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ABSTRACT

he outset of the year 2020 witnessed the outbreak of an epidemic known as

CoVid-19 or novel coronavirus pandemic. Since then, the number of confirmed
cases of this infection had increased rapidly all over the world. Autopsy provides rel-
evant knowledge about the identification and determination of the cause of death in
forensic medicine. Different non-invasive and minimally invasive approaches over the
traditional autopsy are introduced into forensic science to deal with challenges pre-
sented by COVID-19 pandemic where performing invasive autopsy is not feasible.
Virtopsy is a multi-disciplinary science. ‘Virtopsy’ or Virtual Autopsy aims at new
imaging techniques in forensic pathology to facilitate the present postmortem exam-
ination. It offers advantages over invasive ‘body opening’ autopsy. Virtopsy consists of
body volume documentation, optical scanning with imaging techniques such as Mag-
netic resonance imaging (MRI), computed tomography (CT) scan coupled with mini-
mally invasive approaches such as postmortem biopsies. The importance of Virtopsy is
noteworthy in post mortem examination of COVID-19 patients. Virtopsy has a broad
spectrum of uses in forensic medicine, forensic odontology, firearm injury and road
traffic injury etc. Hence, it can be used either independently or as an alternative to
conventional autopsy. The present study highlights the importance of Virtopsy in post-
mortem examination and its contribution in forensic science. It also provides scope for
future research in the subdisciplines of forensic science.
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INTRODUCTION

HE SEVERE ACUTE RESPIRATORY
syndrome SARS-2 (SARS-CoV-2)

of great importance.” The word “autopsy”
from the Greek words ‘autos and

is a respiratory distress syndrome.
It affects the functioning of other vital
organs in cases. The first case of this
epidemic was reported at Wuhan, the
People’s Republic of China, in the year
2019."7 Older people with other diseases
are more prone to this infection. Till 3rd
April 2021, out of 129,902,402 confirmed
cases worldwide, 12,392,260 cases with
164,110 deaths were reported in India
only.* In Forensic medicine, postmortem
provide the
information regarding the exact cause and
mechanism of death. An autopsy has been

examinations required

‘opsomei’ meaning ‘to see with one’s eye’
Under such circumstances, the contagious
nature of COVID-19, forensic pathologists
need to face numerous challenges of
protecting themselves to analyzing the
accurately while performing
body opening
autopsy.” Hence, there is a need to look
for an alternative to conventional invasive
autopsy to examine the dead accurately
and effectively. Virtopsy is marked as one
of the effective techniques to reduce the
chance of infection to the practitioners. It
also advances the radiological techniques

organs

traditional invasive
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in forensic science.® As the name suggests, Virtopsy
is the combination of two words: virtual (obtained
from the Latin language ‘Virtus’ meaning ‘efficient,
good’) and autopsy eliminating the term ‘autos’
(self).” Virtopsy generally is composed of 3-D
(three dimensional) body volume analysis by non-
invasive techniques such as Multi-slice Computed
Tomography (MSCT), Magnetic
Imaging (MRI) and 3-D Photogrammetry and
optical surface scanning strengthened by minimally
invasive techniques.” Minimal invasive autopsy
is the procedure that includes imaging techniques
augmented with postmortem biopsies'. Virtobot
is one of the newest robotics systems which are

Resonance

capable of performing body scanning and image-
guided post mortem biopsies.”? Virtopsy presents
wide spectrum of applications in Forensic science.
The imaging techniques help in postmortem
examination in cases of hanging, drowning,
shooting etc.”® The present study illustrates the
importance of imaging techniques such as CT,
MRI and minimally invasive autopsy for future
implications. But these imaging techniques are still
not utilized today due to inadequate knowledge
and expenses. The present study supports Virtopsy
as an alternative to conventional invasive autopsy
especially for COVID-19 patients and highlights its
importance in Forensic Science.

METHODS

3-D Imaging Techniques:

X-ray is one of the oldest human imaging systems
developed so far. Soon after its discovery in 1895,
scientists have started using X-rays to produce
postmortem images. Since then, various imaging
modalities exist today."* Computed Tomography is
a fast-imaging technique based on the attenuation
of X-ray. It includes a rotating source of X-ray and
detector that produce 3-D tomographic images
using the algorithm. The cross-sectional images are
detailed and sliced so that examiner can observe
the internal organs thoroughly. It performed well in
trauma cases.'>'¢ It is one of the most widely used
approaches in forensic radiology for post mortem
examination.

Unlike CT, Magnetic Resonance Imaging (MRI) is
a non-ionizing radiation imaging technique that
creates images using a robust magnetic field and
radio waves. The proton spins when the magnetic
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field is applied and the rate at which the spin return
to its original normal alignment is different. Hence
on calculating this, MRI forms an image."”** MRI
performed well in strangulation cases.

As compared to CT, the use of MRI is still
underutilized, although it is gaining importance
in forensic radiology. Both CT and MRI are non-
invasive approaches, so they replace the surgical
autopsy in many cases. Angiography coupled with
CT and MR has also performed well in postmortem
examination."

3-D Photogrammetry & 3-D Body Surface Scans
Photogrammetry method of
measurement of objects using photographs. It
provides visual images using 2-D photographs taken
from different angles. It works on the principle of
triangulation. Forensic photogrammetry has been
an essential approach in postmortem examination
for body documentation. It usually worked well in
traffic accidents cases.”**!

Surface scanning is another way of recording and
documenting the object that provides images in 3-D
view using optical scanners. The 3-D surface scan
is often used non-invasive 3-D imaging technique

refers to the

in Forensic Science.”* There are advanced surface
scanners developed yet enhancing the use of 3-D
scan in various field.

Forensic photogrammetryand3-D Surfacescanning
are capable of providing 3-D representation. They
are essential tools in 3-D reconstruction and
providing 3-D optical models with their advantages
and limitation.** Various software approaches are
present along with photogrammetry, to construct
3-D model very efficiently.”

Minimally Invasive Autopsy

Minimal Invasive Autopsy, also known as Minimally
Invasive Autopsy, is a systematic approach that
involves the imaging procedures such as MRI and
CT scan, as well as minor biopsies and needles. This
autopsy procedure has been used for several years
for its potential to provide outcomes with limited
resources. It aims to target a variety of organs inside
the human body. The main advantage is the less
need for infrastructure and low-income settings. As
it includes imaging technique, it provides a record
of the whole body and lessens the risk of infection
to practitioners.***’

Virtual Autopsy in postmortem analysis:
Non-Invasive approach
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Virtual Autopsy includes 3-D photogrammetry,
optical scanning, computed tomography, Magnetic
Resonance Imaging, Postmortem angiography,
and postmortem biopsies. These techniques have
the potential to work independently or augment
with other. Photogrammetry-based approaches are
easy and effective for 3-D body documentation in
autopsy examination and provided high-quality
models28. Photogrammetry is a reproducible
and low-cost technique which doesn't require
any professional training.” The Video recording
is a faster method as compared to photo sessions
for 3-D documentation.*® Another approach for
documentation is 3-D surface scanning by optical
scanning, which is easy, time saving and eflicient
for dental identification.* In traffic accidents cases,
external examination by 3-D surface scanning
and internal by MSCT, MRI provide a better
understanding in body analysis.*> Even in the
cases of late decomposition, CT scan and MRI
successfully reconstructed the bullet trajectory
through the skull” The use of these imaging
techniques is popularizing day by day in forensic
medicine.

PMCT was able to detect major injuries in the body
but couldn’t completely surpass the conventional
autopsy in the cases of traumatic deaths. It can be
performed for all trauma cases. The performance of

[+

PMCT and PMMRI is comparable for determining
the cause of death. Both the techniques have their
advantages.’* The studies show contrasting result
on comparing these techniques. PMMRI detected
extra cardiac and brain pathology efliciently in the
cases of sudden death. Hence, it is a beneficial and
informative approach when conventional autopsy
is not possible.” Most of the comparative studies
between Virtopsy and traditional autopsy promoted
postmortem imaging techniques in autopsy
Virtopsy provides information
about the cause of death but still can’t completely
replace the need of traditional autopsy. These
imaging techniques are capable of coordinating
with traditional autopsy. Virtopsy has the potential
to be performed as an alternative to conventional
autopsy. **

Virtopsy in postmortem analysis of COVID-19
patients:

Minimally Invasive Approach

The SARS-COV-2 infection present challenges in
postmortem examination due to its contagious
nature.”” The minimal invasive approach has
practiced for COVID-19 deaths to overcome the
difficulties. Minimally Invasive autopsy includes
use of the imaging techniques along with small
organ biopsies. It enables the collection of tissue
specimens for histologic examination.” This

examination.

Shows Comparison representation between conventional autopsy in a) softened

Figure 2
brain tissue, ¢ liquified brain at autopsy and PMMRI in b) softened brain tissue, d) liquified
brain and yellow arrow indicating putrefied gas accumulation?.

Figure1  Comparative analysis of 3-D model of skull by CT scan A)
Anterior view, B) Lateral view and 3-D surface scan C) Anterior view, D)
Lateral view.

Source: Scanning of a skull: first considerations regarding reproducibility
issues . Forensic Sciences Research. 2017;2(2):93-99

Source: Tschui J, Jackowski C, Schwendener N, Schyma C, Zech WD.
Post-mortem CT and MR brain imaging of putrefied corpses. International
Journal of Legal Medicine. 2016;130(4):1061-1068
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method allows the collection of tissue samples,
urine, bile, and blood samples for toxicologic
and DNA investigations. In these circumstances,
when the risk of transmission of the infection is
high, minimally invasive autopsy reduce the risk
of producing aerosols.’ In terms of diagnostic
performance, Minimal Invasive autopsy shows
similar results as that of conventional autopsy in
the diagnosing the cause of death.* Even when
the consent of next-of-kin of dead is not present,
it may work as an essential tool.”’ This approach is
feasible for high infectious diseases for countries
with middle and low income.* Ultrasound-guided
minimally invasive autopsy performed well,
providing 100% agreement conventional autopsy
for the 2018 yellow fever epidemic in Sau Paulo.*
MIA-US provided efficient in obtaining sufficient
samples from multiple organs such as lungs, liver
and spleen of COVID-19 patients.*® MIA-US can
help to determine the pathology of respiratory
failure and systemic manifestation of COVID-19.”
The main advantages offered by minimally
invasive approach are its cost efficiency and low-
invasiveness. It is a safer and quicker approach that
provide accurate results during COVID-19. Hence,
Minimal Invasive autopsy is an innovative approach
in postmortem examination in the pandemic.*
Application of Virtopsy in Forensic Science

Age and Sex determination:

The CT scans have good reproducibility in
estimating the age and gender of individuals. In a
study on age estimation, CT scan well differentiated
individual of age between 40-60 years from middle
aged.* Through burnt and charred remains, Age
can be easily estimated by CT scan using age
estimation methods.”® Sexually dimorphic bones
are very often analyzed to determine individual’s
gender. A PMCT scan is also a simple and quick
method to measure bone structures before an
autopsy.”!

Forensic Odontology & Personal identification
The comparison of antemortem and postmortem
records and development of individual’s details are
usually done for dental identification.”> Some of
these antemortem radiographic reconstructions are
possible using cranial CT records. Documentation
and examination are possible in charred and
decomposed bodies without surgical removal
by Dent scan.® MSCT is a quick approach for
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gathering data and allowing comparison of dental
radiological information for identification in mass
disaster cases.”

Forensic Ballistics and Firearm Injuries

Entrance and Exit wounds are analyzed to locate
the projectile inside the body using radiological
techniques.” CT scan is capable of providing
information of wound and cavity inside the body in
clinical and forensic cases.® A doctor uses an X-ray
to locate projectile to save the living person. MRI
is capable of better visualizing soft tissues than the
MSCT. It can be used as an alternative tool in cases
where the bullet trajectory is not easily detectable.””
Forensic Reconstruction

Reconstruction of crime scene is a vital task in
criminal investigation. In case of fracture, the
impact of force and direction of force is analyzed.*®
3-D photogrammetry, 3-D body surface scans and
CT scans are also capable of Forensic reconstruction
of body parts.”®

Burn Injuries

For the identification of hidden signs of wounds, gas
collections, and foreign bodies in burnt patients, a
PMCT preliminary to autopsy is an addition to the
postmortem forensic examination.™

Cause of Death

Virtopsy has great importance in diagnosing the
cause of death in forensic pathology as it enables
examination of vital organs for example heart,
lungs etc.®

Mechanical asphyxia

In the case of death caused by obstruction created
by a foreign particle, CT allows the preliminary
screening to autopsy. CT is comparable to the
traditional autopsy in detection of bone fracture
and soft tissues analysis. MRI was able to detect
microfractures in cases of manual strangulation.®
The vital responses reveal the sequence of injuries
and death. The determination of whether an
accident occurred before or after death is a crucial
forensic problem. MRI and CT can analyze signs of
strangulation and collect internal neck detail .
Cardiovascular system

The primary cause of natural death is cardiac
insufficiency. Cardiac insufficiency may be caused
by chronic heart disease or sudden ischemic
events.® PMRI successfully detected ischemic
lesions and myocardial infarction. It has the
potential to perform in the absence of an autopsy.**
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Respiratory system

In determining infections of lungs and natural
causes of death, PMCT is as efficient as traditional
autopsy. It is more capable of detecting vertebral
fractures, which will rule out hanging and indicate
spinal injuries.” In cases of non-traumatic death,
PMCT of lungs was able to determine the cause of
death.®

Central Nervous system

CT and MRI are the beneficial diagnostic tools in
neuropathology and forensic science.®” Even when
the brain is liquefied, PMRI of putrefied brain
accessed the multiple regions of the brain.*

Future Implementation of Virtopsy

With some advances in techniques used in Virtopsy,
it can contribute more in forensic science. Virtopsy
produces massive amounts of digital DICOM
data. Digital format reduces the expense of films
and video handling, making it more portable.®®
Virto Scan is capable of documenting the body.
It is a multi-camera-based approach which saves
money and time.* A new version of the robotic
system named ‘Virtibot' has been introduced to
perform the task such as body surface scanning
and incorporation of needles for sample collection.
It has the potential to be combined with imaging
techniques.” Recent developments in MR imaging
have the potential to shorten MR imaging test
times, which may take up to 3 hours per corpse.”
The postmortem imaging techniques necessitates
a significant investment of time and money, as
well as professionals with the skills to obtain and
analyze PM images. Imaging equipment needs to
be maintained, modified, and replaced regularly.
The PM imaging may not be developed properly
without sufficient financial resources.”

DISCUSSION

This study shows how Virtopsy has widened
the scope of postmortem examination in
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forensic science. A virtual autopsy can be used
for postmortem examination in COVID-19
patients.” ‘Virtopsy’ is intended to implement
radiological techniques in the field of Forensic
Science.” It includes techniques
such as CT, MRI, scanning techniques such
as 3-D photogrammetry, surface scans and
postmortem biopsies. Postmortem radiology has
developed incredibly since the decades. PMCT
and PMMRI have used for examination of the
vital organ after death. 3-D optical models and
Forensic Reconstruction have been achieved by
Photogrammetry and Surface scanners.”” While
there are substantial possible benefits of using
postmortem MRI/CT imaging, it is doubtful
that postmortem imaging would completely
substitute conventional autopsy analysis shortly
due to its inherent limitations. Besides that,

imaging

for those cases where the next-of-kin refuse
conventional autopsy, such “minimally invasive”
autopsy examinations may provide at least some
clinically valid details.” This approach has proved
successful in postmortem examination in cases
of highly infectious disease such as COVID-19.”
The role of Virtopsy in forensic science includes
detecting the sudden cause death due to failure of
vital organs such as heart, lung, firearm injuries,
burn injuries, traffic accident cases etc. It is also
helpful in examining post mortem changes and in
the cases of medical dispute. Even with so many
advantages of Virtopsy, it is still not utilized to its
complete extent.” Future researches are needed in
this field to validate its use. However, depending
on the situation, autopsy with histology or, in
carefully chosen cases, non-invasive, minimally
invasive or traditional autopsies are likely to be
the most reliable method of determining the
cause of death.”

CONCLUSION

Virtopsy is an essential diagnostic tool in forensic
science. It can be used either independently or in
combination with traditional autopsy, depending
on the need of the hour. It has advantages in
clinical and forensic fields. Minimal invasive
autopsy is quick and safe. It can be an alternative
to autopsy in the COVID-19 pandemic. Future
research and funding can help in overcoming the
limitations of the virtual autopsy.
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