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Abstract

Traditional telepathology techniques like whole slide imaging and robotic microscopy are too expensive to be used in developing
countries. With the advent of smartphones with high-resolution cameras and faster internet services, it is now possible to send
good-quality images to pathologist for diagnosis. To study the utility of WhatsApp image transfer in the histopathological
diagnosis of common oral malignant and benign lesions. A total of 100 cases of oral biopsy were included in the study. These
comprised of 58 cases of squamous cell carcinoma, 33 cases of oral leukoplakia, 3 cases of oral lichen planus and 6 cases of
moderate to severe dysplasia. The conventional microscopy diagnosis made by glass slide viewing was taken as the gold standard
and the concordance of the WhatsApp diagnosis with the gold standard was calculated for each category of diagnosis and also for
all the 100 cases. The concordance rate for squamous cell carcinoma was 96.6%(56/58). For leukoplakia, there was 100%(33/33)
concordance between the WhatsApp diagnosis and conventional microscopy. The concordance rates for dysplasia (4/6) and oral
lichen planus (2/3) were 66.7% each. Hence, for all the categories taken together, the overall concordance rate was 95%. A
concordance rate of 95% is very encouraging; however, for routine diagnostic use in telepathology, there is still a long way to go.
With the availability of better smartphone cameras and faster internet, it will be possible to send better quality images in the
future. The pathologists will also learn where to draw the line and ask for glass slides for final diagnosis.
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Introduction

Improvement in smartphone camera resolution and increasing
use of social media tools like WhatsApp have resulted in new
avenues for growth of telepathology. WhatsApp has already
been used for better doctor patient interaction, teaching med-
ical students, getting second opinions in histopathology.
However, its use for primary diagnosis of histopathology
slides has its own limitations [1, 2].

New smartphone accessories can adapt the smartphone to
the microscope eyepieces and help in getting high-resolution
images. With practice, it is also possible to get similar high
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quality images without using the adaptors. Vignetting is a
common problem in smartphone microphotographs. It is de-
fined as reduction of an image’s brightness or saturation to-
ward the periphery compared with the image centre. This can
be overcome by using optical zoom of the smartphone cam-
era. It is generally presumed that better megapixel (MP) count
of the camera translates to greater confidence in making a
diagnosis on the image procured. This is a myth since other
factors like optical quality of lens, camera sensor and the me-
dium where the image is viewed are all equally important. A
recent study found that an 8-MP smartphone camera is suffi-
cient for telepathology consultations [3]. A grid template
could be printed and placed under the slide to guide the
reporting pathologist. If more images are required, then the
reporting pathologist can simply guide the sender to take more
pictures of the specific area of the grid [3].

In developing countries and in remote locations, cost of
equipment can be an important factor in determining the mode
of telepathology used. Hence, our study was designed to eval-
uate the accuracy of low-cost telepathology set-up in diagnos-
ing common oral lesions. No smartphone camera adaptors
were used. The grids were replaced by permanent marker pens
used to outline the areas being photographed. The
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smartphones used to capture the images and evaluate the cases
were also of low to medium budget range.

Aim The aim of this work is to study the utility of WhatsApp
image transfer in the histopathological diagnosis of common
oral lesions.

Materials and Methods

A total of 100 cases of oral biopsy were included in the study.
These comprised of 58 cases of squamous cell carcinoma, 33
cases of oral leukoplakia, 3 cases of oral lichen planus and 6
cases of moderate to severe dysplasia. The conventional mi-
croscopy diagnosis made by glass slide viewing was taken as
the gold standard and the concordance of the WhatsApp diag-
nosis with the gold standard was calculated for each category
of diagnosis and also for all the 100 cases. In order to avoid
inter observer variability in the diagnosis, the WhatsApp im-
ages were sent to the same pathologist (N T) who had made
the diagnosis on conventional microscopy.

Instead of using the grid method for orienting the slides for
the reporting pathologist, a novel method was devised by
using permanent markers to outline the areas photographed
(Fig. 1a, b). Then, each area photographed was captioned as
red 1, red 2, red 3, black 1, black 2, black 3 and so on. The
reporting pathologist was given the option of asking for more
images by referring to the area colour code.

A pathologist (senior resident) captured the images of
slides from the ocular of a binocular microscope
(Dewinter classic microscope, Dewinter technologies,
Milano, Italy) using a OnePlus A5000 smartphone
(16 MP, made in Shenzen, Guangdong, China, by
OnePlus). The images were transferred by WhatsApp
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Fig. 1 a A novel method of labelling the areas photographed on the glass

slide with permanent markers of different colours. b A screenshot of the
smartphone screen showing the images being sent with the corresponding
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to the reporting pathologist (NT) who viewed the im-
ages on his own smartphone screen (HTC Desire 623)
and replied by sending the smartphone diagnosis of
each case. The reporting pathologist was blinded to
the conventional microscopy diagnosis of each case.
The relevant clinical details of each case were also sent
by WhatsApp. The diagnosis was entered on excel sheet
and concordance rates for each category were calculat-
ed. The other metrics of the study like average time
required per case for capturing the images and the time
taken by the reporting pathologist to give the diagnosis
by WhatsApp were also calculated.

Results

A total of 723 images were captured with a mean image
capturing time per case of 5.33 min. Average time in-
terval from image transfer to diagnosis per case via
WhatsApp was 6.76 min (Table 1). For leukoplakia,
there was 100% (33/33) concordance between the
WhatsApp diagnosis and conventional microscopy
(Fig. 2). The concordance rate for squamous cell carci-
noma was 96.6% (56/58) (Fig. 3). The concordance
rates for dysplasia (4/6) and oral lichen planus (2/3)
were 66.7% each (Table 2). Image pixilation on digital
zoom and problem of orientation of the different bits to
one another were the main causes of discordance
(Table 3).

Hence, for all the categories taken together, the overall
concordance rate was 95%. The reporting pathologist asked
for more images in only 4 out of the total 100 cases. All these
cases were concordant with the conventional microscopy on
final analysis.
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colour code referring to the area of slide photographed. ¢ A screenshot of
the smartphone screen showing the problem of pixilation due to reduction
of the size of image file on WhatsApp transfer
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Table 1 Number of images,

image capturing time, S.No.  Parameter Value
magnifications and number of
cases which required additional 1. Diagnoses of cases selected for the study
1mages a. Leukoplakia 33
b. Squamous cell carcinoma 58
c. Dysplasia 06
d. Oral lichen planus 03
Total 100
2. Total number of images 723
3. Average number of image capture per case 7.23
4. Image number by x 4 magnification (¥, ) 90
S. Image number by x 10 magnification (N, ) 608
6. Image number by x 20 magnification (N,) 18
7. Image number by x 40 magnification (N,) 07
8. Total image capturing time (min) 533
9. Average time of image capturing per case (min) 533
10. Total time from image transfer to diagnosis of the cases via WhatsApp (min) 676
I1. Average time interval from image transfer to diagnosis per case via WhatsApp (min) 6.76
12. Number of cases that required digital zoom for making diagnosis via WhatsApp (N, %) 100 (100%)
13. Number of cases that required additional images for diagnosis (N, %) 4 (4%)

Discussion

Mobile internet has completely changed the practice of
medicine in the last few years. Doctors are increasingly
becoming social media savvy and are more open to the
use of internet technology in their professional spheres.

Fig.2 WhatsApp images of cases
correctly diagnosed as
leukoplakia on smartphone
assisted tele-oralpathology (a to
d, haematoxylin and eosin, X 10)

@ Springer

WhatsApp (WhatsApp, Inc., Mountain View, CA, USA)
is an instant messaging app developed for smartphones.
It can be used to send messages, documents, images,
audio and video files and internet links by using mobile
numbers. It is one of the most popular instant messag-
ing applications in the world.
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Fig.3 WhatsApp images of cases
correctly diagnosed as squamous
cell carcinoma on smartphone-
assisted tele-oralpathology (a to
d, haematoxylin and eosin, % 10)

With the advent of 4G networks even at remote locations, it
is now possible to send images of histopathology slides to
anyone having a smartphone and get his/her expert opinion.
In many far-flung locations, it is difficult to get a histopathol-
ogist to interpret cases. The only way to get histopathology
diagnostics at such places is to ship the slides/specimen to the
centres where such facilities are available. Oral squamous cell
carcinomas have a very high incidence rate in the Indian sub-
continent mainly due to the practice of chewing gutkha and
tobacco. The treatment is usually delayed because the facili-
ties for cancer diagnostics are not available at remote loca-
tions. The use of WhatsApp has already been tried in facili-
tating remote oral medicine consultation [4]. It has also been
used in getting second opinion in oral pathology [1].

In a recent study, Sarode SC et al. found that WhatsApp-
based second opinion was correct in 98.22% of cases (4710
out of 4795). However, the accuracy was much lower in le-
sions like myoepithelial carcinoma, osteosarcoma and intra-
vascular papillary hyperplasia. In our study since the lesions

included only common conditions like squamous cell carcino-
ma, dysplasia, leukoplakia and oral lichen planus, the concor-
dance rate was close to that of the study by Sarode SC et al.
Hence, for common oral pathology lesions, WhatsApp-based
telepathology set-up can give satisfactory results. For other
subspecialities and biopsies from other anatomical sites, the
list of differentials may be more complicated. The use of
WhatsApp-based diagnosis at other anatomical sites may not
yield such a high rate of concordance.

Smartphone-assisted telepathology has also been used
in cytology and dermatopathology. A recent study by
Sahin D et al. found a discordance rate of 20.44% for
cervical cytology, 21.15% for thyroid cytology and
22.22% for urine cytology [5]. Teledermatopathology has
also shown promising results. In another study on
dermatopathology cases, a high concordance rate of
98.8% was achieved between glass slide conventional mi-
croscopy and video shot on a digital camera and transmit-
ted via live streaming to iPad [6].

Table 2 Summary of

concordance between WhatsApp S.No  Conventional microscopy Number  No. of cases correctly diagnosed ~ Concordance
diagnosis and conventional diagnosis of cases on WhatsApp images of diagnosis
microscopy diagnosis for
different Categories of cases 1 Squamous cell carcinoma 58 56 96.6%

2 Leukoplakia 33 33 100%

3 Oral lichen planus 03 02 66.7%

4 Moderate to severe dysplasia 06 04 66.7%

Total 100 95 95%

@ Springer



450 Indian J Surg Oncol (September 2019) 10(3):446-450

Table 3 Summary of discordant cases and possible reasons for discordance

S. No. Conventional microscopy diagnosis WhatsApp diagnosis Possible reason for discordance

1 Moderately differentiated squamous Severe dysplasia Problem of orientation
cell carcinoma

2 Well-differentiated squamous cell Hyperplastic stratified squamous epithelium Inability to switch between different
carcinoma fields on static images

3 Oral lichen planus Hyperplastic stratified squamous epithelium Pixelated image on digital zoom

Severe dysplasia
Moderate to severe dysplasia

Moderately differentiated squamous cell carcinoma
Moderately differentiated squamous cell carcinoma

Pixelated image on digital zoom

Problem of orientation and pixelated
image on digital zoom

Smartphone adaptors can optimise the image acquisition
process; however, good-quality images can be obtained by
steady hand without using adaptors [7, 8]. All the images in
our study were obtained by using the technique outlined by
Morrison AS et al. [8]. The transfer of images by WhatsApp
leads to a reduction in the file size and image quality. This is
understandable since it facilitates the transfer of large number
of images in a short span of time. However, this loss of image
quality can be detrimental to the histopathological evaluation
of the case. Although the rate of discordance in our study was
low (5%), the causes of misinterpretation in these cases on
smartphone screen were similar. The two main causes of di-
agnostic errors were image pixilation on digital zoom due to
loss of image quality and the difficulty in orientation of the
different images with respect to each other. The problem of
pixilation (Fig. 1¢) can be overcome by sending the images by
Google Drive and evaluating the images on a bigger screen of
a laptop or desktop. The problem of orientation is more diffi-
cult to solve. The inability of the operator to quickly shift
between different areas of the slide is an inherent limitation
of this technique of telepathology. In the future, new applica-
tions to stitch together the different images in a panorama may
be developed to partially circumvent this problem.

Patient confidentiality has been a concern in the use of
WhatsApp for sharing images. Few rules of thumb need to
be followed while sharing images on WhatsApp. All patient
identifying data like name of patient, unique features like tat-
too marks, geographical area the patient belongs to and facial
features should never be shared on WhatsApp [9]. If these
basic rules are followed, then there should be no problem in
the use of WhatsApp for diagnostic purpose. The other chal-
lenge is the lack of familiarity of the experienced faculty with
the use of smartphone screen for evaluating cases. With regu-
lar use and training, this hurdle can also be crossed [10].

A concordance rate of 95% is very encouraging; however,
for routine diagnostic use in telepathology, there is still a long
way to go. With the availability of better smartphone cameras
and faster internet, it will be possible to send better quality
images in the future. The pathologists will also learn where to
draw the line and ask for glass slides for final diagnosis.
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An ideal set-up would be one where the pathologist trained
to evaluate cases on smartphone screens is given the option of
asking for the glass slides to be shipped to him in difficult
cases. This would combine the advantages of both conven-
tional microscopy and smartphone telepathology.
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