G168-Guidelines-on-autopsy-practice-Neonatal-death.pdf
https://www.rcpath.org/uploads/assets/0a7c073e-c773-4941-a1e998df666e17e3/G168-Guidelines-on-autopsy-practice-Neonatal-death.pdf
https://www.rcpath.org/uploads/assets/0a7c073e-c773-4941-a1e998df666e17e3/G168-Guidelines-on-autopsy-practice-Neonatal-death.pdf
https://www.rcpath.org/uploads/assets/b20ea503-7799-433c-99160653762f896c/Fetal-autopsy-2nd-trimester-fetal-loss-and-termination-of-pregnancy-for-congenital-anomaly.pdf
https://www.rcpath.org/uploads/assets/b20ea503-7799-433c-99160653762f896c/Fetal-autopsy-2nd-trimester-fetal-loss-and-termination-of-pregnancy-for-congenital-anomaly.pdf
https://www.rcpath.org/uploads/assets/b20ea503-7799-433c-99160653762f896c/Fetal-autopsy-2nd-trimester-fetal-loss-and-termination-of-pregnancy-for-congenital-anomaly.pdf
https://www.rcpath.org/uploads/assets/b20ea503-7799-433c-99160653762f896c/Fetal-autopsy-2nd-trimester-fetal-loss-and-termination-of-pregnancy-for-congenital-anomaly.pdf
https://www.rcpath.org/uploads/assets/0e55a233-5fe6-4965-b85f4fa7c9971742/Guidelines-on-autopsy-practice-Third-trimester-antepartum-and-intrapartum-stillbirth.pdf
https://www.rcpath.org/uploads/assets/0e55a233-5fe6-4965-b85f4fa7c9971742/Guidelines-on-autopsy-practice-Third-trimester-antepartum-and-intrapartum-stillbirth.pdf
https://www.rcpath.org/uploads/assets/0e55a233-5fe6-4965-b85f4fa7c9971742/Guidelines-on-autopsy-practice-Third-trimester-antepartum-and-intrapartum-stillbirth.pdf
https://www.lancashire.gov.uk/births-marriages-and-deaths/deaths/coroners/non-invasive-post-mortem-examination/
https://www.lancashire.gov.uk/births-marriages-and-deaths/deaths/coroners/non-invasive-post-mortem-examination/
https://www.haringey.gov.uk/search/haringey_cse/mia
https://www.gosh.nhs.uk/medical-information/procedures-and-treatments/minimally-invasive-autopsy-and-imaging
https://www.gosh.nhs.uk/medical-information/procedures-and-treatments/minimally-invasive-autopsy-and-imaging
https://www.gosh.nhs.uk/medical-information/procedures-and-treatments/minimally-invasive-autopsy-and-imaging
http://www.aaptuk.org/downloads/Cross-Sectional-Imaging-October-2012.pdf
http://www.aaptuk.org/downloads/Cross-Sectional-Imaging-October-2012.pdf
https://esrc.ukri.org/news-events-and-publications/impact-case-studies/changing-practices-and-supporting-parents-for-infant-post-mortems/
https://esrc.ukri.org/news-events-and-publications/impact-case-studies/changing-practices-and-supporting-parents-for-infant-post-mortems/
https://esrc.ukri.org/news-events-and-publications/impact-case-studies/changing-practices-and-supporting-parents-for-infant-post-mortems/
http://dx.doi.org/10.1007/s00330-019-06543-8
http://dx.doi.org/10.1016/j.ejrad.2016.08.003
http://dx.doi.org/10.1016/j.jofri.2017.10.001
http://dx.doi.org/10.1016/j.ejogrb.2016.12.024
http://dx.doi.org/10.1016/j.ejogrb.2016.12.024
http://bmjopen.bmj.com/


15O'Keefe H, et al. BMJ Open 2023;13:e064774. doi:10.1136/bmjopen-2022-064774

Open access

 29 Shelmerdine S, Langan D, Sebire NJ, et al. Diagnostic accuracy 
of perinatal post- mortem ultrasound (PMUS): a systematic review. 
BMJ Paediatr Open 2019;3:e000566.

 30 Thayyil S, Chandrasekaran M, Chitty LS, et al. Diagnostic accuracy 
of post- mortem magnetic resonance imaging in fetuses, children 
and adults: a systematic review. Eur J Radiol 2010;75:e142–8.

 31 Wojcieszek AM, Shepherd E, Middleton P, et al. Interventions for 
investigating and identifying the causes of stillbirth. Cochrane 
Database Syst Rev 2018;2018.

 32 McInnes MDF, Moher D, Thombs BD, et al. Preferred reporting 
items for a systematic review and meta- analysis of diagnostic 
test accuracy studies: the PRISMA- DTA statement. JAMA 
2018;319:388–96.

 33 Leeflang MMG, Deeks JJ, Takwoingi Y, et al. Cochrane diagnostic 
test accuracy reviews. Syst Rev 2013;2:82.

 34 Rethlefsen ML, Kirtley S, Waffenschmidt S, et al. PRISMA- S: an 
extension to the PRISMA statement for reporting literature searches 
in systematic reviews. Syst Rev 2021;10:39.

 35 O'Keefe H. Perinatal post- mortem DTA, 2020. Available: https:// 
research.ncl.ac.uk/perinatal-post-mortem-dta/

 36 McGowan J, Sampson M, Salzwedel DM, et al. PRESS peer review 
of electronic search strategies: 2015 guideline statement. J Clin 
Epidemiol 2016;75:40–6.

 37 Team. TE. Endnote. Endnote X9. Philadelphia, PA Clarivate; 2013.
 38 Whiting PF, Rutjes AWS, Westwood ME, et al. QUADAS- 2: a revised 

tool for the quality assessment of diagnostic accuracy studies. Ann 
Intern Med 2011;155:529–36.

 39 Campbell M, McKenzie JE, Sowden A, et al. Synthesis without 
meta- analysis (SWiM) in systematic reviews: reporting guideline. 
BMJ 2020;368:l6890.

 40 Murad MH, Wang Z, Chu H, et al. When continuous outcomes 
are measured using different scales: guide for meta- analysis and 
interpretation. BMJ 2019;364:k4817.

 41 Ahmed B, Fakhry A- B, Luetic AT, et al. Pattern and prenatal 
diagnosis of skeletal dysplasias in Qatar population. J Matern Fetal 
Neonatal Med 2010;23:1500–3.

 42 Akgun H, Basbug M, Ozgun MT, et al. Correlation between prenatal 
ultrasound and fetal autopsy findings in fetal anomalies terminated 
in the second trimester. Prenat Diagn 2007;27:457–62.

 43 Akgun H, Basbug M, Ozgun MT, et al. Correlation between prenatal 
ultrasound and fetal autopsy findings on urinary system anomalies 
terminated in the second trimester. Prenat Diagn 2014;34:285–90.

 44 Alamo L, Reinberg O, Vial Y, et al. Comparison of foetal US and MRI 
in the characterisation of congenital lung anomalies. Eur J Radiol 
2013;82:e860–6.

 45 Amini H, Antonsson P, Papadogiannakis N, et al. Comparison of 
ultrasound and autopsy findings in pregnancies terminated due to 
fetal anomalies. Acta Obstet Gynecol Scand 2006;85:1208–16.

 46 Anumba DO, Scott JE, Plant ND, et al. Diagnosis and outcome 
of fetal lower urinary tract obstruction in the Northern region of 
England. Prenat Diagn 2005;25:7–13.

 47 Azam AZ, Vial Y, Fawer CL, et al. Prenatal diagnosis of congenital 
cytomegalovirus infection. Obstet Gynecol 2001;97:443–8.

 48 Bai YL, Wei YJ, YH Q, et al. Clinical value of fetal echocardiography 
for prenatal diagnosis of congenital heart diseases, 32. Journal of 
Xi'an Jiaotong University, 2011: 768–71.

 49 Bakiler AR, Ozer EA, Kanik A, et al. Accuracy of prenatal diagnosis 
of congenital heart disease with fetal echocardiography. Fetal Diagn 
Ther 2007;22:241–4.

 50 Beleza- Meireles A, Steenhaut P, Hocq C, et al. "Serpentine- 
like syndrome"-A very rare multiple malformation syndrome 
characterised by brachioesophagus and vertebral anomalies. Eur J 
Med Genet 2017;60:100–4.

 51 Bell S, O'Mahony E, Fink AM, et al. Antenatal imaging of anomalies 
of the corpus callosum: a decade of experience. Arch Gynecol 
Obstet 2015;292:537–42.

 52 Benoist G, Salomon LJ, Mohlo M, et al. Cytomegalovirus- related 
fetal brain lesions: comparison between targeted ultrasound 
examination and magnetic resonance imaging. Ultrasound Obstet 
Gynecol 2008;32:900–5.

 53 Berge LN, Marton V, Tranebjaerg L, et al. Prenatal diagnosis 
of osteogenesis imperfecta. Acta Obstet Gynecol Scand 
1995;74:321–3.

 54 Bonilla- Musoles F, Ramirez JV, Correia da Fonseca RJ. Thrombosis 
of the umbilical vein diagnosed via sonography (transverse and 
longitudinal sections) - pathological findings and survey of literature. 
Ultraschall in der Medizin 1985;6:346–50.

 55 Bornstein E, Goncalves Rodríguez JL, Álvarez Pavón EC, et al. 
First- trimester sonographic findings associated with a dandy- walker 
malformation and inferior vermian hypoplasia. J Ultrasound Med 
2013;32:1863–8.

 56 Brand IR, Kaminopetros P, Cave M, et al. Specificity of antenatal 
ultrasound in the Yorkshire region: a prospective study of 
2261 ultrasound detected anomalies. Br J Obstet Gynaecol 
1994;101:392–7.

 57 Brumfield CG, Guinn D, Davis R, et al. The significance of non- 
visualization of the fetal bladder during an ultrasound examination 
to evaluate second- trimester oligohydramnios. Ultrasound Obstet 
Gynecol 1996;8:186–91.

 58 Burstein J, Papile L, Burstein R. Subependymal germinal matrix and 
intraventricular hemorrhage in premature infants: diagnosis by CT. 
AJR Am J Roentgenol 1977;128:971–6.

 59 Cam S, Yozgat Y, Mese T. Retrospective analyses of referral 
justifications of pregnant women who were referred to a 
tertiary center for fetal echocardiographic examination, fetal 
echocardiography results and reliability of fetal echocardiography. 
Turkiye Klinikleri Jinekoloji Obstetrik 2013;23:168–75 https://
www.jcog.com.tr/article/en-retrospective-analyses-of-referral- 
justifications-of-pregnant-women-who-were-referred-to-a- 
tertiary-center-for-fetal-echocardiographic-examination-fetal- 
echocardiography-results-and-reliability-of-fetal-echocardiography- 
65455.html

 60 Carroll SG, Porter H, Abdel- Fattah S, et al. Correlation of prenatal 
ultrasound diagnosis and pathologic findings in fetal brain 
abnormalities. Ultrasound Obstet Gynecol 2000;16:149–53.

 61 Cassart M, Massez A, Cos T, et al. Contribution of three- 
dimensional computed tomography in the assessment of fetal 
skeletal dysplasia. Ultrasound Obstet Gynecol 2007;29:537–43.

 62 Cavalli C, Weiss A, Salvati MA. Retrospective analysis of the 
diagnostic precision for fetal coarctation of the aorta at a single 
referral center. Journal of Maternal- Fetal and Neonatal Medicine 
2014;27:98.

 63 Colloridi V, Pizzuto F, Ventriglia F, et al. Prenatal echocardiographic 
diagnosis of right atrial isomerism. Prenat Diagn 1994;14:299–302.

 64 De Santis M, Salmaso R, Franco R, et al. Sensitivity of foetal MRI in 
studying the germinal matrix: comparison with autopsy. Rivista di 
Neuroradiologia 2006;19:180–5.

 65 D'Ercole C, Girard N, Boubli L, et al. Prenatal diagnosis of fetal 
cerebral abnormalities by ultrasonography and magnetic resonance 
imaging. Eur J Obstet Gynecol Reprod Biol 1993;50:177–84.

 66 Faber R, Stepan H, Schilde M, et al. [Accuracy of prenatal 
diagnoses in terminated pregnancies--a retrospective analysis of 
results and influences]. Z Geburtshilfe Neonatol 2001;205:54–9.

 67 Fantasia I, Bussani R, Gregori M, et al. Intrauterine versus post- 
mortem magnetic resonance in second trimester termination of 
pregnancy for central nervous system abnormalities. Eur J Obstet 
Gynecol Reprod Biol 2020;250:31–5.

 68 Faugstad TM, Brantberg A, Blaas H- GK, et al. Prenatal examination 
and postmortem findings in fetuses with gastroschisis and 
omphalocele. Prenat Diagn 2014;34:570–6.

 69 Faure A, Panait N, Panuel M, et al. Predicting postnatal renal 
function of prenatally detected posterior urethral valves using 
fetal diffusion- weighted magnetic resonance imaging with 
apparent diffusion coefficient determination. Prenat Diagn 
2017;37:666–72.

 70 Faure- Bardon V, Millischer A- E, Deloison B, et al. Refining the 
prognosis of fetuses infected with cytomegalovirus in the first 
trimester of pregnancy by serial prenatal assessment: a single- 
centre retrospective study. BJOG 2020;127:355–62.

 71 Fink IJ, Chinn DH, Callen PW. A potential pitfall in the 
ultrasonographic diagnosis of fetal encephalocele. J Ultrasound 
Med 1983;2:313–4.

 72 Fisher R, Partington A, Dykes E. Cystic hygroma: comparison 
between prenatal and postnatal diagnosis. J Pediatr Surg 
1996;31:473–6.

 73 Fuke S, Kanzaki T, Mu J, et al. Antenatal prediction of pulmonary 
hypoplasia by acceleration time/ejection time ratio of fetal 
pulmonary arteries by Doppler blood flow velocimetry. Am J Obstet 
Gynecol 2003;188:228–33.

 74 Gaerty K, Thomas JT, Petersen S, et al. Tracheal atresia with 
segmental esophageal duplication: an unusual anatomic 
arrangement. Pediatr Dev Pathol 2016;19:154–8.

 75 Gęca T, Krzyżanowski A, Stupak A, et al. Complementary role 
of magnetic resonance imaging after ultrasound examination in 
assessing fetal renal agenesis: a case report. J Med Case Rep 
2014;8:96.

 76 Gelehrter S, Owens ST, Russell MW, et al. Accuracy of the fetal 
echocardiogram in double- outlet right ventricle. Congenit Heart Dis 
2007;2:32–7.

 77 Gerards FA, Stoutenbeek P, Gooskens RH, et al. [Diagnostic value 
of prenatal MRI in fetus with intracranial anomalies diagnosed by 
ultrasonography]. Ned Tijdschr Geneeskd 2001;145:179–84.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064774 on 6 January 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1136/bmjpo-2019-000566
http://dx.doi.org/10.1016/j.ejrad.2009.10.007
http://dx.doi.org/10.1002/14651858.CD012504.pub2
http://dx.doi.org/10.1002/14651858.CD012504.pub2
http://dx.doi.org/10.1001/jama.2017.19163
http://dx.doi.org/10.1186/2046-4053-2-82
http://dx.doi.org/10.1186/s13643-020-01542-z
https://research.ncl.ac.uk/perinatal-post-mortem-dta/
https://research.ncl.ac.uk/perinatal-post-mortem-dta/
http://dx.doi.org/10.1016/j.jclinepi.2016.01.021
http://dx.doi.org/10.1016/j.jclinepi.2016.01.021
http://dx.doi.org/10.7326/0003-4819-155-8-201110180-00009
http://dx.doi.org/10.7326/0003-4819-155-8-201110180-00009
http://dx.doi.org/10.1136/bmj.l6890
http://dx.doi.org/10.1136/bmj.k4817
http://dx.doi.org/10.3109/14767051003678192
http://dx.doi.org/10.3109/14767051003678192
http://dx.doi.org/10.1002/pd.1710
http://dx.doi.org/10.1002/pd.4319
http://dx.doi.org/10.1016/j.ejrad.2013.09.012
http://dx.doi.org/10.1080/00016340600880886
http://dx.doi.org/10.1002/pd.1074
http://dx.doi.org/10.1016/s0029-7844(00)01140-6
http://dx.doi.org/10.1159/000100782
http://dx.doi.org/10.1159/000100782
http://dx.doi.org/10.1016/j.ejmg.2016.11.002
http://dx.doi.org/10.1016/j.ejmg.2016.11.002
http://dx.doi.org/10.1007/s00404-015-3673-6
http://dx.doi.org/10.1007/s00404-015-3673-6
http://dx.doi.org/10.1002/uog.6129
http://dx.doi.org/10.1002/uog.6129
http://dx.doi.org/10.3109/00016349509024458
http://dx.doi.org/10.1055/s-2007-1006086
http://dx.doi.org/10.7863/ultra.32.10.1863
http://dx.doi.org/10.1111/j.1471-0528.1994.tb11910.x
http://dx.doi.org/10.1046/j.1469-0705.1996.08030186.x
http://dx.doi.org/10.1046/j.1469-0705.1996.08030186.x
http://dx.doi.org/10.2214/ajr.128.6.971
https://www.jcog.com.tr/article/en-retrospective-analyses-of-referral-justifications-of-pregnant-women-who-were-referred-to-a-tertiary-center-for-fetal-echocardiographic-examination-fetal-echocardiography-results-and-reliability-of-fetal-echocardiography-65455.html
https://www.jcog.com.tr/article/en-retrospective-analyses-of-referral-justifications-of-pregnant-women-who-were-referred-to-a-tertiary-center-for-fetal-echocardiographic-examination-fetal-echocardiography-results-and-reliability-of-fetal-echocardiography-65455.html
https://www.jcog.com.tr/article/en-retrospective-analyses-of-referral-justifications-of-pregnant-women-who-were-referred-to-a-tertiary-center-for-fetal-echocardiographic-examination-fetal-echocardiography-results-and-reliability-of-fetal-echocardiography-65455.html
https://www.jcog.com.tr/article/en-retrospective-analyses-of-referral-justifications-of-pregnant-women-who-were-referred-to-a-tertiary-center-for-fetal-echocardiographic-examination-fetal-echocardiography-results-and-reliability-of-fetal-echocardiography-65455.html
https://www.jcog.com.tr/article/en-retrospective-analyses-of-referral-justifications-of-pregnant-women-who-were-referred-to-a-tertiary-center-for-fetal-echocardiographic-examination-fetal-echocardiography-results-and-reliability-of-fetal-echocardiography-65455.html
https://www.jcog.com.tr/article/en-retrospective-analyses-of-referral-justifications-of-pregnant-women-who-were-referred-to-a-tertiary-center-for-fetal-echocardiographic-examination-fetal-echocardiography-results-and-reliability-of-fetal-echocardiography-65455.html
http://dx.doi.org/10.1046/j.1469-0705.2000.00199.x
http://dx.doi.org/10.1002/uog.4001
https://doi.org/10.3109/14767058.2014.924236
http://dx.doi.org/10.1002/pd.1970140410
http://dx.doi.org/10.1177/197140090601900205
http://dx.doi.org/10.1177/197140090601900205
http://dx.doi.org/10.1016/0028-2243(93)90198-L
http://dx.doi.org/10.1055/s-2001-14821
http://dx.doi.org/10.1016/j.ejogrb.2020.04.032
http://dx.doi.org/10.1016/j.ejogrb.2020.04.032
http://dx.doi.org/10.1002/pd.4350
http://dx.doi.org/10.1002/pd.5063
http://dx.doi.org/10.1111/1471-0528.15935
http://dx.doi.org/10.7863/jum.1983.2.7.313
http://dx.doi.org/10.7863/jum.1983.2.7.313
http://dx.doi.org/10.1016/S0022-3468(96)90477-7
http://dx.doi.org/10.1067/mob.2003.69
http://dx.doi.org/10.1067/mob.2003.69
http://dx.doi.org/10.2350/15-08-1685-CR.1
http://dx.doi.org/10.1186/1752-1947-8-96
http://dx.doi.org/10.1111/j.1747-0803.2007.00069.x
http://www.ncbi.nlm.nih.gov/pubmed/11213565
http://bmjopen.bmj.com/


16 O'Keefe H, et al. BMJ Open 2023;13:e064774. doi:10.1136/bmjopen-2022-064774

Open access 

 78 Gerards FA, Twisk JWR, van Vugt JMG. Doppler velocimetry of 
the ductus arteriosus in normal fetuses and fetuses suspected for 
pulmonary hypoplasia. Fetal Diagn Ther 2009;26:143–7.

 79 Gerards FA, Twisk JWR, Fetter WPF, et al. Predicting pulmonary 
hypoplasia with 2- or 3- dimensional ultrasonography in 
complicated pregnancies. Am J Obstet Gynecol 2008;198:140.
e1–140.e6.

 80 Glenn OA, Goldstein RB, Li KC, et al. Fetal magnetic resonance 
imaging in the evaluation of fetuses referred for sonographically 
suspected abnormalities of the corpus callosum. J Ultrasound Med 
2005;24:791–804.

 81 Gorincour G, Chaumoitre K, Bourliere- Najean B, et al. Fetal skeletal 
computed tomography: when? How? Why? Diagn Interv Imaging 
2014;95:1045–53.

 82 Guerra B, Simonazzi G, Puccetti C, et al. Ultrasound prediction of 
symptomatic congenital cytomegalovirus infection. Am J Obstet 
Gynecol 2008;198:380.e1–380.e7.

 83 Haak MC, Bartelings MM, Gittenberger- De Groot AC, et al. Cardiac 
malformations in first- trimester fetuses with increased nuchal 
translucency: ultrasound diagnosis and postmortem morphology. 
Ultrasound Obstet Gynecol 2002;20:14–21.

 84 Hakverdı S, Güzelmansur I, Güngören A, et al. Evaluation of fetal 
autopsy findings in the Hatay region: 274 cases. Turk Patoloji Derg 
2012;28:154–61.

 85 Krajden Haratz K, Peled A, Weizman B, et al. Unique imaging 
features enabling the prenatal diagnosis of developmental venous 
anomalies: a persistent echogenic brain lesion drained by a 
collecting vein in contrast with normal brain parenchyma on MRI. 
Fetal Diagn Ther 2018;43:53–60.

 86 Harris RD, Nyberg DA, Mack LA, et al. Anorectal atresia: prenatal 
sonographic diagnosis. AJR Am J Roentgenol 1987;149:395–400.

 87 Hong L, Xie MX. Multiple ultrasonic techniques combine- application 
in screening the fetal congenital heart diseases clinical value. Eur 
Heart J Suppl 2012;14:A35.

 88 Indrani S, Vijayalakshmi R, Suresh S. Color Doppler flow pattern in 
antenatal diagnosis of unguarded tricuspid valve. Ultrasound Obstet 
Gynecol 2005;25:514–6.

 89 Isaksen CV, Eik- Nes SH, Blaas HG, et al. Comparison of prenatal 
ultrasound and postmortem findings in fetuses and infants with 
central nervous system anomalies. Ultrasound Obstet Gynecol 
1998;11:246–53.

 90 Isaksen CV, Eik- Nes SH, Blaas HG, et al. Fetuses and infants with 
congenital urinary system anomalies: correlation between prenatal 
ultrasound and postmortem findings. Ultrasound Obstet Gynecol 
2000;15:177–85.

 91 Johns N, Al- Salti W, Cox P, et al. A comparative study of prenatal 
ultrasound findings and post- mortem examination in a tertiary 
referral centre. Prenat Diagn 2004;24:339–46.

 92 Johnson DD, Nager CW, Budorick NE. False- positive diagnosis 
of spina bifida in a fetus with triploidy. Obstet Gynecol 
1997;89:809–11.

 93 Joó JG, Beke A, Papp C, et al. Neural tube defects in the sample of 
genetic counselling. Prenat Diagn 2007;27:912–21.

 94 Joó JG, Csatlós E, Csaba A, et al. Positive predictive 
value of prenatal ultrasonography confirmed by post- 
mortem investigations. Eur J Obstet Gynecol Reprod Biol 
2011;156:149–52.

 95 Joó JG, Csatlós E, Rigó J. Abdominal wall malformations in a 15- 
year fetopathological study: accuracy of prenatal ultrasonography 
diagnosis. Prenat Diagn 2010;30:1015–8.

 96 Lebel RR, Avery JM, Broome PJ, et al. Prenatal diagnostic accuracy 
in South Carolina demonstrated by autopsy. Fetal Pediatr Pathol 
2009;28:253–61.

 97 Lee G- S- R, Hur SY, Shin J- C, et al. Prenatal diagnosis of 
holoprosencephaly with ethmocephaly via 3- dimensional 
sonography. J Clin Ultrasound 2006;34:306–8.

 98 Lee M- Y, Won H- S, Lee BS, et al. Prenatal diagnosis of common 
arterial trunk: a single- center's experience. Fetal Diagn Ther 
2013;34:152–7.

 99 Leruez- Ville M, Stirnemann J, Sellier Y, et al. Feasibility of predicting 
the outcome of fetal infection with cytomegalovirus at the time of 
prenatal diagnosis. Am J Obstet Gynecol 2016;215:342.e1–342.e9.

 100 Leyder M, Vorsselmans A, Done E, et al. Primary maternal 
cytomegalovirus infections: accuracy of fetal ultrasound 
for predicting sequelae in offspring. Am J Obstet Gynecol 
2016;215:638

 101 Li H, Meng T, Shang T, et al. Fetal echocardiographic screening in 
twins for congenital heart diseases. Chin Med J 2007;120:1391–4.

 102 Li H, Wei J, Ma Y, et al. Prenatal diagnosis of congenital fetal 
heart abnormalities and clinical analysis. J Zhejiang Univ Sci B 
2005;6:903–6.

 103 Li X, Li X, Hu K, et al. The value of cardiovascular magnetic 
resonance in the diagnosis of fetal aortic arch anomalies. J Matern 
Fetal Neonatal Med 2017;30:1366–71.

 104 Liao Y, Wen H, Luo G, et al. Fetal open and closed spina bifida on 
a routine scan at 11 weeks to 13 weeks 6 days. J Ultrasound Med 
2021;40:237–47.

 105 Liu C- X, Yin S- W, Chen J. [MRI diagnosis and analysis of 104 cases 
of fetal ventriculomegaly by ultrasonography]. Zhonghua Fu Chan 
Ke Za Zhi 2008;43:666–9.

 106 Liu L, He Y, Li Z, et al. Application of two- dimensional 
echocardiography combined with enhanced flow in diagnosing fetal 
heart malformation. Clin Exp Obstet Gynecol 2014;41:195–201.

 107 Lomax L, Johansson H, Valentin L, et al. Agreement between 
prenatal ultrasonography and fetal autopsy findings: a retrospective 
study of second trimester terminations of pregnancy. Ultraschall 
Med 2012;33:E31–7.

 108 Lu J, Vaidya N, Meng H, et al. Prenatally diagnosed fetal split- hand/
foot malformations often accompany a spectrum of anomalies.  
J Ultrasound Med 2014;33:167–76.

 109 Lytzen R, Vejlstrup N, Bjerre J, et al. The accuracy of prenatal 
diagnosis of major congenital heart disease is increasing. J Obstet 
Gynaecol 2020;40:308–15.

 110 Macedo MP, Carvalho F, Guimarães S, et al. Early gestational 
diagnosis of lethal skeletal dysplasias: a 15 year retrospective 
cohort reviewing concordance between ultrasonographic, genetic 
and morphological features. Fetal Pediatr Pathol 2022;41:37- 48.

 111 Mailáth- Pokorny M, Worda C, Krampl- Bettelheim E, et al. 
What does magnetic resonance imaging add to the prenatal 
ultrasound diagnosis of facial clefts? Ultrasound Obstet Gynecol 
2010;36:445–51.

 112 Marek J, Skovránek J, Povýsilová V. Congenital absence of aortic 
and pulmonary valve in a fetus with severe heart failure. Heart 
1996;75:98–100.

 113 Martin WL, Ismail KM, Brace V, et al. Klippel- Trenaunay- Weber 
(KTW) syndrome: the use of in utero magnetic resonance imaging 
(MRI) in a prospective diagnosis. Prenat Diagn 2001;21:311–3.

 114 Mashiach R, Davidovits M, Eisenstein B, et al. Fetal hyperechogenic 
kidney with normal amniotic fluid volume: a diagnostic dilemma. 
Prenat Diagn 2005;25:553–8.

 115 Mittal TK, Vujanić GM, Morrissey BM, et al. Triploidy: antenatal 
sonographic features with post- mortem correlation. Prenat Diagn 
1998;18:1253–62.

 116 Mühler MR, Rake A, Schwabe M, et al. Truncus arteriosus 
communis in a midtrimester fetus: comparison of prenatal 
ultrasound and MRI with postmortem MRI and autopsy. Eur Radiol 
2004;14:2120–4.

 117 Ngeh N, Api O, Iasci A, et al. Criss- cross heart: report of three 
cases with double- inlet ventricles diagnosed in utero. Ultrasound 
Obstet Gynecol 2008;31:461–5.

 118 Nikkilä A, Rydhstroem H, Källén B, et al. Ultrasound screening for 
fetal anomalies in southern Sweden: a population- based study. 
Acta Obstet Gynecol Scand 2006;85:688–93.

 119 Ochoa JH, Chiesa M, Vildoza RP, et al. Evaluation of the perianal 
muscular complex in the prenatal diagnosis of anorectal atresia in a 
high- risk population. Ultrasound Obstet Gynecol 2012;39:521–7.

 120 Ohlsson A, Fong K, Rose T, et al. Prenatal ultrasonic prediction 
of autopsy- proven pulmonary hypoplasia. Am J Perinatol 
1992;9:334–7.

 121 Ozkutlu S, Ayabakan C, Karagöz T, et al. Prenatal 
echocardiographic diagnosis of congenital heart disease: 
comparison of past and current results. Turk J Pediatr 
2005;47:232–8.

 122 Ozkutlu S, Bostan OM, Deren O, et al. Prenatal echocardiographic 
diagnosis of cardiac right/left axis and malpositions according 
to standardized Cordes technique. Anadolu Kardiyol Derg 
2011;11:131–6.

 123 Papp C, Szigeti Z, Joó JG, et al. The role of perinatal autopsy in the 
management of pregnancies with major fetal trisomies. Pathol Res 
Pract 2007;203:525–31.

 124 Parast MM, Crum CP, Boyd TK. Placental histologic criteria for 
umbilical blood flow restriction in unexplained stillbirth. Hum Pathol 
2008;39:948–53.

 125 Parkar AP, Olsen Ø E, Maartmann- Moe H, et al. Antenatal 
ultrasound and postnatal autopsy findings in terminations 
after 12 weeks' gestation due to fetal abnormality: population- 
based study in Western Norway, 1988- 2002. Acta Radiol 
2009;50:816–22.

 126 Peng R, Xie H- N, Du L, et al. Four- dimensional sonography with 
spatiotemporal image correlation and tomographic ultrasound 
imaging in the prenatal diagnosis of anomalous pulmonary venous 
connections. J Ultrasound Med 2012;31:1651–8.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064774 on 6 January 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1159/000243713
http://dx.doi.org/10.1016/j.ajog.2007.06.005
http://dx.doi.org/10.7863/jum.2005.24.6.791
http://dx.doi.org/10.1016/j.diii.2014.04.014
http://dx.doi.org/10.1016/j.ajog.2007.09.052
http://dx.doi.org/10.1016/j.ajog.2007.09.052
http://dx.doi.org/10.1046/j.1469-0705.2002.00739.x
http://dx.doi.org/10.5146/tjpath.2012.01115
http://dx.doi.org/10.1159/000464247
http://dx.doi.org/10.2214/ajr.149.2.395
https://doi.org/10.1093/eurheartj/sur029
https://doi.org/10.1093/eurheartj/sur029
http://dx.doi.org/10.1002/uog.1728
http://dx.doi.org/10.1002/uog.1728
http://dx.doi.org/10.1046/j.1469-0705.1998.11040246.x
http://dx.doi.org/10.1046/j.1469-0705.2000.00065.x
http://dx.doi.org/10.1002/pd.871
http://dx.doi.org/10.1016/S0029-7844(97)00040-9
http://dx.doi.org/10.1002/pd.1801
http://dx.doi.org/10.1016/j.ejogrb.2011.01.021
http://dx.doi.org/10.1002/pd.2515
http://dx.doi.org/10.1080/15513810903202737
http://dx.doi.org/10.1002/jcu.20237
http://dx.doi.org/10.1159/000353771
http://dx.doi.org/10.1016/j.ajog.2016.03.052
http://dx.doi.org/10.1016/j.ajog.2016.06.003
http://dx.doi.org/10.1097/00029330-200708020-00002
http://dx.doi.org/10.1631/jzus.2005.B0903
http://dx.doi.org/10.1080/14767058.2016.1214126
http://dx.doi.org/10.1080/14767058.2016.1214126
http://dx.doi.org/10.1002/jum.15392
http://www.ncbi.nlm.nih.gov/pubmed/19087516
http://www.ncbi.nlm.nih.gov/pubmed/19087516
http://dx.doi.org/10.12891/ceog16622014
http://dx.doi.org/10.1055/s-0032-1325538
http://dx.doi.org/10.1055/s-0032-1325538
http://dx.doi.org/10.7863/ultra.33.1.167
http://dx.doi.org/10.7863/ultra.33.1.167
http://dx.doi.org/10.1080/01443615.2019.1621814
http://dx.doi.org/10.1080/01443615.2019.1621814
http://dx.doi.org/10.1080/15513815.2020.1761915
http://dx.doi.org/10.1002/uog.7743
http://dx.doi.org/10.1136/hrt.75.1.98
http://dx.doi.org/10.1002/pd.48
http://dx.doi.org/10.1002/pd.1185
http://dx.doi.org/10.1002/(SICI)1097-0223(199812)18:12<1253::AID-PD442>3.0.CO;2-B
http://dx.doi.org/10.1007/s00330-004-2419-9
http://dx.doi.org/10.1002/uog.5300
http://dx.doi.org/10.1002/uog.5300
http://dx.doi.org/10.1080/00016340600676474
http://dx.doi.org/10.1002/uog.9083
http://dx.doi.org/10.1055/s-2007-999258
http://www.ncbi.nlm.nih.gov/pubmed/16250307
http://dx.doi.org/10.5152/akd.2011.033
http://dx.doi.org/10.1016/j.prp.2007.04.007
http://dx.doi.org/10.1016/j.prp.2007.04.007
http://dx.doi.org/10.1016/j.humpath.2007.10.032
http://dx.doi.org/10.1080/02841850903025960
http://dx.doi.org/10.7863/jum.2012.31.10.1651
http://bmjopen.bmj.com/


17O'Keefe H, et al. BMJ Open 2023;13:e064774. doi:10.1136/bmjopen-2022-064774

Open access

 127 Picone O, Levaillant J- M, Hirt R, et al. Correlation between 
referral ultrasound with suspected foetal anomalies and autopsy 
examination in two prenatal diagnosis centres. impact of the routine 
use of 3D/4D scan. Prenat Diagn 2008;28:191–6.

 128 Quarello E, Saada J, Desbriere R, et al. Prenatal diagnosis and 
evaluation of defect length in esophageal atresia using direct 
and indirect (tracheal print) signs. Ultrasound Obstet Gynecol 
2011;38:225–8.

 129 Ramirez M, Wilkins I, Kramer L, et al. Prenatal diagnosis of unilateral 
megalencephaly by real- time ultrasonography. Am J Obstet 
Gynecol 1994;170:1384–5.

 130 Ravelli A, Napolitano M, Rustico M, et al. Prenatal MRI of neck 
masses with special focus on the evaluation of foetal airway. Radiol 
Med 2019;124:917–25.

 131 Rice KJ, Ballas J, Lai E, et al. Diagnosis of fetal limb abnormalities 
before 15 weeks: cause for concern. J Ultrasound Med 
2011;30:1009–19.

 132 Roybal JL, Liechty KW, Hedrick HL, et al. Predicting the severity 
of congenital high airway obstruction syndrome. J Pediatr Surg 
2010;45:1633–9.

 133 Saleem SN, Said A- H, Abdel- Raouf M, et al. Fetal MRI in the 
evaluation of fetuses referred for sonographically suspected 
neural tube defects (NTDs): impact on diagnosis and management 
decision. Neuroradiology 2009;51:761–72.

 134 Sankar VH, Phadke SR. Clinical utility of fetal autopsy and 
comparison with prenatal ultrasound findings. J Perinatol 
2006;26:224–9.

 135 Santirocco M, Rodó C, Illescas T, et al. Accuracy of prenatal 
ultrasound in the diagnosis of corpus callosum anomalies. J Matern 
Fetal Neonatal Med 2021;34:439–44.

 136 Schnur J, Dolgin S, Vohra N, et al. Pitfalls in prenatal diagnosis of 
unusual congenital abdominal wall defects. J Matern Fetal Neonatal 
Med 2008;21:135–9.

 137 Sepulveda W, Corral E, Sanchez J, et al. Sirenomelia sequence 
versus renal agenesis: prenatal differentiation with power Doppler 
ultrasound. Ultrasound Obstet Gynecol 1998;11:445–9.

 138 Sepulveda W, Stagiannis KD, Flack NJ, et al. Accuracy of 
prenatal diagnosis of renal agenesis with color flow imaging in 
severe second- trimester oligohydramnios. Am J Obstet Gynecol 
1995;173:1788–92.

 139 Shi C, Song L, Li Y, et al. Value of four- chamber view of the fetal 
echocardiography for the prenatal diagnosis of congenital heart 
DISE. Zhonghua Fu Chan Ke Za Zhi 2002;37:385–7.

 140 Shime J, Bertrand M, Hagen- Ansert S, et al. Two- dimensional 
and M mode echocardiography in the human fetus. Am J Obstet 
Gynecol 1984;148:679–85.

 141 Simpsom JM, Jones A, Callaghan N, et al. Accuracy and limitations 
of transabdominal fetal echocardiography at 12- 15 weeks of 
gestation in a population at high risk for congenital heart disease. 
BJOG 2000;107:1492–7.

 142 Songster GS, Gray DL, Crane JP. Prenatal prediction of lethal 
pulmonary hypoplasia using ultrasonic fetal chest circumference. 
Obstet Gynecol 1989;73:261–6.

 143 Stroustrup Smith A, Levine D, Barnes PD, et al. Magnetic resonance 
imaging of the kinked fetal brain stem: a sign of severe dysgenesis. 
J Ultrasound Med 2005;24:1697–709.

 144 Szigeti Z, Csapó Z, Joó JG, et al. Correlation of prenatal ultrasound 
diagnosis and pathologic findings in fetuses with trisomy 13. Prenat 
Diagn 2006;26:1262–6.

 145 Szymonowicz W, Schafler K, Cussen LJ, et al. Ultrasound and 
necropsy study of periventricular haemorrhage in preterm infants. 
Arch Dis Child 1984;59:637–42.

 146 Tang PH, Ong CL, Stringer D, et al. Magnetic resonance imaging 
of the fetal central nervous system in Singapore. Ann Acad Med 
Singap 2009;38:774–81.

 147 Teng S- W, Guo W- Y, Sheu M- H, et al. Initial experience using 
magnetic resonance imaging in prenatal diagnosis of osteogenesis 
imperfecta type II: a case report. Clin Imaging 2003;27:55–8.

 148 Tongsong T, Chanprapaph P, Khunamornpong S. Prenatal diagnosis 
of VACTERL association: a case report. J Med Assoc Thai 
2001;84:143–8.

 149 Tonni G, Panteghini M, Ventura A, et al. Prenatal diagnosis of 
tricuspid atresia with hypoplastic right ventricle associated 
with truncus arteriosus communis type II. Arch Gynecol Obstet 
2010;281:255–9.

 150 Tudorache Ș, Cara M, Iliescu DG, et al. Fetal kidneys ultrasound 
appearance in the first trimester - Clinical significance and limits of 
counseling. Curr Health Sci J 2016;42:19–30.

 151 Turan S, Turan OM, Desai A, et al. 61: first trimester diagnosis of 
complex congenital heart disease (CHD) in high- risk patients using 
standardized fetal echocardiography (T1 echo) with spatio- temporal 

image correlation (STIC), tomographic ultrasound (TUI) and color 
Doppler imaging (CDI). Am J Obstet Gynecol 2011;204:S35.

 152 Ueno K, Tanaka M, Miyakoshi K, et al. Prenatal diagnosis of 
atelosteogenesis type I at 21 weeks' gestation. Prenat Diagn 
2002;22:1071–5.

 153 Ventriglia F, Colloridi V, Francalanci P, et al. [Anatomo- clinical 
correlations of cardiopathies diagnosed during fetal life: analysis of 
110 cases of cardiopathies]. G Ital Cardiol 1996;26:249–59.

 154 Victoria T, Epelman M, Coleman BG, et al. Low- dose fetal CT in the 
prenatal evaluation of skeletal dysplasias and other severe skeletal 
abnormalities. AJR Am J Roentgenol 2013;200:989–1000.

 155 Vinutha SP, Narayanappa D, Manjunath GV. Profile of congenital 
cardiovascular anomalies among stillborns at a tertiary care 
hospital. JCDR 2020;14:AC01–6.

 156 Volpe P, Campobasso G, Stanziano A, et al. Novel application of 
4D sonography with B- flow imaging and spatio- temporal image 
correlation (STIC) in the assessment of the anatomy of pulmonary 
arteries in fetuses with pulmonary atresia and ventricular septal 
defect. Ultrasound Obstet Gynecol 2006;28:40–6.

 157 Wang HF, Lin Q, Xiong Y. Clinical value of a cross- sectional view 
of the fetal brain in screening for major brain malformations during 
11- 14 weeks. Chinese Journal of Medical Imaging Technology 
2008;24:943–5 https://caod.oriprobe.com/articles/14295639/ 
Clinical_value_of_a_cross_sectional_view_of_the_fetal_brain_in_ 
screeni.htm

 158 Wendel GD, Maberry MC, Christmas JT, et al. Examination of 
amniotic fluid in diagnosing congenital syphilis with fetal death. 
Obstet Gynecol 1989;74:967–70.

 159 Whitby E, Paley MN, Davies N, et al. Ultrafast magnetic resonance 
imaging of central nervous system abnormalities in utero in 
the second and third trimester of pregnancy: comparison with 
ultrasound. BJOG 2001;108:519–26.

 160 Whitby EH, Paley MNJ, Sprigg A, et al. Comparison of ultrasound 
and magnetic resonance imaging in 100 singleton pregnancies with 
suspected brain abnormalities. BJOG 2004;111:784–92.

 161 Xu Y, Hu Y- L, Ru T, et al. [Importance of "Guidelines for performing 
fetal cardiac scan" in prenatal screening for fetal congenital heart 
disease]. Zhonghua Fu Chan Ke Za Zhi 2009;44:103–7.

 162 Yang F, Yang T- Z, Luo H, et al. [Comparative study of 
ultrasonography and magnetic resonance imaging in midline 
structures of fetal brain]. Sichuan Da Xue Xue Bao Yi Xue Ban 
2012;43:720–4.

 163 Yang WZ, Xia LM, Chen XL. Fetal central nervous system 
anomalies: fast MRI vs ultrasonography. Chinese Journal of 
Radiology 2006;40:1139–41.

 164 Yeo L, Guzman ER, Shen- Schwarz S, et al. Value of a complete 
sonographic survey in detecting fetal abnormalities: correlation with 
perinatal autopsy. J Ultrasound Med 2002;21:501–10.

 165 Yu R, Li S- li, Luo G- yang, et al. First- trimester echocardiographic 
features and perinatal outcomes in fetuses with congenital absence 
of the aortic valve. J Ultrasound Med 2016;35:739–45.

 166 Yuh WT, Nguyen HD, Fisher DJ, et al. Mr of fetal central nervous 
system abnormalities. AJNR Am J Neuroradiol 1994;15:459–64.

 167 Zanders EHJ, Buist FCD, van Vugt JMG. Prenatal diagnosis of fetal 
intracranial hemorrhage at 25 weeks of gestation. Fetal Diagn Ther 
2003;18:324–7.

 168 Zhang X, Liu X- W, Gu X- Y, et al. Prenatal diagnosis of berry 
syndrome by fetal echocardiography: a report of four cases. 
Echocardiography 2018;35:563–5.

 169 Zhang Y, Wang Y. Prenatal ultrasound in diagnosis of fetal aortic 
arch interruption. Chinese Journal of Interventional Imaging and 
Therapy 2016;13:426–9.

 170 Zhao S, Chen XL, Yang XH. Application of prenatal sonography 
and MR imaging in the diagnosis of congenital respiratory 
system lesions. Chinese Journal of Medical Imaging Technology 
2008;24:54–6.

 171 Szigeti Z, Csapó Z, Joó J, et al. Quality control of prenatal 
sonography in detecting trisomy 18. The value of perinatal autopsy. 
Early Hum Dev 2007;83:505–9.

 172 Sileo FG, Finarelli A, Contu G, et al. Ultrasound screening for fetal 
anomalies in a single center: diagnostic performances twenty 
years after the Eurofetus study. J Matern Fetal Neonatal Med 
2022;35:6312–9.

 173 Wang X, Chen S, Tu P, et al. Fetal ultrasonic evaluation of 
bronchial morphology in fetuses with isomerism. Fetal Diagn Ther 
2021;48:641–50.

 174 Wang Y, Liu C, Zhang Y, et al. Prenatal diagnosis of coarctation 
of the aorta with a long and angled isthmus by two- and three- 
dimensional echocardiography: a case report. BMC Cardiovasc 
Disord 2021;21:1–7.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064774 on 6 January 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1002/pd.1952
http://dx.doi.org/10.1002/uog.8888
http://dx.doi.org/10.1016/S0002-9378(94)70165-2
http://dx.doi.org/10.1016/S0002-9378(94)70165-2
http://dx.doi.org/10.1007/s11547-019-01049-1
http://dx.doi.org/10.1007/s11547-019-01049-1
http://dx.doi.org/10.7863/jum.2011.30.7.1009
http://dx.doi.org/10.1016/j.jpedsurg.2010.01.022
http://dx.doi.org/10.1007/s00234-009-0549-0
http://dx.doi.org/10.1038/sj.jp.7211482
http://dx.doi.org/10.1080/14767058.2019.1609931
http://dx.doi.org/10.1080/14767058.2019.1609931
http://dx.doi.org/10.1080/14767050701885872
http://dx.doi.org/10.1080/14767050701885872
http://dx.doi.org/10.1046/j.1469-0705.1998.11060445.x
http://dx.doi.org/10.1016/0002-9378(95)90428-X
http://www.ncbi.nlm.nih.gov/pubmed/12411031
http://dx.doi.org/10.1016/0002-9378(84)90773-7
http://dx.doi.org/10.1016/0002-9378(84)90773-7
http://dx.doi.org/10.1111/j.1471-0528.2000.tb11673.x
http://www.ncbi.nlm.nih.gov/pubmed/2643070
http://dx.doi.org/10.7863/jum.2005.24.12.1697
http://dx.doi.org/10.1002/pd.1604
http://dx.doi.org/10.1002/pd.1604
http://dx.doi.org/10.1136/adc.59.7.637
http://dx.doi.org/10.47102/annals-acadmedsg.V38N9p774
http://dx.doi.org/10.47102/annals-acadmedsg.V38N9p774
http://dx.doi.org/10.1016/S0899-7071(02)00480-1
http://www.ncbi.nlm.nih.gov/pubmed/11281494
http://dx.doi.org/10.1007/s00404-009-1143-8
http://dx.doi.org/10.12865/CHSJ.42.01.03
http://dx.doi.org/10.1016/j.ajog.2010.10.073
http://dx.doi.org/10.1002/pd.470
http://www.ncbi.nlm.nih.gov/pubmed/8690181
http://dx.doi.org/10.2214/AJR.12.9722
http://dx.doi.org/10.7860/JCDR/2020/46141.14171
http://dx.doi.org/10.1002/uog.2818
https://caod.oriprobe.com/articles/14295639/Clinical_value_of_a_cross_sectional_view_of_the_fetal_brain_in_screeni.htm
https://caod.oriprobe.com/articles/14295639/Clinical_value_of_a_cross_sectional_view_of_the_fetal_brain_in_screeni.htm
https://caod.oriprobe.com/articles/14295639/Clinical_value_of_a_cross_sectional_view_of_the_fetal_brain_in_screeni.htm
http://www.ncbi.nlm.nih.gov/pubmed/2685682
http://dx.doi.org/10.1016/S0306-5456(00)00115-7
http://dx.doi.org/10.1111/j.1471-0528.2004.00149.x
http://www.ncbi.nlm.nih.gov/pubmed/19570419
http://www.ncbi.nlm.nih.gov/pubmed/23230747
http://dx.doi.org/10.7863/jum.2002.21.5.501
http://dx.doi.org/10.7863/ultra.15.03042
http://www.ncbi.nlm.nih.gov/pubmed/8197941
http://dx.doi.org/10.1159/000071974
http://dx.doi.org/10.1111/echo.13832
http://dx.doi.org/10.13929/j.1672-8475.2016.07.009
http://dx.doi.org/10.13929/j.1672-8475.2016.07.009
http://dx.doi.org/10.1016/j.earlhumdev.2006.09.019
http://dx.doi.org/10.1080/14767058.2021.1911994
http://dx.doi.org/10.1159/000515250
http://dx.doi.org/10.1186/s12872-021-01987-7
http://dx.doi.org/10.1186/s12872-021-01987-7
http://bmjopen.bmj.com/


18 O'Keefe H, et al. BMJ Open 2023;13:e064774. doi:10.1136/bmjopen-2022-064774

Open access 

 175 Fuchs F. Study of antenatal and postnatal data of anorectal 
malformations diagnosed at Montpellier university hospital over a 
10- year period (2010- 2020), 2010. Available: https://ClinicalTrials. 
gov/show/NCT05045560

 176 Constantine. Computed tomography (CT) autopsy compared 
to conventional post- mortem examination in pregnancy losses. 
Available: https://anzctr.org.au/ACTRN12618001100280.aspx

 177 Ruegger. Post- mortem cross- sectional imaging with guided 
biopsy; a comparative study with conventional autopsy in foetuses, 
neonates, infants and children. Available: https://clinicaltrials.gov/ 
show/NCT01888380

 178 Sreenivas. Minimally Invasive Tissue Sampling and Conventional 
Autopsy in Establishing Cause of Death in the Neonatal Period 
- MITS- CAiN. Available: http://www.ctri.nic.in/Clinicaltrials/ 
pmaindet2.php?trialid=47365

 179 Ctri YK. Which heart diseases cause children to die? 
clinicopathological analysis of heart disease in pediatric age group, 
2021

 180 Unnamed. Comparative evaluation of Irm and autopsy in 
the evaluation of intra uterine fetal death. Available: https:// 
ClinicalTrials.gov/show/NCT02148055;https://ClinicalTrials.gov/ 
show/NCT02148055

 181 Blaser. Comparison of abnormal cortical development in brain 
malformations on postmortem imaging with autopsy. Available: 
https://ClinicalTrials.gov/show/NCT00686530;https://ClinicalTrials. 
gov/show/NCT00686530

 182 Goergen SK, Alibrahim E, Govender N, et al. Diagnostic 
assessment of foetal brain malformations with intra- uterine 
MRI versus perinatal post- mortem MRI. Neuroradiology 
2019;61:921–34.

 183 Hutchinson JC, Kang X, Shelmerdine SC, et al. Postmortem 
microfocus computed tomography for early gestation fetuses: a 
validation study against conventional autopsy. Am J Obstet Gynecol 
2018;218:445.e1–445.e12.

 184 Kang X, Sanchez TC, Arthurs OJ, et al. Postmortem fetal imaging: 
prospective blinded comparison of two- dimensional ultrasound 
with magnetic resonance imaging. Ultrasound Obstet Gynecol 
2019;54:791–9.

 185 Thayyil S, Sebire N, Ashworth MA, et al. Diagnostic accuracy 
of post- mortem cardiovascular magnetic resonance imaging 
in fetuses, newborns, and children. J Cardiovasc Magn Reson 
2012;14.

 186 Tuchtan L, Lesieur E, Bartoli C, et al. Diagnosis of congenital 
abnormalities with post- mortem ultrasound in perinatal death. Diagn 
Interv Imaging 2018;99:143–9.

 187 Verhoye M, Votino C, Cannie MM, et al. Post- mortem high- field 
magnetic resonance imaging: effect or various factors. J Matern 
Fetal Neonatal Med 2013;26:1060–5.

 188 Shelmerdine SC, Arthurs OJ, Gilpin I, et al. Is traditional perinatal 
autopsy needed after detailed fetal ultrasound and post- mortem 
MRI? Prenat Diagn 2019;39:818–29.

 189 Taylor AM, Sebire NJ, Ashworth MT, et al. Postmortem 
cardiovascular magnetic resonance imaging in fetuses and children: 
a masked comparison study with conventional autopsy. Circulation 
2014;129:1937–44.

 190 Arthurs OJ, Guy A, Thayyil S, et al. Comparison of diagnostic 
performance for perinatal and paediatric post- mortem imaging: CT 
versus MRI. Eur Radiol 2016;26:2327–36.

 191 Arthurs OJ, Thayyil S, Addison S, et al. Diagnostic accuracy of 
postmortem MRI for musculoskeletal abnormalities in fetuses and 
children. Prenat Diagn 2014;34:1254–61.

 192 Arthurs OJ, Thayyil S, Olsen OE, et al. Diagnostic accuracy of post- 
mortem MRI for thoracic abnormalities in fetuses and children. Eur 
Radiol 2014;24:2876–84.

 193 Arthurs OJ, Thayyil S, Owens CM, et al. Diagnostic accuracy of 
post mortem MRI for abdominal abnormalities in foetuses and 
children. Eur J Radiol 2015;84:474–81.

 194 Arthurs OJ, Thayyil S, Pauliah SS, et al. Diagnostic accuracy and 
limitations of post- mortem MRI for neurological abnormalities in 
fetuses and children. Clin Radiol 2015;70:872–80.

 195 Ashwin C, Hutchinson JC, Kang X, et al. Learning effect on perinatal 
post- mortem magnetic resonance imaging reporting: single reporter 
diagnostic accuracy of 200 cases. Prenat Diagn 2017;37:566–74.

 196 Thayyil S, Cleary JO, Sebire NJ, et al. Post- mortem examination 
of human fetuses: a comparison of whole- body high- field MRI 
at 9.4 T with conventional MRI and invasive autopsy. Lancet 
2009;374:467–75.

 197 Thayyil S, Sebire NJ, Chitty LS, et al. Post- mortem MRI versus 
conventional autopsy in fetuses and children: a prospective 
validation study. Lancet 2013;382:223–33.

 198 Arthurs OJ, Calder AD, Kiho L, et al. Routine perinatal and 
paediatric post- mortem radiography: detection rates and 
implications for practice. Pediatr Radiol 2014;44:252–7.

 199 Arthurs OJ, Guy A, Kiho L, et al. Ventilated postmortem computed 
tomography in children: feasibility and initial experience. Int J Legal 
Med 2015;129:1113–20.

 200 Ashwin C, Hutchinson J, Sebire N. Diagnostic accuracy of 
perinatal post mortem magnetic resonance imaging: single reporter 
experience. Pediatric Radiology 2016;46:S174.

 201 Barber JL, Hutchinson JC, Sebire NJ, et al. Pleural fluid 
accumulation detectable on paediatric post- mortem imaging: 
a possible marker of interval since death? Int J Legal Med 
2016;130:1003–10.

 202 Brookes JA, Hall- Craggs MA, Sams VR, et al. Non- invasive 
perinatal necropsy by magnetic resonance imaging. Lancet 
1996;348:1139–41.

 203 Cohen MC, Paley MN, Griffiths PD, et al. Less invasive autopsy: 
benefits and limitations of the use of magnetic resonance imaging 
in the perinatal postmortem. Pediatr Dev Pathol 2008;11:1–9.

 204 Fernandes F, Castillo P, Bassat Q, et al. Contribution of the clinical 
information to the accuracy of the minimally invasive and the 
complete diagnostic autopsy. Hum Pathol 2019;85:184–93.

 205 Grover S, Garg B, Sood N, et al. Lethal congenital malformations 
in fetuses- antenatal ultrasound or perinatal autopsy. Fetal Pediatr 
Pathol 2017;36:220–31.

 206 Hagmann CF, Robertson NJ, Sams VR, et al. Postmortem 
magnetic resonance imaging as an adjunct to perinatal autopsy 
for renal- tract abnormalities. Arch Dis Child Fetal Neonatal Ed 
2007;92:F215–9.

 207 Hellkvist A, Wikström J, Mulic- Lutvica A, et al. Postmortem 
magnetic resonance imaging vs autopsy of second trimester 
fetuses terminated due to anomalies. Acta Obstet Gynecol Scand 
2019;98:865–76.

 208 Huisman TAGM, Wisser J, Stallmach T, et al. Mr autopsy in fetuses. 
Fetal Diagn Ther 2002;17:58–64.

 209 Ishida M, Gonoi W, Shirota G, et al. Utility of unenhanced 
postmortem computed tomography for investigation of in- hospital 
nontraumatic death in children up to 3 years of age at a single 
Japanese tertiary care hospital. Medicine 2020;99:e20130.

 210 Jawad N, Sebire NJ, Wade A, et al. Body weight lower limits of fetal 
postmortem MRI at 1.5 T. Ultrasound Obstet Gynecol 2016;48:92–7.

 211 Kang X, Cannie MM, Arthurs OJ, et al. Post- mortem whole- body 
magnetic resonance imaging of human fetuses: a comparison 
of 3- T vs. 1.5- T MR imaging with classical autopsy. Eur Radiol 
2017;27:3542–53.

 212 Mandalia U, Judge- Kronis L, Sebire N, et al. Minimally invasive 
perinatal autopsy: comparison of renal appearances on post- 
mortem ultrasound (PM- US) and conventional autopsy. Pediatric 
Radiology 2015;45:S311.

 213 Menendez C, Castillo P, Martínez MJ, et al. Validity of a minimally 
invasive autopsy for cause of death determination in stillborn babies 
and neonates in Mozambique: an observational study. PLoS Med 
2017;14:e1002318.

 214 Menéndez C, Quintó L, Castillo P, et al. Limitations to current 
methods to estimate cause of death: a validation study of a verbal 
autopsy model. Gates Open Res 2020;4:55.

 215 Nayak SR, Nidhi G, Garg N. Determinations of antepartum fetal 
death. J Obstet Gynecol India 2010;60:494–7.

 216 Pape KE, Bennett- Britton S, Szymonowicz W, et al. Diagnostic 
accuracy of neonatal brain imaging: a postmortem correlation 
of computed tomography and ultrasound scans. J Pediatr 
1983;102:275–80.

 217 Prodhomme O, Baud C, Saguintaah M, et al. Comparison of 
postmortem ultrasound and X- ray with autopsy in fetal death: 
retrospective study of 169 cases. J Forensic Radiol Imaging 
2015;3:120–30.

 218 Roberts DJ, Njuguna HN, Fields B, et al. Comparison of minimally 
invasive tissue sampling with conventional autopsy to detect 
pulmonary pathology among respiratory deaths in a resource- 
limited setting. Am J Clin Pathol 2019;152:36–49.

 219 Shruthi M, Gupta N, Jana M, et al. Conventional vs virtual 
autopsy with postmortem MRI in phenotypic characterization of 
stillbirths and fetal malformations. Ultrasound Obstet Gynecol 
2018;51:236–45.

 220 Sorop- Florea M, Capitanescu R, Dragusin RC. Correlations of the 
fetal anomaly scan with fetal autopsy results, 2017: 242–7.

 221 Staicu A, Albu C, Popa- Stanila R, et al. Potential clinical benefits 
and limitations of fetal virtopsy using high- field MRI at 7 Tesla 
versus stereomicroscopic autopsy to assess first trimester fetuses. 
Prenat Diagn 2019;39:505–18.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064774 on 6 January 2023. D

ow
nloaded from

 

https://ClinicalTrials.gov/show/NCT05045560
https://ClinicalTrials.gov/show/NCT05045560
https://anzctr.org.au/ACTRN12618001100280.aspx
https://clinicaltrials.gov/show/NCT01888380
https://clinicaltrials.gov/show/NCT01888380
http://www.ctri.nic.in/Clinicaltrials/pmaindet2.php?trialid=47365
http://www.ctri.nic.in/Clinicaltrials/pmaindet2.php?trialid=47365
https://ClinicalTrials.gov/show/NCT02148055;https://ClinicalTrials.gov/show/NCT02148055
https://ClinicalTrials.gov/show/NCT02148055;https://ClinicalTrials.gov/show/NCT02148055
https://ClinicalTrials.gov/show/NCT02148055;https://ClinicalTrials.gov/show/NCT02148055
https://ClinicalTrials.gov/show/NCT00686530;https://ClinicalTrials.gov/show/NCT00686530
https://ClinicalTrials.gov/show/NCT00686530;https://ClinicalTrials.gov/show/NCT00686530
http://dx.doi.org/10.1007/s00234-019-02218-9
http://dx.doi.org/10.1016/j.ajog.2018.01.040
http://dx.doi.org/10.1002/uog.20217
http://dx.doi.org/10.1186/1532-429X-14-S1-O54
http://dx.doi.org/10.1016/j.diii.2017.11.005
http://dx.doi.org/10.1016/j.diii.2017.11.005
http://dx.doi.org/10.3109/14767058.2013.767891
http://dx.doi.org/10.3109/14767058.2013.767891
http://dx.doi.org/10.1002/pd.5448
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.005641
http://dx.doi.org/10.1007/s00330-015-4057-9
http://dx.doi.org/10.1002/pd.4460
http://dx.doi.org/10.1007/s00330-014-3313-8
http://dx.doi.org/10.1007/s00330-014-3313-8
http://dx.doi.org/10.1016/j.ejrad.2014.11.030
http://dx.doi.org/10.1016/j.crad.2015.04.008
http://dx.doi.org/10.1002/pd.5043
http://dx.doi.org/10.1016/S0140-6736(09)60913-2
http://dx.doi.org/10.1016/S0140-6736(13)60134-8
http://dx.doi.org/10.1007/s00247-013-2804-0
http://dx.doi.org/10.1007/s00414-015-1189-z
http://dx.doi.org/10.1007/s00414-015-1189-z
http://dx.doi.org/10.1016/j.crad.2016.06.016
http://dx.doi.org/10.1007/s00414-016-1320-9
http://dx.doi.org/10.1016/S0140-6736(96)02287-8
http://dx.doi.org/10.2350/07-01-0213.1
http://dx.doi.org/10.1016/j.humpath.2018.10.037
http://dx.doi.org/10.1080/15513815.2017.1303859
http://dx.doi.org/10.1080/15513815.2017.1303859
http://dx.doi.org/10.1136/adc.2005.092387
http://dx.doi.org/10.1111/aogs.13548
http://dx.doi.org/10.1159/000048008
http://dx.doi.org/10.1097/MD.0000000000020130
http://dx.doi.org/10.1002/uog.14948
http://dx.doi.org/10.1007/s00330-016-4725-4
http://dx.doi.org/10.1371/journal.pmed.1002318
http://dx.doi.org/10.12688/gatesopenres.13132.1
http://dx.doi.org/10.1007/s13224-010-0049-5
http://dx.doi.org/10.1016/S0022-3476(83)80543-5
http://dx.doi.org/10.1016/j.jofri.2015.04.002
http://dx.doi.org/10.1093/ajcp/aqz016
http://dx.doi.org/10.1002/uog.17468
http://dx.doi.org/10.1002/pd.5457
http://bmjopen.bmj.com/


19O'Keefe H, et al. BMJ Open 2023;13:e064774. doi:10.1136/bmjopen-2022-064774

Open access

 222 Tumanova U, Lyapin V, Shchegolev A, et al. The possibility of 
postmortem MRI in the diagnosis of congenital pneumonia. 
Virchows Archive 2016;469:S183.

 223 Votino C, Cannie M, Segers V, et al. Virtual autopsy by computed 
tomographic angiography of the fetal heart: a feasibility study. 
Ultrasound Obstet Gynecol 2012;39:679–84.

 224 Votino C, Jani J, Verhoye M, et al. Postmortem examination of 
human fetal hearts at or below 20 weeks' gestation: a comparison 
of high- field MRI at 9.4 T with lower- field MRI magnets and 
stereomicroscopic autopsy. Ultrasound Obstet Gynecol 
2012;40:437–44.

 225 Whitby EH, Variend S, Rutter S, et al. Corroboration of in utero 
MRI using post- mortem MRI and autopsy in foetuses with CNS 
abnormalities. Clin Radiol 2004;59:1114–20.

 226 Widjaja E, Whitby EH, Cohen M, et al. Post- mortem MRI of the 
foetal spine and spinal cord. Clin Radiol 2006;61:679–85.

 227 Sandaite I, Dymarkowski S, De Catte L, et al. Fetal heart pathology 
on postmortem 3- T magnetic resonance imaging. Prenat Diagn 
2014;34:223–9.

 228 Simoens E, Hindryckx A, Moerman P, et al. Termination 
of pregnancy for renal malformations. Pediatr Nephrol 
2015;30:1443–9.

 229 Sun CC, Grumbach K, DeCosta DT, et al. Correlation of prenatal 
ultrasound diagnosis and pathologic findings in fetal anomalies. 
Pediatr Dev Pathol 1999;2:131–42.

 230 Hamdi A, Cherni A, Gharsa A, et al. Correlation between ultrasound 
diagnosis and autopsy findings of fetal malformations: about 31 
cases. Geburtshilfe Frauenheilkd 2016;76.

 231 Gao S, Han J, Yu S, et al. Comparison of fetal echocardiogram 
with fetal cardiac autopsy findings in fetuses with congenital heart 
disease. J Matern Fetal Neonatal Med 2021;34:3844–50.

 232 Pavlicek J, Tauber Z, Klaskova E, et al. Congenital fetal heart 
defect - an agreement between fetal echocardiography and autopsy 
findings. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub 
2020;164:92–9.

 233 Ulm B, Dovjak GO, Scharrer A, et al. Diagnostic quality of 
3Tesla postmortem magnetic resonance imaging in fetuses with 
and without congenital heart disease. Am J Obstet Gynecol 
2021;225:189.e1–189.e30.

 234 Woodward PJ, Sohaey R, Harris DP, et al. Postmortem fetal 
MR imaging: comparison with findings at autopsy. AJR Am J 
Roentgenol 1997;168:41–6.

 235 Alderliesten ME, Peringa J, van der Hulst VPM, et al. Perinatal 
mortality: clinical value of postmortem magnetic resonance 
imaging compared with autopsy in routine obstetric practice. BJOG 
2003;110:378–82.

 236 Breeze ACG, Jessop FA, Whitehead AL, et al. Feasibility of 
percutaneous organ biopsy as part of a minimally invasive perinatal 
autopsy. Virchows Arch 2008;452:201–7.

 237 Griffiths PD, Jarvis D, Mooney C, et al. Post- mortem confirmation 
of fetal brain abnormalities: challenges highlighted by the Meridian 
cohort study. BJOG 2020.

 238 Griffiths PD, Variend D, Evans M, et al. Postmortem MR imaging 
of the fetal and stillborn central nervous system. AJNR Am J 
Neuroradiol 2003;24:22–7.

 239 Guddat SS, Gapert R, Tsokos M, et al. Proof of live birth using 
postmortem multislice computed tomography (pmMSCT) in cases 

of suspected neonaticide: advantages of diagnostic imaging 
compared to conventional autopsy. Forensic Sci Med Pathol 
2013;9:3–12.

 240 Hart BL, Dudley MH, Zumwalt RE. Postmortem cranial MRI and 
autopsy correlation in suspected child abuse. Am J Forensic Med 
Pathol 1996;17:217–24.

 241 Sandrini C, Rossetti L, Zambelli V, et al. Accuracy of Micro- 
Computed tomography in post- mortem evaluation of fetal 
congenital heart disease. Comparison between post- mortem micro- 
CT and conventional autopsy. Front Pediatr 2019;7:92.

 242 Votino C, Cos Sanchez T, Bessieres B, et al. Minimally invasive fetal 
autopsy using ultrasound: a feasibility study. Ultrasound Obstet 
Gynecol 2018;52:776–83.

 243 Struksnaes C, Blaas H- GK, Eik- Nes SH, et al. Correlation between 
prenatal ultrasound and postmortem findings in 1029 fetuses 
following termination of pregnancy. Ultrasound Obstet Gynecol 
2016;48:232–8.

 244 Madan J, Stevenson MD, Cooper KL, et al. Consistency between 
direct and indirect trial evidence: is direct evidence always more 
reliable? Value Health 2011;14:953–60.

 245 Serina P, Riley I, Hernandez B, et al. What is the optimal recall 
period for verbal autopsies? Validation study based on repeat 
interviews in three populations. Popul Health Metr 2016;14:40.

 246 Macaskill P, Gatsonis C, Deeks J, et al. Chapter 10 Analysing and 
Presenting Results. In: Cochrane Handbook for systematic reviews 
of diagnostic test accuracy, 2010.

 247 Rugge M, Sacchi D, Cesaro S, et al. Ethics in clinical autopsy. J Clin 
Pathol 2021;74:339–43.

 248 Lynch MJ. The autopsy: legal and ethical principles. Pathology 
2002;34:67–70.

 249 Liu Y, Li Z, Zheng K, et al. Diagnostic efficacy of prenatal 
color Doppler ultrasonography in patients with congenital 
cardiovascular malformation. j med imaging hlth inform 
2018;8:1585–9.

 250 Schramek GGR, Stoevesandt D, Reising A, et al. Imaging in 
anatomy: a comparison of imaging techniques in embalmed human 
cadavers. BMC Med Educ 2013;13:143.

 251 National Institute for Health and Care Excellence. Antenatal care 
for uncomplicated pregnancies clinical guideline CG62, 2019. 
Available: https://www.nice.org.uk/guidance/cg62/evidence

 252 Belfield C, Levin HM. Cost–Benefit Analysis and Cost–Effectiveness 
Analysis. In: Peterson P, Baker E, McGaw B, eds. International 
encyclopedia of education (third edition. Oxford: Elsevier, 
2010: 199–203.

 253 Chief Coroner. Post- mortem examinations including second post- 
mortem examinations, 2019. Available: https://www.coronersociety. 
org.uk/_img/pics/pdf_1569321731-72.pdf

 254 NHS. Saving Babies' Lives - a care buyndle for reducing perinatal 
mortality, 2019. Available: https://www.england.nhs.uk/wp-content/ 
uploads/2019/03/Saving-Babies-Lives-Care-Bundle-Version-Two- 
Updated-Final-Version.pdf

 255 Kmietowicz Z. Paediatric pathology service close to collapse. BMJ 
2001;322:1270.

 256 Cox P, Scott R. Perinatal pathology in 2001. Arch Dis Child 
2001;84:457–8.

 257 Ernst LM. A pathologist׳s perspective on the perinatal autopsy. 
Semin Perinatol 2015;39:55–63.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064774 on 6 January 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1002/uog.11150
http://dx.doi.org/10.1002/uog.11191
http://dx.doi.org/10.1016/j.crad.2004.04.018
http://dx.doi.org/10.1016/j.crad.2006.01.016
http://dx.doi.org/10.1002/pd.4283
http://dx.doi.org/10.1007/s00467-015-3085-7
http://dx.doi.org/10.1007/s100249900101
http://dx.doi.org/10.1055/s-0036-1583821
http://dx.doi.org/10.1080/14767058.2019.1700498
http://dx.doi.org/10.5507/bp.2019.042
http://dx.doi.org/10.1016/j.ajog.2021.02.030
http://dx.doi.org/10.2214/ajr.168.1.8976917
http://dx.doi.org/10.2214/ajr.168.1.8976917
http://dx.doi.org/10.1046/j.1471-0528.2003.02076.x
http://dx.doi.org/10.1007/s00428-007-0548-7
http://dx.doi.org/10.1111/1471-0528.16680
http://www.ncbi.nlm.nih.gov/pubmed/12533322
http://www.ncbi.nlm.nih.gov/pubmed/12533322
http://dx.doi.org/10.1007/s12024-012-9361-y
http://dx.doi.org/10.1097/00000433-199609000-00008
http://dx.doi.org/10.1097/00000433-199609000-00008
http://dx.doi.org/10.3389/fped.2019.00092
http://dx.doi.org/10.1002/uog.14642
http://dx.doi.org/10.1002/uog.14642
http://dx.doi.org/10.1002/uog.15773
http://dx.doi.org/10.1016/j.jval.2011.05.042
http://dx.doi.org/10.1186/s12963-016-0105-1
http://dx.doi.org/10.1136/jclinpath-2020-206793
http://dx.doi.org/10.1136/jclinpath-2020-206793
http://dx.doi.org/10.1080/00313020120105660
http://dx.doi.org/10.1166/jmihi.2018.2529
http://dx.doi.org/10.1186/1472-6920-13-143
https://www.nice.org.uk/guidance/cg62/evidence
https://www.coronersociety.org.uk/_img/pics/pdf_1569321731-72.pdf
https://www.coronersociety.org.uk/_img/pics/pdf_1569321731-72.pdf
https://www.england.nhs.uk/wp-content/uploads/2019/03/Saving-Babies-Lives-Care-Bundle-Version-Two-Updated-Final-Version.pdf
https://www.england.nhs.uk/wp-content/uploads/2019/03/Saving-Babies-Lives-Care-Bundle-Version-Two-Updated-Final-Version.pdf
https://www.england.nhs.uk/wp-content/uploads/2019/03/Saving-Babies-Lives-Care-Bundle-Version-Two-Updated-Final-Version.pdf
http://dx.doi.org/10.1136/bmj.322.7297.1270/j
http://dx.doi.org/10.1136/adc.84.6.457
http://dx.doi.org/10.1053/j.semperi.2014.10.008
http://bmjopen.bmj.com/

	Are non-invasive or minimally invasive autopsy techniques for detecting cause of death in prenates, neonates and infants accurate? A systematic review of diagnostic test accuracy
	Abstract
	Background
	Aim
	Objectives

	Methods
	Patient and public involvement
	Eligibility criteria
	Population
	Index tests
	Reference standard

	Study design
	Search methods and information sources
	Electronic searches

	Study selection
	Data collection process
	Risk of bias and applicability
	Synthesis of results

	Results
	Study selection
	Study groupings
	Risk of bias and applicability
	Direct evidence
	Indirect evidence

	Study characteristics
	Synthesis of results
	Antenatal ultrasound
	Direct evidence
	Indirect evidence

	Antenatal echography
	Direct evidence
	Indirect evidence

	Antenatal CT
	Indirect evidence

	Antenatal MRI
	Direct evidence
	Indirect evidence

	Virtual autopsy, X-ray babygram
	Direct evidence

	Biopsy
	Direct evidence

	Placental examination
	Indirect evidence

	Amniocentesis
	Indirect evidence

	Verbal autopsy
	Direct evidence

	Postmortem CT
	Direct evidence
	Indirect evidence

	Postmortem ultrasound
	Direct evidence
	Indirect evidence

	Post-mortem MRI
	Direct evidence
	Indirect evidence


	Discussion
	Summary of evidence
	Strengths and Limitations
	Implications for clinical practice
	Implications for policy
	Implications for research


	Conclusions
	References


