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 Abstract
Autopsy practice is often limited due to the risk of infection transmission and family objections. As an alternative, 
virtual autopsy (virtopsy) is proposed, which uses minimally invasive radiology techniques such as postmortem 
CT scan (PM-CT) and PM-MRI. However, there is a scarcity of literature comprehensively summarizing this topic. 
Therefore, this review article discusses the advantages and limitations of virtopsy in developing countries during the 
COVID-19 pandemic, along with ethical issues and a proposed algorithm for postmortem imaging. Virtopsy improves 
the sensitivity (93%) and specificity (83%) of diagnoses and offers several advantages, such as faster identification, 
good foreign body detection, three-dimensional reconstruction, and non-invasiveness. Limitations include difficulty 
in determining infection status and assessing internal organ characteristics, operator dependence, insufficient legal 
basis, and high costs. During the COVID-19 pandemic, this article compiles twenty-one studies from 2020 to 2022 
that used virtopsy to investigate 191 cases of COVID-19 infection resulting in death. The studies were conducted 
in various countries, with only two developing countries [Brazil (n = 3) and India (n = 1)] reported to have used it. 
Most of the studies used PM-CT, while others used postmortem ultrasound, PM-MRI, and PM chest X-ray. Virtopsies 
were mostly performed within 24 hours. The age range of the deceased individuals investigated using virtopsy was 
between 11 and 99 years old, with males being predominant. Virtopsy was mostly used for triage or screening for 
conventional autopsy (CA) as well as adjuvant/complement to CA. In summary, virtopsy has potential benefits for 
developing countries during and after the COVID-19 pandemic, making it a valuable investment despite its limitations.

Keywords: Virtual Autopsy (Virtopsy), Computed Tomography, Imaging Modality, Magnetic Resonance Imaging, 
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Introduction
Despite the benefits of postmortem investigations, the 
use of conventional autopsy (CA) has significantly declined 
since the 20th century (1). The reduction in autopsy rates 
has become a global phenomenon. In the United States of 
America (USA), the rate of autopsies decreased from 17% 
in 1980 to 8.3% in 2003 (2, 3). Elsewhere, in Australia, the 
number of autopsies performed from 1992 to 2003 fell 
by 50% (2, 4). The rates of autopsies have decreased by 
30% or more since 2005 in Germany, France, and Sweden 
(5). Unfortunately, limited information is available on the 
autopsy rate in developing nations. In Indonesia, where 
opposition to autopsies is prevalent, the autopsy rate has 
drastically decreased from 10.4% in 2011 to 6.9% in 2012, 

4.2% in 2013, 5% in 2014, and 5.2% in 2015 (6). Autopsy 
rates have declined due to increased infection risk for 
clinicians handling deceased with infectious disease (e.g., 
HIV/AIDS) and during the COVID-19 pandemic, particularly 
in developing countries (7-9). COVID-19 patients’ known 
cause of death led many hospitals to not perform autopsies, 
worsening already low rates and even making it harder for 
pathology and forensic residents to meet requirements 
(7). A study conducted in Rhode Island, USA, revealed that 
despite an increase in autopsy cases during the pandemic, 
the overall autopsy rate, which was already low, did not 
change significantly. The autopsy rate during the pandemic 
was 9.1%, which was not statistically different from the rate 
of 8.4% before the pandemic (10).
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In developed countries, the decrease in autopsies is 
primarily attributed to the advancements in medical 
technology, which have led to a greater level of confidence 
in the antemortem diagnosis reducing the interest of 
clinician in performing CA to confirm diagnoses made 
during the patient’s life. Meanwhile, in developing 
countries, the issue is more complex and caused by 
various constraints, including cost containment measures, 
physician discomfort, emotional objections, and family 
rejection (11-13). It is worth noting that this decline is not 
widely acknowledged, and there is limited research on its 
causes and consequences (14, 15). The decline in autopsies 
has led clinicians to find alternative techniques, such as 
virtual autopsy (virtopsy), which involves radiological 
and pathology diagnostic in forensic practice (16, 17). 
Virtopsy is presented as a non-invasive autopsy technique 
using computerised tomography (CT scan) and magnetic 
resonance imaging (MRI) modalities that can reconstruct 
corpses and trauma mechanisms (18, 19). It has been used 
successfully since 1896 to reveal deceased injury using 
radiological examinations (16, 17). 

There is no available data on the prevalence of virtopsy 
versus CA during the COVID-19 pandemic, but it is 
anticipated to be on the rise as an alternative to CA. 
Post-mortem CT scans (PM-CT) have been increasingly 
recognised as an essential tool in COVID-19 cases, aiding 
in detecting disease markers both in the lungs and beyond 
(20). Virtopsy proved effective and dignified, allowing 
for faster release of the deceased to funeral homes 
and reducing contact between mortuary staff and the 
deceased (18, 19). However, despite the usefullness of 
virtopsy in forensic medicine, there are few comprehensive 
studies on its use in developing countries. Virtopsy is an 
appealing option for developing countries where cultural 
and religious beliefs, limited resources, and fear of 
stigmatisation often lead to the rejection of CAs (13, 21). 
Moreover, virtopsy comes from developed countries and 
thus should be proved further their benefits in the context 
of developing countries. While developing countries have 
more sufficient radiology infrastructure and personnel 
than underdeveloped countries, implementing virtopsy 
may require addressing unique cultural, ethical, and 
legal considerations (22-24). Therefore, this article aims 
to discuss the potential application of virtopsy as an 
autopsy method in developing countries. It highlights the 
advantages and limitations of virtopsy and proposes an 
algorithm for choosing postmortem imaging techniques 
in clinical settings. The review aims to encourage further 
research and pilot projects and to support virtopsy 
implementation in clinical practice and court in these 
regions. Ethical issues related to virtopsy are also discussed.

Materials and Methods
A literature search was conducted on seven databases, 
including Pubmed, EBSCOhost, ScienceDirect, Cochrane, 
and Scopus, from July 21 to August 3, 2022 (and updated 
in February 2023 for the topic of virtopsy use during the 
COVID-19 pandemic), following the evidence-based review 

method (25, 26). The primary search was conducted based 
on relevant keywords, including “virtopsy”, “non-invasive 
autopsy”, “COVID-19 pandemic”, “developing countries”, 
“radiological imaging”, “postmortem examination”, “cause 
of death”, “challenges”, “advantages”, and “medical 
research”. 

Articles must meet the criteria for scientific evidence 
levels 1–5 (ranging from meta-analyses and systematic 
reviews to cross-sectional studies and case reports) and 
should be published within the last ten years. The validity, 
importance, and application screening analysis were 
carried out to see the article’s suitability of the article’s 
topic related to the use of virtopsy during the COVID-19 
pandemic. The Joanna Briggs Institute (JBI) Critical 
Appraisal tools and Oxford Center for Evidence-Based 
Medicine (Oxford CEBM) checklist were adopted to assess 
the suitability of evidence for review (27-29). 

The literature search was supplemented through Google 
Scholar and bibliographies of previously found articles. All 
literature was synthesised into a comprehensive review of 
evidence on virtopsy. No ethics approval was needed for 
this review since it relies on previously published studies 
that obtained informed consent and ethical clearance. 
Additionally, our study did not involve animals or humans 
(30, 31). 

Results and Discussion

What is virtopsy and how does it work technically?
Virtopsy is a minimally invasive autopsy approach that 
has been initiated and developed to address declining 
autopsy rates in Europe. It is learned in the field of forensic 
radiology and has high correlation with conventional 
autopsies (32). This procedure utilises various radiology 
modalities, including post-mortem CT-scan (PM-CT) with 
or without angiography and multislice-CT (MSCT), post-
mortem MRI (PM-MRI) with or without angiography and 
MR spectroscopy. It can also involve contrast injection 
and 3D photogrammetry-based optical surface scanning 
for injury assessment, identifying projectiles in gunshot 
victims, obtaining tissue samples using ultrasound-guided 
(PM-US) biopsies or robotic virtospies (33). Virtopsy can 
provide objective documentation and analysis to identify 
abnormalities or evidence on autopsy examination and 
guide disease prevention, control, and treatment strategies 
(34). 

A virtopsy can determine the cause of death in situations 
where traditional autopsies are not possible or refused by 
the family (32). In details, such situations include cultural 
or religious beliefs that prohibit invasive procedures (11-
13), suspected infectious diseases that could endanger 
medical personnel (7-9), and mass/natural disasters that 
render traditional autopsies impractical (35, 36). It allows 
for determining the cause of death without compromising 
the safety of medical personnel or disturbing the body. 
Although virtopsy is not commonly used in developing 
countries due to cost and infrastructure, its feasibility 



30

ORIGINAL PAPER  JUMMEC 2023:26(2)

morphological findings, and ‘vital reactions.’ For example, 
using MSCT or T2-weighted fast SE-MRI, virtopsy allows 
us to analyse the fracture patterns, time sequences, 
fracture sequences, and types of ammunition causing 
ballistic injuries. Therefore, the bullet penetration can be 
reconstructed well (32).

Finally, it should provide an easy-to-understand overview 
of the findings in court which can be achieved through two 
or three-dimensional reconstruction of imaging. These 
requirements can be met with the use of MSCT and MRI 
imaging, which provide a comprehensive and objective 
evaluation of medico-legal reports in courts, prosecutors, 
and the police. Virtopsy can provide a valuable alternative 
to traditional autopsies, and it has the potential to improve 
the accuracy and clarity of forensic medicine (32).

Existing studies on the accuracy of virtopsy
Studies on virtopsy’s effectiveness have shown mixed 
results. In Germany, virtopsy confirmed 312 out of 336 
antemortem diagnoses (93%), while CAs confirmed only 270 
(80%) (37). Virtopsy with multiphase PM-CT angiography 
was more accurate for diagnosing cardiorespiratory-related 
deaths (37). Together, virtopsy and CAs provided 254 
new diagnoses out of 590 confirmed diagnoses. Virtopsy 
identified 87% of the diagnoses, including 73 that were only 

and potential benefits should be considered despite high 
investment costs.

One technique in virtopsy using PM-CT that has garnered 
attention is multiphase angiography in various parts of the 
body. To perform this, a modified heart-lung machine is 
used to inject paraffin oil containing 6% Angiofil through 
femoral venous and arterial access, divided into three 
phases —the arterial, venous, and dynamic phases (37). In 
the arterial phase, according to Wichmann et al. (37), an 
amount of 1,200 mL of contrast medium is injected through 
the femoral artery at a rate of 800 mL/min, with a focus on 
the heart to increase sensitivity to pathological coronary 
vessel conditions (38). Around 1,600 mL of contrast 
medium is injected via retrograde injection through the 
femoral vein at an 800 mL/min rate, followed by CT of the 
venous system using the same variables as the arteries. 
In the dynamic phase, artificial circulation is created by 
injecting 200 mL of contrast at a rate of 500 mL/min into the 
arterial cannula, with vacuum administration in the venous 
cannula. Additional contrast medium, approximately 1,000 
mL, may be required for bodies with a mass index greater 
than 30 kg/m2 (37).

Requirements for imaging on virtopsy to replace 
conventional autopsies.
Virtopsy is a new technique that has the potential to 
replace CAs. To do so, it must demonstrate five important 
forensic medicine points. Firstly, it must be able to show 
atria mortis, which summarises the pathophysiology and 
mechanism of death, as outlined in Table 1 (32). Secondly, 
it must describe pathological and morphological findings of 
bone, tissue, and internal organs related to the manner of 
death, such as contusions and stab wounds. For example, 
CT scan can reveal hyoid horn fractures in hanging cases, 
while a T2-weighted fast spin-echo (SE)-MRI can detect 
hematomas and contusions as an intense enhancement 
in motor vehicle accidents consistent with the bruising 
and hematoma found by CAs. In cases of internal organ 
injuries, a sagittal view of the T2-weighted fast SE-MRI 
can visualise lesions on the heart muscle and chambers. 
The images show the penetration of the myocardium with 
hemopericardium and intracardial blood clots. Another 
technique, the T1-weighted fast SE-MRI will show blood 
clotting, hemopericardium, and descending aorta that 
collapses after blood loss (32).

Thirdly, it must present vital reactions chronologically 
to explain the sequence of injuries leading to death, 
especially in cases of violence. If the violence occurred 
before death, it could be characterised by evidence of 
intact circulation, such as ongoing and fatal bleeding, air 
and fat embolism, and subcutaneous emphysema, as well 
as signs of aspiration indicating persistent breathing (32). 

Fourthly, virtopsy should be able to reconstruct injuries 
related to strength, biomechanics, and dynamics to better 
visualise the manner and cause of death in court or public. 
This aspect is essential to explain how external influences 
causing death give rise to atria mortis, pathological-

Table 1: Virtopsy appearance of various atria mortis (32, 37)

Organ system Atria Mortis
Central nervous 
system

• Intracerebral haemorrhage
• Intraventricular haemorrhage
• Subdural hematoma
• Epidural hematoma
• Cerebrospinal fluid collapse
• Fatal brain stem lesions
• Secondary cerebral oedema
• Increased intracranial pressure
• Acute cerebral hypoxia due to 

strangulation
Cardiovascular 
system

• Changes in heart tissue due to 
ischemia

• Myocardial hypertrophy
• Coronary Sclerosis
• Plaque rupture
• Thrombosis
• Massive swelling of the inferior 

vena cava
• Right ventricular heart failure
• Fatal bleeding

Respiratory 
system

• Lung contusion
• Aspiration
• Emphysema aquosum after 

drowning, showing patchy 
lobular lesions

• Airless lungs in stillborn babies
• Pulmonary embolism
• Ventil pneumothorax
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detectable by PM-CT angiography. Without this technique, 
51 diagnoses may have been missed. Most of these missed 
diagnoses were related to cardiovascular diseases, such as 
coronary artery stenosis (n = 32), significant stenosis of the 

abdominal or leg arteries (n = 6), and pulmonary embolism 
(n = 3), as detailed in Table 2. In contrast, CAs could only 
identify 474 out of 590 (80%) cases (37).

Table 2: Several diagnoses of the cause of death among patients were identified from clinical records (antemortem), 
virtopsy with multiphase postmortem CT scan (PM-CT) angiography, and confirmed by conventional clinical autopsy (32, 37)

Diagnosis Classification Antemortem 
Diagnosis from 
Clinical Records

N (%)

Number of Confirmed 
Diagnosis by Virtopsy PM-

CT Multiphase Angiography
N (%)

Number of Diagnoses 
Confirmed by CA

N (%)

Cumulative Number 
of Diagnosis made 

by All Methods
N (%)

Cardiovascular* 114 (60) 176 (92) 179 (94) 191

Respiratory** 55 (57) 81 (84) 65 (67) 97

Cerebral*** 8 (32) 21 (84) 22 (88) 25

Bleeding# 15 (42) 30 (83) 30 (83) 36

Neoplastic## 14 (67) 14 (67) 20 (95) 21

Infectious### 26 (87) 25 (83) 29 (97) 30

Other¶ 104 (55) 168 (88) 129 (68) 190

Total 336 (57) 515 (87) 474 (80) 590

* Such as myocardial infarction and pericardial effusion
** Such as pleural effusion, pulmonary oedema, and pneumothorax
*** Such as hemorrhagic stroke and ischemic stroke
# Such as any bleeding except brain haemorrhage
## Such as tumours and metastases
### Such as pneumonia and endocarditis
¶ Such as rib fractures, postoperative complications, and nephrolithiasis
PM-CT: post-mortem CT
CA: conventional autopsy

In the Netherlands, a study found that PM-CT increased 
diagnostic specificity in victims compared to CA only, from 
53% to 64%, and increased specificity of pathology type 
from 65% to 83% and anatomical structures from 65% 
to 85% (38). In Italy, Cirielli et al. (39) conducted a study 
on bodies with a presumed cause of death by trauma. 
They found that out of 23 bodies, only 8 required CAs to 
determine the exact cause of death (40). Similarly, another 
study in Italy found that virtopsy had similar to better 
confidence levels than CAs in assessing anatomic damage 
and estimating time to death (11). 

Implementation of virtopsy during the COVID-19 
pandemic
During the COVID-19 pandemic, modifications to 
reduce the risk of infection during autopsies have been 
recommended. These modifications include performing 
in situ examinations, reducing body manipulations, and 
avoiding embalming. However, these modifications may 
result in missing important information and misdiagnosing 
the cause of death. In situations where a full autopsy is 
necessary, the risk of infection for operators during the 
dissection of the body is a crucial concern (40). Despite 
the lack of current data on changes in CA trends during 
the COVID-19 pandemic, the outbreak of the pandemic 
in early 2020 enforced the need for safer alternatives to 
CAs (41). Additionally, the safety concerns stemming from 

the risk of infection have led to a significant decline in 
autopsy rates in the US. This decline not only affects the 
frequency of autopsies for medical and legal purposes but 
also their value as a learning tool (10, 42). To address these 
concerns, virtopsy has been suggested as a safer alternative 
to traditional autopsies. Forensic radiology with its virtopsy 
can help minimize the risk of COVID-19 transmission during 
autopsies by allowing for post-mortem evaluations without 
opening the body cavities.

Investigating the use of virtopsy during the COVID-19 
pandemic is crucial for determining if a patient died 
with or due to COVID-19, which is linked to professional 
responsibility. Autopsies provide critical assessments of 
the severity of viral damage and organ failure in a patient’s 
death (43). We have compiled a collection of twenty-
one studies (Table 3) that employed virtopsy during the 
COVID-19 pandemic, including one case-control (43), 
four retrospective monocentric cross-sectional (44-47), 
six retrospective monocentric case series (48-53), one 
prospective monocentric case series (54), and nine case 
reports (55-63). Validity and applicability of all studies 
were assessed, as shown in Supplementary Table 1–3. 
These studies were of low-level evidence based on Oxford 
CEEBM due to the difficulty of conducting controlled trials 
during a pandemic. Despite this, each study was carried 
out consecutively.
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Table 3: Summary of virtopsy implementation during the COVID-19 pandemic across different countries and regions 
worldwide

Authors, 
year, 
country

Number 
of cases

Male Female Age and 
its range 
(y.o)

Radiology 
modalities

Timeframe 
for 
performing 
virtopsy after 
death

Virtopsy's 
intended 
use in 
relation to 
CA

Measuring outcomes and benefits of 
implementation in detail

Case Control Studies
De-Giorgio 
et al., 
2021a, Italy 
(43)

13 2 11 Median: 
89 (86-
95)

PM-CT 48 h Complete 
substitution

• PM-CT was used to confirm the 
post-mortem diagnosis of COVID-19 
pneumonia, evaluating GGOs, 
consolidation, and pleural effusion for 
pulmonary abnormalities;

• Whole-body CT scans were used for 
diagnosis in all subjects, with 100% of 
them showing GGO;

• 9 out of 13 cases from a long-term care 
facility were diagnosed with severe 
COVID-19 pneumonia as the cause of 
death using PM-CT.

Retrospective Monocentric Cross-Sectional Studies
Filograna 
et al., 2022, 
Italy (44)

8 5 3 Mean: 65 
(36-89)

PM-CT 72 h Initial 
autopsy 
(triage), 
adjuvant

• 6 out of 8 cases showed severe 
pulmonary signs of COVID-19 on 
histopathological analysis, with massive 
consolidation or bilateral diffuse mixed 
densities with a crazy-paving pattern;

• The remaining 2 cases showed minor 
GGO mostly due to hypostasis;

• In 6 out of 8 cases with severe pulmonary 
histopathological signs of lung COVID-19, 
autopsy confirmed cardiorespiratory 
failure as the cause of death;

• Chest PM-CT findings were correlated 
with the severity of COVID-19 
lung disease on histopathological 
examination;

Thomas et 
al., 2022, 
USA (45)

42 34 8 Mean: 
49.6 (19-
89)

PM-CT 24 h Complete 
substitution

• 35 out of 42 individuals with official 
death certificates indicating death from 
COVID-19 had pulmonary PM-CT findings 
consistent with the disease;

• PM-CT results suggest that 14.3% of the 
deceased individuals who were positive 
for COVID-19 may have died from a 
different cause;

• 57% of individuals who died from 
COVID-19 had PM-CT results indicating 
vascular disease;

• PM-CT can provide valuable additional 
information for forensic pathologists 
to determine the cause of death in 
individuals with SARS-CoV-2 infection.

Heinrich et 
al., 2020, 
Germany 
(62) 

1 1 0 59 PM-CT No data Initial 
autopsy 
(triage), 
adjuvant

• Radiological assessment showed 
bilateral pleura effusions, ground-glass 
opacifications, and reticular consolidation 
in the lungs;

• Internal examination revealed 
edematous and heavy lungs with deep-
red discolorations, acute hemorrhagic 
tracheitis, and bronchitis;

• Histopathology of the lungs revealed 
diffuse alveolar damage with hyaline 
membranes and mononuclear 
inflammatory cells;

• Postmortem molecular genetic testing 
confirmed SARS-CoV-2 infection with high 
viral loads in the lung but no evidence 
of viral components in other organs or 
bodily fluids;

• Other organs showed minimal signs of 
various conditions such as hepatomegaly, 
hepatic steatosis, renal cysts, advanced 
myocardial fibrosis, and unspecific 
immune response in the brainstem.
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Authors, 
year, 
country

Number 
of cases

Male Female Age and 
its range 
(y.o)

Radiology 
modalities

Timeframe 
for 
performing 
virtopsy after 
death

Virtopsy's 
intended 
use in 
relation to 
CA

Measuring outcomes and benefits of 
implementation in detail

O’Donnell 
et al., 2021, 
Australia 
(47)

39 24 15 Mean: 75 
(15-95)

PM-CT No data Initial 
autopsy 
(triage), 
adjuvant

• The study examined PM-CT as a 
screening test for COVID-19;

• 39 deceased with positive SARS-CoV-2 
RT-PCR tested using routine whole-body 
CT scans, 12 underwent autopsy;

• Lung histology consistent with COVID-19 
pneumonia found in 9 of 12 autopsies, 
only 5 of 12 had typical clinical lung 
findings on PM-CT;

• Pathologists may find it difficult to 
determine if SARS-CoV-2 caused or just 
associated with death as clinical lung 
findings not always visible on PM-CT;

• PM-CT findings can vary in intensity, 
subtlety, and be obstructed by factors 
like agonal changes during dying.

Prospective Monocentric Case Series
Coolen et 
al., 2020, 
Belgium 
(54)

19 14 5 Mean: 77 
(49-94)

PM-CT
PM-MRI

24 h Complete 
substitution

• Parenchymal brain MRI abnormalities 
were observed in 4 of 19 decedents 
(21%);

• The abnormalities included subcortical 
microbleeds, macrobleeds, edematous 
changes, and white matter changes;

• Four others (21%) had asymmetrical 
olfactory bulbs, but no abnormalities 
were observed in the brainstem;

• The study does not support the idea that 
respiratory distress in COVID-19 is caused 
by brainstem abnormalities;

• It is possible that the virus affects the 
brainstem in ways that are not visible 
on MRI.

Retrospective Monocentric Case Series
Martin et 
al., 2022, 
Brazil (48)

7 3 4 Mean: 44 
(11-74)

PM-CT
PM-US
PM-MRI

No data Complete 
substitution

• 7 COVID-19 deceased patients 
underwent virtopsy with brain MRI and 
CT images, and 6 of them had tissue 
sampling;

• Various brain abnormalities were found 
in the imaging, including infarcts, 
brain hemorrhagic foci, subarachnoid 
hemorrhage, and signal abnormalities in 
different parts of the brain;

• All 6 cases had reactive gliosis, 
congestion, cortical neuron eosinophilic 
degeneration, and axonal disruption in 
brain histological analysis;

• Other findings included cerebral small 
vessel disease, perivascular hemosiderin 
deposits, alzheimer type II glia, and 
periventricular encephalitis foci.

De-Giorgio 
et al., 
2021b, Italy 
(49)

9 0 9 Mean: 85 
(71-99)

PM-CT No data Initial 
autopsy 
(triage), 
adjuvant

• The study analysed nine subjects from 
two nursing homes who were tested 
positive for COVID-19 and died;

• The corpses exhibited uniform autopsy 
and histological features, including 
cherry-red hypostasis, internal visceral 
cherry-red coloration, pulmonary edema, 
and congestion accompanied by 
intraalveolar hemorrhages, and varying 
levels of atherosclerosis;

• Carbon monoxide poisoning was 
identified as the cause of death in five 
cases, and COVID-19 was found to be a 
contributing cause in four cases;

• Histological analyses and computed 
tomography examination were essential 
to classify the patients as dying with or 
due to COVID-19;

Table 3: Summary of virtopsy implementation during the COVID-19 pandemic across different countries and regions 
worldwide (continued)
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Authors, 
year, 
country

Number 
of cases

Male Female Age and 
its range 
(y.o)

Radiology 
modalities

Timeframe 
for 
performing 
virtopsy after 
death

Virtopsy's 
intended 
use in 
relation to 
CA

Measuring outcomes and benefits of 
implementation in detail

• CT imaging of COVID-19, including 
bilateral multi-lobar GGOs, was observed 
in all cases.

da Silva et 
al., 2021, 
Brazil (51)

5 0 5 Mean: 32 
(11-67)

PM-CT and 
PM-US

24 h Complete 
substitution 

• PM-CT imaging showed disease 
progression until death in all five cases 
examined;

• The main findings on PM-CT included 
consolidation of both lungs with GGOs 
and internal septal thickening in a crazy-
paving pattern, indicating ARDS;

• The study emphasized the importance 
of using premortem chest CT findings in 
conjunction with PM-CT findings for a 
more accurate interpretation of disease 
progression;

• PM-CT can guide small tissue sample 
biopsies for important histopathologic 
analysis;

• Despite the known limitations of PM-
CT, the study concluded that it can 
be a useful tool in minimally invasive 
autopsies of fatal COVID-19 cases.

Kniep et 
al., 2021, 
Germany 
(50)

3 2 1 80, 89, 
and 90

PM-CT 48 h (two of 
cases were 
within 8 and 
24 h)

Initial 
autopsy 
(triage), 
adjuvant

• PM-CT showed GGO, consolidation, 
nodules, and peripherally accentuated 
consolidations in the pulmonary lobes;

• Difficulties in interpreting lungs in PM-CT 
include hypostasis, pleural effusions, and 
dorsal hypostasis appearing as milk glass 
opacity;

• Fast post-mortem imaging is necessary to 
reduce the effects of hypostasis;

• Autopsy confirmed COVID-19 pneumonia 
as the direct cause of death.

Williams et 
al., 2021, 
Canada (52)

5 5 0 Mean: 71 
(51-77)

PM-CT No data Initial 
autopsy 
(triage), 
adjuvant

• PM-CT showed diffuse lung changes, 
ground glass-type opacifications, 
consolidation, and less involved lung 
parenchyma;

• Histopathology revealed diffuse 
alveolar damage in varying stages of 
cellular evolution, confirming COVID-19 
diagnosis;

• PM-CT useful in cases of community 
deaths with limited medical history or 
social contacts;

• Virtopsy allows pre-autopsy screening 
and appropriate precautions, and 
collection of respiratory specimens for 
virological studies.

Duarte-Neto 
et al., 2020, 
Brazil (53)

10 5 5 Median: 
69 (33-
83)

PM-US No data Complete 
substitution

• MIA-US showed extensive alveolar 
damage, fibrinous thrombi, and high 
density of alveolar megakaryocytes in all 
patients;

• Thrombi were also found in other organs;
• The severity of COVID-19 was associated 

with comorbidities, age, and sepsis, as 
well as tissue damage caused by the 
virus;

• MIA-US is a safe and effective method for 
studying severe COVID-19.

Case Reports
De-Giorgio 
et al., 2022, 
Italy (55) 

1 0 1 42 PM-CT 24 h 
(perimortem) 
with the 2nd 
attempt was 
done in >72 h 

Initial 
autopsy 
(triage), 
adjuvant

• The first PM-CT scan indicated COVID-19 
with diffuse GGOs and interstitial 
markings in all lobes. The second scan 
was inconclusive due to postmortem 
changes, highlighting the limitation of 
PM-CT for late postmortem COVID-19 
diagnosis;

Table 3: Summary of virtopsy implementation during the COVID-19 pandemic across different countries and regions 
worldwide (continued)
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Table 3: Summary of virtopsy implementation during the COVID-19 pandemic across different countries and regions 
worldwide (continued)

Authors, 
year, 
country

Number 
of cases

Male Female Age and 
its range 
(y.o)

Radiology 
modalities

Timeframe 
for 
performing 
virtopsy after 
death

Virtopsy's 
intended 
use in 
relation to 
CA

Measuring outcomes and benefits of 
implementation in detail

• PM-CT findings of COVID-19 pneumonia 
are non-specific and can be masked by 
postmortem changes;

• The unenhanced CT scan showed typical 
COVID-19 pneumonia findings, but not 
specific;

• The PM-CT scan showed bilateral 
consolidation and effusion, but was 
unable to evaluate lung infectious 
diseases.

Vaishnav et 
al., 2022, 
India (56)

1 1 0 29 PM-CT 48 h Complete 
substitution

• The risk of COVID-19 transmission has 
discouraged autopsies, creating ethical 
dilemmas in medicolegal cases. For 
example, in cases where a young person 
dies suddenly and foul play is suspected, 
forensic pathologists may be needed;

• PM-CT appropriately determined the 
cause of death as cerebral edema with 
bilateral tonsillar herniation resulting 
from hypertensive intracerebral bleed.

Xie et 
al., 2022, 
Canada (57)

1 1 0 51 PM-CT No data Initial 
autopsy 
(triage), 
adjuvant

• CT imaging is more sensitive than RT-PCR 
in suspected COVID-19 cases with false 
negative results;

• PM-CT is a powerful and safe screening 
tool for COVID-19 pneumonia, even in 
cases of double negative swabs;

• The use of PM-CT for screening purposes 
is not limited by radiation risks and 
allows for targeted and safe autopsies;

• PM-CT helps pathologists alter dissection 
approaches and minimizes the risk of 
pathogen exposure in COVID-19 cases.

Filograna 
et al., 2022, 
Italy (44)

8 5 3 Mean: 65 
(36-89)

PM-CT 72 h Initial 
autopsy 
(triage), 
adjuvant

• 6 out of 8 cases showed severe 
pulmonary signs of COVID-19 at 
histopathological analysis, with 
corresponding chest PM-CT findings of 
massive consolidation or bilateral diffuse 
mixed densities with a crazy-paving 
pattern. The remaining 2 cases had scant 
antideclive GGO due to hypostasis;

• In 6 out of 8 cases, cardiorespiratory 
failure was confirmed as the cause 
of death in individuals with severe 
pulmonary histopathological signs of lung 
COVID-19. In the remaining 2 cases, lung 
alterations due to edema and some signs 
of SARS-CoV-2 infection were present, 
but COVID-19 was not attributed as the 
cause of death;

• Chest PM-CT findings correlated with 
the severity of COVID-19 lung disease at 
histopathology examination.

Fitzek et 
al., 2020, 
Germany 
(59)

1 1 0 59 PM-CT No data Initial 
autopsy 
(triage), 
adjuvant

• PM-CT scan revealed bilateral pleural 
effusions, reticular consolidation, and 
ground-glass density nodules;

• External post-mortem examination 
showed a slightly obese man in good 
health who received basic medical care;

• Internal examination showed pneumonia 
superimposed by embalming, 
pulmonary edema, and hemorrhagic 
tracheobronchitis;

• Cause of death suspected to be viral 
pneumonia and manner of death defined 
as natural;
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Authors, 
year, 
country

Number 
of cases

Male Female Age and 
its range 
(y.o)

Radiology 
modalities

Timeframe 
for 
performing 
virtopsy after 
death

Virtopsy's 
intended 
use in 
relation to 
CA

Measuring outcomes and benefits of 
implementation in detail

• Lung histology revealed hyaline 
membranes, microthrombi, and protein-
rich edema with low-grade lymphocyte 
infiltration, while moderate penetration 
of inflammatory cells was found in the 
intestinal wall. No other pathological 
findings were observed in other organs.

Barton et 
al., 2020, 
USA (60) 

2 2 0 77 and 42 PM-chest-
X-ray

No data Initial 
autopsy 
(triage), 
adjuvant

• In Case 1, postmortem chest X-rays 
showed dense bilateral consolidations 
with diffuse alveolar damage and chronic 
inflammation found microscopically. 
T-lymphocytes were highlighted with 
immunohistochemical stains;

• Case 2 displayed less consolidative 
diffuse opacities in both lungs with acute 
bronchopneumonia observed during 
autopsy. A pre-mortem CT scan showed 
bilateral ground-glass opacities, and a 
foreign particle was found in one of the 
airways microscopically.

Ducloyer et 
al., 2020, 
France (61)

1 1 0 75 PM-CT 24 h Initial 
autopsy 
(triage), 
adjuvant

• The person died from untreated SARS-
CoV-2 infection;

• The use of PM-CT helped detect severe 
lung damage before autopsy in a natural 
death case;

• Microscopic analysis showed severe lung 
damage, with diffuse alveolar damage, 
inflammation, and fibrosis as the main 
abnormalities.

Helmrich et 
al., 2020, 
USA (46)

14 11 3 Range 
29-82 

PM-CT No data Initial 
autopsy 
(triage), 
adjuvant

• Imaging findings of COVID-19 include 
mixed densities, traction bronchiectasis, 
crazy paving, and ill-defined rounded 
consolidations;

• Traction bronchiectasis, ill-defined 
rounded consolidations, and reverse halo 
sign can distinguish COVID-19 from other 
postmortem changes;

• PM-CT triage can help diagnose 
COVID-19 before autopsy examination.

Schweitzer 
et al., 2020, 
Switzerland 
(63) 

1 1 0 50 PM-CT 24 h Initial 
autopsy 
(triage), 
adjuvant

• The case reports an outpatient with 
rapidly progressing pulmonary symptoms 
and eventuallyeveloping ARDS;

• Post-mortem CT can be useful in 
detecting COVID-19 related lung changes, 
but more specific tests may be needed 
for precise investigations;

• Histological examination showed 
inflammation and binuclear lymphocytes;

• Acute liver dystrophy and acute tubular 
necrosis were found in the kidneys;

• The only notable pathology of the heart 
was coronary artery atherosclerosis.

ADC: apparent diffusion coefficient
ARDS: acute respiratory distress syndrome
CA: conventional autopsy
CT: computed tomography
DWI: diffusion-weighted imaging
GGOs: ground glass opacities
MIA-US: ultrasound- guided minimally invasive autopsy
PM-CT: post-mortem CT
RT-PCR: reverse transcription polymerase chain reaction

Table 3: Summary of virtopsy implementation during the COVID-19 pandemic across different countries and regions 
worldwide (continued)
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Based on the data extracted in Table 3, the search focused 
on the imaging appearances of lung and extrapulmonary 
disease in SARS-CoV-2 positive cases. We thoroughly 
examined 21 studies that included 191 cases of COVID-19 
infection resulting in death and virtopsy. All the selected 
papers were limited to this area of research. The largest 
report came from the USA, which had 42 deceased with 
SARS-CoV-2 infection (45). The countries of publication 
included Italy (n = 5), the USA (n = 3), Brazil (n = 3), 
Germany (n = 3), Canada (n = 2), Belgium (n = 1), Australia 
(n = 1), France (n = 1), Switzerland (n = 1), and India (n = 
1), with only two developing countries (Brazil and India) 
represented. Most of the studies used PM-CT (19 reports, 
n = 172 deceased), while 3 reports used PM-US (n = 22 
deceased), 2 used PM-MRI (n = 26 deceased), and 1 used 
PM chest X-ray (n = 2 deceased).

The timing of the virtopsy in relation to the time of death 
is a crucial factor to consider. Most of the virtopsies were 
performed within 24 hours (n = 7), 48 hours (n = 3), and 
72 hours (n = 1). However, 11 studies did not provide 
information about the timing of the virtopsy after death. It 
is important to note that postmortem intervals exceeding 
72 hours can negatively impact accurate radiological 
evaluation due to significant postmortem changes, 
particularly the presence of gas within organs (58). The age 
range of deceased individuals investigated using virtopsy 
was between 11 and 99 years old. Old age is a prominent 
factor in the severity and risk of death from SARS-CoV-2 
infection, and its distribution is higher in Italy compared to 
other countries (49). Males were predominant, with 113 
deceased compared to 71 females. Virtopsy was used in 
14 cases for triage or screening for conventional autopsy 
as well as adjuvant/complement to CA, while in 7 reports, 
virtopsy was used as a complete substitution for CA. During 
the COVID-19 pandemic, most cases used PM-CT and PM-
MRI modalities. The use of virtopsy was 14 for triage or 
screening for CA as well as adjuvant/complement to CA, 
while 7 reports used virtopsy as a complete substitution 
for CA. Combining CT and CT-angiography has proven to 
be a sensitive tool for diagnosing the cause of death and 
can provide higher sensitivity than ordinary autopsy in 
detecting medico-legally essential findings. The use of 
PM-CT angiography is more effective than CT without 
angiography and CA in identifying important medical-legal 
findings. With the addition of CT angiography, the detection 
rate of new significant diagnoses increased from 71.4% to 
92.9% (64).

Virtopsy using PM-CT is a useful and non-invasive 
method for analysing tissue and biological samples of 
suspected SARS-CoV-2 infected deaths, without posing 
a significant risk to operators. Preliminary information 
obtained from PM-CT can provide insight into potential 
COVID-19 lung disease, especially in the absence of pre-
death clinical information and viral analysis results (63). 
However, interpreting the results of PM-CT scans can be 
challenging due to post-mortem artifacts that can diminish 
the usefulness of certain features in determining fatal 
COVID-19, but features such as traction bronchiectasis 

and ill-defined rounded opacities can indicate COVID-19 
SA (46). Additionally, various factors such as hypostasis 
and autolysis can hinder PM-CT interpretation of lung 
pathology, but histology can confirm the cause of damage 
(47).

To diagnose fatal COVID-19 accurately, various correlations 
are required, including clinical, radiological, microbiological, 
and histopathological. Histopathological correlation is 
particularly crucial since it is unclear whether COVID-19 
can cause non-lung-related complications, and further 
exploration is needed (52). A PM-CT scoring system 
was made to determine the sensitivity and specificity of 
features to distinguish between COVID and non-COVID 
deaths. Their scoring system has a sensitivity of 84.6% and 
specificity of 90.9% (43). Since COVID-19 may also cause 
abnormal coagulation due to severe endothelial injury, 
PM-CT angiography is a useful technique for detecting 
central and paracentral pulmonary embolism and other 
thrombotic or thromboembolic events, but peripheral 
pulmonary embolisms may be missed due to artifacts (65). 
PM-CT can be used routinely for screening purposes in 
post-mortem settings without the risk of radiation-related 
hazards. PM-CT-guided percutaneous biopsies can provide 
low-invasive investigations in deceased COVID-19 patients 
and reduce the risk of infection for operators compared 
to CAs (66).

Virtopsy with CT and MRI is effective but requires 
specialised facilities. Portable X-rays and ultrasound devices 
are cost-effective alternatives. In the USA (60), postmortem 
radiography using chest X-ray imaging was performed on 
two COVID-19 patients. Meanwhile, a portable ultrasound 
imaging has been used in remote areas of Africa during 
recent Ebola outbreaks (67). In the absence of high-tech 
virtopsy facilities, PM-US can be a cost-effective and safer 
alternative to extensive autopsies for COVID-19 cases (68). 
Lung ultrasound is a quick, sensitive, and non-invasive 
method that can detect several pulmonary diseases at 
the bedside, and “echopsy” is an ultrasound-guided 
collection of tissue samples that is regarded as a reliable 
and safer alternative to traditional autopsies. PM-US can 
be especially useful in low-resource settings during the 
COVID-19 pandemic to protect forensic personnel from 
exposure to the virus. Radiology, including ultrasound 
and fluoroscopy, can aid in detecting injuries and natural 
causes of death, with CT scans being the preferred method 
for diagnosing COVID-19 in post-mortem cases (69, 70).

Comparison of imaging modalities in virtual 
autopsy and their relevancy for COVID-19 cases 
prooving
The level of confidence in virtopsy depends on the modality 
used, which can consist of the following: 

1. Postmortem ultrasound 
Ultrasound is a non-invasive imaging technique increasingly 
used for virtopsy to avoid radiation contamination (71). 
PM-US is valuable in evaluating tumors, masses, pregnancy, 
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and cardiovascular pathology, including identifying 
atherosclerosis and thromboembolic disease (71). It is 
also useful in identifying changes in organ morphology 
and size, detecting fluid accumulation in body cavities, 
and guiding minimally invasive procedures. To obtain 
high-quality images, a delay of 1-2 hours after refrigeration 
is recommended, and different probes should be used 
for different areas. Although challenging for obese or 
postmortem gas-formed corpses, PM-US can help reduce 
the risk of infection and complications. A study found 83% 
agreement in cause of death and pathological findings 
between ultrasound and autopsy (echopsy) (72). 

PM-US is often used in cases of fetal or perinatal death, 
which occur in approximately 1% of pregnancies, due to 
the lack of perinatal autopsies and demand for non-invasive 
methods (73, 74). While CA is valuable, legal formalities 
have reduced its rate. Non-invasive echopsy or virtual fetal 
autopsies have been suggested as alternatives, with fetal 
echopsy being a non-invasive USG-guided needle autopsy 
that confirms anomalies without parental consent, making 
it an effective research methodology (75). PM-US has 
reported sensitivity and specificity rates of 75% and 83.3%, 
respectively, for whole-body diagnoses. Accuracy rates for 
heart abnormalities are lower, ranging from 18.2-50% (68, 
73, 76). PM-US can provide similar information as perinatal 
autopsy without additional imaging, but its diagnostic 
potential is reduced in small gestational aged fetuses, 
prolonged retention, and suspected cardiac anomalies. 
The CNS is the most common system discussed, with 
congenital disorders leading to pregnancy termination. 
Detecting complex cardiac anomalies is difficult due to 
lack of blood circulation and intra-cardiac gas. Renal, 
abdominal, skeletal, and soft tissue anomalies can also be 
detected. PM-US reviews associated structural anomalies 
rather than identifying specific anomalies (73). 

Perinatal virtual autopsies using PM-US are valuable 
for confirming or ruling out antemortem diagnoses 
without invasive procedures, which can reduce distress 
for parents and provide important information for 
prenatal and genetic evaluations. It is necessary in cases 
of congenital malformations, recurrent fetal death, 
non-immune hydrops, IUGR, suspected infections, and 
unexplained events. Congenital malformations affect 
8.3% of pregnancies, with the central nervous system, 
cardiovascular, musculoskeletal, and genitourinary systems 
being commonly affected (77). A pilot study showed that 
the fetal heart can be accurately imaged using PM-US, 
including atria, ventricles, and septum (78). Non-invasive 
imaging tools can serve as an audit for first-trimester 
anomalies. In a case report, fetal echopsy (PM-US) 
was used to diagnose abnormal connections between 
placental and cord vessels in monozygotic monoamniotic 
twins or triplets, which can result in the development of 
acardius myelancephalus and subsequently, twin-to-twin 
transfusion syndrome (TTTS). The use of USG allowed for a 
non-invasive approach to diagnose the condition, avoiding 
the need for invasive fetal autopsy (75).

Virtual autopsy using ultrasound has high sensitivity and 
specificity for detecting abnormalities in the brain, heart, 
lungs, and abdomen. A Belgian study found that it is 
feasible as early as 11 weeks’ gestation (74). One study 
found that ultrasound findings were consistent with 
autopsy findings in 86.7% of cases (79), while another study 
found that autopsy confirmed the prenatal ultrasound 
findings in 50% of cases and changed the primary diagnosis 
in 9.09% of cases (80). In adults, PM-US can evaluate 
various pathological conditions in the body such as cardiac 
hypertrophy, liver metastasis, renal cysts, and intracranial 
hemorrhage in infants (72). In Brazil, ultrasound was used 
to guide tissue sampling in ten decedents with SARS-Cov2 
infections, revealing positive signs such as pulmonary 
diffuse alveolar damage and myocardial fibrosis (53). PM-
US has the potential to reduce autopsy costs, produce 
fewer aerosols, and avoid distress for parents in cases of 
congenital malformations and unexplained events (71). 

Overall, ultrasound is a safe and affordable alternative 
to conventional autopsy that can enhance diagnostic 
accuracy and minimize risks. It has been used to identify 
pathological conditions and guide minimally invasive 
procedures, making it a valuable tool for studying infectious 
and non-infectious diseases (81). Ultrasound is also useful 
in limited resource settings and can provide forensic 
pathological insights into the corpse’s internal structure. 
However, ultrasound images may not be feasible for highly 
decomposed bodies and have limitations in detecting soft-
tissue abnormalities (77). Moreover, operator-dependent 
variability and the need for specific guidelines for PM-US 
examination restrict its use. Despite the potential benefits, 
virtopsy is replaced by more accurate modalities such 
as PM-CT and PM-MRI (74). While ultrasonography is 
not useful for determining the circumstances or causes 
of death, it may serve as a quick and easy screen for 
pneumothoraces before performing CA.

2. Postmortem CT scan
PM-CT is a commonly used imaging tool in forensic science 
for medico-legal death investigations and hospital-related 
death cases where autopsy is not available or allowed due 
to family objections. It is preferred for its ease of viewing 
tissue, identification of foreign substances, fractures, 
and accumulation of gases and fluids in the body. PM-
CT also allows for three-dimensional reconstruction to 
clarify the mechanism of death and can be supported by 
angiography and tissue removal for postmortem biopsies 
(23, 82-83). Although PM-CT actually can be used in all 
cases, their benefits getting pay attention in COVID-19 
cases in several prior studies reviewed (45, 53-54, 56, 60-
61, 63). PM-CT is especially useful in COVID-19 cases as it 
can identify pulmonary changes with excellent contrast on 
non-enhanced CT scans (84). The most frequent findings 
include bilateral ground glass opacities (GGOs) with a crazy 
paving pattern and consolidations in either a diffuse or 
peripheral distribution (85). However, PM-CT is not specific 
enough to replace histopathological and microbiological 
analysis for determining the cause of death. Additionally, 
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early-stage pathology may not be detectable on PM-CT, and 
forced mechanical ventilation of cadaveric lungs may be 
necessary to enhance the detection of COVID-19-related 
lung alterations (62, 85).

Since SARS-COV-2 can harm other organs indirectly or 
directly, at this point, PM-CT imaging can detect most 
extrapulmonary CT changes related to the infection, 
such as brain damage, enlarged lymph nodes, and 
reduced liver density (86). Unenhanced PM-CT can 
also reveal intravascular coagulation and pulmonary 
thromboembolism in critically ill patients. Distension of 
the inferior vena cava on PM-CT may indicate pulmonary 
thromboembolism with 83% specificity and 54% sensitivity 
(87). PM-CT can be an alternative to autopsy for SARS-
CoV-2 RT-PCR testing with proper clinical history due to 
safety concerns for mortuary staff and pathologists (47).

As a part of PM-CT, PM-CT angiography is useful in 
virtual autopsies to provide essential information about 
the vascular system in non-decomposed bodies. It can 
detect pulmonary thromboembolism and deep venous 
thrombosis in some cases but has limited ability to identify 
peripheral pulmonary embolism (88). PM-CT-guided 
biopsy is a minimally invasive technique that can provide 
tissue and fluid samples for further analysis in suspected 
COVID-19 cases. It has been successfully applied in post-
mortem investigations of COVID-19 patients and can 
overcome some limitations of virtual autopsy techniques 
(66). While PM-CT angiography has its uses, histological 
analysis remains the preferred method for detecting 
microvascular thrombosis and embolism.

PM-CT is a less risky alternative to autopsy, especially 
during the pandemic. It can serve as a screening tool and 
reveal the cause of death and identify viral pneumonia as 
the cause of death with the landmark finding of peripheral 
milk glass opacity (50). PM-CT can also provide valuable 
information on lung disease and comorbidities without 
exposing operators to high-grade pathogens. The use of 
PM-CT has revealed that COVID-19 decedents commonly 
had comorbidities such as cardiac enlargement and 
vascular disease and were overweight or obese (45). 
However, PM-CT may not reliably detect moderate or 
asymptomatic cases. PM-CT can guide pathologists in 
investigating natural deaths and obtain appropriate 
samples for virology and histology. The findings highlight 
the potential of PM-CT to increase post-mortem analysis 
while preventing contamination (61).

3. Postmortem MRI 
Postmortem MRI is a useful tool in clinical forensic 
investigations, allowing for non-ionizing radiation 
imaging of internal organs to identify soft tissue injuries 
and pathological conditions (23, 82-83). A Belgian study 
conducted brain MRI on 19 deceased individuals with 
COVID-19, which revealed subcortical macro- and micro-
hemorrhages, edematous changes indicative of posterior 
reversible encephalopathy syndrome (PRES), nonspecific 

white matter changes, and asymmetric olfactory bulbs in 
some cases. This study found some abnormalities in the 
olfactory bulbs, which may be linked to anosmia. However, 
specific brainstem abnormalities were not found to support 
respiratory distress in COVID-19 (54). In Brazil, a study 
using brain MRI showed that intra-axial susceptibility 
abnormalities suggestive of microhemorrhage were the 
most common finding in COVID-19 patients, but these 
abnormalities are not specific to COVID-19 and can occur 
in other critically ill patients. Pathological analysis was 
found to be superior to imaging in detecting perivascular 
hemorrhages (48). 

Despite the usefulness of postmortem MRI in demonstrating 
neurological pathology during the COVID-19 pandemic, 
understanding MRI results can be complicated due to 
several factors. These factors include changes that occur 
in the organ after death, a reduction in the apparent 
diffusion coefficient (ADC) throughout the organ that 
makes it difficult to interpret data from DWI scans, and 
the absence of blood flow, which makes it impossible to 
use certain types of tracers such as gadolinium, as well as 
endogenous tracers like arterial spin labeling, blood oxygen 
level-dependent signal, and time-of-flight angiography (54).

4. 3D Photogrammetry-Based Optical Surface 
Scanning

3D photogrammetry-based optical surface scanning 
involves scanning an object’s surface from various angles 
and using a surface scanning application unit to form a 
real-colour 3D surface reconstruction with high accuracy 
down to less than 1 mm. This method is more effective 
in assessing surface tissue damage than postmortem CT 
scans and MRI (89-91).

A study in South Korea compared CT scans, MRI, and 
CA in determining the cause of death cases in five types 
of death cases, showing good consistency between 
radiological findings and conventional autopsies with high 
accuracy (92). CT scans are useful for diagnosing traumatic 
head injury, fatal bleeding, and pneumothorax, while 
MRI is preferred for diagnosing ischemic heart disease, 
tracking metal object route, and determining soft tissue 
lesions, degree of bleeding chronicity, and bone bruising 
(92). However, there is no comparison between 3D 
photogrammetry-based optical surface scanning and CT 
and MRI in virtopsy, as this method is designed for three-
dimensional reconstruction of the body and injuries, which 
should be supported by other modalities (e.g., CT scan and 
MRI) with unique camera tools (23, 93).

In this evidence-based review, we proposed an algorithm 
for selecting the appropriate modality for postmortem 
imaging, taking into account the need for 3D reconstruction, 
biopsy, and CA in medical and court settings, As shown in 
Figure 1, this algorithm can facilitate the implementation 
of virtopsy in clinical practice, teaching, education, and 
research purposes for both in the forensic department and 
radiology division (94). 
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According to the imaging modality selection flowchart, if 
there is a patterned injury, photogrammetric techniques 
should be used to capture a colour 3D documentation 
of the body surface from different positions. This data is 
then reconstructed into a 3D model using “virtual robot or 
virtobot” software. For suspected vascular injury or internal 
bleeding, CT scan angiography is the preferred method. If 
there are no ferromagnetic foreign bodies, such as metal 
fragments, detected by CT scan, then the body can be 
examined further with MRI for evaluation (94).

Benefits and limitations of virtopsy
Virtopsy offers several advantages over traditional post-
mortem examinations. The first benefit of virtopsy is its 
efficiency and non-invasiveness, allowing for quick and 

accurate visualization of suspicious areas related to organ 
damage or foreign bodies. It allows for faster identification 
of the body and important anatomical structures such as 
bone and spinal degeneration, fractures, and calcifications 
in blood vessels. Virtopsy is particularly useful in developing 
countries where mass disasters are frequent. By quickly 
and accurately identifying anatomical structures, virtopsy 
expedites the identification process, which is crucial in 
such situations. This is especially important in areas with 
limited resources and infrastructure, where traditional 
post-mortem examinations may take longer or be less 
accurate (11, 23, 82-83). 

Second, virtopsy is a valuable tool in developing countries 
with high rates of criminality, particularly in cases involving 
gunshot wounds. It can accurately locate foreign bodies 

Figure 1: The flowchart for selecting imaging modalities in virtopsy, accompanied by an algorithm outlining the 
requirements for conventional 3D reconstruction, biopsy, and conventional autopsy.
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such as bullets and determine their path, position, and 
caliber, which is crucial for forensic investigations. CT scans 
can also measure the density of foreign bodies through 
Hounsfield unit (HU) measurements, providing additional 
information for criminal investigations. This technology 
is especially important in developing countries where 
resources for forensic investigation may be limited or 
unavailable, and where the accuracy of traditional post-
mortem examinations may be insufficient for criminal 
investigations. (11, 23, 82-83). 

The third advantage of virtopsy is particularly useful 
in the context of clinical forensics, as it can identify 
internal injuries that may not be visible during external 
examination. For instance, MRI can detect injuries in 
cases of strangulation, while other modalities like PM-CT 
can prevent damage to pathological conditions during 
internal autopsy examination (e.g., gas accumulations, 
pulmonary embolism, fragmented skull fractures) and 
thus do not interfere with pathological conditions that 
might be important for determining the cause of death 
(11, 23, 82-83).

In developing countries, the use of virtopsy can also 
provide significant advantages in forensic investigations. 
For instance, the ability to create three-dimensional 
reconstructions using MSCT or 3D photogrammetry-
based optical surface scanning can help clinicians and 
investigators better understand pathological conditions 
and determine the cause of injury or death. Moreover, 
this technology can produce accurate forensic facial 
reconstructions, which can be crucial for identifying victims 
or perpetrators in medico-legal cases. The non-invasive 
nature of virtopsy also means that it can be performed 
without damaging the tissue, making it a valuable tool 
for forensic investigations in regions where resources are 
limited and access to CA procedures may be restricted 
(11, 23, 82-83).

Lastly, storing virtopsy results in a database is another 
significant advantage, particularly in the context of 
developing countries where resources may be limited. 
It reduces the need for exhumation and facilitates 
reassessments to identify missed abnormalities during 
internal examinations. The stored data can aid future 
investigations, especially when a case is brought back to 
court. This can be especially useful in developing countries 
where access to forensic experts may be limited, but the 
stored data can provide valuable information for ongoing 
investigations (11, 23, 82-83).

However, virtopsy also has several limitations. It cannot 
assess the color, texture, and odor of internal organs, 
nor provide direct information about a patient’s infection 
status (82, 83). Additionally, normal findings can be 
mistaken for foreign bodies, such as accumulation of blood 
in livor mortis and the presence of maggots (23, 82-83). 
Moreover, vascular damage and decomposition can reduce 
the effectiveness of PM-CT angiography (83). Virtopsy 
is operator-dependent and requires specialized medical 
devices (83). Furthermore, the implementation of virtopsy 

may be hindered by legal and regulatory barriers, especially 
in developing countries where it may not be widely known 
or understood (83). 

Application of virtopsy
Virtopsy has several applications, including triage, adjuvant, 
and an alternative to CA. As a useful triage tool, virtopsy can 
help determine whether a case requires a CA, especially in 
countries with limited forensic facilities (95). Radiologists 
can provide essential findings from virtopsy to forensic 
specialists to assess whether the available information is 
sufficient to determine the cause of death (94). Moreover, 
virtopsy can provide initial information for criminal 
investigation before proceeding with CA as requested by 
investigating police (64).

Another potential application of virtopsy is as an adjuvant 
to conventional autopsies. Virtopsy can simplify the task of 
forensic doctors by facilitating the discovery of important 
information and its relationship to the cause of death. This 
advantage is especially beneficial in developing countries 
where infection is a concern and physical contact with the 
body should be minimized. Some examples of the use of 
virtopsy as an autopsy adjuvant method include identifying 
fractures and reconstructing them, identifying emboli, 
calculating the amount and distribution of gas in the body, 
and identifying structural abnormalities of the vertebrae 
and spinal cord (92).

Finally, while some countries have used virtopsy as a 
complete substitute for CAs in disaster conditions, it is 
still unable to completely replace them in developing 
countries due to its limitations such as low-level accuracy 
in identifying damaged or broken bodies and degraded 
cadavers (96). Moreover, a lack of knowledge of forensic 
radiology can also lead to later discrepancies in the 
interpretation of findings. Further decomposition that 
damages the vascular mucosa may complicate contrast 
injection CT-scan angiography. In addition, the high cost 
of CT-scans and MRI equipment makes it challenging 
to provide separate imaging facilities, considering that 
imaging facilities for living patients should not be used for 
autopsy purposes and vice versa (92). Although there are 
challenges, virtopsy has been demonstrated to be a viable 
replacement for CA in several countries, especially during 
the COVID-19 pandemic. Table 3 data shows that virtopsy 
was primarily used for triage or screening for CA, as well 
as an adjuvant to CA. However, some reports indicate that 
virtopsy was used as a complete substitute for CA.

Implementation of virtopsy in various countries of 
the world
Virtopsy has been widely implemented in various countries, 
particularly in developed nations where radiology 
equipment is more readily available. Switzerland was 
the first to adopt virtopsy and has since implemented all 
procedures, using it mainly for health research and rare 
cases. However, virtopsy is accepted as reliable evidence 
in criminal trials in Switzerland. In Denmark, Sweden, 
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and France, CT scan virtopsy is used as an adjuvant to 
conventional autopsies (96). Germany uses virtopsy as a 
triage for CAs, and in some cases, PM-CT can replace CAs, 
particularly in sudden infant death syndrome cases. The 
UK uses virtopsy as triage in cases of suspicious death, 
pediatric and perinatal deaths, and high risk of infection, 
such as HIV. In Italy, virtopsy is also applied as triage, and 
in cases of mass deaths involving over ten victims, virtopsy 
replaces CAs (96). This advancement in technology is 
particularly useful during the current COVID-19 pandemic, 
where autopsies may still be required to determine the 
cause of death.

In Australia, spectroscopic MRI has been used to 
measure the time of death by examining metabolites 
in the brain related to postmortem decomposition. 
Postmortem angiography has also been used to visualise 
the cardiovascular system. CT-guided needle biopsy is 
frequently performed for histopathological analysis (97). 
In Japan, PM-CT is widely used for screening, triage, and 
an adjuvant purpose, with 89% of respondents in a study 
using PM-CT, possibly due to the abundance of CT-scan 
facilities (98). 

No studies have yet investigated the use of virtopsy 
in underdeveloped nations due to the high cost and 
sophisticated resources required for non-invasive autopsy 
using radiology modalities. The use of virtopsy may be 
more limited in underdeveloped nations when compared 
to developing and developed countries (34). However, 
virtopsy procedures could benefit developing countries 
in Africa, South America, and Asia, including Indonesia, 
where the lack of funds and resources limits the availability 
of autopsies, pathologists, and forensic experts (99). In 
China, a report of three cases investigated using virtopsy 
resulted in similar conclusions to CAs for death by traffic 
accidents, but limited information for sudden cardiac death 
cases. Virtopsy excels in showing certain lesions, such as 
pneumatosis and fractures (100). The virtopsy protocol has 
also been used successfully in developing countries such 
as Brazil (48, 53) and India (56) between 2020 and 2022 
to investigate disease in corpses and determine the cause 
of death during the COVID-19 pandemic (101).

Ethical, bioethical, social, cultural, religion, and 
medico-legal aspects of virtopsy
Although virtopsy is considered superior in forensic science 
and radiology, ethical and legal issues have hindered its 
development. In developing countries such as Indonesia, 
virtopsy is considered to not violate the applicable medical 
ethical framework (13). However, virtopsy requires 
special attention to the digital data’s confidentiality. In 
addition, from an ethical point of view, virtopsy allows 
medical personnel to promote their professionalism and 
expertise in a multidisciplinary manner to play a joint role 
and cooperate in handling medico-legal cases. Medical 
personnel will get lessons learned to be wiser towards 
discoveries and respect the rights of patients, families, 
and other medical colleagues in applying virtopsy in daily 

practice. From the patient’s perspective, the doctor must 
also provide information on this autopsy procedure to the 
patient’s family, including alternative options (13). 

Virtopsy in medico-legal practice has both benefits and 
disadvantages from bioethical standpoint including 
autonomy, beneficence, justice, and non-maleficence. 
From the ‘autonomous’ aspects, digital images require 
confidentiality similar to to medical records. The 
‘beneficence’ aspect of virtopsy emphasises the advantages 
of this technology, which is non-invasive, acceptable for 
relatives of patients, and can be used for the common good 
in preventing infection transmission during the COVID-19 
pandemic. From the ‘justice’ aspect, virtopsy must be 
appropriately analysed regarding the cost-effectiveness of 
in-hospital services because both living and dead patients 
need radiological modalities that must be allocated fairly. 
However, despite its benefit in proving death, virtopsy also 
has the danger of radiation emanating from the cadaver 
(102, 103). Thus, to uphold the principle of ‘non-malifence’, 
policies related to potential radiation hazards that may 
persist until the body is buried should be given special 
attention, following the value of “primum non nocere” for 
personnels handling cadavers (13).

The current challenge of virtopsy is also about the way to 
integrate innovative methodologies to better comprehend 
diseases without offending traditional, ethical, religious, 
social, and cultural beliefs held by society. Many view CAs 
as destructive, and several religions have prohibitions 
against them. Jews, for example, strongly object to 
autopsies, while Hindus, Buddhists, and Christians may 
have milder objections (104). On the other hand, Muslim 
believe that invasive autopsies amount to pain in the 
deceased’s soul, based on the principle that “breaking the 
bones of the dead is like breaking the bones of the living” 
(105, 106). In Islam, the need for burial waiting time not to 
exceed 24 hours discourages routine autopsies (104, 105, 
107). Thus, on this matter, virtopsy is expected to be able 
to answer the challenge of patient refusal for previously 
mentioned reasons, so that the number of proven causes 
of death can increase.

Nevertheless, despite the allowance of imaging for 
forensic purposes, virtopsy still faces challenges in many 
countries, including Indonesia, where there is no legal 
basis for its use in court (96). There is also a lack of clear 
legal regulations surrounding data privacy, personal rights 
of victims, consent to action, methods, and storage of 
imaging documents (90, 108, 109). Therefore, in order 
to fully leverage the potential of virtopsy in advancing 
medical science, research, clinical practice, and legal 
courts, comprehensive analysis and clear legal regulations 
are necessary, particularly in developing countries during 
the COVID-19 pandemic. This challenge is not limited to 
Indonesia but is prevalent in many developing countries. 
Thus, proactive measures must be taken to address 
this issue, not only in the current pandemic, but also to 
anticipate similar contexts in the future.
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Future prospects for implementing virtopsy in 
developing countries and in Indonesian context
Implementing virtopsy in developing countries particularly 
during the COVID-19 pandemic, holds promise due to the 
widespread rejection of traditional autopsy methods, 
limited resources, and fear of stigmatization. However, 
unique cultural, religious, ethical, and legal considerations 
must be taken into account. (13, 21, 110). In Zambia, 
the rejection rate for child autopsy was 75.4%, with 
reasons including time constraints, already issued death 
certificates, and cultural beliefs (111). Similarly, in Uganda, 
autopsies were not performed in 45% of HIV patients who 
died, with families refusing autopsies 36% of the time due 
to reasons such as lack of time and perceived lack of benefit 
(115). The acceptance rate of autopsies for general disease 
in Uganda was only 38% (112). Diagnostic discrepancies 
between clinical and post-mortem diagnoses are also 
prevalent in developing countries, including Southern 
Africa regions (113), with a 40% discrepancy rate found in 
maternal deaths in sub-Saharan Africa (114). Addressing 
these issues through the implementation of virtopsy could 
help increase diagnostic accuracy and improve healthcare 
outcomes in developing countries.

Developing countries, including Indonesia, are promising 
targets for implementing virtopsy implementation, as 
it has already shown potential in developed countries. 
Despite having more adequate infrastructure compared 
to underdeveloped countries, developing countries 
face unique challenges such as declining autopsy rates, 
cultural beliefs, and religious constraints that hinder 
the implementation of conventional autopsy methods 
(6). In addition, the burden of infectious diseases such 
as COVID-19 in these countries highlights the need for 
alternative autopsy methods like virtopsy. Indonesia, 
with its high population, lack of forensic specialists, 
and adequate radiology modalities, is a prime example 
of a developing country that could benefit from the 
implementation of virtopsy (115, 116).

Bringing more specific to the Indonesian context, in 
Indonesia, virtopsy has not been routinely carried out 
due to limited tools and the lack of collaboration between 
radiology and forensic medicine departments. The radiology 
facilities available are restricted to living patients and using 
them for autopsies is unethical. Moreover, virtopsy with 
PM-CT multiphase angiography requires a great logistical 
effort and technical skills, adding approximately $300 per 
case to the cost before the expense of the modified heart-
lung machine is counted (96). Therefore, a cost-benefit 
analysis is necessary before developing virtopsy facilities 
in developing countries like Indonesia.

However, with a limited number of medical personnels 
in charge in autopsies, where there are only 300 forensic 
doctors available versus 1,646 radiologists for a population 
of 270 million, virtopsy can be beneficial to make an 
effective approach of autopsies, particularly in areas 
where hospitals lack forensic experts but have radiologists 
(117, 118). The data can be sent to a forensic expert to 

determine if CA is necessary, making virtopsy can later be 
applied in various forensic situations, including in traumatic 
injuries, suspicious causes of death, or COVID-19 pandemic 
circumstances (97). In countries with high rates of criminal 
deaths, natural disasters, and societal reluctance towards 
CA procedures, virtopsy can be a breakthrough for a future 
framework in hospitals with cooperation from legal and 
court matters.

Despite the benefits of virtopsy, the legal basis in Indonesia 
is unclear. However, as with autopsies, supporting 
examination such as postmortem imaging can be employed 
to demonstrate the cause of death (119, 120). The existing 
law allows laboratory investigations and biopsies of tissue 
organs and body fluids to prove the cause of death (119, 
120). Ethical concerns surrounding patient’s confidentiality 
and anonymity regarding radiography records must be 
addressed and managed in designated hospital storage 
(13). Additionally, the COVID-19 pandemic poses a 
significant risk to healthcare providers during the virtopsy 
process, and special measures must be implemented to 
prevent infection spread. Limited hospital resources due 
to the high number of COVID-19 cases may also prevent 
conducting virtopsy.

Conclusion
Virtopsy offers several benefits for developing countries 
during the COVID-19 pandemic. It is non-invasive, time-
saving, and cost-effective method of determining the cause 
of death, and can be tailored to the specific cultural, ethical, 
and legal needs of the local population. It can be used as 
triage, adjuvant, or a complete substitute for conventional 
autopsies, and has been shown to increase the accuracy 
of diagnosing death, pathology, and anatomical structure 
involved. PM-CT imaging is most common modality used 
in virtopsy and a reliable diagnostic tool for determining 
causes of death in corpses and specifically good in 
identifying COVID-19 infection sign from CT appearance 
related chest changes with high accuracy. 

Since forensic practitioners are at a higher risk of 
contracting COVID-19 during autopsies, virtopsy is a safer 
alternative for post-mortem evaluation. In cases where 
advanced virtopsy facilities are unavailable, portable X-ray 
and ultrasound machines are cost-effective alternatives. 
However, the limitations to virtopsy, such as difficulty of 
confirming true infection, assessing the colour, texture, 
and odour in internal organs, operator dependencies, legal 
basis, and implementation cost in developing countries. 
Further feasibility studies are necessary to address these 
issues. Despite its limitations, virtopsy could be a valuable 
investment for accurate diagnosis of the cause of death 
in developing countries during and after the COVID-19 
pandemic.

Acknowledgement 
We acknowledge great gratitude to the Department of 
Forensic Medicine and Medicolegal, Faculty of Medicine 



44

ORIGINAL PAPER  JUMMEC 2023:26(2)

Universitas Indonesia, and Oktavinda Safitry, MD, MmedEd, 
Forensic and Medico-legal Specialist, as the head of the 
Forensic clinical module in our institution.

Competing interests
The authors declare that they have no competing interests.

Ethical Clearance
Not applicable.

Financial support
This research received no specific grant from any funding 
agency in the public, commercial, or not-for-profit sectors.

References
1. Davis GG, Winters GL, Fyfe BS, Hooper JE, Iezzoni JC, 

Johnson RL, et al. Report and recommendations of 
the Association of Pathology Chairs’ Autopsy Working 
Group. Acad Pathol. 2018;5:2374289518793988

2. van den Tweel JG, Wittekind C. The medical autopsy 
as quality assurance tool in clinical medicine: dreams 
and realities. Virchows Arch. 2016;468(1):75-81. 

3. CDC. Autopsy frequency--United States, 1980-1985. 
MMWR Morb Mortal Wkly Rep. 1988;37(12):191-4. 

4. Burton E, Collins K. Autopsy rate and physician 
attitudes toward autopsy on Medscape. 2019. 
Available at: https://emedicine.medscape.com/
article/1705948-overview. Accessed 1 June 2022.

5. Waidhauser J, Martin B, Trepel M, Märkl B. Can 
low autopsy rates be increased? Yes, we can! 
Should postmortem examinations in oncology be 
performed? Yes, we should! A postmortem analysis of 
oncological cases. Virchows Archiv. 2021;478:301-8.

6. Henky H, Yulianti K, Rustyadi D, Alit IBP. “The Rates of 
Autopsy in Sanglah Hospital Denpasar Bali Indonesia 
2011-2015” in the Proceeding of 12th Indo Pacific 
Association of Law, Medicine, and Science (INPALMS) 
Congress 2016. Bali, Indonesia; 2016:1. 

7. Bhatt M, MovaseghiGargari M, Chand MT. The 
importance of autopsies despite the declining 
number amidst the COVID-19 pandemic. Autops. 
Case Rep. 2022;12:e2021371. 

8. Costache M, Lazaroiu AM, Contolenco A, Costache 
D, George S, Sajin M, et al. Clinical or postmortem? 
The importance of the autopsy; a retrospective study. 
Maedica (Bucur). 2014;9(3):261-5. 

9. Namuju OC, Kwizera R, Lukande R, Pastick KA, 
Taylor JM, Nicol MR, et al. Rates of refusal of clinical 
autopsies among HIV-positive decedents and an 
overview of autopsies in Uganda. Wellcome Open 
Res. 2022;6:302. 

10. Cao W. Autopsy Education and Rate: Effect of the 
COVID-19 Pandemic. R I Med J. 2021;104(10):21-5. 

11. Pomara C, Fineschi V, Scalzo G, Guglielmi G. Virtopsy 
versus digital autopsy: virtual autopsy. Radiol Med. 
2009;114(8):1367-82. 

12. Stawicki S, Aggrawal A, Dean A, Bahner D, Steinberg 
S, Stehly C, et al. Postmortem use of advanced 
imaging techniques: Is autopsy going digital. OPUS 
12 Scientist. 2008;2(4):17-26. 

13. Habiburrahman M, Yudhistira A. Virtual Autopsy 
(Virtopsy): Ethical, bioethical, social, cultural, 
religious and medicolegal review [in Indonesian]. 
JEKI. 2021;5(1):1-20.

14. Turnbull A, Osborn M, Nicholas N. Hospital autopsy: 
Endangered or extinct? J Clin Pathol. 2015;68(8):601-
4. 

15. Rios-Valencia J, Gamboa-Dominguez A. Coupe de 
Grace: Autopsy in COVID-19 Pandemic Rev Invest 
Clin. 2020;72(5):323-4. 

16. Filograna L, Manenti G, Grassi S, Zedda M, Mecchia 
D, Briganti F, et al. Analysis of the role of PMCT 
during the COVID-19 pandemic: A systematic review. 
Forensic Imaging. 2022:200505. 

17. Jackowski C, Wyss M, Persson A, Classens M, Thali 
MJ, Lussi A. Ultra-high-resolution dual-source CT 
for forensic dental visualization-discrimination of 
ceramic and composite fillings. Int J Legal Med. 
2008;122(4):301-7. 

18. Ampanozi G, Ruder TD, Preiss U, Aschenbroich K, 
Germerott T, Filograna L, et al. Virtopsy: CT and MR 
imaging of a fatal head injury caused by a hatchet: 
A case report. Leg Med (Tokyo). 2010;12(5):238-41. 

19. Aghayev E, Thali M, Jackowski C, Sonnenschein M, Yen 
K, Vock P, et al. Virtopsy-fatal motor vehicle accident 
with head injury. J Forensic Sci. 2004;49(4):809-13. 

20. Rutty GN. Are autopsies necessary? The role of 
computed tomography as a possible alternative to 
invasive autopsies. Rechtsmedizin. 2007;17(1):21-8. 

21. Castillo P, Ussene E, Ismail MR, Jordao D, Lovane L, 
Carrilho C, et al. Pathological methods applied to 
the investigation of causes of death in developing 
countries: Minimally invasive autopsy approach. PLoS 
One. 2015;10(6):e0132057. 

22. Wang Y, Chen Z, Liu G, Zhu W, Wang W, Zhou D, et 
al. Prospective and practical significance of virtual 
autopsy laboratory. J. Forensic Med. 2021;7(1):28-32. 

23. Bolliger SA, Thali MJ. Imaging and virtual autopsy: 
Looking back and forward. Philos Trans R Soc Lond B 
Biol Sci. 2015;370(1674):20140253. 

24. The World Bank, United Nations. Least developed 
countries: UN classification on The World Bank. 2021. 
Available at https://data.worldbank.org/country/XL. 
Accessed 3 March 2023.

25. Siwek J, Gourlay ML, Slawson DC, Shaughnessy AF. 
How to write an evidence-based clinical review 
article. Am Fam Physician. 2002;65(2):251-8. 

26. Holloway S, Peart J. Evidence-based reviews: 
principles and methodological considerations. 
Wounds UK. 2018;14(5):26-32. 

27. JBI. Critical Appraisal Tools on the Joanna Briggs 
Institute. 2020. Available at: https://jbi.global/
critical-appraisal-tools. Accessed 1 March 2023. 

28. Oxford CEEBM. Critical Appraisal Tools on the 
University of Oxford. 2019. Available at: https://



45

 JUMMEC 2023:26(2)ORIGINAL PAPER

www.cebm.ox.ac.uk/resources/ebm-tools/critical-
appraisal-tools. Accessed 20 September 2022. 

29. Oxford CEEBM. Levels of Evidence on the University 
of Oxford. 2011. Available at: https://www.cebm.
ox.ac.uk/resources/levels-of-evidence/ocebm-levels-
of-evidence. Accessed 20 September 2022.

30. World Medical Association. Declaration of Helsinki 
Version 1975-2008: Medical Research Involving 
Human Subjects on the WMA. 2022. Available at: 
https://www.wma.net/what-we-do/medical-ethics/
declaration-of-helsinki/. Accessed 1 July 2022.

31. Memorial University of Newfoundland. What Needs 
Ethics Approval? Research that Does Require Ethics 
Review on the Memorial University. 2020. Available 
at: https://www.mun.ca/research/ethics/humans/
ethics-approval.php. Accessed 1 July 2022

32. Thali MJ, Yen K, Schweitzer W, Vock P, Boesch C, 
Ozdoba C, et al. Virtopsy, a new imaging horizon in 
forensic pathology: virtual autopsy by postmortem 
multislice computed tomography (MSCT) and 
magnetic resonance imaging (MRI)-a feasibility study. 
J Forensic Sci. 2003;48(2):386-403. 

33. Okuda T, Shiotani S, Sakamoto N, Kobayashi T. 
Background and current status of postmortem 
imaging in Japan: short history of “Autopsy imaging 
(Ai)”. Forensic Sci Int. 2013;225(1-3):3-8. 

34. Melo DN, Coelho TM, Pinheiro Lima GR, Fernandes 
CG, de Brito Alves BCF, de Carvalho Araujo FM, 
et al. Use of minimally invasive autopsy during 
the covid-19 pandemic and its possibilities in the 
context of developing countries. PLoS Negl Trop Dis. 
2021;15(8):e0009629. 

35. Chaudhary B, Kumar A, Sharma P, Yadav A, Sharma 
R. Postmortem Computed tomography imaging and 
autopsy in penetrating neck injury case: a comparative 
study introduction. Med Leg J. 2022;22(3):1-8. 

36. Nuzzolese E. Virdentopsy: Virtual dental autopsy 
and remote forensic odontology evaluation. Dent J 
(Basel). 2021;9(9):1-7. 

37. Wichmann D, Heinemann A, Weinberg C, Vogel H, 
Hoepker WW, Grabherr S, et al. Virtual autopsy with 
multiphase postmortem computed tomographic 
angiography versus traditional medical autopsy 
to investigate unexpected deaths of hospitalized 
patients: a cohort study. Ann Intern Med. 
2014;160(8):534-41. 

38. Sonnemans LJP, Kubat B, Prokop M, Klein WM. 
Can virtual autopsy with postmortem CT improve 
clinical diagnosis of cause of death? A retrospective 
observational cohort study in a Dutch tertiary referral 
centre. BMJ Open. 2018;8(3):e018834. 

39. Cirielli V, Cima L, Bortolotti F, Narayanasamy M, 
Scarpelli MP, Danzi O, et al. Virtual Autopsy as a 
Screening Test Before Traditional Autopsy: The 
Verona Experience on 25 Cases. J Pathol Inform. 
2018;9:28. 

40. Kanchan T, Saraf A, Krishan K, Surekha B, Garg 
PK, Misra S. COVID-19 pandemic: A reminder to 

develop forensic radiology facility. J Infect Dev Ctries. 
2021;15(11):1593-6. 

41. Mercala E, Benbow EW. Autopsy by imaging: the last 
10 years. Forensic Sci. 2022;2(4):696-714. 

42. Shojania KG, Burton EC. The vanishing nonforensic 
autopsy. NEJM. 2008;358(9):873-5. 

43. De-Giorgio F, Cittadini F, Cina A, Cavarretta E, Biondi-
Zoccai G, Vetrugno G, et al. Use of post-mortem 
chest computed tomography in Covid-19 pneumonia. 
Forensic Sci Int. 2021;325:110851. 

44. Filograna L, Grassi S, Manenti G, Di Donna C, Tatulli D, 
Nardoni F, et al. Postmortem CT pulmonary findings 
in SARS-CoV-2-positive cases: correlation with lung 
histopathological findings and autopsy results. Int J 
Legal Med. 2022;136(5):1407-15. 

45. Thomas M, Abtin F, Roth A, Yim C, Pahwa A, Paige J, 
et al. Postmortem CT in decedents with SARS-CoV-2 
infection. A single institution experience. Forensic Sci 
Res. 2021;7(2):255-60.

46. Helmrich E, Decker L, Adolphi N, Makino Y. Postmortem 
CT lung findings in decedents with Covid-19: a review 
of 14 decedents and potential triage implications. 
Forensic Imaging. 2020;23:200419

47. O’Donnell C, Iles L, Woodford N. Post-mortem CT lung 
findings at a medicolegal institute in SARS-CoV-2 RT-
PCR positive cases with autopsy correlation. Forensic 
Sci Med Pathol. 2021;17(4):611-20. 

48. Martin M da GM, Paes VR, Cardoso EF, Neto CEBP, 
Kanamura CT, Leite C da C, et al. Postmortem brain 7T 
MRI with minimally invasive pathological correlation 
in deceased COVID-19 subjects. Insights Imaging. 
2022;13(1):7. 

49. De-Giorgio F, Grassi VM, Bergamin E, Cina A, Del 
Nonno F, Colombo D, et al. Dying “from” or “with” 
covid-19 during the pandemic: Medico-legal issues 
according to a population perspective. Int J Environ 
Res Public Health. 2021;18(16):8851. 

50. Kniep I, Heinemann A, Edler C, Sperhake JP, Püschel 
K, Ondruschka B, et al. COVID-19 lungs in post-
mortem computed tomography. Rechtsmedizin. 
2021;31(2):145-7. 

51. da Silva PSD, Sawamura MVY, Monteiro RA de A, 
Duarte-Neto AN, Martin M da GM, Dolhnikoff M, et 
al. Postmortem Chest Computed Tomography in Fatal 
COVID-19: A Valuable Diagnostic Tool for Minimally 
Invasive Autopsy. Clinics (Sao Paulo). 2021;76:e3551. 

52. Williams AS, Dmetrichuk JM, Kim P, Pollanen MS. 
Postmortem radiologic and pathologic findings 
in COVID-19: the Toronto experience with pre-
hospitalization deaths in the community. Forensic 
Sci Int. 2021;322:110755. 

53. Duarte-Neto AN, Monteiro RAA, da Silva LFF, 
Malheiros DMAC, de Oliveira EP, Theodoro-Filho J, et 
al. Pulmonary and systemic involvement in COVID-19 
patients assessed with ultrasound-guided minimally 
invasive autopsy. Histopathology. 2020;77(2):186-97. 

54. Coolen T, Lolli V, Sadeghi N, Rovai A, Trotta N, 
Taccone FS, et al. Early postmortem brain MRI 
findings in COVID-19 non-survivors. Neurology. 
2020;95(14):e2016-27. 



46

ORIGINAL PAPER  JUMMEC 2023:26(2)

55. De-Giorgio F, Bergamin E, Cittadini F, Cina A, Vetrugno 
G. Regarding “Post-mortem CT lung findings at a 
medicolegal institute in SARS-CoV-2 RT-PCR positive 
cases with autopsy correlation”. Forensic Sci Med 
Pathol. 2022;18:114-5. 

56. Vaishnav D, Bansal YS, Arora V, Mandal SP, Rao MG. 
Virtual autopsy in COVID19 positive sudden death of 
a young adult male; a forensic case report. Forensic 
Imaging. 2022;28:200488.

57. Xie Y, Herath JC. A case of persistent severe sequelae 
of COVID-19 infection: potential role in sudden 
death? Forensic Sci Med Pathol. 2022;18(1):69-73. 

58. Filograna L, Manenti G, Arena V, Dell’Aquila M, Pascali 
VL, Natale L, et al. Claimed medical malpractice 
in fatal SARS-CoV-2 infections: the importance of 
combining ante- and post-mortem radiological data 
and autopsy findings for correct forensic analysis. 
Forensic Imaging. 2021;25:200454.

59. Fitzek A, Sperhake J, Edler C, Schröder AS, Heinemann 
A, Heinrich F, et al. Evidence for systematic autopsies 
in COVID-19 positive deceased: case report of 
the first German investigated COVID-19 death. 
Rechtsmedizin. 2020;30(3):184-9. 

60. Barton LM, Duval EJ, Stroberg E, Ghosh S, 
Mukhopadhyay S. COVID-19 Autopsies, Oklahoma, 
USA. Am J Clin Pathol. 2020;153(6):725-33.

61. Ducloyer M, Gaborit B, Toquet C, Castain L, Bal 
A, Arrigoni PP, et al. Complete post-mortem data 
in a fatal case of COVID-19: clinical, radiological 
and pathological correlations. Int J Legal Med. 
2020;134(6):2209-14.

62. Heinrich F, Sperhake JP, Heinemann A, Mushumba H, 
Lennartz M, Nörz D, et al. Germany’s first COVID-19 
deceased: a 59-year-old man presenting with diffuse 
alveolar damage due to SARS-CoV-2 infection. 
Virchows Archiv. 2020;477(3):335-9. 

63. Schweitzer W, Ruder T, Baumeister R, Bolliger S, Thali 
M, Meixner E, et al. Implications for forensic death 
investigations from first Swiss post-mortem CT in 
a case of non-hospital treatment with COVID-19. 
Forensic Imaging. 2020;21:200378.

64. Wichmann D, Obbelode F, Vogel H, Hoepker WW, 
Nierhaus A, Braune S, et al. Virtual autopsy as an 
alternative to traditional medical autopsy in the 
intensive care unit: a prospective cohort study. Ann 
Intern Med. 2012;156(2):123-30. 

65. Turillazzi E, Frati P, Pascale N, Pomara C, Grilli G, Viola 
RV, et al. Multi-phase post-mortem CT-angiography: 
a pathologic correlation study on cardiovascular 
sudden death. J Geriatr Cardiol. 2016;13(10):855. 

66. Xiaohong Y, Tingyuan L, Zhicheng H, Yifang P, Huawen 
L, Shicang Y, et al. [A pathological report of three 
COVID-19 cases by minimal invasive autopsies]. 
Zhonghua Bing Li Xue Za Zhi. 2020;49(5):411-7.

67. O Sullivan S, Holzinger A, Zatloukal K, Saldiva P, Sajid 
MI, Wichmann D. Machine Learning Enhanced Virtual 
Autopsy. Autops Case Rep. 2017;7(4):3-7. 

68. Kanchan T, Shrestha R, Krishan K. Post-mortem 
ultrasonography: a safer alternative to autopsies 
in COVID-19 deaths. J Ultrasound. 2021;24(4):577. 

69. Jackson K, Butler R, Aujayeb A. Lung ultrasound 
in the COVID-19 pandemic. Postgrad Med J. 
2021;97(1143):34-9. 

70. Peng QY, Wang XT, Zhang LN. Findings of lung 
ultrasonography of novel corona virus pneumonia 
during the 2019-2020 epidemic. Intensive Care Med. 
2020;46(5):849-50.

71. Uchigasaki Seisaku. Postmortem Ultrasound Imaging 
in Forensic Pathology. In: Forensic Pathology Reviews. 
4th Ed. Totowa, New Jersey, US: Humana Press. 2006. 
p. 405-11. 

72. Fariña J, Millana C, Fdez-Aceñero JM, Furió V, 
Aragoncillo P, Martín VG, et al. Ultrasonographic 
autopsy (echopsy): a new autopsy technique. 
Virchows Arch. 2002;440(6):635-9.

73. Shelmerdine SC, Sebire NJ, Arthurs OJ. Perinatal post-
mortem ultrasound (PMUS): radiological-pathological 
correlation. Insights Imaging. 2019;10(81):1-18.

74. Votino C, Cos Sanchez T, Bessieres B, Segers V, Kadhim 
H, Razavi F, et al. Minimally invasive fetal autopsy 
using ultrasound: a feasibility study. Ultrasound in 
Obstetrics and Gynecology. 2018;52(6):776-83. 

75. Karippaliyil B, Karippaliyil M, Karippaliyil M. Fetal 
echopsy (ultrasonographic autopsy) of an acardius 
myelancephalus and its correlation with antenatal 
ultrasonographic findings. Indian J Radiol Imaging. 
2015;25(4):471-3. 

76. Kang X, Shelmerdine SC, Hurtado I, Bevilacqua 
E, Hutchinson C, Mandalia U, et al. Postmortem 
examination of human fetuses: comparison of 
two-dimensional ultrasound with invasive autopsy. 
Ultrasound Obstet Gynecol. 2019;53(2):229–38. 

77. Shanawaz M, Rao GSRKGR. A hospital based fetal 
autopsy study of pattern of congenital anomalies 
at a tertiary hospital. MedPulse Int J Forensic Med. 
2017;4(3):11-5. 

78. Ruican D, Ungureanu A, Pirici D, Marinaș MC, Badiu 
AM, Roșu GC, et al. Virtual autopsy and conrmation of 
normal fetal heart anatomy in the rst trimester using 
three-dimensional (3D) reconstruction of histological 
sections. Rom J Morphol Embryol. 2021;62(1):101-8.

79. Prabhala S, Korti P, Erukkambattu J, Tanikella R. Fetal 
autopsy study over a two year period. J Evol Med Dent 
Sci. 2015;04(14):2263-9. 

80. Andola US, Am A, Ahuja M, Andola SK. Congenital 
malformations in perinatal autopsies - a study of 100 
cases. J Clin Diagn Res. 2012;6(10):1726-30. 

81. Charlier P, Chaillot PF, Watier L, Ménétrier M, Carlier 
R, Cavard S, et al. Is post-mortem ultrasonography 
a useful tool for forensic purposes? Med Sci Law. 
2013;53(4):227-34. 

82. Badam RK, Sownetha T, Babu DBG, Waghray S, Reddy 
L, Garlapati K, et al. Virtopsy: Touch-free autopsy. J 
Forensic Dent Sci. 2017;9(1):42. 

83. Rai S, Misra D, Tyagi K, Prabhat M, Gangwal P. 
Image Guided Virtual Autopsy: An Adjunct with 



47

 JUMMEC 2023:26(2)ORIGINAL PAPER

Radiographic and Computed Tomography Modalities 
- An Important Tool in Forensic Identification. J Indian 
Acad Oral Med Radiol. 2017;29(4):368. 

84. Filograna L, Thali MJ. Post-mortem CT imaging of the 
lungs: pathological versus non-pathological findings. 
Radiol Med. 2017;122(12):902-8. 

85. Filograna L, Manenti G, Ampanozi G, Calcagni A, 
Ryan CP, Floris R, et al. Potentials of post-mortem 
CT investigations during SARS-COV-2 pandemic: a 
narrative review. Radiol Med. 2022;127(4):383-90.

86. Behzad  S ,  Aghaghazv in i  L ,  Radmard  AR, 
Gholamrezanezhad A. Extrapulmonary manifestations 
of COVID-19: Radiologic and clinical overview. Clin 
Imaging. 2020;66:35.

87. Mueller SL, Thali Y, Ampanozi G, Flach PM, Thali 
MJ, Hatch GM, et al. Distended diameter of the 
inferior vena cava is suggestive of pulmonary 
thromboembolism on unenhanced post-mortem CT. 
J Forensic Radiol Imaging. 2015;3(1):38-42. 

88. Grabherr S, Doenz F, Steger B, Dirnhofer R, Dominguez 
A, Sollberger B, et al. Multi-phase post-mortem 
CT angiography: development of a standardized 
protocol. Int J Legal Med. 2011;125(6):791-802.

89. Breitbeck R, Ptacek W, Ebert L, Furst M, Kronreif G. 
“Virtobot - A Robot System for Optical 3D Scanning 
in Forensic Medicine” in Proc. of 4th Int. Conf. on 3D 
Body Scanning Technologies. Long Beach CA, United 
States; 2013:84-91.

90. Ebert LC, Ptacek W, Naether S, Fürst M, Ross S, Buck 
U, et al. Virtobot--a multi-functional robotic system 
for 3D surface scanning and automatic post mortem 
biopsy. Int J Med Robot. 2010;6(1):18-27. 

91. Thali MJ, Braun M, Dirnhofer R. Optical 3D surface 
digitizing in forensic medicine: 3D documentation of 
skin and bone injuries. Forensic Sci Int. 2003;137(2-
3):203-8. 

92. Cha JG, Kim DH, Kim DH, Paik SH, Park JS, Park SJ, et 
al. Utility of postmortem autopsy via whole-body 
imaging: initial observations comparing MDCT and 
3.0 T MRI findings with autopsy findings. Korean J 
Radiol. 2010;11(4):395-406. 

93. Bolliger SA, Thali MJ, Ross S, Buck U, Naether S, Vock 
P. Virtual autopsy using imaging: bridging radiologic 
and forensic sciences. A review of the Virtopsy and 
similar projects. Eur Radiol. 2008;18(2):273-82. 

94. Ebert LC, Ruder T, Zimmermann D, Zuber S, 
Buck U, Roggo A, et al. Chapter 9. Virtopsy: The 
Virtual Autopsy. In: Ephraim Nissan, ed. Computer 
Applications for Handling Legal Evidence, Police 
Investigation and Case Argumentation. New York, 
United States: Springer. 2012:1-1340. 

95. Lundström C, Persson A, Ross S, Ljung P, Lindholm S, 
Gyllensvärd F, et al. State-of-the-art of visualization 
in post-mortem imaging. APMIS. 2012;120(4):316-26. 

96. Kružić I, Jerković I, Mihanović F, Marušić A, Anđelinović 
Š, Bašić Ž. Virtual autopsy in legal medicine: literature 
review and example of application on the mummified 
remains. Medicine, Law & Society. 2018;11(2):67-90. 

97. Ahmad M, Rahman FN. Virtual autopsy: a new trend 
in forensic investigation. Journal of Armed Forces 
Medical College, Bangladesh. 2015;9(2):100-6. 

98. Hayakawa M, Yamamoto S, Motani H, Yajima 
D, Sato Y, Iwase H. Does imaging technology 
overcome problems of conventional postmortem 
examination? A trial of computed tomography 
imaging for postmortem examination. Int J Legal 
Med. 2006;120(1):24-6. 

99. Das A, Chowdhury R. Searching cause of death 
through different autopsy methods: A new initiative. 
J Family Med Prim Care. 2017;6:191-5. 

100. Ma L, Liang R, Liu Y, Shi Q, Xu X, Yang L, et al. 
Comparative analysis of CT virtual autopsy and 
traditional autopsy: a report of 3 cases. J Forensic 
Sci Med. 2020;6(4):148. 

101. Santos ASF dos, Dias RS, Silva W da L. Imaging 
protocols for the autopsy service in a time of pandemic 
emergency minimizing the contagion of SARS-CoV-2 
expert government agents. Research, Society and 
Development. 2021;10(6):e28810615860. 

102. US. Department of Health and Human Services. 
Management of the Deceased in Radiation 
Emergencies on the Radiation Emergency Medical 
Management (REMM). 2021. Available at: https://
remm.hhs.gov/deceased.htm. Accessed 21 March 
2022.

103. Department of Human Services Radiation Safety 
Program. Information for people handling deceased 
persons containing radiopharmaceuticals. 2016. 
Available at: https://www.health.vic.gov.au/
publications/information-for-people-handling-
deceased-persons-containing-radiopharmaceuticals. 
Accessed 21 March 2022. 

104. Idleman SC. Religious objections to autopsies - a virtual 
solution on Marquette University. 2012. Available at: 
https://law.marquette.edu/facultyblog/2012/10/
religious-objections-to-autopsies-a-virtual-solution/. 
Accessed 21 March 2022.

105. Akber L. Refusal to Autopsy: A Societal Practice in 
Pakistan Context. J Clin Res Bioeth. 2014;5(5):1000198. 

106. Sheikh A. Death and dying-a Muslim perspective. J R 
Soc Med. 1998;91(3):138-40. 

107. Start RD, Saul CA, Cotton DW, Mathers NJ, Underwood 
JC. Public perceptions of necropsy. J Clin Pathol. 
1995;48(6):497-500. 

108. Aghayev E, Staub L, Dirnhofer R, Ambrose T, 
Jackowski C, Yen K, et al. Virtopsy - the concept of a 
centralized database in forensic medicine for analysis 
and comparison of radiological and autopsy data. J 
Forensic Leg Med. 2008;15(3):135-40. 

109. Thali MJ, Jackowski C, Oesterhelweg L, Ross SG, 
Dirnhofer R. VIRTOPSY - the Swiss virtual autopsy 
approach. Leg Med (Tokyo). 2007;9(2):100-4. 

110. Boglioli LR, Taff ML. Religious objection to autopsy. An 
ethical dilemma for medical examiners. Am J Forensic 
Med Pathol. 1990;11(1):1-8. 

111. Lishimpi K, Chintu C, Lucas S, Mudenda V, Kaluwaji J, 
Story A, et al. Necropsies in African children: consent 



48

ORIGINAL PAPER  JUMMEC 2023:26(2)

dilemmas for parents and guardians. Arch Dis Child. 
2001;84(6):463-7.

112. Cox JA, Lukande RL, Kateregga A, Mayanja-Kizza H, 
Manabe YC, Colebunders R. Autopsy acceptance rate 
and reasons for decline in Mulago Hospital, Kampala, 
Uganda. Tropical Medicine and International Health. 
2011;16(8):1015-8. 

113. Murray J, Sonnenberg P, Nelson G, Bester A, Shearer S, 
Glynn JR. Cause of death and presence of respiratory 
disease at autopsy in an HIV-1 seroconversion cohort 
of southern African gold miners. AIDS. 2007;21(suppl 
6):S97-104. 

114. Cox JA, Lukande RL, Lucas S, Nelson AM, van 
Marck E, Colebunders R. Autopsy causes of death 
in HIV positive individuals in sub-Saharan Africa 
and correlation with clinical diagnoses. AIDS Rev. 
2010;12:183-94. 

115. Levin AT, Owusu-Boaitey N, Pugh S, Fosdick BK, Zwi 
AB, Malani A, et al. Assessing the burden of COVID-19 
in developing countries: Systematic review, meta-
analysis and public policy implications. BMJ Global 
Health. 2022;7(5):e008477. 

116. Esposito M, Salerno M, Scoto E, di Nunno N, Sessa F. 
The Impact of the COVID-19 Pandemic on the Practice 

of Forensic Medicine: an overview. Healthcare. 
2022;10(2):319. 

117. RSCM. Sejarah Departemen Radiologi RSCM on the 
Radiologi RSCM [in Indonesian]. 2020. Available from: 
https://radiologirscm.com/rad2018/index.php/id/
profile/sejarah.html. Accessed 21 March 2022. 

118. Republika Online. PDFI: Dokter Forensik Indonesia 
Hanya 300 Orang [in Indonesian]. Republika 
Online. 2020. Available from: https://nasional.
republika.co.id/berita/nasional/jabodetabek-
nasional/17/01/20/ok1zdu284-pdfi-dokter-forensik-
indonesia-hanya-300-orang. Accessed 21 March 
2022.

119. Menezes RG, Monteiro FN. Forensic Autopsy on the 
StatPearls Publishing, Treasure Island (FL). 2021. 
Available from: https://www.ncbi.nlm.nih.gov/
books/NBK539901/. Accessed 21 March 2022. 

120. Kumar V, Kumar U, Shivaramu MG, Vinay J. Medico-
Legal Autopsy & Forensic Science Laboratory: vital 
tools of criminal justice system. J Forensic Med. 
2018;03(02):2017-9. 

Supplementary Table 1: An evaluation of the validity of case report studies related to the implementation of virtopsy 
during the COVID-19 pandemic

Studies

Re
fe

re
nc

e

Cl
ea

rly
 d

es
cr

ib
ed

 p
ati

en
t’s

 
de

m
og

ra
ph

ic
 c

ha
ra

ct
er

isti
cs

Pa
tie

nt
’s 

hi
st

or
y 

cl
ea

rly
 

de
sc

rib
ed

 a
nd

 p
re

se
nt

ed
 a

s a
 

tim
el

in
e

Cu
rr

en
t c

lin
ic

al
 c

on
di

tio
n 

of
 th

e 
pa

tie
nt

 o
n 

pr
es

en
ta

tio
n 

cl
ea

rly
 

de
sc

rib
ed

Di
ag

no
sti

c 
te

st
s o

r a
ss

es
sm

en
t 

m
et

ho
ds

 a
nd

 th
e 

re
su

lts
 c

le
ar

ly
 

de
sc

rib
ed

In
te

rv
en

tio
n(

s)
 o

r t
re

at
m

en
t 

pr
oc

ed
ur

e(
s)

 c
le

ar
ly

 d
es

cr
ib

ed

Po
st

-in
te

rv
en

tio
n 

cl
in

ic
al

 
co

nd
iti

on
 c

le
ar

ly
 d

es
cr

ib
ed

*

Ad
ve

rs
e 

ev
en

ts
 (h

ar
m

s)
 o

r 
un

an
tic

ip
at

ed
 e

ve
nt

s i
de

nti
fie

d 
an

d 
de

sc
rib

ed

Ca
se

 re
po

rt
 p

ro
vi

de
 ta

ke
aw

ay
 

le
ss

on
s

DeGiorgio et al., 2022 (55)

Vaishnav et al., 2022 (56)

Xie et al., 2022 (57)

Filograna et al., 2022 (44)

Fitzek et al., 2020 (59)

Barton et al., 2020 (60)

Ducloyer et al., 2020 (61)

Helmrich et al., 2020 (46)

Schweitzer et al., 2020 (63)

Notes: Yes (  ), Unclear/Unsure (  ), and No (  ).*This parameter can be referred to the availability of pathological confirmation 
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Supplementary Table 2: An evaluation of the validity of case series and cross-sectional studies related to the implementation 
of virtopsy during the COVID-19 pandemic
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Supplementary Table 3: An evaluation of the applicability of case report studies related to the implementation of virtopsy 
during the COVID-19 pandemic

Studies The similarity of patients 
characteristics with the point of 

interest intervention

Valuable finding Beneficial to the patient in 
this article’s context
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Notes: Yes (  ), Unclear/Unsure (  ), and No (  ).


