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Abstract
Background  Perinatal and childhood postmortem imaging has been accepted as a noninvasive alternative or adjunct to autopsy. 
However, the variation in funding models from institution to institution is a major factor prohibiting uniform provision of this service.
Objective  To describe current funding models employed in European and non-European institutions offering paediatric 
postmortem imaging services and to discuss the perceived barriers to future postmortem imaging service provision.
Materials and methods  A web-based 16-question survey was distributed to members of the European Society of Paediatric 
Radiology (ESPR) and ESPR postmortem imaging task force over a 6-month period (March-August 2021). Survey ques-
tions related to the radiologic and autopsy services being offered and how each was funded within the respondent’s institute.
Results  Eighteen individual responses were received (13/18, 72.2% from Europe). Only one-third of the institutions (6/18, 
33.3%) have fully funded postmortem imaging services, with the remainder receiving partial (6/18, 33.3%) or no funding 
(5/18, 27.8%). Funding (full or partial) was more commonly available for forensic work (13/18, 72%), particularly where this 
was nationally provided. Where funding was not provided, the imaging and reporting costs were absorbed by the institute.
Conclusion  Increased access is required for the expansion of postmortem imaging into routine clinical use. This can only 
be achieved with formal funding on a national level, potentially through health care commissioning and acknowledgement 
by health care policy makers and pathology services of the value the service provides following the death of a fetus or child. 
Funding should include the costs involved in training, equipment, reporting and image acquisition.
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Introduction

Perinatal and childhood postmortem imaging has been accepted 
by parents and health care institutions as an alternative or adjunct 
to traditional autopsy [1–5]. Nonetheless, there is marked 
variation among institutions in the provision of, and support for, 
postmortem imaging services, both in terms of the modalities 
offered and the volume and nature of the work conducted.

Whilst many institutions provide conventional radiography, 
cross-sectional imaging techniques (e.g., computer tomography 
[CT] and magnetic resonance imaging [MRI]) are more often 

only available in larger paediatric tertiary institutions. A previous 
European Society of Paediatric Radiology (ESPR) survey found 
that whilst 72% of institutions performing postmortem imaging 
had standardised protocols for acquiring radiographs, only 
27–32% of institutions had protocols for postmortem CT and 
MRI [6]. More advanced techniques including micro-CT, high-
field strength MRI and postmortem ultrasound (US) are almost 
exclusively available in paediatric tertiary referral or research 
institutions.

Despite the decline in parental consent for conventional 
(invasive) autopsies and support for noninvasive methods, 
anecdotal evidence suggests that a major barrier to postmortem 
imaging services is a lack of a dedicated funding stream that 
may be entirely lacking, partially supported or only available 
through research grants, rather than being centrally, nationally 
or government funded [7–10].
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In this study, we sought to identify and describe the variation 
in funding models reported by postmortem imaging providers 
and to identify barriers and facilitators to changing practice. 
The authors define a model as the product of a funding stream 
(e.g., national, insurance, research, etc.) plus the degree of 
reimbursement from this stream (e.g., full, partial, etc.).

Materials and methods

All survey participation was entirely voluntary and the per-
sonal identities of survey respondents were not collected. 
Institutional ethical review board approval was not required 
as no patient data were shared or accessed.

Study design

The lead (G.C.) and senior authors (S.C.S., O.J.A.), all radi-
ologists with 8, 12 and 16 years of experience, respectively, 
developed a survey containing 16 questions relating to local pae-
diatric postmortem imaging services and funding streams (See 
Online Supplementary Material 1 for the full list of questions). 
The wording and content of individual survey items were dis-
cussed at an ESPR Post-mortem Imaging Taskforce meeting 
to achieve clarity, readability and internal validity and draft 
items were refined accordingly, resulting in the final survey 
design. Participants were asked to provide separate responses 
regarding funding for postmortem imaging for medical (i.e. 
non-forensic) and forensic cases. Both multiple choice and free 
text answers were included in the survey. One response was 
accepted from each institution and multiple practitioners from 
the same institute were able to submit a joint response.

Survey distribution

The survey was created within Google Forms and distributed 
via an online link through an email distributed to all mem-
bers of the ESPR Post-mortem Imaging Taskforce, as well 
as to all general ESPR members via a newsletter. The survey 
link was also made available on Twitter via the official ESPR 
and Junior ESPR accounts.

The survey was distributed on 1 March 2021 and closed 
on 31 August 2021. Results were collated and analysed in a 
descriptive manner and preliminary findings presented at an 
ESPR Post-Mortem Imaging Taskforce meeting.

Results

Respondents

A single email was sent to the 22 members of the taskforce 
(representing 26 institutions in 8 countries). In total, 19 

responses were received, with duplicate responses from one 
institution leaving 18 individual responses for final analysis. 
These results came exclusively from the coauthors on this 
paper, who are all members of the ESPR Post-Mortem Imag-
ing Taskforce.

Responses were received from the following continents 
and countries:

•	 Europe 13/18 (72.2%): Austria (1), Belgium (1), Ger-
many (2), Hungary (1), Netherlands (2), United Kingdom 
(6).

•	 Oceania 4/18 (22.2%): Australia (3), New Zealand (1).
•	 North America 1/18 (5.6%): Canada (1).

Of these, the majority 17/18 (94.4%) described them-
selves as a “university/teaching hospital” and the remaining 
participant as a “district general/community hospital.” The 
term “institution(s)” will be used for the remainder of the 
article to encompass these.

Postmortem imaging practice

In both the medical and forensic settings, all age groups 
of paediatric patients were imaged (Tables 1 and 2). The 
modalities used to perform medical (i.e. non-forensic) post-
mortem imaging included:

•	 Radiography/X-ray: 18/18 (100% of respondents).
•	 Conventional CT: 16/18 (88.9%).
•	 Conventional MRI: 11/18 (61.1%).
•	 Ultrasound: 5/18 (27.8%).
•	 “Non-conventional CT/MR,” i.e. micro-CT or high field 

strength MR (FH-MRI): 2/18 (11.1%).

The modalities used to perform forensic postmortem 
imaging included:

•	 Radiography/X-ray: 14/14 (100% of respondents).
•	 Conventional CT: 12/14 (64.3%).
•	 Conventional MRI: 5/14 (35.7%).

Table 1   The table shows the paediatric age groups for patients the 
respondents provide medical (i.e. non-forensic) postmortem imaging 
services for (n=17)

One respondent left the question blank

Paediatric age group Response (n) Percentage (%)

Fetal 13 76.5
Neonate (0–28 days) 14 82.4
Infant (1–12 months) 14 82.4
Child (1–12 years) 10 58.8
Adolescent (13–18 years) 9 52.9
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•	 “Non-conventional CT/MR,” i.e. micro-CT or high field 
strength MR (FH-MRI): 1/14 (7.1%).

Postmortem US was being provided by one institution 
(7.1%) in the research setting.

Postmortem imaging referrals

Most institutions (17/18, 94.4%) received referrals for 
medical postmortem imaging from their local clinicians 
or pathologists, whilst over a third (7/18, 38.9%) accepted 
referrals from outside their institution. In most cases (16/18, 
88.9%), reporting of the locally acquired imaging was also 
performed and 11/18 (61.1%) institutions reported externally 
performed examinations.

Fourteen institutions (77.8%) carried out some form of 
postmortem imaging in the forensic setting. This included 
acquisition of imaging for local referrals in 11/14 (78.6%) 
and acquisition of imaging for externally referred patients 
in 8/14 (57.1%) institutions. In 11 institutions (78.6%), there 
was reporting of the locally performed imaging and in 10/14 
(71.4%) institutions reporting was provided for externally 
performed imaging.

Five institutions (27.8%) used postmortem imaging for 
research purposes. Four institutions (80%) acquired imaging 
for local/outside referrals. The remaining institution only 
undertook reporting of postmortem imaging research studies. 
It is not clear where these images were acquired.

Promoting postmortem imaging services

Most respondents (13/18, 72.2%) said other health care ser-
vices/users were aware of their postmortem imaging ser-
vices, 2/18 (11.1%) did not think they were and 3/18 (16.7%) 
were unsure.

Respondents were asked to highlight by which means 
referrers were made aware of the postmortem imaging ser-
vices. Multiple options were available for selection. Three 
respondents did not answer the question. The most common 
responses were:

•	 Through loco-regional pathways: 7/15 (46.7% of 
respondents).

•	 Ad hoc/unofficial referrals: 7/15 (46.7%).
•	 Personal/private referrals: 6/15 (40%).
•	 National referral pathways: 3/15 (20%).

Reimbursement for postmortem imaging

There was marked variation between countries regarding 
reimbursement streams and the degree to which this covers 
incurred costs. Figures 1 and 2 show which funding streams 
are employed per modality in medical postmortem imaging Ta
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and forensic postmortem imaging, respectively. The major-
ity of institutions reported single-stream reimbursement for 
each modality, but two reported some X-ray and MRI exami-
nations were reimbursed nationally and/or absorbed by the 
department in the medical setting (Fig. 1). In the forensic 
setting, all institutions reported single streams of reimburse-
ment (Fig. 2).

Insurance-based systems did not reimburse forensic post-
mortem imaging in the institutions surveyed.

Overall, medical (non-forensic) postmortem imaging was 
reimbursed fully in 6/18 (33.3%) institutes, partially in 6/18 
(33.3%) and not at all in 5/18 (27.8%). One respondent was 
unsure. Forensic postmortem imaging was reimbursed fully 
in 8/14 sites (57.1%), partially in 5/14 (35.7%) and not at all 
in 1/14 (7.1%).

The preferred funding models reported by respondents for 
medical postmortem imaging were full reimbursement via 
national/state funding streams in 15/18 (83.3%) and insur-
ance in 3/18 (16.7%) within countries with established insur-
ance-based models. For forensic postmortem imaging, this 
was via national/state funding streams in 15/16 (93.8%) and 
other in 1/16 (6.3%) (no change from current model where 
the forensic institution pays, as entered in the free text box).

When combining “more of a priority/absolute prior-
ity” responses regarding what imaging modalities should 
be prioritised for funding - conventional MRI (72.2%), 
conventional CT (66.7%) and X-ray (38.9%) were the 
most prioritised modalities, whilst US (16.7%), micro-
CT (22.3%) and high-field strength MRI (16.7%) were the 
least prioritised (Fig. 3).

Reimbursement for postmortem autopsy

Reimbursement for conventional autopsy occurred in 
12/18 (66.7%) responding institutions. In the remaining 
six institutions, three were unsure and three did not believe 
autopsy was reimbursed or it occurred in a separate insti-
tute. Where funded, this was from national/state funding 
streams in 9/12 (75%), absorbed into departmental costs 
in 1/12 (8.3%), paid by the police/coroner in 1/12 (8.3%) 
and by research grants in the remaining site (8.3%). The 
cost for autopsies ranged from between £500–£1,400 in the 
United Kingdom (approx. €600–€1,700), up to €2000 in 
Europe and $2,500 in Australia (approx. €1,600).

Fig. 1   Current reimbursement streams for medical (i.e. non-forensic) postmortem imaging (PMI) by modality. Other = cost paid by referring 
hospital. Total responses: X-ray 20; computed tomography (CT) 16, magnetic resonance imaging (MRI) 15 and ultrasound (US) 5
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Barriers to postmortem imaging

The range of barriers reported by respondents to perform-
ing postmortem imaging are listed in Table 3. One of the 
18 institutions (5.6%) did not perceive any barriers. In the 
remaining 17 institutions, the most frequent barriers were:

•	 Scanner/equipment availability (70.6%).
•	 Organisation/administration issues (58.8%).
•	 Lack of local/national guidance (52.9%).
•	 Lack of radiologist availability (52.9%).

Free text answers provided by respondents highlighted 
further barriers including:

•	 Lack of clarity over reimbursement.
•	 Cultural choices of families.
•	 Clinicians being unfamiliar with postmortem imaging 

and thus not referring.
•	 Lack of pathologist support.

Future suggested developments

Figure 4 outlines the areas for future prioritisation for post-
mortem imaging services with local/national guidance being 
selected as the greatest priority and considered “extremely/
very important” by 67.7% of respondents. Radiographer 
training, radiologist availability, radiographer availability, 
equipment availability and support staff availability were 
believed to be “extremely/very important” in more than 50% 
of responses.

Additional free text answers included:

•	 Development of specific CT protocols.
•	 Increasing awareness of virtual biopsy.
•	 Further information for parents/guardians in explaining 

the role of postmortem imaging.
•	 Equal prioritisation of postmortem imaging alongside 

clinical work.
•	 Increased reporting time.
•	 Clear funding streams.

Fig. 2   Current reimbursement streams for forensic postmortem imaging (PMI) by modality. Other = forensic institute/police/coroner. Total  
responses: X-ray 14; computed tomography (CT) 12, magnetic resonance imaging (MRI) 4 and ultrasound (US) 1. One “not sure” response not shown
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In terms of the ways in which postmortem imaging has 
been successfully facilitated and implemented, responses 
included:

•	 Using a research-to-clinical practice approach.
•	 Increasing radiologist access to the mortuary.
•	 Installation of a dedicated on-site cold storage facility in 

the radiology department for the deceased, facilitating 
imaging in non-dedicated time slots.

•	 Two institutions have formal funding from government/
pathology institutes to acquire and report postmortem 
imaging and this arrangement has led to the service being 
routinely available.

Discussion

Our survey shows that only a third of responding special-
ist institutions receive full funding for their current post-
mortem imaging practice. The main source of this fund-
ing is via national/state funding streams. When funding is 
not provided, then the cost is absorbed by their institution. 
Most respondents believe that national/state funding or an 
insurance-based stream would be the preferred method for 
funding postmortem imaging services.

Our results also show the ongoing multifactorial barriers to 
facilitating paediatric postmortem imaging, which continue to 
be problematic, even in large teaching/university hospitals. Not 
only do these institutes acquire and report local studies, but 
act as referral institutions for loco-regional hospitals for both 
medical and forensic cases, which require financial support 
and an established infrastructure to facilitate this increasing 
workload. Where cross-sectional postmortem imaging has 
shifted from research to accepted clinical practice, mainstream 

Fig. 3   Respondent opinions regarding how and where future funding should be prioritised in terms of acquisition modality for postmortem 
imaging (PMI). Respondent number = 18. CT computed tomography, MRI magnetic resonance imaging, USS ultrasound scan

Table 3   Perceived barriers to performing postmortem imaging 
(n = 17)

One respondent did not declare any perceived barriers in their centre

Perceived barrier Response (n) Percentage (%)

Scanner/equipment availability 12 70.6
Organisation/admin 10 58.8
Lack of guidance 9 52.9
Radiologist availability 9 52.9
Radiologist training 8 47.1
Radiographer availability 7 41.2
Support staff availability 5 29.4
Radiographer training 3 17.6
Other 8 47.1
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funding has not followed. This could be aided by the adoption 
of national/international guidelines for postmortem imaging, 
which the ESPR postmortem task force has advocated [2, 11, 
12]. There is a growing acceptance of its utility, especially 
given the increasing evidence for its diagnostic accuracy, 
ability to demonstrate a variety of abnormal pathologies and 
increasing refusal by families for conventional autopsy. Previ-
ous research has led to embedding of postmortem imaging 
recommendations within paediatric specific autopsy protocols 
from the Royal College of Pathologists in the UK [13–16]. 
With endorsement of such guidance from major European 
and international bodies, clinicians will have evidence to sup-
port the creation of national or loco-regional referral path-
ways incorporating postmortem imaging. Furthermore, this 
approach would go some way in highlighting the availability of 
postmortem imaging in the almost 30% of institutions whose 
respondents said there was a general lack of awareness of the 
existence of their postmortem imaging service by other health 
care services and referrers.

This is supported by the fact that almost half of institutions 
reported ad hoc referrals and 40% still rely on personal/direct/
private referrals suggesting a word-of-mouth referral process. 
This ad hoc approach may be a consequence of a lack of agreed 

national/loco-regional referral pathways and guidelines, which 
may contribute to an inability to attract appropriate funding to 
support service provision. A model of referral from an inde-
pendent pathology institution appears to be successful in two 
countries (Netherlands [for forensic cases] and Australia), with 
potential for image acquisition and reporting being separated. 
This approach could relieve some of the burden on scanner 
and storage time but may not be feasible in many health care 
systems without robust imaging networks and teleradiology 
facilities to allow this type of working. In addition, MRI facili-
ties continue to be unusual in pathology departments and even 
forensic medicine facilities, meaning that busy clinical scan-
ners are generally used for postmortem MRI.

It was interesting to note in our study that for medical 
(non-forensic) postmortem imaging, all but 2 institutions use 
conventional CT (89%) and approximately 60% use conven-
tional MRI in their service; however, for forensic cases 50% 
use conventional CT and 35% use conventional MRI. Whilst 
in countries such as the Netherlands and Germany, postmor-
tem CT is an integral part of the forensic pathway, this is 
not universal and is not routine in the medical postmortem 
setting. Although the reasons are not clear from the survey 
itself, this could be due to delays in updating guidelines, 

Fig. 4   Respondent opinions regarding priority areas for future fund-
ing of postmortem imaging (PMI). Respondent number: radiologist 
training = 17; radiographer training = 16; radiologist availability = 18; 

radiographer availability = 15; equipment availability = 17, support 
staff availability = 16 and local/national guidance = 12. CT computed 
tomography, MRI magnetic resonance imaging, US ultrasound
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tight turnaround times, lack of reporting expertise, lack of 
scanner availability and/or increased reporting times, which 
are not conducive to performing more than simple radiogra-
phy. Nonetheless, conventional CT and MRI are modalities 
where respondents believe the future of funding should be 
concentrated. Conventional scanners are widely available in 
large hospitals, so additional infrastructure costs would be 
negligible compared to specialist CT and MRI, i.e. micro-CT 
and high-field strength MRI, although the benefit of these 
more specialised techniques is recognised for early gesta-
tional losses and pathology specimen imaging [17, 18].

It is important to recognise that funding for postmortem 
imaging would not be purely for remuneration of radiologist’s 
reporting time (which may also involve contributing to a formal 
postmortem report for families), but would also cover several 
hidden costs to the service such as training appropriate staff 
(radiographers, administration and radiologists), provision of 
scanner time and purchasing of additional equipment to facili-
tate expedition of the imaging process, i.e. mortuary space/
refrigeration. With long hospital and radiology waiting lists for 
clinically emergent and non-emergent live cases (potentially 
exacerbated by the COVID-19 pandemic [19]), it is likely that 
funding for postmortem imaging may not be viewed as a pri-
ority investment area for hospitals and health care insurance 
companies. Health economic impact assessments have yet to be 
conducted and will provide useful evidence for how and where 
postmortem imaging may provide opportunities for cost-saving 
and time efficiencies within the pathology/mortuary services 
(i.e. a minimum cost threshold), as well as providing closure 
and aiding in the grieving process for parents (potentially reduc-
ing the burden of future mental health issues and recurrent 
pregnancy losses in the case of genetic disorders).

There are several limitations to the study, including a clear 
selection bias. We targeted those already practising postmor-
tem imaging from a paediatric radiology perspective mostly 
from Western Europe (with a large UK cohort) with some 
responses from North America and Oceania. We recognise 
that this potentially excludes health care professionals from 
most of America (North and South), Africa and Asia; however, 
an excellent study of the state of postmortem imaging services 
in North America has recently been published [20]. We also 
did not survey professionals working in forensic adult radiol-
ogy, forensic physicians or specialist pathologists as it is com-
mon practice for paediatric medical imaging to be reported by 
trained radiologists. We assumed most clinical practitioners are 
in contact with imaging colleagues through multidisciplinary 
meetings, and thus we are likely to have captured data from 
most relevant institutions. We did not survey health care man-
agers, funding specialists or commissioners, although there is 
clearly a need to seek out these opinions in future. Finally, we 
did not receive responses from any institutions that are unable 
to perform any postmortem imaging, and therefore these spe-
cific barriers to entry have not been evaluated.

Conclusion

To improve and sustain routine access to paediatric and fetal 
postmortem imaging, formalising jurisdictional referral 
pathways and funding mechanisms is clearly required. This 
will require advocacy by radiologists and pathologists work-
ing with policymakers and funders, as well as an acceptance 
that postmortem imaging has an important investigative role 
following the unexpected death of a fetus or child. Funding 
needs to extend beyond provision of the imaging service to 
include training, equipment and reporting.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00247-​022-​05485-6.
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