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Abstract
The advent of smartphones with high-resolution cameras has opened up new possibilities in the field of telepathology for 
a second opinion especially in the COVID-19 era. The aim of this study was to evaluate the intraobserver concordance 
of a novel “work from home setup” with conventional microscopy diagnosis taken as the gold standard. A total of 90 
cases of oral biopsies diagnosed by one pathologist were photographed with a smartphone camera. The static images were 
transferred via Google Drive and viewed on a 40-inch LED television screen connected by an HDMI cable to a laptop by 
the same pathologist. A wash-off period of 4 months was provided to avoid recall bias. The intraobserver concordance of 
Google Drive transfer and conventional microscopy was calculated. The cases in which the conventional slide microscopy 
and smartphone image diagnosis (SPID) via Google Drive were concordant constituted 98.9% (89/90), and the ones with 
discordant diagnoses made up 1.1% (01/90). Smartphone-assisted telepathology can be useful for a second opinion. The 
images can be stored on a Google Drive and then downloaded to a personal computer and viewed on large-screen television 
to attain high levels of diagnostic accuracy.
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Introduction

Moore’s law promulgated by Gordon Moore in 1965 envis-
ages that the number of transistors on a computing chip dou-
bles every 18 months. The law still holds and the computing 
power of devices is improving at an exponential rate [1]. A 
corollary has been drawn with the improvement in smart-
phone camera resolution which has seen similar dramatic 
improvements in the last few years.

Pathologists have been quick to harness this improved 
camera resolution for smartphone-based telepathology. But, 
higher camera resolution comes at the cost of a larger size 
of the image file. This in turn requires faster internet con-
nectivity and better viewing screens to effectively utilize the 
extra details available in a larger image. The availability of 
4G networks has improved the internet speeds considerably; 

however, larger screens are generally not available to pathol-
ogists forced to work from home during the COVID-19 
pandemic.

Large size light-emitting diode (LED) televisions are 
becoming more affordable and are now available in most 
households. For pathologists working from home, these tel-
evisions can be integrated with the laptops by a high-defi-
nition multimedia interface (HDMI) to provide an effective 
setup for telepathology for the second opinion.

Previous studies on smartphone-based telepathology 
have relied on either WhatsApp, email, or Google Drive to 
transfer the images and smartphone screens or desktops to 
visualize the images [2–5]. This is the first study utilizing the 
large-screen LED television screen to enhance the accuracy 
of smartphone-based telepathology with static images.

The utility of smartphone-based telepathology in remote 
areas with standalone laboratories and one or two patholo-
gists is mainly for expert second opinions. However, even 
in bigger centers, it can be used for subspeciality second 
opinions where the specialist is on leave or in quarantine [6].

On March 26, 2020, Centres for Medicaid and Medicare 
Services issued a memorandum which allowed pathologists 
to review slides remotely during the COVID-19 pandemic 
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in non-CLIA certified setups [7]. In April 2020, the FDA 
allowed the use of different digital pathology hardware and 
software even if they are not approved as medical devices 
[7].

Aim

To evaluate the intraobserver concordance of telepathology 
diagnosis of oral lesions using a novel setup with conven-
tional microscopy diagnosis taken as gold standard.

Material and Methods

A total of 90 oral biopsies that had already been diagnosed 
on glass slide conventional microscopic examination by a 
single pathologist 4 months earlier were included in the 
study. The distribution of cases was as follows: 18 cases of 
leukoplakia, 62 cases of squamous cell carcinoma,7 cases 
of severe dysplasia, and 3 cases of oral lichen planus. The 
images were photographed by another pathologist (with 
two and a half years of experience after post-graduation 
in pathology). She captured static images of slides from 
the ocular of a microscope (Dewinter classic microscope, 
Dewinter technologies, Milano, Italy) using a smartphone 
(One Plus A5000, 16 Megapixels, Made in Shenzen, Guang-
dong, China, By One Plus). Only the relevant areas were 
photographed and not the entire section. The details of the 
images captured are given in Table 1. One of the limitations 
of clicking images by a smartphone camera and viewing 
them on screen is the difficulty faced in orienting the images 
to one another. To help the pathologist orient the different 
images of the case, the different areas of the slide were 
marked with permanent markers of different colors—red, 
black, and brown. A low cost ($10) commercially available 
smartphone camera adaptor (TechnoBuyers mobile phone 
adaptor) was used to stabilize the phone during image cap-
ture (Fig. 1).

The images were sent to the same reporting pathologist 
who had diagnosed the cases on conventional microscopy 
by Google Drive transfer after an interval of 4 months (to 
ensure an adequate wash-off period to avoid recall bias). 
To make sure that the reporting pathologist was blinded to 
the diagnosis, all the cases were randomized. The reporting 
pathologist was given the option to ask for additional images 
at the same or higher magnification if needed.

Google Drive transfer was preferred over email trans-
fer since it allowed the faster and efficient transfer of large 
image files. Clinical information such as age, type, and site 
of the lesion was also sent to the pathologist. A 40-inch 
large-screen LED television was attached by HDMI (high-
definition multimedia interface) cable to the laptop (Fig. 2A, 
B, C) and the images were viewed on the television screen 
for better accuracy (Fig. 2D, E, and Fig. 3A, B).

To avoid interobserver variability in the interpreta-
tion of the cases, the images were diagnosed by the same 
pathologist.

Table 1  Basic data of the images captured by the smartphone camera

S. no Parameter Value

1 Total number of cases 90
2 Total number of images 618
3 The average number of images captured per case 6.86
4 Number of cases that required additional images 

for diagnosis (N, %)
1 (1.1%)

5 Diagnoses of cases selected for the study
a. Leukoplakia 18
b. Squamous cell carcinoma 62
c. Severe dysplasia 07
d. Oral lichen planus 03 Fig.1  The technique of taking smartphone images of cases with an 

adaptor
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Microscopic diagnoses (MD) and SP image diagnoses 
(SPIDs) via Google Drive transfer were typed in the EXCEL 
sheet and statistical analysis was done using SPSS version 
20.

Results

The basic data for the images captured by the smartphone 
camera are given in Table 2. The mean image capture time 
for each case was 6.2 min.

When the images were viewed on a large-screen 40-inch 
LED television screen attached to the laptop after Google 
Drive transfer, the concordance rate with conventional 
microscopy was 98.9% (89/90) and the discordance rate was 
1.1% (1/90) (Table 3). All (62/62) cases of squamous cell 
carcinoma, all (18/18) cases of leukoplakia, and all (3/3) 
cases of oral lichen planus were correctly diagnosed after 
viewing the images on the large screen after Google transfer 
(Fig. 3A and B). Only one case (1/7) of severe dysplasia was 

overinterpreted as moderately differentiated squamous cell 
carcinoma (Table 3).

The discordant case was reviewed again both on conven-
tional microscopy and on smartphone images to ascertain 
the reason for discordance. The possible reason for this 
discrepancy was the absence of a high power image of the 
representative area. This made the pathologist misinterpret 
invasion when there was none. With more experience with 
this technology, this type of error can be minimized.

Discussion

With the current COVID-19 crisis around the world, telepa-
thology for the second opinion would play an important part 
in pathology practice [8]. There could be scenarios where 
the senior more experienced pathologist working in the lab 
is in-home quarantine and not available to see the slides. 
An inter-institutional second opinion from senior colleagues 

Fig.2  A The HDMI input 
option of the LED television 
set. B HDMI cable inserted into 
the HDMI port of the laptop. 
C Selecting multiple displays 
in the display settings of the 
laptop. D A case of leukoplakia 
seen on the LED television 
screen (hematoxylin and eosin 
stain 10 ×). E A case of well-
differentiated squamous cell 
carcinoma as seen on the bigger 
display (hematoxylin and eosin 
stain, 40 ×)

Fig. 3  A and B Moderately 
differentiated squamous cell 
carcinoma (two cases) as seen 
on the television screen with 
laptop screen in the foreground 
for comparison (hematoxylin 
and eosin stain, 40 ×)
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working in other labs would also be difficult with lockdowns 
in cities and telepathology can come to the rescue [7].

Telepathology may also be utilized in a limited way for 
tumor board meetings and second opinion [7]. The addi-
tional benefit of using telepathology is the reduced handling 
of histopathology slides and trays. Although in absolute 
terms, it is not clear whether it will reduce the spread of 
infection or not; however, it may reduce anxiety among the 
pathologists [8].

The use of WhatsApp for image transfer has the limita-
tion of reduced image quality since it reduces the file size 
to facilitate rapid image transfer as also suggested by Garg 
et al. and Sarode et al. in their study [4, 5]. This limitation 
can be overcome by simple alternatives like renaming the 
image file as docx or pdf file, sending a zip file of images, 
uploading to the cloud, and sharing the link [4]. Another way 
to share high-quality big-size images is by uploading the 
images to Google Drive sharing the link. The receiver can 
download the images to his/her computer and view them. 
The size of the screen can be further increased by attaching 
a large-screen television by HDMI cable to the laptop.

Sarode et al. reported a correct second opinion diagnosis 
(SOD) for 95.26% of cases [5]. Garg et al. also reported an 
intraobserver concordance rate of 95% for WhatsApp-based 
telepathology for oral lesions [4]. The possible reasons for 
discordance in the diagnosis using WhatsApp transfer were 
the problem of orienting the different bits of the biopsy and 
pixelation of the image on digital zoom since the size of 

the image file is reduced on WhatsApp transfer. Pixelation 
can be overcome by a more efficient transfer of image with 
minimal loss of image detail.

With the availability of faster internet connections, the 
transfer of images has become easier. An interesting obser-
vation is that the download speeds of most connections are 
much faster than the upload speeds. So, the critical deter-
minant of the functional ability of smartphone-based tele-
pathology is the upload speed of the internet connection of 
the person asking for a second opinion. Some points to be 
taken care of while uploading the images are worth a men-
tion. Too many background programs can take up much of 
the bandwidth. Syncing photos, backing up data to the cloud, 
and other file sharing can slow down the upstream connec-
tion. The upstream connection speeds can be tested with 
different devices. If it is significantly faster with one device, 
then there might be a hardware or software issue with the 
device rather than an internet problem. Updating the modem 
and router firmware can also help improve the speeds. If one 
is using a Wi-Fi connection, then staying close to the router 
and keeping the router at sufficient height can help.

The most efficient way to pair the laptop with the televi-
sion is the HDMI cable. However, if the distance between 
the laptop and the television screen makes wires unrealistic, 
then wireless HDMI or Google Chromecast can be used. The 
other options include using a USB-C cable or a VGA cable 
depending on the ports available on the laptop or desktop 
computer.

The intraobserver concordance rate in our study was 
98.9% and the discordance rate was 1.1% (Table 2) with the 
use of a large television screen after Google Drive transfer of 
images. The concordance rate is better than the concordance 
rates reported for similar studies using smartphone screens 
for viewing the images [2–5]. This could be explained by the 
visualization of images on a bigger screen with better resolu-
tion and no loss of image file size on Google Drive transfer.

A key determinant of acceptance of any new technol-
ogy is the stakeholder’s attitude. Recent surveys conducted 
among pathologists show a definite trend towards greater 
acceptance of the telepathology setup [9, 10]. For patholo-
gists who have spent a better part of their lives looking into 
microscopes, evaluating images on the screen is a big change 
which might take some time to be accepted. However, the 

Table 2  Concordance rates for different categories of cases by 
Google Drive transfer

S. no Diagnosis Google Drive transfer with the 
LED television screen

Total Correctly 
diagnosed

Percentage 
concord-
ance

1 Leukoplakia 18 18 100%
2 Squamous cell Carcinoma 62 62 100%
3 Severe dysplasia 7 6 85.7%
4 Oral lichen planus 3 3 100%

Total 90 89 98.9%

Table 3  The case given a different diagnosis by conventional microscopic evaluation and novel work from home set up using smartphone images 
via Google Drive transfer

S. no Conventional microscopic diagnosis Smartphone image diagnosis (Google Drive 
transfer)

The possible reason for discordance

1 Severe dysplasia Moderately differentiated squamous cell carci-
noma

The absence of a high power image of the 
diagnostic area. This made the patholo-
gist misinterpret invasion when there 
was none.
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younger generation is already getting used to seeing smart-
phone images of cases on social media—WhatsApp and 
Twitter. Pathologists have taken to Twitter in a big way for 
discussing difficult cases, teaching, and connecting with 
experts. The large number of cases discussed on Twitter is 
a testament to the fact that pathologists are getting comfort-
able with telepathology [11, 12].

One limitation of the study was that only one pathologist 
was involved in the interpretation of telepathology images. 
The study would have been stronger if more than one pathol-
ogists were involved in the interpretation. One drawback 
of this technique of telepathology is the requirement of a 
trained pathologist to photograph the representative areas 
unlike digital scanners which can be operated by technicians. 
The advantage is that it can be set up at a reasonable cost 
with pre-existing LED television available in most house-
holds and by purchasing a low-cost smartphone adaptor.

The single case with discordant diagnosis highlights the 
problem of selection of representative area while taking the 
images with a smartphone camera. As the operators navigate 
the learning curve, this type of error would reduce.

To conclude, our study found that a bigger LED television 
screen attached to a laptop can provide a convenient setup 
for telepathology for a second opinion. Smartphone-assisted 
telepathology has shown promising results for the second 
opinion; however, for primary diagnosis, there is still a lot 
of ground to cover [4]. A similar setup would also be helpful 
in institutions and hospitals and also for teaching purposes.
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