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Abstract

Scope: By providing non-invasive post-mortem assessment procedures,
virtual autopsytechniques have become a viable substitute for conventional
autopsy methods. The implementation and utilization of virtual autopsy
techniques in India is the subject This comparative review examines the use
and implementation of virtual autopsy techniques in India, including its
advantages, disadvantages, and possible effects on forensic investigations
andmedical practice in the nation.

Objective: This review paper's goal is to present a thorough examination of
the several virtual autopsy methods used in India, contrasting their
advantages, disadvantages, and suitability foruse in forensic medicine and
clinical settings. This research attempts to provide insights into the current
state, developments, and future prospects of virtual autopsy procedures in
the Indian setting by synthesizing the existing literature.

Methodology: This comparative review examines the implementation and
utilization of virtual autopsy techniques in India, focusing on literature
review, evaluation via comparison, and case studies. It examines the
challenges, efficacy, and practical uses of these non-invasive post- mortem
assessment procedures, including CT, MRI, and surface scanning, in

forensic cases, medical education, and forensic applications.

Keywords: Virtual Autopsy, Vitropsy, Non- invasive autopsy
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Introduction:

A vital part of forensic science is the medicolegal examination, which helps to solve mysteries
related to injuries, fatalities, and other medical issues that may have legal ramifications. Its main
goal is to ascertain the cause, mode, and circumstances of an injury or death.

For ages, autopsies have been a vital tool in medicine to ascertain the most likely cause of death.
It entails a careful study of the deceased person's physique as well as any underlying medical
issues that contributed to the death. In a traditional autopsy, a pathologist examines the body by
making incisions manually on the body. The pathologist looks for anomalies or indications of
disease in the organs, tissues, and physiological fluids. This procedure frequently calls for a high
degree of skill and can take a long time. It is possible for there to be small mistakes in
observations, such as pathological diseases, small fractures, traces of evidence, and poison-
affected areas. In forensic medicine, determining the duration since death is essential; however,
this is accomplished using biomarkers such as LDH, pH, triglyceride, cholesterol, sodium, and
potassiumlil,

Given Indian religious beliefs and feelings regarding the deceased's body and the spiritual
journey connected to death, traditional autopsies can have a profound effect on these beliefs and
sentiments.

The examination is currently being replaced by virtual autopsies, which use cutting-edge
imaging technology to provide high-quality 3D images of the body without

disfigurement or mutilation. It may now be used for a wider range of forensic tasks, including
identifying carbonized and putrefied bodies, figuring out why someone died, finding foreign
bodies, and reconstructing injuries. Injuries can be examined and connections made between
them and possible weapons used in crimes using virtual autopsy.

The most popular approach is the use of modern imaging techniques such as PET, MRI, and CT
scans to produce high-quality body images without making any cuts to the deceased. Following
the processing of these photos with Al algorithms, 3-D models of the body are produced,
enabling forensic specialists to closely inspect the organs and tissues. Another technique uses
artificial intelligence (Al) algorithms to examine a lot of data that was gathered throughout the
autopsy procedure, such as genetic, tissue, and blood test results. By using algorithms to detect
patterns and abnormalities that could go undetected to the human eye, forensic specialists are
able to determine the cause of death with greater accuracy. Numerous techniques are intended to
produce 3D photographs of bodies of superior quality in multiple planes.

X-rays are used in the computed tomography scan procedure to provide finely detailed images of
the body's inside architecture. The method of magnetic resonance imaging involves radio waves
and a magnetic field to produce photographs of the interior organs. The surface scanning
approach entails taking a high-resolution picture of the body's exterior using a 3D scanner.
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Using CT or MRI to obtain images of the blood vessels, post-mortem angiography entails
injecting a contrast agent into the body's blood vessels [2. 31.

The virtual dissection method involves a software programme that allows for interior structure
examination and virtual dissection of the body without requiring actual incisions. Al then
examines the acquired images using algorithms to find any illnesses or wounds that might have
contributed to the person's death. Many of the labor-intensive manual processes involved in
traditional autopsies can be automated due to Al algorithms' capacity to process massive
quantities of data accurately and fast. Al is capable of analyzing biomarkers, for instance, to
determine the time of death and to find and recognise poisoning symptoms. Subtle alterations in
organ and tissue architecture that might be challenging for a human pathologist to notice can be
found by Al algorithms.

This can lower the possibility of a misdiagnosis and increase diagnosis accuracy. Al-assisted
autopsies can produce digital data that is kept in electronic health records, which facilitate
information sharing and access for forensic pathologists and law enforcement, can expedite
investigations and enhance the caliber of evidence offered in court [4. Al is revolutionizing the
autopsy process, leading to less invasive, faster, and more accurate treatments. Even while
conventional autopsies are still a crucial component of forensic medicine, artificial intelligence
(A will play an increasingly larger part in autopsies in the future [51.

This review examines the rapidly developing field of virtual autopsy and its uses, paying special
attention to how it is being adopted and modified in the Indian setting. This study seeks to
provide a thorough review of the role of virtual autopsy technology in forensic investigations,
medical education, and healthcare delivery systems in India by exploring its developments,
problems, and prospective consequences. This analysis aims to shed light on the changing
paradigm of forensic pathology in the digital age by examining the nuances of virtual autopsy
methods and evaluating their effectiveness in various forensic settings. It also addresses the
distinct socio-cultural and infrastructure elements impacting its application in the Indian setting.

Virtual Autopsy and its Significance

Virtual Autopsy, or Virtopsy, is a cutting-edge method of postmortem analysis. In contrast to
conventional autopsies that entail actual dissection, virtual autopsies make use of cutting-edge
imaging methods like MRI and CT scans.

Experts can see inside structures, spot injuries, and ascertain probable reasons of death with non-
invasive imaging. The combination of forensic science and technology is fascinating [4 €I,

Virtual autopsies are useful in forensic analysis to ascertain the cause of death. They are
excellent in analyzing wartime injuries, trauma, and structural flaws. It causes less disruption
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than traditional autopsies, which can be somewhat intrusive. For delicate circumstances and
cultural issues, this is essential.Virtopsy offers comprehensive information on illnesses, trauma,
and poisoning. Researchers make use of this data to advance forensic and medical techniques.An
alternate method for teaching medicine is through virtual autopsy. Using 3D pictures, educators
and medical professionals can study both healthy and diseased anatomy. The results of virtual
autopsies are used to resolve issues pertaining to comorbidities, survival, and life expectancy in
court cases.Certain investigations demonstrate differences between targeted autopsies guided by
post-mortem CT imaging and traditional autopsies [4. 6],

History and Evolution of Virtual Autopsy Techniques

As a non-invasive or minimally invasive autopsy technique, the idea of Virtual Autopsy (VA)
arose. It blends cutting-edge technology with traditional autopsy (CA) methods.

It is said that Richard Dirnhofer coined the phrase "virtual autopsy,” or "virtopsy." In his ground-
breaking research, post-mortem magnetic resonance imaging (PMMR) and post-mortem
computed tomography (PMCT) were integrated(7. 8l.

Benefits and Advancements: VA gets around a lot of the problems that traditional autopsy (TAS)
have. Rather than utilizing tissue dissection, it depends on sophisticated imaging methods.
Sensitivity: Studies have concentrated on how sensitive certain important VA methods are,
namely PMCT and PMMR. These techniques enable in-depth analysis without causing any
physical disturbancel®l. Researchers realized that medical imaging (MRI and CT scans) may
replace traditional autopsies while protecting important evidence, spurred by the quick
advancements in technologyli9l. Research and Forensics Applications: VA assists in the diagnosis
of diseases, particularly in the younger demographic. It sheds light on lung abnormalities, heart
problems, brain/spinal cord disorders, and congenital anomaliesl’”. 8l. Certain studies provide
insight into the diagnostic utility of various techniques by contrasting VA findings with those
from traditional autopsyl’. 8. The goal of ongoing research is to determine the best applications
for VA and the fields in which more study is required. VA might become more important in
forensic analysis, medical teaching, and explaining mortality as technology developslt. 1%, 12],

Importance of Virtual Autopsy in Indian context

From the viewpoint of medical professionals, a study from Jawaharlal Nehru Medical College in
Aligarh, India's Dr. Mohd Asrarul Haque clarifies the importance of virtual autopsies.
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Despite its advantages, organizational and technical obstacles prevent widespread
implementation in developing nations like India.

Particularly in light of the COVID-19 epidemic, it is imperative that virtual autopsies be
promoted and made widely known for use in medicolegal and forensic medicine practices[l.

AIIMS Delhi as a Nodal Centre:

AIIMS Delhi has developed into India's principal virtual autopsy hub. Research in clinical
medicine, anthropology, and medicine are using rich radiological data from post-mortem CT
scans. These comprise age-related ossification investigations in the Indian population,
anatomical changes, and evaluations of the skeleton and organslt3l.

Benefits and Comfort for Families- In post-mortem reports, virtual autopsies add a great deal of
value and legitimacy.They are vital resources for training, research, and education.Methods like
post-mortem CT angiography are useful in determining the reason behind unexpected fatalities,
particularly in young individualst4. 151,

Diagnostic Superiority- Studies demonstrate the value of virtual autopsies superior to traditional
autopsy in the identification of gunshot trajectories and bone lesions. Finding the bleeding sites
in surgical fatalities and measuring the amount of fluid or air in body cavitiesBl. In a nutshell
virtual autopsies, which combine technology, sensitivity, and diagnostic accuracy, present a
promising future for Indian forensic medicine.

The present paper seeks to provide a thorough evaluation of virtual autopsy technology in the
Indian setting. Examining the various uses of virtual autopsy in forensic investigations and
medical education, assessing technological innovations and modifications especially for the
Indian healthcare system, talking about the obstacles and restrictions preventing widespread
adoption, and suggesting possible directions for further study and development are just a few of
the goals. Through a comprehensive analysis of extant literature and empirical data, this study
aims to offer significant perspectives on the effectiveness, practicality, and future potential of
virtual autopsy in India. In the process, it hopes to improve forensic procedures, medical
education, and healthcare provision in the nation.

Traditional Autopsy

A thorough traditional autopsy comprises the following: an interior examination, a collection and
preservation of various materials for any recommended auxiliary investigations, and an external
inspection of the body, including a review of clothing and accessories on the body.
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The most popular body surface skin incision used to expose the abdominal and thoracic
chambers is the anteriorly positioned I-shaped incision. The Y-shaped incision and the modified
Y-shaped incision are the other two frequently used conventional skin incisions[tél. A back or
limb incision made in an X shape can reflect skin, which can be used to assess and identify
hidden subcutaneous hemorrhages in custodial fatalities[t71.

The most common skin incision used to access the brain cavity is the coronal incision. Starting at
the mastoid process, behind the ear, and continuing across the vertex to reach the opposing
mastoid, the scalp is incised in the coronal plane. As a result, the scalp is incised bi-mastoid
along the coronal plane.

A forensic autopsy should include the following tasks in addition to a thorough and methodical
dissection of the deceased body: acquiring images and video recordings for potential use as
evidence in court keeping samples (body fluids and viscera) for the previously mentioned
auxiliary studies, histopathological/microscopic analysis, and/or chemical/toxicological analysis.
Putting the autopsied body back in the best possible shape before delivering it to the relevant law
enforcement agency delivering a thorough written report on the postmortem examination that
includes the conclusions drawn from the autopsy and supported by scientific
evidence.Histopathological and microscopic study of numerous organs, as well as chemical and
toxicological analysis of bodily viscera and fluids, are typically regarded as autopsy auxiliary
investigations.The following are only a few of the many secondary investigations; Blood and
viscera used in microbiological culture bodily fluids for thanatochemistry, or postmortem
chemistry.During an autopsy in the early postmortem phase, for instance, measuring the
potassium levels in the vitreous humor can be helpful in determining the duration since
death.Samples from bite marks, anal, vaginal, etc. stains on the skin, fabric, or apparel, items
needed for DNA typinglt8l.

Challenges and limitations associated with traditional autopsies in India-

One common problem in India is the practice of doing "needless autopsies." These are carried
out despite the obvious cause of death, wasting already scarce resources.

It's ironic that clinical autopsies, which can offer insightful information for medical procedures,
are frequently disregarded.Treating physicians usually recommend clinical autopsy when the
cause of death or the course of the disease is still unknown. But there aren't any required rules for
carrying them out. Clinical autopsies require the approval of the patient's family, however
medico-legal autopsies are performed as a required procedure without consent.Unnecessary post-
mortems are a drain on India, taxing resources and causing anxiety[l. The problem is made
worse by the lack of qualified forensic specialists to perform medico-legal autopsy in
government facilities.When performing clinical autopsies, it would be wiser to make use of the
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crucial variables of limited manpower and knowledge.A major factor in the worldwide reduction
of clinical autopsies is medical professionals' and the general public's ignorance of their
advantages.

Alternatives to Customary Autopsies: Scholars have investigated the following alternatives to
customary autopsies: PMCT, or postmortem computed tomography, is a noninvasive,
preservation technique that, in some circumstances, can replace internal dissection[20l. Virtual
Autopsies (VAs): These non-invasive techniques get around the problems of conventional
autopsies. Sensitivity and accuracy are provided by methods such as post-mortem magnetic
resonance imaging (PMMR) and PMCTIS1.

Religious and Cultural factors influencing Autopsy Practices in India

Religious and cultural influences, which range among civilizations and belief systems, have an
impact on autopsy practice. In India, sentiments towards autopsy are greatly influenced by the
country's numerous religious and cultural customs. Religions such as Islam, Christianity, and
Hinduism prescribe afterlife care for the deceased and may influence attitudes towards autopsies.
Attitudes regarding autopsy are also influenced by cultural standards pertaining to stigma, family
honor, and customs. In order to negotiate these difficulties, forensic pathologists must get family
members' informed permission while honoring their cultural and religious beliefs. To prevent
confrontations and assist bereaved families, it is imperative to possess education, consciousness,
and empathy.

The interplay of cultural and religious elements during autopsy reveals paradoxes, harmonies,
and antagonistic relationships that researchers highlight. Forensic pathologists can maintain
professional standards and deliver better treatment by acknowledging and appreciating these
influences(21.22], In conclusion, autopsy procedures in India are greatly influenced by cultural and
religious considerations. It takes a sympathetic and culturally sensitive approach to strike a
balance between the need for legal compliance and regard for personal customs and values.

Tvpes of Virtual Autopsy Techniques

Post-mortem imaging, another name for virtual autopsies, has grown in popularity as a
minimally invasive or non-invasive substitute for traditional autopsy. These methods assess the
deceased using cutting-edge medical imaging. Let's examine a few of the most important virtual
autopsy methods and how they are used:

1. Virtopsy: This interdisciplinary research initiative attempts to incorporate contemporary
imaging methods into pathology and forensic medicine.lIt is supported by three primary pillars:
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Three-dimensional (3D) surface scanningUtilized to record body surfaces, including patterned
injuries and forensic evidence.

Multislice Computed Tomography (MSCT): Produces precise three-dimensional images by
visualizing the interior of the body.

Magnetic Resonance Imaging (MRI): Provides further information, particularly in cases of
internal injuries that are not apparent on external examination.

Virtopsy is beneficial since it enables the corpse and crime scene to be examined again even
years later(23].

2. Computed Tomography (CT) Scanning:

CT scans are commonly used for virtual autopsies.

Post-mortem imaging is currently being used more frequently for death investigation. Modern
cross-sectional imaging techniques, particularly multidetector computed tomography (MDCT)
and magnetic resonance imaging (MRI)[24.25], have been applied for forensic death investigations
in forensic centers around the world, going beyond conventional radiography, which is the oldest
imaging modality used in forensic medicine. The concept of objective non-invasive documenting
of the body surface for forensic reasons developed several decades after the idea of using
imaging equipment in forensic investigation. With significant advancements over time, post-
mortem imaging is today a well-recognized and valuable forensic investigation techniquel?6l.

3. Cone Beam (CBCT):

CBCT is another imaging method utilized in virtual autopsies.

It offers 3D photos with great resolution, which is particularly helpful for dental and
maxillofacial exams.

CBCT aids in the analysis of dental structures and the identification of trauma or pathology in
forensic odontology!(271.

Comparison between Traditional and Virtual Autopsy Methods
This comparison is based on research publications, including studies that examined fatal road

traffic accidents and explored the benefits and limitations of virtopsyl(2s. 29, 30, 31, 9],
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ASPECTS

TRADITIONAL AUTOPSY

VIRTUAL AUTOPSY

Definition

Involves the physical
dissection of a deceased body
to determine the cause of
death and other findings.

A non-invasive or minimally
invasive alternative that uses
imaging technology (e.g.,
postmortem CT) for

Imaging Techniques Used

Not applicable (physical
dissection).

Postmortem computed
tomography (PMCT), MR,
and other radiological

relatives.
May not be suitable for
certain cultural or religious

Advantages Provides detailed information | Noninvasive, preserving the
about injuries, fractures, and | body.
internal structures.Allows Objective and scientific
direct examination of organs | approach.
and tissues.Well-established | Can supplement or replace
and widely practiced. traditional autopsies.
Limitations Invasive, emotional for Limited detection of soft

tissue injuries.
Requires specialized
equipment and expertise.

Specific Findings

Skull, facial bone, and
vertebral fractures.
Brain hemorrhages.
Detects pneumothorax,
pneumoperitoneum, and
pneumocephalus.

Precise location of fractures.
Excellent visualization of
ventricular hemorrhages.
Limited detection of soft
tissue injuries.

Future Directions

Continues to be a gold
standard for forensic
investigations.

May benefit from integrating

Investigate better PMCT
acquisition for soft tissue
injuries.

Enhance region-wise CT

Challenges in Implementing Virtual Autopsy in India:

Although virtual autopsies seem like an excellent replacement for traditional autopsies, there are
several challenges associated with VAs. Studies have shown that there remains a lack of
knowledge regarding VAs and methodologies employed while conducing VAs within the medical
community, especially pertaining to Indial32 331, Moreover, conducting VAs is a highly skilled
task which require radiologists to have forensic knowledge as well, thus passing a challengel34l.
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Furthermore, evidences found on various scans conducted during VAs could be contradictory and
thus could be misleading. Additionally, VAs required mortuaries to be equipped with excellent
imaging systems, thus making VAs quite costly when compared to its traditional counterpart(®]
which could be challenge in a low or middle income country such as India.

Future Directions And Recommendations:

Research and Development-

By providing a non-invasive as well as a more accurate method for post-mortem investigations,
virtual autopsy can potentially revolutionize forensic practices in India.

The introduction of better imaging methods that are applied in virtual autopsy. This includes
improvements in 3D reconstruction, MRIs, and CT scans. New algorithms can be generated to
analyze virtual autopsy data automatically. Finding patterns and anomalies can be aided by
artificial intelligence and machine learning.For a thorough evaluation, combining various
imaging modalities(such as CT, MRI, and ultrasound) can aid in manual workingI3sl.

Digitalisation-

As technology permeates every facet of healthcare, it is becoming increasingly important in our
nation to digitize forensics and medicolegal services. While there are certain disadvantages of
digitization, they are outweighed by its advantages. A new era in medico legal practise in India
will be ushered in by digitalization, which will increase accountability and efficiency of services
provided. An online portal should be established nationwide and made accessible to the state-
specific task groups in order to digitize the entire medico-legal procedure. These task forces
ought to be qualified and experienced in order to efficiently manage the uploading of all
documents, verify entries and revisions made to them, uphold their integrity, and send documents
until they are received by a court of law36l.

Education and Training-

Medical curriculum should incorporate virtual autopsy training. Specialized training should be
provided to forensic professionals and medical students.

Organizing awareness campaigns to inform the public, legal authorities, and medical experts
about the advantages and dependability of virtual autopsies.

Legal and Ethical Considerations-

Work should be done along with the governing bodies in order to legalize the acceptance of
Virtual Autopsy Reports in the court of law.

Collaboration and Data Sharing-

Exchange of best practices and expertise by working with organizations and specialists on a
global scale.
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Development of data repositories specifically for virtual autopsy to enable researchers to
examine huge datasets.

Quality Assurance and Standardisation-

There must be a set of Standard Operating Procedures (SOP) to perform virtual autopsies.
Quality Assurance protocols to be implemented in order to provide accurate and reliable results.
Cost-Effectiveness-

Examine affordable options for online autopsy services. This entails making the most of the
current infrastructure and streamlining imaging methods.

India can leverage the promise of virtual autopsies to improve forensic investigations and
healthcare by embracing innovation and tackling obstacles.

Conclusion:

In a nutshell, this study has shed light on the complex terrain of virtual autopsy in the context of
India, highlighting both its wide range of uses and the modifications made to meet the particular
requirements of the local community. Examining a number of research projects and
technological developments, it is clear that virtual autopsy has the potential to completely
transform forensic medicine by providing a highly accurate, non-invasive substitute for
conventional autopsy techniques. Furthermore, the addition of virtual autopsy to the Indian
healthcare system has aided medical research and education in addition to improving forensic
investigations. Notwithstanding the apparent advantages, obstacles like technological constraints
and ethical problems endure, underscoring the necessity of sustained investigation and
cooperation to maximize the application of virtual autopsy in India.

With the advancement of technology and the removal of obstacles, virtual autopsy has the
potential to become a crucial component of forensic work, leading to medico-legal investigations
that are more accurate, efficient, and morally sound.
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