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This is an era where digitalization has creeped into every single task that we perform; be it transaction of 
money online or consulting doctors over online platforms. Although digitalization in healthcare was 

slightly slow in its progress, the recent pandemic of COVID that hit the world forced everyone in the healthcare industry to adopt 
digitalization to its maximum potential. Healthcare digitalization has touched upon various aspects viz. medical education, 
clinical consultations, radiological and pathological diagnosis, and also medical research. However, in spite of its positive 
impact on the overall healthcare scenario, there are some challenges which need to be overcome. This review discusses the 
various domains of healthcare where digitalization could be implemented with an additional analysis of the strengths, 
weaknesses, opportunities and challenges of digitalization in pathology especially in times of the recent pandemic of COVID.
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Pathology

INTRODUCTION:
The last two years have forced us to change us our work 
pattern and learning behavior. And this has all been due to the 
COVID-19 pandemic which struck us in the early part of 2020. 
Every eld of work was affected viz. education, industry, 
agriculture, dairy etc. but the toughest job was probably for 
the healthcare workers who had to continue to give their 

1support even in the midst of all the chaos around . People in 
different sectors had to plan and implement digitalization in 

1order to help them to work from their homes . But the question 
was whether such kind of digitalization implementable in the 
healthcare setting? Could we think of any domain of 
healthcare where we could actually digitalize our work in 
order to reduce our exposure risks? 

Therefore, this review discusses the various domains of 
healthcare where digitalization could be implemented with an 
additional analysis of the strengths, weaknesses, 
opportunities and challenges of digitalization in pathology 
especially in times of the recent pandemic of COVID.

DIGITALIZATION IN HEALTHCARE:
It is quite a well-known fact that the healthcare industry has 
been surprisingly slow to join the global digital revolution, 
ranking in the lowest third of industries when measured for 

2digital maturity in 2015 . Compared to the changes we have 
seen with other industries like nance, media etc over the last 
decade, the digital breakthrough in healthcare is still in the 

3nascent stage . However, gradually the new tools and 
technologies have already started to make waves across the 
healthcare system and hold great promise to transform the 
delivery of health services in the near future – improving 

4efciency of patient care . Like many other elds, healthcare 
industry also had no other choice but to adopt digitalization to 
cope up with the pandemic situation, wherever possible. We 
here highlight a few of the technologies that are making an 
impact on the various domains of healthcare:
1. Medical education: The onset of digitalization in 

healthcare started with conducting seminars and 
conferences using online platforms and calling them 
webinars. Medical schools had to depend upon various 

4online platforms to conduct classes for their students.
2. Clinical consultation: Clinicians started providing 

consultation to their patients with the help of telemedicine 
and online facilities as per guidelines issued from time to 

5-7time during the pandemic . Smart phone-based 
applications also make gathering data and monitoring 

8,9patients easier and more convenient . Consultations in 
diabetes management and pain management has 

10-12proved to be quite benecial . The potential for further 
13,14applications is practically limitless .

3. Diagnosis: Radiologists took to reporting of lms using 
various online softwares mostly for X-ray, CT scan and 

15MRI diagnosis.  Computer-aided detection has also 
shown value in helping radiologists more quickly and 
accurately analyze images for patterns associated with 
underlying disease, such as for breast cancer during 

16,17mammography screening.
4. Medical research: Increased use of technologies such as 

machine learning may help reverse this trend by allowing 
the virtual screening of millions of compounds to 
potentially increase the number of possible drug leads. 
Digital solutions such as clinical trial simulation, 
modeling and simulation, computer-assisted trial design, 
model-based drug development and model-informed 
drug discovery and development could also begin to 
replace certain lab experiments, with a goal to reduce the 
time and resources required to bring a medicine to 

18market . 

DIGITALIZATION IN PATHOLOGY:
Another very important part of healthcare service which could 
be partially digitalized was Pathology. Digital Pathology is not 

1a new concept . Wilbur et al. (2009) described a pilot study on 
the effectiveness of digital pathology by comparing the 
concordance of reporting between digital and glass slide, and 

19they found a fairly good concordance of 91% . Therefore, 
implementing digitalization in the domain of Pathology for 
reporting slides was not a very difcult thing to achieve. In 
response to the need of reporting at home during the COVID-
19 pandemic and in future, the Royal College of Pathologists 
had published a guideline for remote reporting of digital 

20pathology slides . They have recommended a one to two 
months self-directed validation process by comparing glass 
and digital slides. The Department of Pathology in Universiti 
Kebangsaan Malaysia had also set up a computer capable of 

1,4remote access to facilitate reporting at home . 

The main strengths of digitalization in pathology are:
1. Remote reporting: Whole slides can be scanned and sent 
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anywhere to a pathologist with the help of software 
without any need for the pathologist to be present 
physically in the laboratory.

2. Review and second opinion: Slides can be easily shared 
by the pathologist with his/her peers or colleagues for any 
second opinion.

3. Storage: Scanned images of the slides can be stored 
without having to worry about slides getting broken or 
stains fading away.

4. Ease of reporting intricate details: During reporting, 
pathologists can accurately measure size of the tumour, 
microscopic distance from surgical margins, areas of 
necrosis, mitotic count and many such other important 
details.

In India, although there have been efforts from many reputed 
institutions and diagnostic chains to establish the process of 
digitalizing Pathology for reporting histopathology, but it is 
still in a very nascent stage and restricted to only those few 
institutions. It was a matter of concern as to why digitalization 
could not be fully implemented even after being described 

1,19way back in 2009 . The possible weaknesses/challenges of 
this technology that needed consideration were:
1. The cost factor: For high throughput conversion of 

traditional glass slides to digital images requires high 
end whole slide imaging equipment which is very 
expensive and a good one costs anywhere between 50 
lacs to 1 Cr. 

2. The storage factor: As these images are of high resolution, 
each image le can be up to about a few gigabytes. 
Hence, storage of these images may be an issue and is 
also expensive to maintain.

3. The comfort factor: One of the possible reasons include 
pathologists are used to or prefer glass slide viewing. 
Many are not tech savvy and therefore prefer the 
conventional glass slide viewing. Also any requirement 
for recut/restain for a particular slide can be immediately 
ordered in the conventional system of reporting.

4. The technical factor: there is not enough IT support 
available at every place to help the pathologists 
troubleshoot with the technical difculties. 

Nonetheless, the current COVID-19 pandemic came as an 
opportunity to embrace the change. In this pandemic situation 
for the last two years we have realized that digitalization in 
pathology can be utilized as an opportunity to 'work from 

1,4home' for the pathologists . However, things are not that 
simple and easy as they are thought to be. In spite of this boom 
in technology which has helped the pathologists to report 
slides from a remote location, there are few areas where the 
presence of a pathologist cannot be overruled. These areas 
pose as additional challenges to digitalization of pathology 
which need to be looked into:
1. Pathologists still must be physically present for dissection 

of large tissue samples. We may be able to get away with 
small biopsies, but large specimens still need to be 

1grossed by pathology trainees or pathologists .
2. Procedures like ne needle aspiration cytology (FNAC), 

bone marrow aspiration and biopsy etc usually require a 
qualied pathologist or a qualied medical practitioner 
for that matter.

3. A frozen section biopsy which needs to be reported within 
10-15 minutes may not be possible with the help of 
digitalization.

CONCLUSION:
Digitalization has had signicant contributions in majority of 
the industries, healthcare being one of those. We have seen 
that digitalization has eased various aspects of healthcare 
starting from medical education to diagnosis and patient 
management. However, although the positive impact of 
digitalization in healthcare, particularly in pathology, is huge; 
there are denite weaknesses and challenges which need to 

be overcome for it to be effective and implementable in 
developing countries like India. Training of healthcare 
personnel in digital platforms and availability of cost effective 
equipments should solve majority of the problems in 
implementation.
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