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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.
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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 

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


5O'Keefe H, et al. BMJ Open 2023;13:e064774. doi:10.1136/bmjopen-2022-064774

Open access

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.
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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 
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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
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Supplementary File 1. Review of existing systematic 

literature 

The earliest review, conducted in 2010 by Thayyil et al., assessed the diagnostic accuracy of post-

mortem MRI with no restrictions on the population. The review included nine studies, six of which 

included data on infant, newborn or prenatal populations.(1) The search for this review was limited to 

two databases with very few terms in the strategy and only covered the 19 years prior to the review 

(January 1990 – March 2009) with no justification for this.(1) Eriksson et al. 2017, also considered 

imaging techniques in any population with 71 included studies.(2) However, only 22 of these were 

considered as being at low or medium risk of bias and included in the data extraction, no narrative 

synthesis was performed for the remaining 49 high risk studies.  Of the 22 extracted studies, eight 

included data on prenatal and/or child deaths.(2) Filograna et al. 2017, reported eight studies of post-

mortem MRI for central nervous system anomalies in a prenatal population.(3) The review was 

conducted by radiographers and, whilst this provides an excellent background for the clinical aspects 

of MRI, there are clear limitations to the search methodologies. The search itself was limited to 

PubMed-Medline only and the strategy used very few terms to capture the index test and 

population.(3) Rossi and Prefumo. 2017, reviewed the parallels between antenatal ultrasound 

findings and traditional autopsy for prenatal death and stillbirths.(4) Whilst the inclusion criteria were 

well thought out, the search strategy was limited and only five databases were searched. In both 

Filigrana and Rossi and Prefumo, the limitations of the search place the reviews at a high risk of bias 

and makes it difficult to draw robust conclusions from the findings.(3, 4) In 2018, Wojcieszek et al. 

completed a Cochrane review to investigate any intervention for determining cause of death in a 

stillbirth population.(5) The authors intended to include only randomised control trials. Given the 

difficulties in randomising this population it is unsurprising that no randomised control trials were 

identified. Therefore, this review did not find any studies for inclusion in the review.(5) Shelmerdine 
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et al. 2019, also poses a risk of bias in their review of post-mortem ultrasound in a mixed population 

which resulted in the inclusion of four studies.(6) Each of the four studies included data from 

gestational deaths between 11 and 14 weeks, no studies of other populations were identified for 

inclusion.(6) The review was conducted by radiographers at Great Ormand Street hospital where 

post-mortem ultrasound has been offered to parents since 2017.(7) This post-hoc approach may have 

inadvertently introduced bias to the review. Interestingly, offering these services goes against 

current guidelines from the Royal College of Pathologists who recommend non-invasive or minimally 

invasive techniques only be used as adjuncts to traditional autopsy.(8-10) However, it is in line with the 

NHS recommendations to open specialist centres across the UK.(11) The most recent review by 

Dawood et al. 2020, investigated specific forms of post-mortem CT scanning and MRI.(12) They 

included 39 studies based on a prenatal population >10 weeks gestation. Despite the search 

reportedly being conducted by an experienced information specialist, only two databases were 

searched. In addition, the data extraction was performed by a single reviewer with no validation by a 

second reviewer.(12) These are key weaknesses of the review as they may introduce bias.  

 

 

1. Thayyil S, Chandrasekaran M, Chitty LS, Wade A, Skordis-Worrall J, Bennett-Britton I, et al. 

Diagnostic accuracy of post-mortem magnetic resonance imaging in fetuses, children and adults: A 

systematic review. European Journal of Radiology. 2010;75(1):e142-e8. 

2. Eriksson A, Gustafsson T, Höistad M, Hultcrantz M, Jacobson S, Mejare I, et al. Diagnostic 

accuracy of postmortem imaging vs autopsy—A systematic review. European Journal of Radiology. 

2017;89:249-69. 

3. Filograna L, Bernardi B, Flach PM, Martinez RM, Carducci C, Thali MJ, et al. Post-mortem 

magnetic resonance (PMMR) imaging of fetal central nervous system: A systematic review. Journal 

of Forensic Radiology and Imaging. 2017;11:24-7. 

4. Rossi AC, Prefumo F. Correlation between fetal autopsy and prenatal diagnosis by 

ultrasound: A systematic review. European Journal of Obstetrics, Gynecology, and Reproductive 

Biology. 2017;210:201-6. 

5. Wojcieszek AM, Shepherd E, Middleton P, Gardener G, Ellwood DA, McClure EM, et al. 

Interventions for investigating and identifying the causes of stillbirth. Cochrane Database of 

Systematic Reviews. 2018(4). 

6. Shelmerdine S, Langan D, Sebire NJ, Arthurs O. Diagnostic accuracy of perinatal post-mortem 

ultrasound (PMUS): a systematic review. BMJ Paediatrics Open. 2019;3(1):e000566. 

7. Children GOSHf. Minimally Invasive Autopsy and Imaging 2017 [updated February 2017. 

Available from: https://www.gosh.nhs.uk/medical-information/procedures-and-

treatments/minimally-invasive-autopsy-and-imaging. 
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8. Osborn M. Guidelines on autopsy practice: Neonatal death 2019 [Available from: 

https://www.rcpath.org/uploads/assets/0a7c073e-c773-4941-a1e998df666e17e3/G168-Guidelines-

on-autopsy-practice-Neonatal-death.pdf. 

9. Osborn ML, J. . Guidelines on autopsy practice: Fetal autopsy (2nd trimester fetal loss and 

termination of pregnancy for congenital anomaly) 2017 [Available from: 

https://www.rcpath.org/uploads/assets/b20ea503-7799-433c-99160653762f896c/Fetal-autopsy-

2nd-trimester-fetal-loss-and-termination-of-pregnancy-for-congenital-anomaly.pdf. 

10. Osborn ML, J. Guidelines on autopsy practice: Third trimester antepartum and intrapartum 

stillbirth 2017 [Available from: https://www.rcpath.org/uploads/assets/0e55a233-5fe6-4965-

b85f4fa7c9971742/Guidelines-on-autopsy-practice-Third-trimester-antepartum-and-intrapartum-

stillbirth.pdf. 

11. NHS. Can cross-sectional imaging as an adjunct and/or alternative to the invasive autopsy be 

implemented within the NHS? 2012 [Available from: http://www.aaptuk.org/downloads/Cross-

Sectional-Imaging-October-2012.pdf. 

12. Dawood Y, Strijkers GJ, Limpens J, Oostra RJ, de Bakker BS. Novel imaging techniques to 

study postmortem human fetal anatomy: a systematic review on microfocus-CT and ultra-high-field 

MRI. European Radiology. 2020;30(4):2280-92. 
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Supplementary file 2. Clinical application of index tests 

 

Antenatal ultrasound is offered as part of routine care at antenatal screening appointments.(1) If a 

congenital anomaly is identified, parents may be offered antenatal Magnetic Resonance Imaging 

(MRI) or Computer Tomography (CT) scanning and further testing to confirm the diagnosis. 

Ultrasound uses the transmission of soundwaves and detects the reflective echo through a 

piezoelectric transducer. They can be used to produce two, three or four dimensional images, 

usually of a specific structure in the body.(2) MRI uses radiofrequency and magnetic fields to disturb 

protons and detect energy release. This enables rendering of three-dimensional images of the body’s 

internal structures.(3) CT scanning produces a set of two-dimensional images on the transverse plane 

that can be compiled to create a three-dimensional rendering. This is achieved through a motorised 

x-ray that is circulated around the body.(4) Amniocentesis, Chorionic Villus Sampling (CVS) and fetal 

free DNA analysis are amongst the tests offered when a congenital anomaly is detected during 

pregnancy.(1, 5) Fetal free DNA analysis is the detection of fragmented segments of the fetuses DNA 

that circulate in the mothers blood stream. This provides a minimally invasive test for the mother 

with no risk to the unborn child.(6) Conversely, amniocentesis and CVS involve the insertion of a 

needle into the uterine cavity to retrieve samples of amniotic fluid and cells from the placenta, 

respectively. Whilst being minimally invasive to the fetus, they are invasive for the mother and carry 

a risk of miscarriage.(6, 7) The results of these tests may show a congenital anomaly that would result 

in death at a later stage of the pregnancy or post-partum. Parents will have the option to continue 

the pregnancy or undergo an elective abortion.(1) In addition to congenital anomalies, antenatal 

testing, specifically imaging, can reveal if a death has occurred in utero. Therefore, this systematic 

review considers tests conducted during the antenatal period, regardless of ante-mortem or post-

mortem status of the child at the time of conduct.   
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A large part of the autopsy process is obtaining samples for histology. Percutaneous and endoscopic 

biopsy have been proposed as minimally invasive procedures which could replace traditional biopsy 

retrieval methods.(8) Both approaches are used routinely in surgical procedures. Percutaneous 

biopsies are taken through a small incision made in the skin. These are image guided so that the 

clinician is able to take the biopsy without needing to see the organ or tissue region directly.(9) 

Endoscopic biopsy is taken by using an endoscope to guide the excision equipment through the 

alimentary canal to a position where it is possible to reach the organ or tissue of interest.(10) An 

endoscopic approach leaves no external incisions or marks. The main difficulty in deploying these 

techniques in a perinatal population is the size of the anatomy. The alimentary canal may be too 

small to pass an endoscope through and structures may not be easily identified by imaging for 

percutaneous excision.(8) However, these are all well documented techniques that could be applied 

to post-mortem care and would provide far less invasive alternatives to visualise the internal 

structures and retrieve specimens for histology.(8) For clarity, this systematic review is concerned 

with biopsy techniques only when they are used in the post-mortem capacity. 

 

General examination of the umbilical cord and placenta is carried out during childbirth. However, 

this is to ensure the placenta has come away from the uterine cavity, preventing complications for 

the mother.(11) Placental and umbilical cord examination may provide an efficient method of 

retrieving samples for histology and is already conducted as part of a traditional autopsy when the 

organs are available post-mortem.(12, 13) It may also be more acceptable to parents as it is completely 

non-invasive for the perinate.(12) However, this is only feasible in cases of pre-viable death <24 weeks 

gestation, stillbirth and very early neonatal death if the organs are retained. If not, verbal autopsy 

may prove useful as the attending clinical staff may be able to describe the findings of the placental 

and umbilical examinations conducted during childbirth. Verbal autopsy collates information 

regarding the time prior to death from the family members, medical personnel and other related 
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parties. In the perinatal population, this includes information on the child, and/or information about 

the mother or caregivers.(12, 14)  Both medical and environmental factors are considered. Typically, 

Low and Middle income countries use verbal techniques to establish the cause of death where 

traditional autopsy practice may be too expensive or are not well founded.(15) In the UK, verbal 

autopsy is used as an adjunct where further information is required.(12, 14, 15)  

 

 

1. NHS. Screening tests in pregnancy 2018 [Available from: 

https://www.nhs.uk/conditions/pregnancy-and-baby/screening-tests-in-pregnancy/. 

2. Bioengineering NNIoBIa. Ultrasound 2016 [Available from: 

https://www.nibib.nih.gov/science-education/science-topics/ultrasound. 

3. Bioengineering NNIoBIa. Magnetic Resonance Imaging (MRI) 2020 [Available from: 

https://www.nibib.nih.gov/science-education/science-topics/magnetic-resonance-imaging-mri. 

4. Bioengineering NNIoBIa. Computer Tomography (CT) 2020 [Available from: 

https://www.nibib.nih.gov/science-education/science-topics/computed-tomography-ct. 

5. Antenatal results and choices. Tests explained 2020 [Available from: https://www.arc-

uk.org/tests-explained. 

6. Rafi I, Chitty L. Cell-free fetal DNA and non-invasive prenatal diagnosis. The British Journal of 

General Practice. 2009;59(562):e146-e8. 

7. Alfirevic Z, Sundberg K, Brigham S. Amniocentesis and chorionic villus sampling for prenatal 

diagnosis. Cochrane Database of Systematic Reviews. 2003(3):CD003252-CD. 

8. Addison S, Arthurs OJ, Thayyil S. Post-mortem MRI as an alternative to non-forensic autopsy 

in foetuses and children: from research into clinical practice. The British Journal of Radiology. 

2014;87(1036):20130621-. 

9. Abay S, Winick AB. Biopsy Techniques. In: Keefe NA, Haskal ZJ, Park AW, Angle JF, editors. IR 

Playbook: A Comprehensive Introduction to Interventional Radiology. Cham: Springer International 

Publishing; 2018. p. 451-61. 

10. Peixoto A, Silva M, Pereira P, Macedo G. Biopsies in Gastrointestinal Endoscopy: When and 

How. GE Portuguese Journal of Gastroenterology. 2015;23(1):19-27. 

11. Kaplan CG. Placental Examination. Laboratory Medicine. 2007;38(10):624-8. 

12. Wright C, Lee REJ. Investigating perinatal death: a review of the options when autopsy 

consent is refused. Archives of Disease in Childhood - Fetal and Neonatal Edition. 2004;89(4):F285-

F8. 

13. NHS. Perinatal Pathology 2013 [Available from: https://www.england.nhs.uk/wp-

content/uploads/2013/06/e12-perinatal-path.pdf. 

14. Murray CJL, Lozano R, Flaxman AD, Serina P, Phillips D, Stewart A, et al. Using verbal autopsy 

to measure causes of death: the comparative performance of existing methods. BMC Medicine. 

2014;12(1):5. 

15. Thomas L-M, D'Ambruoso L, Balabanova D. Verbal autopsy in health policy and systems: a 

literature review. BMJ Global health. 2018;3(2):e000639-e. 
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Supplementary File 3. Prospero registration 

 

PROSPERO International  prospective register of systematic reviews 

 

Citation 

Hannah OKeefe, Rebekka Shenfine, Melissa Brown, Fiona Beyer, Judith Rankin.  

Are non-invasive or minimally invasive autopsy techniques for detecting cause of death in prenates, 

neonates and infants accurate? – A review of diagnostic test accuracy.  

 

PROSPERO 2021 CRD42021223254  

Available from: 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021223254 

 

Review question 

Are non-invasive or minimally autopsy techniques able to accurately determine the cause of death 

(as determined by full or partial autopsy) in prenatal, neonatal and infant deaths? 

 

Searches 

The following bibliographic databases will be searched: 

•MEDLINE  

•Embase  

•CINAHL 

•Cochrane Library 

•Scopus  

The following alternative sources will be searched: 

•Web of Science – Conference Proceedings Citation Index (CPCI) •ClinicalT•ClinicalT rials.gov 

•WHO International Clinical Trials Registry Platform (ICTRP) 

•Royal College of Obstetrics and Gynaecology 

•Royal College of Midwives 

•Royal College of Pediatric and Child Health 
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•Reference lists of systematic reviews 

 

The search strategy will be designed in Ovid-MEDLINE and translated to other databases. No 

language or date restrictions will be applied. 

 

Types of study to be included 

All studies with a sequential design assessing any of the index tests against reference standard will 

be 

included in this review. Studies were the index test has been performed after reference standard will 

be excluded as manipulation of the body caused by reference standard may affect the accuracy of 

index tests. Given the nature of tests, both prospective and retrospective studies will be considered. 

Studies with mixed populations will be included only if the population interest is clearly extractable. 

Abstracts will be considered if there is enough information to clearly ascertain the methods and 

sufficient data is available to identify cause of death detected by the index test and reference 

standard or summary statistics are provided. Systematic reviews will be accepted for reference 

checking purposes only. 

 

Condition or domain being studied 

Cause of death, perinatal health 

 

Participants/population 

Inclusion: 

Prenatal loss: <24 weeks gestation  

Stillbirth: ≥24 weeks gestation  

Loss in utero: no gestational age is given or where as a range which straddles the 24 weeks cut off 

point for prenatal loss and stillbirth  

Neonatal loss: within 28 unadjusted days of life  

Infant loss: up to one adjusted year  

Exclusion: Prenatal loss by elective termination with no medical indicator of fetal compromise 

 

Cut offs for the populations are taken in accordance with UK terminology 

 

Intervention(s), exposure(s) 

Index tests: 
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Index tests carried out on individuals before the reference standard techniques will be accepted.  

In some circumstances, the index test may be carried out prior to loss of life.  

Post-mortem magnetic resonance scanning (MRI)  

Post-mortem CT scanning  

Post-mortem ultrasound imaging  

Antenatal ultrasound imaging  

Amniocentesis - the collection of amniotic fluid taken by needle aspiration during pregnancy  

Chorionic villus sampling - the collection of cells from maternal-placental boarder by needle 

aspiration during pregnancy 

Fetal free DNA analysis - the collection of maternal blood with freely circulating fetal fragments for 

genetic analysis taken by needle aspiration during pregnancy 

Percutaneous biopsy - needle aspiration guided by imaging to attain biopsies from abdominal organs 

through small incisions 

Endoscopic biopsy - endoscope guided procedure to attain biopsies directly from the alimentary 

canal without incision 

Umbilical cord examination with/without biopsy 

Placental examination with/without biopsy  

Verbal autopsy - discussion with family members, medical personnel and others who were in contact 

with the deceased prior to or at time of death record known symptoms/abnormalities 

 

Comparator(s)/control 

Reference standards: 

Full autopsy, the complete physical examination of body and internal organs  

Partial autopsy, physical examination limited to particular areas or organs of the body 

 

Main outcome(s) 

Final cause of death - as registered on the report 

Change in cause of death from prior clinical diagnosis/presumed - cases where the index test was 

performed prior to loss of life (e.g. clinical diagnosis through: antenatal ultrasound, amniocentesis, 

chorionic villus sampling, fetal free DNA analysis) 

Discrepancies or agreements between index test and reference standard 

Measures of effect 
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Diagnostic accuracy measures:  

Sensitivity, specificity, specificity, positive predictive values, negative diagnostic odds ratios and 95% 

confidence intervals 

 

Additional outcome(s) 

None 

 

Data extraction (selection and coding) 

Titles and abstracts will be screened by a single reviewer (HO) with minimum of 20% independently 

screened by a second reviewer (RS or MB), against the inclusion and exclusion criteria. 

Full texts will then be screened against the inclusion and exclusion criteria by a single reviewer (HO) 

with minimum of 20% independently screened by a second reviewer (RS or MB). 

Data will be extracted by a single reviewer (HO) using an approved form and minimum of 20% 

checked by a second reviewer (RS or MB) 

Extraction forms will include: 

study design,  

sample size,  

population & mean age,  

country/location,  

index test and stage of delivery,  

reference standard,  

final cause of death,  

change in death from prior clinical diagnosis/presumed cause,  

discrepancies or agreements between index test and reference standard,  

sensitivity, specificity, positive predictive values and negative values. 

 

Attempts will be made to contact authors where data is missing or unclear. 

Discrepancies in screening or data extraction will be discussed and resolved by mutual agreement a 

third reviewer (FB or JR) when agreement cannot be met. 

 

Risk of bias (quality) assessment 

Quality assessment and risk of bias will be conducted using the QUADAS-2 tool. Patients selection, 

index tests, reference standards and flow/timing domains will be assessed. The assessment 
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conducted by a single reviewer (HO) with minimum of 20% independently assessed by second RS or 

MB). Any discrepancies will be resolved by mutual agreement or a third reviewer (FB JR) where an 

agreement cannot be met. 

 

Strategy for data synthesis 

If sufficient sensitivity and specificity data is available, studies will be grouped by index test cause of 

death (e.g. those who died of cardiac anomalies and did not) in order to provide dichotomous 

outcomes for analysis in 2x2 tables. Forest plots and summary receiver operator curves will be 

produced using RevMan5 and MetaDTA, respectively. 

If Meta-Analysis is not feasible, this review will use the Synthesis without analysis (SWiM) guidelines 

for reporting of narrative syntheses. Data will be presented in a summary findings table and harvest 

plots. 

 

Analysis of subgroups or subsets 

Age category will be used to assess heterogeneity. Diagnostic odds ratios and 95% confidence 

intervals will be calculated. Forest plots and summary receiver operator curves will produced to 

visually demonstrate the sensitivity and specificity of index tests for each cause death in age group. 

Heterogeneity will be assessed by determining how closely each study point sits to the line of curve 

in receiver operator curves space. Sensitivity analysis will be conducted by limiting to those studies 

with a low risk of bias and high applicability if sufficient data is available. 

 

Contact details for further information 

Hannah OKeefe 

nho11@newcastle.ac.uk 

 

Organisational affiliation of the review 

Newcastle University 

https://www.ncl.ac.uk/ 

 

Review team members and their organisational affiliations 

Miss Hannah OKeefe. Newcastle University 

Rebekka Shenfine. Public Health England and Newcastle University  

Melissa Brown. Public Health England and Newcastle University  

Fiona Beyer. Newcastle University  

Professor Judith Rankin. Newcastle University 
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Type and method of review 

Diagnostic, Meta-analysis, Systematic review 

 

Anticipated or actual start date 

01 December 2020 

 

Anticipated completion date 

30 November 2021 

 

Funding sources/sponsors 

None 

 

Conflicts of interest 

None  

 

Language 

English 

 

Country 

England 

 

Published protocol 

https://research.ncl.ac.uk/perinatal-post-mortem-dta/ 

 

Stage of review 

Review Ongoing 

 

Subject index terms status 

Subject indexing assigned by CRD 

 

Subject index terms 
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Autopsy; Cause of Death; Cytoreduction Surgical Procedures; Data Collection; Diagnostic Tests, 

Routine; Humans; Infant; Infant, Newborn; Humans; Tomography, X-Ray Computed 

 

Date of registration in PROSPERO 

08 January 2021 

 

Date of first submission 

18 December 2020 

 

Stage of review at time this submission 

The review has not started 

 

Stage Started Completed 

 

Preliminary searches 

 

No 

 

No 

Piloting of the study selection process No No 

Formal screening of search results against eligibility criteria No No 

Data extraction No No 

Risk of bias (quality) assessment No No 

Data analysis No No 

 

The record owner confirms that the information they have supplied for this submission is accurate 

and 

complete and they understand that deliberate provision of inaccurate information or omission data 

may be construed as scientific misconduct. 

 

The record owner confirms that they will update the status of review when it is completed and add 

publication details in due course. 

 

Versions  
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Supplementary File 4. Search strategies 

 

Medline(Ovid)  

1 exp Pregnancy Outcome/ 

2 "stillbirth*".ti,ab,kw,kf. 

3 abortion*.ti,ab,kw,kf. 

4 Gestational Age/ 

5 exp Infant/ 

6 exp Infant Death/ 

7 exp Infant Mortality/ 

8 Fetal Mortality/ 

9 exp Fetal Death/ 

10 neonat*.ti,ab,kw,kf. 

11 infant*.ti,ab,kw,kf. 

12 (f?etal or f?etus*).ti,ab,kw,kf. 

13 prenat*.ti,ab,kw,kf. 

14 perinat*.ti,ab,kw,kf. 

15 Perinatal Death/ 

16 Perinatal Mortality/ 

17 exp Abortion, Spontaneous/ 

18 exp Abortion, Induced/ 

19 (terminat* adj3 pregnan*).ti,ab,kw,kf. 

20 Sudden Infant Death/ 

21 exp Congenital Abnormalities/ 

22 (congenital adj2 (anomal* or abnorm* or malform* or deform*)).ti,ab,kw,kf. 

23 or/1-22 

24 Autopsy/ 

25 necrops*.ti,ab,kw,kf. 

26 autops*.ti,ab,kw,kf. 

27 ((conventional or traditional) adj2 autops*).ti,ab,kw,kf. 
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28 post?mortem*.ti,ab,kw,kf. 

29 Forensic Pathology/ 

30 "cause of death"/ or fatal outcome/ 

31 or/24-30 

32 23 and 31 

33 non?invasive.ti,ab,kw,kf. 

34 "minimally invasive".ti,ab,kw,kf. 

35 Magnetic Resonance Imaging/ 

36 "percutaneous biop*".ti,ab,kw,kf. 

37 "endoscop* biop*".ti,ab,kw,kf. 

38 (ultrasound or ultrasonograph*).ti,ab,kw,kf. 

39 "f?etal free DNA".ti,ab,kw,kf. 

40 Amniocentesis/ 

41 virtops*.ti,ab,kw,kf. 

42 "virtual autops*".ti,ab,kw,kf. 

43 "verbal autops*".ti,ab,kw,kf. 

44 exp Umbilical Cord/ 

45 exp Placenta/ 

46 exp Placenta Diseases/ 

47 exp Tomography, X-Ray Computed/ 

48 ultrasonography/ or exp ultrasonography, prenatal/ 

49 exp Biopsy/ 

50 "chorionic vill*".ti,ab,kw,kf. 

51 amniocentes*.ti,ab,kw,kf. 

52 (MRI or CT).ti,ab,kw,kf. 

53 exp Prenatal Diagnosis/ 

54 exp Diagnostic Imaging/ 

55 ((cross?section* or diagnos*) adj2 imag*).ti,ab,kw,kf. 

56 echopsy.ti,ab,kw,kf. 

57 ((magnetic or resonance or mr) adj2 imag*).ti,ab,kw,kf. 

58 exp Radiography/ or exp Radiology/ or Radiologists/ 
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59 (radiolog* or radiograph*).ti,ab,kw,kf. 

60 or/33-59 

61 32 and 60 

62 exp "Sensitivity and Specificity"/ 

63 sensitivity.tw. 

64 specificity.tw. 

65 ((pre-test or pretest) adj probability).tw. 

66 post-test probability.tw. 

67 predictive value$.tw. 

68 likelihood ratio$.tw. 

69 cross sectional.tw. 

70 Cross-Sectional Studies/ 

71 Diagnostic* accura*.ti,ab,kw,kf. 

72 or/62-71 

73 61 and 72 

74 exp Animals/ not exp Humans/ 

75 73 not 74 

 

Embase(Ovid) 

1. exp pregnancy outcome/ 

2. "stillbirth*".ti,ab,kw. 

3. abortion*.ti,ab,kw. 

4. gestational age/ 

5. exp Infant/ 

6. exp Infant Disease/ 

7. exp child death/ 

8. exp infant mortality/ 

9. fetus mortality/ 

10. exp fetus death/ 

11. neonat*.ti,ab,kw. 

12. infant*.ti,ab,kw. 
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13. (f?etal or f?etus*).ti,ab,kw. 

14. prenat*.ti,ab,kw. 

15. perinat*.ti,ab,kw. 

16. perinatal death/ 

17. exp perinatal mortality/ 

18. exp induced abortion/ 

19. exp abortion/ 

20. exp pregnancy termination/ 

21. (terminat* adj3 pregnan*).ti,ab,kw. 

22. sudden infant death syndrome/ 

23. exp Congenital Malformation/ 

24. (congenital adj2 (anomal* or abnorm* or malform* or deform*)).ti,ab,kw. 

25. or/1-24 

26. autopsy/ 

27. necrops*.ti,ab,kw. 

28. autops*.ti,ab,kw. 

29. post?mortem*.ti,ab,kw. 

30. forensic pathology/ 

31. "cause of death"/ 

32. fatality/ 

33. ((conventional or traditional) adj2 autops*).ti,ab,kw. 

34. or/26-33 

35. 25 and 34 

36. non?invasive.ti,ab,kw. 

37. "minimally invasive".ti,ab,kw. 

38. exp nuclear magnetic resonance imaging/ 

39. "percutaneous biop*".ti,ab,kw. 

40. "endoscop* biop*".ti,ab,kw. 

41. (ultrasound or ultrasonograph*).ti,ab,kw. 

42. "f?etal free DNA".ti,ab,kw. 

43. exp amniocentesis/ 
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44. virtops*.ti,ab,kw. 

45. "virtual autops*".ti,ab,kw. 

46. "verbal autops*".ti,ab,kw. 

47. exp umbilical cord/ 

48. exp placenta/ 

49. exp placenta disorder/ 

50. exp computer assisted tomography/ 

51. exp fetal ultrasound monitor/ or exp ultrasound guided fine needle aspiration/ or 

ultrasound/ 

52. exp fetus echography/ 

53. exp biopsy/ 

54. "chorionic vill*".ti,ab,kw. 

55. amniocentes*.ti,ab,kw. 

56. (MRI or CT).ti,ab,kw. 

57. exp prenatal diagnosis/ 

58. exp Diagnostic Imaging/ 

59. ((cross?section* or diagnos*) adj2 imag*).ti,ab,kw. 

60. ((magnetic or resonance or mr) adj2 imag*).ti,ab,kw. 

61. echopsy.ti,ab,kw. 

62. exp Radiography/ or Radiology/ or Radiologist/ 

63. (radiolog* or radiograph*).ti,ab,kw. 

64. or/36-63 

65. 35 and 64 

66. exp "sensitivity and specificity"/ 

67. sensitivity.tw. 

68. specificity.tw. 

69. ((pre-test or pretest) adj probability).tw. 

70. post-test probability.tw. 

71. predictive value$.tw. 

72. likelihood ratio$.tw. 

73. *Diagnostic Accuracy/ 
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74. diagnostic* accura*.ti,ab,kw. 

75. cross sectional.tw. 

76. cross-sectional study/ 

77. or/66-76 

78. 65 and 77 

79. exp Animal/ not exp Human/ 

80. 78 not 79 

 

CINAHL(EBSCO) 

S1 (MH "Pregnancy Outcomes") 

S2 TX stillbirth* 

S3 TX abortion* 

S4 (MH "Gestational Age") 

S5 (MH "Infant+") 

S6 (MH "Infant Death+") 

S7 (MH "Infant Mortality") 

S8 (MH "Perinatal Death") 

S9 TX neonat* 

S10 TX infant* 

S11 TX (f#etal or f#etus*) 

S12 TX prenat* 

S13 TX perinat* 

S14 (MH "Abortion, Spontaneous+") 

S15 (MH "Abortion, Induced+") 

S16 TX (terminat* N3 pregnan*) 

S17 (MH "Sudden Infant Death") 

S18 (MH "Congenital, Hereditary, and Neonatal Diseases and Abnormalities+") 

S19 TX (congenital N2 (anomal* OR abnorm* OR malform* OR deform*)) 

S20 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 

OR S15 OR S16 OR S17 OR S18 OR S19 

S21 (MH "Autopsy") 
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S22 TX necrops* 

S23 TX autops* 

S24 TX ((conventional OR traditional) N2 autops*) 

S25 TX post#mortem* 

S26 (MH "Forensic Pathology") 

S27 (MH "Cause of Death") 

S28 (MH "Fatal Outcome") 

S29 S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 

S30 S20 AND S29 

S31 TX non#invasive 

S32 TX "minimally invasive" 

S33 (MH "Magnetic Resonance Imaging") 

S34 TX percutaneous biop* 

S35 TX endoscop* biop* 

S36 TX (ultrasound OR ultrasonograph*) 

S37 TX f#etal free DNA 

S38 (MH "Amniocentesis") 

S39 TX virtops* 

S40 TX virtual autops* 

S41 TX verbal autops* 

S42 (MH "Umbilical Cord+") 

S43 (MH "Placenta+") 

S44 (MH "Tomography, X-Ray Computed+") 

S45 (MH "Ultrasonography") OR (MH "Ultrasonography, Prenatal+") 

S46 (MH "Biopsy+") 

S47 TX chorionic vill* 

S48 TX amniocentes* 

S49 TX (MRI OR CT) 

S50 (MH "Prenatal Diagnosis") 

S51 (MH "Diagnostic Imaging+") 

S52 TX ((corss#section* OR diagnos*) N2 imag*) 
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S53 TX echopsy 

S54 TX ((magnetic OR resonance OR mr) N2 imag*) 

S55 (MH "Radiography+") 

S56 (MH "Radiologists") 

S57 TX (radiolog* OR radiograph*) 

S58 S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR 

S43 OR S44 OR S45 OR S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR S52 OR S53 OR S54 OR S55 OR 

S56 OR S57 

S59 S30 AND S58 

S60 (MH "Sensitivity and Specificity") 

S61 TX sensitivity 

S62 TX specificity 

S63 TX ((pre-test OR pretest) N1 probability) 

S64 TX post-test probability 

S65 TX predictive value# 

S66 TX likelihood ratio# 

S67 TX cross sectional 

S68 (MH "Cross Sectional Studies") 

S69 TX diagnostic accuracy 

S70 S60 OR S61 OR S62 OR S63 OR S64 OR S65 OR S66 OR S67 OR S68 OR S69 

S71 S59 AND S70 

S72 (MH "Animals+") 

S73 (MH "Human") 

S74 S72 NOT S73 

S75 S71 NOT S74 

 

Cochrane  

#1 MeSH descriptor: [Pregnancy Outcome] explode all trees 

#2 (stillbirth*):ti,ab,kw 

#3 (abortion*):ti,ab,kw 

#4 MeSH descriptor: [Gestational Age] this term only 
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#5 MeSH descriptor: [Infant] explode all trees 

#6 MeSH descriptor: [Infant Death] explode all trees 

#7 MeSH descriptor: [Infant Mortality] explode all trees 

#8 MeSH descriptor: [Fetal Mortality] this term only 

#9 MeSH descriptor: [Fetal Death] explode all trees 

#10 (neonat*):ti,ab,kw 

#11 (infant*):ti,ab,kw 

#12 (f?etal OR f?etus*):ti,ab,kw 

#13 (prenat*):ti,ab,kw 

#14 (perinat*):ti,ab,kw 

#15 MeSH descriptor: [Perinatal Death] this term only 

#16 MeSH descriptor: [Perinatal Mortality] this term only 

#17 MeSH descriptor: [Abortion, Spontaneous] explode all trees 

#18 MeSH descriptor: [Abortion, Induced] explode all trees 

#19 (terminat* NEAR/3 pregnan*):ti,ab,kw 

#20 MeSH descriptor: [Sudden Infant Death] this term only 

#21 MeSH descriptor: [Congenital Abnormalities] explode all trees 

#22 (congenital NEAR/2 (anomal* OR abnorm* OR malform* OR deform*)):ti,ab,kw 

#23 {OR #1-#22} 

#24 MeSH descriptor: [Autopsy] this term only 

#25 (necrops*):ti,ab,kw 

#26 (autops*):ti,ab,kw 

#27 ((conventional OR traditional) NEAR/2 autops*):ti,ab,kw 

#28 (post?mortem*):ti,ab,kw 

#29 MeSH descriptor: [Forensic Pathology] this term only 

#30 MeSH descriptor: [Cause of Death] this term only 

#31 MeSH descriptor: [Fatal Outcome] this term only 

#32 #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 

#33 #23 AND #32 

#34 (non?invasive):ti,ab,kw 

#35 ("minimally invasive"):ti,ab,kw 

#36 MeSH descriptor: [Magnetic Resonance Imaging] this term only 

#37 (percutaneous biop*):ti,ab,kw 

#38 (endoscop* biop*):ti,ab,kw 

#39 (ultrasound OR ultrasonograph*):ti,ab,kw 

#40 (f?etal free DNA):ti,ab,kw 

#41 MeSH descriptor: [Amniocentesis] this term only 

#42 (virtops*):ti,ab,kw 

#43 (virtual autops*):ti,ab,kw 

#44 (verbal autops*):ti,ab,kw 

#45 MeSH descriptor: [Umbilical Cord] explode all trees 

#46 MeSH descriptor: [Placenta] explode all trees 

#47 MeSH descriptor: [Placenta Diseases] explode all trees 

#48 MeSH descriptor: [Tomography, X-Ray Computed] explode all trees 

#49 MeSH descriptor: [Ultrasonography] this term only 

#50 MeSH descriptor: [Ultrasonography, Prenatal] this term only 

#51 MeSH descriptor: [Biopsy] explode all trees 
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#52 (chorionic vill*):ti,ab,kw 

#53 (amniocentes*):ti,ab,kw 

#54 (MRI OR CT):ti,ab,kw 

#55 MeSH descriptor: [Prenatal Diagnosis] explode all trees 

#56 MeSH descriptor: [Diagnostic Imaging] explode all trees 

#57 ((cross?section* OR diagnos*) NEAR/2 imag*):ti,ab,kw 

#58 (echopsy):ti,ab,kw 

#59 ((magnetic OR resonance OR mr) NEAR/2 imag*):ti,ab,kw 

#60 MeSH descriptor: [Radiography] explode all trees 

#61 MeSH descriptor: [Radiology] explode all trees 

#62 MeSH descriptor: [Radiologists] this term only 

#63 (radiolog* OR radiograph*):ti,ab,kw 

#64 {OR #34-#63} 

#65 #33 AND #64 

#66 MeSH descriptor: [Sensitivity and Specificity] explode all trees 

#67 (sensitivity) 

#68 (specificity) 

#69 ((pre-test OR pretest) NEAR/2 probability) 

#70 (post-test probability) 

#71 (predictive value?) 

#72 (likelihood ratio?) 

#73 (cross sectional) 

#74 MeSH descriptor: [Cross-Sectional Studies] this term only 

#75 (diagnostic accuracy) 

#76 {OR #66-#75} 

#77 #65 AND 76  

 

Scopus 

( ( ( TITLE-ABS-KEY ( pregnancy  AND outcomes )  OR  TITLE-ABS-KEY ( stillbirth )  OR  TITLE-ABS-

KEY ( abortion )  OR  TITLE-ABS-KEY ( gestational  AND age )  OR  TITLE-ABS-

KEY ( infant  W/2  ( death  OR  mortality ) )  OR  TITLE-ABS-

KEY ( fetal  W/2  ( death  OR  mortality ) )  OR  TITLE-ABS-

KEY ( neonat  OR  infant  OR  prenat  OR  perinat  OR  fetus  OR  fetal )  OR  TITLE-ABS-

KEY ( perinatal  W/2  ( death  OR  mortality ) )  OR  TITLE-ABS-

KEY ( terminat  W/2  pregnan )  OR  TITLE-ABS-KEY ( sudden  AND infant  AND death )  OR  TITLE-ABS-

KEY ( congenital  W/2  ( anom  OR  abnorm  OR  malform  OR  deform ) ) )  AND  ( TITLE-ABS-

KEY ( autops )  OR  TITLE-ABS-KEY ( necrops )  OR  TITLE-ABS-

KEY ( ( conventional  OR  traditional )  W/2  autops )  OR  TITLE-ABS-KEY ( postmortem )  OR  TITLE-

ABS-KEY ( forensic  AND pathology )  OR  TITLE-ABS-KEY ( cause  AND of  AND death )  OR  TITLE-ABS-

KEY ( fatal  AND outcome ) ) )  AND  ( TITLE-ABS-KEY ( noninvasive )  OR  TITLE-ABS-

KEY ( minimally  AND invasive )  OR  TITLE-ABS-

KEY ( ( percutaneous  OR  endoscop )  W/2  biop )  OR  TITLE-ABS-

KEY ( ultrasound  OR  ultrasonograph )  OR  TITLE-ABS-KEY ( fetal  AND free  AND dna )  OR  TITLE-

ABS-KEY ( amnioscentes )  OR  TITLE-ABS-KEY ( virtops )  OR  TITLE-ABS-
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KEY ( virtual  AND autops )  OR  TITLE-ABS-KEY ( verbal  AND autops )  OR  TITLE-ABS-

KEY ( umbilic  OR  placenta )  OR  TITLE-ABS-KEY ( chorionic  AND vill )  OR  TITLE-ABS-

KEY ( mri  OR  ct  OR  tomograph )  OR  TITLE-ABS-KEY ( prenatal  AND diagnos )  OR  TITLE-ABS-

KEY ( ( crosssection  OR  diagnos  OR  magnetic  OR  resonance  OR  mr )  W/2  imag )  OR  TITLE-ABS-

KEY ( echopsy )  OR  TITLE-ABS-KEY ( radiolog  OR  radiograph ) ) )  AND  ( TITLE-ABS-

KEY ( sensitivity )  OR  TITLE-ABS-KEY ( specificity )  OR  TITLE-ABS-KEY ( ( pre-

test  OR  pretest )  W/1  probability )  OR  TITLE-ABS-KEY ( post-test  AND probability )  OR  TITLE-ABS-

KEY ( predictive  AND value )  OR  TITLE-ABS-KEY ( likelihood  AND ratio )  OR  TITLE-ABS-

KEY ( cross  AND sectional )  OR  TITLE-ABS-KEY ( diagnostic  AND accuracy ) )  
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Supplementary Table 1. Adaptations to the QUADAS-2 

signalling questions 

Domain Signalling question Proposed change 

1.q1. Was a consecutive or random sample of 

patients enrolled? 

Applicable only to studies with ≥10 

participants, otherwise mark as ‘Yes’ 

1.q2. Was a case-control design avoided? Removal of the question 

1.q3. Did the study avoid inappropriate exclusions? No change 

2.q1. Were the index test results interpreted without 

knowledge of the results of the reference 

standard? 

No change 

2.q2. If a threshold was used, was it prespecified? No change 

3.q1. Is the reference standard likely to correctly 

classify the target condition? 

Was the reference standard 

conducted by a prenatal and 

paediatric pathology specialist? 

3.q2. Were the reference standard results 

interpreted without knowledge of the results of 

the index test? 

No change 
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4.q1. Was there an appropriate interval between the 

index test and reference standard? 

Were there any unexpected delays 

between the index test and 

reference standard? 

4.q2. Did all patients receive the same reference 

standard? 

No change 

4.q3. Were all patients included in the analysis? No change 

 

This systematic review lent itself to study designs which do not fit consecutive or random sampling 

as indicated in domain 1 question 1. Instead, this question was applied only to studies with 10 or 

more participants, those with fewer were automatically marked as ‘Yes’. As studies had to have a 

cross sectional design to be eligible for inclusion in this review, domain 1 question 2 was removed. 

Domain 3 question 1 refers to the reference standards ability to classify the target condition, partial 

or full autopsy are considered gold standard post-mortem techniques. In the case of prenates, 

neonates and infants, the pathology differs to that of older children and adults. Therefore, the 

signalling question was edited to reflect the speciality of the clinician conducting the autopsy, rather 

than the technique itself, as this may provide more consistent diagnoses.  

Finally, given the differing intervals between conduct of the index test(s) and reference standard, 

domain 4 question 1 was amended to record any unanticipated delay between the tests. The 

applicability sections for each domain of the QUADAS-2 tool remained the same with the exception 

of applicability in domain 3 which was removed. It was deemed appropriate to remove this 

applicability section as the target condition defined by full or partial autopsy would always be 

relevant to the review question. 
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 The risk of bias assessment was performed by a single reviewer (HO) and 20% was independently 

conducted by a second reviewer (RS or MB). No discrepancies between the reviewers were 

identified. Risk of Bias was not assessed for trial records. Ranking for risk of bias was considered as 

High > Some concerns > Low. Domain bias was assessed as the highest ranking amongst the 

questions. Similarly, overall risk of bias was taken as the highest ranking amongst the domains. 
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Supplementary Table 2. PRISMA Checklists 

 
a. PRISMA-DTA checklist 

Section/topic  # PRISMA-DTA Checklist Item  Reported on page #  

TITLE / ABSTRACT  

Title  1 Identify the report as a systematic review (+/- meta-analysis) of diagnostic test 
accuracy (DTA) studies. 

Title page  

Abstract 2 Abstract: See PRISMA-DTA for abstracts. P2-3 (see table c.) 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  P4-6 

“To date, seven systematic reviews have attempted to address the 

evidence.” 

Clinical role of 
index test 

D1 State the scientific and clinical background, including the intended use and clinical 
role of the index test, and if applicable, the rationale for minimally acceptable test 
accuracy (or minimum difference in accuracy for comparative design). 

P6 and S2 File 

“index tests which are underpinned by imaging, visual, verbal or 

laboratory techniques. Whilst these tests are not commonly used in 

mortuaries at present, the majority are used routinely in clinical 

practice and are already well defined” 

Objectives  4 Provide an explicit statement of question(s) being addressed in terms of 
participants, index test(s), and target condition(s). 

P7 

“To establish the direction of effect for non-invasive and minimally 

invasive autopsy techniques when discerning the cause of death in pre-

viable, stillborn, neonatal and infant populations up to one adjusted 

year of life.” 

METHODS   

Protocol and 
registration  

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web 
address), and, if available, provide registration information including registration 
number.  

P8 

“The protocol was published in PROSPERO in January 2021 

(CRD42021223254) and a full protocol is available through the project 

website.” 

Eligibility criteria  6 Specify study characteristics (participants, setting, index test(s), reference 
standard(s), target condition(s), and study design) and report characteristics (e.g., 
years considered, language, publication status) used as criteria for eligibility, 
giving rationale. 

P8-10 

“ This systematic review includes loss of life from conception to one 

adjusted year. Population cohorts have been split according to UK 

terminology as follows”…..“Full or partial traditional autopsies are the 

gold standard in post-mortem diagnosis”…..“Both prospective and 

retrospective studies were included” 

Information 
sources  

7 Describe all information sources (e.g., databases with dates of coverage, contact 
with study authors to identify additional studies) in the search and date last 
searched.  

P10 

“Bibliographic databases were searched from inception to 17th 

November 2021. The main databases were Medline(Ovid); Embase 

(Ovid); CINAHL(EBSCO); Cochrane library(Wiley); and Scopus.” 
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Search  8 Present full search strategies for all electronic databases and other sources 
searched, including any limits used, such that they could be repeated. 

S2 File 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in 
systematic review, and, if applicable, included in the meta-analysis).  

P11 

“Title and abstracts and full text screening was conducted by a single 

reviewer (HO) and 20% was screened independently” 

Data collection 
process  

10 Describe method of data extraction from reports (e.g., piloted forms, 
independently, in duplicate) and any processes for obtaining and confirming data 
from investigators.  

P11 

“Piloted forms were used to extract data from eligible studies” 

Definitions for 
data extraction 

11 Provide definitions used in data extraction and classifications of target 
condition(s), index test(s), reference standard(s) and other characteristics (e.g. 
study design, clinical setting). 

P8-9, P11 

“Pre-viable 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 pre-viable 

deaths and stillbirths. Neonatal death includes deaths within 28 

unadjusted days from birth. Infant deaths include deaths up to one 

adjusted year of life.”….” MRI, CT scanning, ultrasound, amniocentesis, 

CVS, fetal free DNA analysis, percutaneous and endoscopic biopsy, 

umbilical cord and placental examinations, virtual and verbal autopsy” 

Risk of bias and 
applicability 

12 Describe methods used for assessing risk of bias in individual studies and 
concerns regarding the applicability to the review question. 

P11 and S1 Table 

“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” 

Diagnostic 
accuracy 
measures 

13 State the principal diagnostic accuracy measure(s) reported (e.g. sensitivity, 
specificity) and state the unit of assessment (e.g. per-patient, per-lesion). 

P11 

“Accuracy measures were recorded on a per-patient basis where 

possible, or a per-lesion basis otherwise.” 

Synthesis of 
results  

14 Describe methods of handling data, combining results of studies and describing 
variability between studies. This could include, but is not limited to: a) handling of 
multiple definitions of target condition. b) handling of multiple thresholds of test 
positivity, c) handling multiple index test readers, d) handling of indeterminate 
test results, e) grouping and comparing tests, f) handling of different reference 
standards 

P11-12 

“A narrative synthesis was conducted”….” a vote counting approach 

was taken for this synthesis” 

Meta-analysis D2 Report the statistical methods used for meta-analyses, if performed. NA 

Additional 
analyses  

16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, 
meta-regression), if done, indicating which were pre-specified.  

NA 

RESULTS     

Study selection  17 Provide numbers of studies screened, assessed for eligibility, included in the 
review (and included in meta-analysis, if applicable) with reasons for exclusions at 
each stage, ideally with a flow diagram.  

P13, S3 Table and S4 Table 

“Title and abstract screening was performed on 2117 references, 1633 

were excluded as they didn’t meet our inclusion criteria. At full text 
stage, 484 references were screened for eligibility” 
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Study 
characteristics  

18 For each included study provide citations and present key characteristics 
including: a) participant characteristics (presentation, prior testing), b) clinical 
setting, c) study design, d) target condition definition, e) index test, f) reference 
standard, g) sample size, h) funding sources 

P15-16 

“Post-mortem MRI was the most widely studied technique amongst 

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……..” 

 

Risk of bias and 
applicability 

19 Present evaluation of risk of bias and concerns regarding applicability for each 
study. 

P14 

“Eight (13%) articles had a low risk of bias, 45 (72%) articles had some 

concerns, and nine (15%) articles had a high risk of bias.”…..” The 

overall ratings of the applicability of the articles to the review question 

found….” 

Results of 
individual studies  

20 For each analysis in each study (e.g. unique combination of index test, reference 
standard, and positivity threshold) report 2x2 data (TP, FP, FN, TN) with estimates 
of diagnostic accuracy and confidence intervals, ideally with a forest or receiver 
operator characteristic (ROC) plot. 

NA 

Synthesis of 
results  

21 Describe test accuracy, including variability; if meta-analysis was done, include 
results and confidence intervals. 

P16-26 and S1 Fig 

“None of the seven trials included in this systematic review reported 

interim or final results. The results from 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” 

Additional 
analysis  

23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, 
meta-regression; analysis of index test: failure rates, proportion of inconclusive 
results, adverse events). 

NA 

DISCUSSION     

Summary of 
evidence  

24 Summarize the main findings including the strength of evidence. P27-28 

“This systematic review included direct evidence from 53 studies of 

diagnostic accuracy for non-invasive or minimally invasive autopsy 

techniques in the perinatal population. Post-mortem MRI was the most 

widely investigated test with 24 studies and three trials including this 

technique…….” 

Limitations  25 Discuss limitations from included studies (e.g. risk of bias and concerns regarding 
applicability) and from the review process (e.g. incomplete retrieval of identified 
research). 

P29-31 

“This systematic review has a number of strengths…”……” Whilst this is 

a limitation in the review process….” 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence. P31-33 
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Discuss implications for future research and clinical practice (e.g. the intended 
use and clinical role of the index test). 

“…the current evidence does not support their use as standalone 

procedures. Therefore, changes to these policies cannot be 

recommended…..” 

FUNDING     

Funding  27 For the systematic review, describe the sources of funding and other support and 
the role of the funders. 

P35  

“This research received no specific grant from any funding agency in 

the public, commercial or not-for-profit sectors.” 
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b. PRISMA-S checklist 

Section/topic # Checklist item Location(s) Reported 

INFORMATION SOURCES AND METHODS 

Database name 1 

Name each individual database searched, stating the platform 

for each. 

 P10 

“The main databases were Medline(Ovid); Embase (Ovid); CINAHL(EBSCO); 

Cochrane library(Wiley); and Scopus. ” 

Multi-database 

searching 2 

If databases were searched simultaneously on a single platform, 

state the name of the platform, listing all of the databases 

searched.  NA 

Study registries 3 

List any study registries searched. 

P10 

“Web of Science – Conference Proceedings Citation Index; ClinicalTrials.gov; and 

WHO international clinical trials registry platform were searched for conference 

abstracts and trials.” 

Online resources and 

browsing 4 

Describe any online or print source purposefully searched or 

browsed (e.g., tables of contents, print conference proceedings, 

web sites), and how this was done. 

 P10 

“The Royal College of Obstetrics and Gynaecologists; Royal College of Midwives; 

and Royal College of Paediatrics and Child Health were searched for grey 

literature.” 

Citation searching 5 

Indicate whether cited references or citing references were 

examined, and describe any methods used for locating 

cited/citing references (e.g., browsing reference lists, using a 

citation index, setting up email alerts for references citing 

included studies). 

 P10 

“The reference lists of systematic reviews were hand checked for eligible studies.” 

Contacts 6 

Indicate whether additional studies or data were sought by 

contacting authors, experts, manufacturers, or others.  NA 

Other methods 7 

Describe any additional information sources or search methods 

used.  NA 

SEARCH STRATEGIES 

Full search strategies  8 

Include the search strategies for each database and information 

source, copied and pasted exactly as run.   S2 File 
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Limits and restrictions 9 

Specify that no limits were used, or describe any limits or 

restrictions applied to a search (e.g., date or time period, 

language, study design) and provide justification for their use. 

 P10 

“No date or language restrictions were placed on the search.” 

Search filters 

1

0 

Indicate whether published search filters were used (as 

originally designed or modified), and if so, cite the filter(s) used. 

 P10 

“a diagnostic study design filter was applied” 

Prior work 

1

1 

Indicate when search strategies from other literature reviews 

were adapted or reused for a substantive part or all of the 

search, citing the previous review(s).  NA 

Updates 

1

2 

Report the methods used to update the search(es) (e.g., 

rerunning searches, email alerts). 

 P10 

“rerun on the 17th November 2021” 

Dates of searches 

1

3 

For each search strategy, provide the date when the last search 

occurred. 

 P10 

“17th November 2021” 

PEER REVIEW 

Peer review 

1

4 

Describe any search peer review process.  

 P10 

“reviewed by a Cochrane Information Specialist (SW) using the Peer Review of 

Electronic Search Strategies (PRESS) checklist.” 

MANAGING RECORDS 

Total Records 

1

5 

Document the total number of records identified from each 

database and other information sources.  P14, Fig 1. 

Deduplication 

1

6 

Describe the processes and any software used to deduplicate 

records from multiple database searches and other information 

sources. 

 P11 

“Duplicate references were removed using EndNote x9.01” 
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c. PRISMA-DTA for Abstracts checklist 

Section/topic  # PRISMA-DTA for Abstracts Checklist item  Reported on page #  

TITLE and PURPOSE  

Title  1 Identify the report as a systematic review (+/- meta-analysis) 
of diagnostic test accuracy (DTA) studies. 

P1 

“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.” 

Objectives 2 Indicate the research question, including components such 

as participants, index test, and target conditions. 
P2 

“To assess the diagnostic accuracy of non-invasive or minimally invasive 

autopsy techniques in deaths under one year of age.” 

METHODS  

Eligibility criteria 3 Include study characteristics used as criteria for eligibility. P3 

“Studies were included if participants were under one adjusted year of life, 

with index tests conducted prior to the reference standard.” 

Information sources 4 List the key databases searched and the search dates. P2 

“MEDLINE (Ovid), EMBASE (Ovid), CINAHL (EBSCO), the Cochrane Library, 

Scopus and grey literature sources were searched from inception to 

November 2021.” 

Risk of bias & applicability 5 Indicate the methods of assessing risk of bias and 
applicability. 

P3 

“Risk of bias was assessed using QUADAS-2.” 

Synthesis of results A1 Indicate the methods for the data synthesis. P3 

“A narrative synthesis was conducted following the Synthesis without 

Meta-Analysis guidelines. Vote counting was used to assess the direction 

of effect.” 

RESULTS  

Included studies 6 Indicate the number and type of included studies and the 
participants and relevant characteristics of the studies 
(including the reference standard). 

P3 

“We included 53 direct evidence studies, encompassing 3067 cases and 

eight index tests…..A further 134 indirect evidence studies were included in 

the review, encompassing 6242 perinatal cases.” 

Synthesis of results 7 Include the results for the analysis of diagnostic accuracy, 
preferably indicating the number of studies and participants. 
Describe test accuracy including variability; if meta-analysis 
was done, include summary results and confidence intervals. 

P3 

“Post-mortem ultrasound and antenatal echography were favoured 

unanimously, albeit with varying levels of success. Conversely, virtual 

autopsy was not favoured. For the remaining tests, the direction of effect 

was inconclusive…..The addition of these results had minimal impact on 

the direct findings yet did reveal other techniques which may be favourable 

alternatives to autopsy.” 
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DISCUSSION  

Strengths and limitations 9 Provide a brief summary of the strengths and limitations of 
the evidence 

P3  
“Strengths and limitations 

• This systematic review followed PRISMA-S, PRISMA-DTA and 

SWiM reporting standards. 

• The search was conducted by a trained information specialist and 

peer-reviewed by a Cochrane information specialist. 

• Publication bias was reduced by considering all study designs for 

inclusion. 

• Vote counting may give a false impression of the direction of 

effect in 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.” 

Interpretation 10 Provide a general interpretation of the results and the 
important implications. 

P3 

“Current evidence is insufficient to make firm conclusions” 

OTHER   

Funding  11 Indicate the primary source of funding for the review. NA 

Registration  12 Provide the registration number and the registry name P2 

“The protocol is registered on PROSPERO (CRD42021223254).” 
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Supplementary Table 3. List of excluded articles 

 

No articles were excluded based on language alone. All articles were screened at title/abstract level, 

regardless of language. Google translate was used to assess an article if the title/abstract was not 

available in English. Studies were excluded where international interlibrary loans were required due 

to the British Library’s limitations during the Covid-19 pandemic.  

 

Detailed below are the full references for all excluded articles. Articles were excluded for one of the 

following reasons (in order of hierarchical importance, as set out below):  

 

1. The paper focuses on an ineligible population/population was unable to be isolated (n = 107) 
2. The paper focuses on an ineligible index test or stage of delivery (n = 20) 
3. The paper focuses on an ineligible reference standard/population was unable to be isolated 

(n = 43) 
4. The paper describes an ineligible study design (n = 48) 
5. The paper was not retrievable by international interlibrary loan (n = 1) 
6. The paper is an exact duplicate (n = 10) 
7. The paper is a systematic review (n = 16) 
8. The paper does not contain usable data (n = 20) 
9. The paper does not contain appropriate outcome measures (n = 16) 

 

Reason for exclusion References 

The paper focuses on 
an ineligible patient 
population/population 
was unable to be 
isolated from ineligible 
populations 
(n = 107) 

1. Adriaanse BME, Tromp CHN, Simpson JM, Van Mieghem T, Kist WJ, Kuik DJ, et 
al. Interobserver agreement in detailed prenatal diagnosis of congenital heart 
disease by telemedicine using four-dimensional ultrasound with 
spatiotemporal image correlation. Ultrasound in Obstetrics and Gynecology. 
2012;39(2):203-9. 

2. Anderson NG, Jordan S, MacFarlane MR, Lovell-Smith M. Diastematomyelia: 
Diagnosis by prenatal sonography. American Journal of Roentgenology. 
1994;163(4):911-4. 

3. Andreani M, Locatelli A, Giardini V, Verderio M, Bernasconi DP, Antolini L, et 
al. Ultrasound and magnetic resonance imaging: Which is the most accurate 
test for fetal central nervous system anomalies? Prenatal Diagnosis. 
2012;32:47-8. 

4. Añon J, Remonda L, Spreng A, Scheurer E, Schroth G, Boesch C, et al. 
Traumatic extra-axial hemorrhage: Correlation of postmortem MSCT, MRI, 
and forensic-pathological findings. Journal of Magnetic Resonance Imaging. 
2008;28(4):823-36. 

5. Babcook CJ, Goldstein RB, Filly RA. Prenatally detected fetal 
myelomeningocele: is karyotype analysis warranted? Radiology. 
1995;194(2):491-4. 

6. Becker R, Wegner RD. Detailed screening for fetal anomalies and cardiac 
defects at the 11–13-week scan. Ultrasound in Obstetrics & Gynecology. 
2006;27(6):613-8. 

7. Bennasar M, Martínez JM, Gómez O, Bartrons J, Olivella A, Puerto B, et al. 
Accuracy of four-dimensional spatiotemporal image correlation 
echocardiography in the prenatal diagnosis of congenital heart defects. 
Ultrasound in Obstetrics & Gynecology. 2010;36(4):458-64. 

8. Bennasar M, Martínez JM, Olivella A, del Río M, Gómez O, Figueras F, et al. 
Feasibility and accuracy of fetal echocardiography using four-dimensional 
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spatiotemporal image correlation technology before 16 weeks' gestation. 
Ultrasound in Obstetrics & Gynecology. 2009;33(6):645-51. 

9. Carrilho C, Castillo P, Chitsungo D, Lovane L, Lorenzoni C, Ritchie PS, et al. 
Validity of a minimally invasive autopsy for cause of death determination in 
paediatric seaths from Sub-Saharan Africa. Virchows Archiv. 2017;471(1):S31. 

10. Castañón M, Muñoz ME, San Vicente B, Albert A, Tarrado X, Morales L. 
Predictive value of prenatal MRI in the diagnosis of thoracic congenital 
malformations. Cirugía pediátrica : organo oficial de la Sociedad Española de 
Cirugía Pediátrica. 2003;16(3):107-11. 

11. Cohen MC, Whitby E. The use of magnetic resonance in the hospital and 
coronial pediatric postmortem examination. Forensic Science, Medicine, and 
Pathology. 2007;3(4):289-96. 

12. Crane JM, Ash K, Fink N, Desjardins C. Abnormal fetal cardiac axis in the 
detection of intrathoracic anomalies and congenital heart disease. Ultrasound 
in obstetrics & gynecology : the official journal of the International Society of 
Ultrasound in Obstetrics and Gynecology. 1997;10(2):90-3. 

13. CT.gov. The Paediatric Virtual Autopsy Trial. 
https://ClinicalTrials.gov/show/NCT01888380. 

14. CT.gov. Computertomography-based Autopsy (Virtopsy) Versus Conventional 
Autopsy in Patients Dying in Intensive Care Units. 

15. CT.gov. Virtual Autopsy for Quality Control on Intensive Care Medicine. 
16. de Lange C, Vege Å, Stake G. Radiography after unexpected death in infants 

and children compared to autopsy. Pediatric Radiology. 2007;37(2):159-65. 
17. Dedouit F, Otal P, Costagliola R, Loubes Lacroix F, Telmon N, Rouge D, et al. 

[Role of modern cross-sectional imaging in thanatology: a pictorial essay]. 
Application a la thanatologie de l'imagerie en coupe: revue iconographique. 
2006;87(6):619-38. 

18. Dong S-Z, Zhu M, Li F. Preliminary experience with cardiovascular magnetic 
resonance in evaluation of fetal cardiovascular anomalies. Journal of 
cardiovascular magnetic resonance : official journal of the Society for 
Cardiovascular Magnetic Resonance. 2013;15:40. 

19. Duczkowska A, Olwert A, Duczkowski M, Bekiesinska-Figatowska M. Postnatal 
verification of prenatal diagnoses established on foetal magnetic resonance 
imaging. Ginekologia polska. 2018;89(5):262-70. 

20. Eckoldt F, Woderich R, Smith RD, Heling KS. Antenatal diagnostic aspects of 
unilateral multicystic kidney dysplasia--sensitivity, specificity, predictive 
values, differential diagnoses, associated malformations and consequences. 
Fetal diagnosis and therapy. 2004;19(2):163-9. 

21. Emer CSC, Duque JAP, Muller ALL, Gus R, Sanseverino MTV, da Silva AA, et al. 
[Prevalence of congenital abnormalities identified in fetuses with 13, 18 and 
21 chromosomal trisomy]. Prevalencia das malformacoes congenitas 
identificadas em fetos com trissomia dos cromossomos 13, 18 e 21. 
2015;37(7):333-8. 

22. Fariña J, Millana C. Applications of ultrasonography on the post-mortem 
examination (ecopsy) in humans. Journal d'Echographie et de Medecine par 
Ultrasons. 1998;19(2):280-6. 

23. Gandolfi Colleoni G, Contro E, Carletti A, Ghi T, Campobasso G, Rembouskos 
G, et al. Prenatal diagnosis and outcome of fetal posterior fossa fluid 
collections. Ultrasound Obstet Gynecol. 2012;39(6):625-31. 
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Supplementary Table 4. Study groupings 

To avoid double counting of autopsy cases, studies with two or more papers were grouped. The 

primary article(s) for each report were included in the review. Primary articles were carefully 
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