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INTRODUCTION

Pathology forms the foundation of  modern medicine. 
Although the practice date backs to the Greek Physician 
Hippocrates, pathology’s impact on health has relied 
heavily on a steady stream of  technological advances. The 
advancements in the field of  technology and networking 
led to the advent of  telemedicine.

The WHO defines telemedicine as “the delivery of  
healthcare services, where distance is a critical factor, 
by all healthcare professionals using information and 
communication technologies for the exchange of  valid 
information for diagnosis, treatment and prevention of  
disease and injuries, research and evolution and for the 
continuing education of  healthcare providers, all in the 
interests of  advancing the health of  individuals and their 
communities.”[1]

Telepathology is a subtype of  telemedicine which is often 
used among the medical and dental personnel.[2] It provides 

a broad platform to medical and dental professionals for 
further investigations and consultations.

DEFINITIONS OF TELEPATHOLOGY

Earlier, Weinstein in the year 1986 defined telepathology 
as “the practice of  pathology over long distance.”[3] 
Later, John Sinard stated it as “the use of  any of  the 
telemicroscopy technologies to make the primary 
diagnosis for the specimen from a remote site.”[3] At 
present, telepathology has been defined as “the practice 
of  transmitting digital pathology images of  microscopic 
or gross findings through telecommunication networks 
to remote viewing locations for diagnosis, storage or 
education.”[4]

HISTORY OF TELEPATHOLOGY

Telepathology has a diverse history spanning over 40 years. 
In the year 1960, telepathology was first demonstrated 
by the National Air and Space Administration.[5] In 1968, 
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the first formal trial was done when black and white 
microscopy images of  a blood smear were transmitted 
from Logan Airport in Boston to Massachusetts General 
Hospital.[5] In the year 1986, Ronald S Weinstein, “Father 
of  Telepathology,” coined the term telepathology and in 
a medical journal outlined requirements to create remote 
pathology diagnostic services.[6,7] In the same year, color 
video was used to demonstrate telepathology between 
Texas and Washington DC through satellite. In the year 
1989, a National Telepathology Program was implemented 
for frozen section services in Norway. The complete 
telepathology system hardware became available only in 
the year 1994. In the year 2000, whole slide imaging (WSI) 
was introduced. In the year 2009, the Food and Drug 
Administration panel gathered to address approval for the 
use of  digital pathology for diagnosis.[8]

Today, telepathology finds uses in several fields 
including telecytology. Telecytology refers to “diagnostic 
cytopathology performed on digital images.”[9] Telecytology 
was first used with mainly cervical smears, and since 
then, its scope has expanded manifold.[10] In the field 
of  dentistry, smears from potentially malignant lesions 
can be made and sent to distant places for obtaining 
expert opinions. Figure 1 depicts the various branches of  
telemedicine.[11]

Digital cytopathology now finds varied applications in 
various areas such as clinical practices, intraoperative 
consultation, education purposes and to overcome the 
problem of  nonavailability of  pathologists.[12] This review 
highlights the components, methods employed, clinical 
applications, advantages and disadvantages of  digital 
cytopathology.

COMPONENTS OF TELEPATHOLOGY/
TELECYTOLOGY (DIGITAL CYTOPATHOLOGY)

The entire process of  digital cytopathology depends mainly 
on the conversion of  optical information obtained from 
the eyepiece of  a microscope into a digital image and then 
transmitting it remotely. This is done by the digital imaging 
devices (digital camera and WSI scanners), computers and 
networks.[13] Figure 2 represents the three main components 
of  digital cytopathology.

Digital imaging process
A  d i g i t a l  i m a g e  i n  a  c o m p u t e r  c o m p r i s e s 
two‑dimensional (2D) array of  numbers, each element 
of  which represents a pixel.[14] The process of  digital 
imaging has four key steps: Capturing the image (image 
acquisition), saving, editing and viewing the image (storage 
and management) and finally, display or transmission of  

images.[8] Figure 3 shows the sequential steps involved in 
the process of  digital imaging.

Figure 1: Different branches of telemedicine

Figure 3: Steps involved in digital imaging

Figure 2: Components of digital cytopathology
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Three types of microscopic digital imaging
(a) Static (Still Images)
It is also called as the store and forward type of  digital 
imaging and is the simplest of  all techniques.[8,15‑17] Here, 
the sender (pathologist) preselects the areas, captures the 
images with a camera and then digitizes the images, which 
are then transmitted to a remote personnel through e‑mail 
or internet.[18]

Advantages
• Low cost
• No requirement of  any special software
• Minimal equipment requirement (microscope with 

camera attachment, internet).[3,19]

Disadvantages
• Chances of  missing an area of  diagnostic significance 

since only a few areas are imaged and transmitted
• Areas to be imaged differs with the observers, hence 

resulting in observer bias which may also result in 
sampling errors

• Recipient has no control over the magnification and 
focusing of  slides

• Extensive manual labor is required for scanning the 
entire slide and selecting the representative areas which 
accounts for ergonomics.[19]

(b) Dynamic (Real-time/Live/Robotic Microscopy)
It finds application mainly in frozen‑section telepathology 
and understaffed areas.[20,21] Here, direct transmission of  
microscopic live images is done to the recipient by means 
of  live telecommunication.[20,22]

Advantage
Robotic microscope recipient is capable of  controlling the 
magnification and slide.

Disadvantage
This system is difficult and expensive as it requires 
charged coupled device video camera, high‑resolution 
video monitors, special softwares, high‑performance 
computers and most importantly a stable, broad bandwidth 
telecommunication link between the sender and recipient.[20]

(c) Whole Slide imaging/Virtual Microscopy
This method simulates light microscopy and involves the 
process of  slide digitization (scanning and conversion 
of  glass slides into digital images). Here, scanning of  the 
slide in various fields and adjustment of  the magnification 
can be done using specialized software. Moreover, this 
software also allows simulation of  panning around and 
zooming in or out using a conventional microscope.[8] 
The current WSI technology provides us with virtual 

microscopy that can be accessed anywhere in the world 
using the internet.

Methodology
WSI involves two steps. First step involves generation 
of  a large representative digital image using a specialized 
hardware (scanner). Second step utilizes specialized 
software to view and analyze the digital files.

Various scanners are commercially available in the market 
with a wide range of  appearances and functionality. Some 
scanners can scan only a limited number of  slides while 
other larger instruments can accommodate several glass 
slides. A WSI scanner comprises the following essential 
components: (i) a microscope with lens objectives, (ii) light 
source, (iii) robotics to load and move slides, (iv) digital 
cameras, (v) computer, (vi) software to manipulate, manage 
and view the digitized slides. Manual or automated scanning 
of  the slides can be done. Speed of  scanning varies from 1 
to 3 min per slide, depending on the objective magnification 
and the plane of  focus acquired.

Once the camera captures the digital data, a computer uses 
specialized imaging software to generate a virtual slide using 
either tile‑based or line‑based scanning. Tile‑based scanning 
obtains large number of  square image frames, which are 
assembled into a mosaic pattern, auto‑correlated for proper 
alignment and then stitched into a single, seamless image. 
In line‑based scanning, slide stage moves linearly in a single 
axis to obtain images in long, uninterrupted strips or lines. 
This method is more commonly used since it simplifies 
the image alignment process. The image resolution of  
the scanner is determined by the microscope objective, 
numerical aperture of  the objective and the quality of  
camera photosensors.[23,24]

After generation of  the virtual slide, software is applied 
for image acquisition, viewing, management, sharing 
and analysis. File formatting is done to attenuate 
the size of  acquired raw, uncompressed whole slide 
image file. Since WSI files are significantly larger, 
compression‑decompression methods are employed 
to archive the virtual slides, which gets stored as 
several image files in multiple folders. These files are 
reconstructed into a multilayered pyramid, enabling 
optimized viewing across multiple resolutions. Image 
viewer is the software utilized to navigate the digital 
slides, which allows the user to view, pan and zoom the 
virtual images on a digital screen.[25,26]

Figure 4 gives a step‑wise representation of  methodology 
employed in WSI.
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Advantages
• Entire slide is scanned; hence, chances of  missing out 

on any diagnostic information are very less
• With the advent of  Z‑stack function, three‑dimensional 

scanning can be done
• Manual focusing can also be done
• More interactive
• Easily shared
• Questions or doubts can be cleared on the spot
• Helps in creating virtual slide boxes which could 

include a wide range of  cases without the fear of  loss, 
fading or breaking of  the glass slides

• It can also be used for quality assurance, online 
cytology proficiency testing, online board examination 
or certification, providing cytopathology services to 
remote hospitals and for synchronous consultation.[13]

Disadvantages
• Entire method is very costly due to the scanners and 

softwares employed
• Requires specialized training
• Scanning the entire slide takes a long time
• As the entire slide is scanned, the size of  the file increases 

and hence difficulty while sending as well as storing the 
images

• Lacks standardization due to the multiple softwares 
and vendors available

• Bandwidth limitation of  network with area may not 
allow completion of  the process.[13]

Computers and network
Computers with fast processors, high storage capacity and 
internet with high data rate (large bandwidth) are required.

CLINICAL APPLICATIONS OF TELEPATHOLOGY

It can be used in clinical practices for interactive discussions 
over difficult cases and for consultation by transmission 
of  images from areas with limited resources.[27] It can also 
be used for intra‑operative consultation with a pathologist 
away from the place of  surgery. Thus, by combining the 
process of  imprint biopsy, frozen sections and digital 
imaging, it is possible to obtain tumor‑free margins and 
prevent unnecessary excision.[22,28] Moreover, second 
opinion services on frozen sections can be done which 
would limit unnecessary patient transfer. Telepathology also 
finds wide application in the field of  education, wherein it 
provides significant advantages over the traditional method. 
It provides the advantage of  multiple viewing at the same 
time and provides a wide platform for discussion and in 
keeping permanent records of  a variety of  cases.[13]

CLINICAL APPLICATIONS OF TELECYTOLOGY

The applications of  cytopathology can be broadly classified 
into primary opinion, second opinion, third opinion and 
distance learning. Most commonly, it is used to obtain 
second opinion, i.e., expertise in cytology by transmission 
of  images from areas with limited resources or by 
speeding up consult process.[29] Digital imaging has been 
employed in evaluation of  gynecologic material obtained 
by cytobrush technique (PAP tests)[30,31] and nongynecologic 
material (aspirates of  breast, thyroid, pancreas, pleural fluid 
specimens).[32‑35]

Telecytology has also been used as a tool for quality 
assessment and improvement in the evaluation of  thyroid 
fine needle aspiration specimens (fine‑needle aspiration 
cytology).[24] Moreover, it can also be used for archiving and 
presentation of  rare and unusual cases, classical examples 
of  entities which would be of  high significant value. WSI 
of  slides could be made a part of  patient electronic medical 
record and would facilitate rapid transmission of  images 
between institutions and help in obtaining secondary opinion 
without the use of  glass slides.[9] It can also be employed 
in distance‑based continuing education with the use of  
teleconferences using images accompanied by lectures, 
real‑time microscopy sessions. It also finds application 
in cytology proficiency testing and various research 
purposes.[36‑39] In future, use of  artificial intelligence and 
data mining can also be implemented in the field of  digital 
cytopathology.[17]

Diagnostic cytology‑on‑a‑chip technique rapidly detects 
potentially malignant disorders and oral cancers with high 
specificity and sensitivity. Bringing both molecular and 

Figure 4: Methodology of whole slide imaging
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morphological analysis in oral exfoliative cytology on a 
single nano‑bio‑chip platform will enhance its utility in 
clinical diagnostics.[40] Diagnostic cytopathology can also 
be implemented in the field of  “Biobanking” which would 
help to access a wide variety of  collected and well‑annotated 
specimens.[41] In the field of  dentistry, telecytology would 
prove to be an important tool when needing second opinion 
for smears of  potentially malignant disorders obtained by 
cytobrush technique, malignancies or in cases of  suspected 
recurrent malignancies or in patients where biopsy is a 
relative or absolute contraindication. Moreover, it could 
also be used for obtaining opinions regarding aspiration 
biopsy contents obtained from cystic, vascular lesions or 
tumors and for gaining any additional information on 
microbiological samples obtained from various diseases of  
microbial origin manifesting in the head and neck region. 
Consultation between armed forces dentists and specialists 
on patients’ status can be facilitated by this digital revolution. 
This would provide easy and cost‑effective access of  dentists 
to specialists, thus providing improvement in the quality of  
care and aiding in better decision‑making.

DIAGNOSTIC ACCURACY OF 
TELECYTOPATHOLOGY

Kim et al. used real‑time dynamic telecytology to perform 
rapid assessments of  pancreatic fine‑needle aspiration 
biopsies and found no significant disagreement between 
routine on‑site and telecytology interpretations.[42]

Kerr et al. reported 97% concordance and 99% accuracy 
using a locally controlled real‑time system for rapid 
assessment.[43]

Alsharif  et al. analyzed 400 cases and found 1.8% 
discrepancy rate using a real‑time telecytology system, 
compared to a 3.1% discrepancy rate for routine glass‑slide 
rapid evaluation, when each was compared to the final 
diagnosis.[44]

Heimann et al. used real‑time telecytology for a variety of  
rapid fine‑needle aspiration assessments and compared it 
to on‑site rapid interpretations and found that 95% and 
97% of  all specimens were concordant with the final and 
on‑site rapid interpretations, respectively.[45]

Galvez et al. analyzed the specific cytologic features 
identified in breast fine‑needle aspirations and noted that 
all features assessed could be identified in both the static 
images and under the microscope.[46]

Della Mea et al. reported that using static images sent by 
e‑mail achieved a satisfactory result in 84% of  cases.[47]

Ayatollahi et al. reported 83%–87% accuracy for the 
interpretation of  static images from pleural effusion 
specimens as compared to the final diagnosis versus 89% 
accuracy for interpretation of  the glass slides.[35]

Jialdasani et al. reported a “clinically useful” diagnosis in 
91% of  cases using static‑image telecytology.[48]

The above‑mentioned studies show good overall diagnostic 
agreement between the various methods employed in 
digital cytopathology and glass slides, thus making it a 
promising diagnostic, educative and consultative tool in 
the near future.

ADVANTAGES OF TELEPATHOLOGY AND 
TELECYTOLOGY

The implementation of  telepathology and telecytology 
has some very useful aspects. In histology, if  the slides are 
defective or damaged, a tissue block is kept for potential 
recuts. However, every cytology slide is unique and 
irreplaceable. No two cytology slides even if  obtained from 
the same site of  the same patient demonstrate exactly the 
same features. Consultation over difficult images would 
reduce the time and cost factor. Digital imaging can be used 
to keep permanent digital copy which would diminish the 
need to physically send slides over large distances which 
could result in damage to the slides. Moreover, it could 
provide a unique teaching aid. A universally accessible 
database with ideal, varied digital images of  various cases 
from different parts of  the world can be made for the 
benefit of  pathologists and cytologists everywhere.[13] 
Kumar et al. designed a randomized crossover trial to 
evaluate the quantitative and qualitative impact of  WSI and 
virtual microscopy adaptive tutorials with traditional glass 
slide and textbook methods of  learning cytopathology. 
They found that learning cytopathology with WSI and 
virtual microscopy adaptive tutorials was as effective as 
and was perceived as more efficient than learning from 
glass slides or textbooks.

LIMITATIONS

In spite of  the long history of  attempts to establish 
telepathology and telecytology in the mainstream, it still 
finds very limited applications and acceptance mainly 
due to the difficulty in making suitable imaging systems 
which could accurately reproduce the entire slide content. 
Moreover, difficulty is encountered in imaging the entire 
cytological material due to the three‑dimensional element 
of  these images contributed by cell clustering or artifact 
production. Cytological material tends to be more 
distributed throughout the length of  the glass slide; hence, 
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intensive screening of  the entire slide is required which is 
difficult to screen and transit. In cytology, individual cell 
features and background are more focused on and this 
requires higher magnification and good quality images. 
Finally, the requirement of  complimentary staining in 
cytology contributes to increased number of  slides to be 
examined for providing a definite diagnosis.[13] These factors 
make cytological material imaging difficult. Moreover, the 
new technology is costly, subjected to observer bias, not 
useful for finding artifacts and chances of  missing critical 
diagnostic areas such as early stromal invasion are high.[49]

CURRENT CHALLENGES

Current challenges in acceptance of  telecytology and 
telepathology include high cost and complexity, low rate of  
acceptance due to the chances of  missing significant details, 
security issues as the protection of  electronic data has to 
be taken into consideration, legal ethical issues such as 
physician licensing issues, indemnification issues, insurance 
issues and other contractual issues, lack of  standard 
protocol of  specimen processing, lack of  infrastructure 
and lack of  training among medical personnel.[17,50,51]

NEWER TECHNIQUES, RECENT ADVANCES AND 
FUTURE PROSPECTS

Biobank
A biobank refers to collection of  biospecimens in the 
form of  tissues, smears and imprints that have been 
ethically collected and stored using the standard operating 
procedures. They represent a highly valuable resource for 
potentially malignant disorders and oral cancer biomarkers 
translational research along with cancer drug discovery. 
This technology includes next generation sequencing, 
circulating tumor cell characterization, single‑cell RNA 
sequencing and circulating DNA analysis. Moreover, the 
availability of  a large number of  well‑annotated biosamples 
is crucial to fully exploit these technological advances 
which can lead to quicker development of  new therapies 
and to tailor existing therapies to molecularly defined 
populations.[41,52] Digitization of  biobanking technology can 
be useful in research, education and consultation purposes.

Nano‑biochip sensor
Nano‑biochip sensor is a novel technique that combines 
cytomorphometric analysis with quantification of  tumor 
biomarkers providing a rapid oral cytology assay.[53] The 
oral‑cytology suspension is first delivered to the sensor 
using pressure‑driven flow, wherein cells larger than 
the membrane pore size are retained on the membrane 
surface.[52,54] The captured cells are then stained with 

fluorescent dyes and immunoreagents to distinguish the 
cytoplasm, nucleus and cancer biomarkers. Finally, the 
stained cells are subjected to a 3D fluorescence‑microscopy 
scan of  the membrane surface which is followed by 
automated image analysis.

Picture archiving and communication system
It is a medical/dental imaging technology which provides 
storage and convenient access to images from multiple 
modalities.[55] Electronic images of  cytological smears, 
X‑rays, computed tomography scans, histopathology 
slides and reports are transmitted digitally which eliminates 
the need to manually file, retrieve, or transport. Picture 
archiving and communication system can be used to deliver 
timely and efficient access to images, interpretations and 
related data.

CONCLUSION

The steps involved in digital pathology are summarized 
in Figure 5.

Telepathology and telecytology are the recent technological 
innovations in the medical and dental field which allows the 
practice of  pathology and cytopathology over a distance 
by transmission of  digital pathological and cytological 
images using telecommunication networks. It provides 
a wide platform for discussion and hence obtaining 
expert opinion. It can also be used for slide archiving 
and as a very lucrative educational tool. Factors such as 
further advancements in technology, adequate training 
of  cytopathologists and evolving regulatory and legal 
guidelines would determine if  digital pathology would 
replace the conventional method of  reviewing glass slides.[9] 
To conclude, pathology informatics is likely to revolutionize 
the role of  a pathologist into a diagnostic specialist.
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Figure 5: Process of digital pathology



Nishat, et al.: Digital cytopathology

Journal of Oral and Maxillofacial Pathology | Volume 21 | Issue 1 | January ‑ April 2017 105

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1. Dasgupta A, Deb S. Telemedicine: A new horizon in public health in 
India. Indian J Community Med 2008;33:3‑8.

2. Al Habeeb A, Evans A, Ghazarian D. Virtual microscopy using 
whole‑slide imaging as an enabler for teledermatopathology: A paired 
consultant validation study. J Pathol Inform 2012;3:2.

3. Williams S, Henricks WH, Becich MJ, Toscano M, Carter AB. 
Telepathology for patient care: What am I getting myself  into? Adv 
Anat Pathol 2010;17:130‑49.

4. Leong FJ. Practical applications of  Internet resources for cost‑effective 
telepathology practice. Pathology 2001;33:498‑503.

5. Jukic DM, Bifulco CB. Telepathology and pathology at distance: An 
overview. Croat Med J 1999;40:421‑4.

6. Weinstein RS. Prospects for telepathology. Hum Pathol 1986;17:433‑4.
7. Kayser K, Szymas J, Weinstein RS. Telepathology: Telecommunications, 

electronic education and publication in pathology. New York: Springer; 
1999. p. 1‑186.

8. Pantanowitz L. Digital images and the future of  digital pathology. 
J Pathol Inform 2010;1:15.

9. Khurana KK. Telecytology and its evolving role in cytopathology. Diagn 
Cytopathol 2012;40:498‑502.

10. Raab SS, Zaleski MS, Thomas PA, Niemann TH, Isacson C, Jensen CS. 
Telecytology: Diagnostic accuracy in cervical‑vaginal smears. Am J Clin 
Pathol 1996;105:599‑603.

11. Khandekar MM. Dimensions of  telepathology. In: Recent Advances in 
Pathology. 1st ed. New Delhi: Jaypee Publications; 2002. p. 177‑88.

12. Ling LC, Krishnappa P. Telepathology – An update. Int J Collab Res 
Intern Med Public Health 2012;4:2013‑25.

13. Thrall M, Pantanowitz L, Khalbuss W. Telecytology: Clinical applications, 
current challenges, and future benefits. J Pathol Inform 2011;2:51.

14. Khalbuss WE, Pantanowitz L, Parwani AV. Digital imaging in 
cytopathology. Patholog Res Int 2011;2011:264683.

15. Hedvat CV. Digital microscopy: Past, present, and future. Arch Pathol 
Lab Med 2010;134:1666‑70.

16. Jara‑Lazaro AR, Thamboo TP, Teh M, Tan PH. Digital pathology: 
Exploring its applications in diagnostic surgical pathology practice. 
Pathology 2010;42:512‑8.

17. Wilbur DC. Digital cytology: Current state of  the art and prospects for 
the future. Acta Cytol 2011;55:227‑38.

18. Sowter C, Wells CA. Telepathology: Assessment of  the implications 
and applications of  telepathology for practical diagnostic pathology. 
J Clin Pathol 1998;51:714‑5.

19. Schrader T, Kldiashvili E. Virtual health care center in Georgia. Diagn 
Pathol 2008;3 Suppl 1:S4.

20. Wolf  G, Petersen D, Dietel M, Petersen I. Telemicroscopy via the 
internet. Nature 1998;391:613‑4.

21. Cai G, Teot LA, Khalbuss WE, Yu J, Monaco SE, Jukic DM, et al. 
Cytologic evaluation of  image‑guided fine needle aspiration biopsies via 
robotic microscopy: A validation study. J Pathol Inform 2010;1. pii: 4.

22. Kaplan KJ, Burgess JR, Sandberg GD, Myers CP, Bigott TR, 
Greenspan RB. Use of  robotic telepathology for frozen‑section 
diagnosis: A retrospective trial of  a telepathology system for 
intraoperative consultation. Mod Pathol 2002;15:1197‑204.

23. Farhani N, Parwani AV, Pantanowitz L. Whole slide imaging in 
pathology: Advantages, limitations and emerging perspectives. Pathol 
Lab Med Int 2015;7:23‑33.

24. Gifford AJ, Colebatch AJ, Litkouhi S, Hersch F, Warzecha W, Snook K, 
et al. Remote frozen section examination of  breast sentinel lymph nodes 
by telepathology. ANZ J Surg 2012;82:803‑8.

25. Leong FJ, Leong AS. Digital photography in anatomical pathology. 
J Postgrad Med 2004;50:62‑9.

26. Dunn BE, Almagro UA, Choi H, Sheth NK, Arnold JS, Recla DL, 
et al. Dynamic‑robotic telepathology: Department of  Veterans Affairs 
feasibility study. Hum Pathol 1997;28:8‑12.

27. Gabril MY, Yousef  GM. Informatics for practicing anatomical 
pathologists: Marking a new era in pathology practice. Mod Pathol 
2010;23:349‑58.

28. Weinstein RS, Bloom KJ, Rozek LS. Telepathology. Long‑distance 
diagnosis. Am J Clin Pathol 1989;91 4 Suppl 1:S39‑42.

29. Kldiashvili E. Implementation of  telecytology in Georgia for quality 
assurance programs. J Inf  Technol Res 2013;6:24‑45.

30. Alli PM, Ollayos CW, Thompson LD, Kapadia I, Butler DR, 
Williams BH, et al. Telecytology: Intraobserver and interobserver 
reproducibility in the diagnosis of  cervical‑vaginal smears. Hum Pathol 
2001;32:1318‑22.

31. Ziol M, Vacher‑Lavenu MC, Heudes D, Ferrand J, Mayelo V, Molinié V, 
et al. Expert consultation for cervical carcinoma smears. Reliability of  
selected‑field videomicroscopy. Anal Quant Cytol Histol 1999;21:35‑41.

32. Briscoe D, Adair CF, Thompson LD, Tellado MV, Buckner SB, 
Rosenthal DL, et al. Telecytologic diagnosis of  breast fine needle aspiration 
biopsies. Intraobserver concordance. Acta Cytol 2000;44:175‑80.

33. Georgoulakis J, Archondakis S, Panayiotides I, Anninos D, Skagias L, 
Stamataki M, et al. Study on the reproducibility of  thyroid lesions 
telecytology diagnoses based upon digitized images. Diagn Cytopathol 
2011;39:495‑9.

34. Marchevsky AM, Nelson V, Martin SE, Greaves TS, Raza AS, Zeineh J, 
et al. Telecytology of  fine‑needle aspiration biopsies of  the pancreas: A 
study of  well‑differentiated adenocarcinoma and chronic pancreatitis 
with atypical epithelial repair changes. Diagn Cytopathol 2003;28:147‑52.

35. Ayatollahi H, Khoei A, Mohammadian N, Sadeghian MH, Azari JB, 
Ghaemi MR, et al. Telemedicine in diagnostic pleural cytology: A 
feasibility study between universities in Iran and the USA. J Telemed 
Telecare 2007;13:363‑8.

36. Allen KA. Implementation of  new technologies in cytotechnology 
education. Cancer 1998;84:324‑7.

37. Mulford DK. Telepathology education: Reaching out to cytopathology 
programs throughout the country. ASC Bull 2006;43:25‑30.

38. Gagnon M, Inhorn S, Hancock J, Keller B, Carpenter D, Merlin T, et al. 
Comparison of  cytology proficiency testing: Glass slides vs. virtual 
slides. Acta Cytol 2004;48:788‑94.

39. Eversole GM, Moriarty AT, Schwartz MR, Clayton AC, Souers R, 
Fatheree LA, et al. Practices of  participants in the college of  american 
pathologists interlaboratory comparison program in cervicovaginal 
cytology, 2006. Arch Pathol Lab Med 2010;134:331‑5.

40. Saini KS, Saini ML, Marbaix E. Biobanking in the era of  precision 
oncology. Indian J Med Paediatr Oncol 2015;36:1‑2.

41. De Souza YG, Greenspan JS. Biobanking past, present and future: 
Responsibilities and benefits. AIDS 2013;27:303‑12.

42. Kim B, Chhieng DC, Crowe DR, Jhala D, Jhala N, Winokur T, et al. 
Dynamic telecytopathology of  on site rapid cytology diagnoses for 
pancreatic carcinoma. Cytojournal 2006;3:27.

43. Kerr SE, Bellizzi AM, Stelow EB, Frierson HF Jr., Policarpio‑Nicolas ML. 
Initial assessment of  fine‑needle aspiration specimens by telepathology: 
Validation for use in pathology resident‑faculty consultations. Am J Clin 
Pathol 2008;130:409‑13.

44. Alsharif  M, Carlo‑Demovich J, Massey C, Madory JE, Lewin D, 
Medina AM, et al. Telecytopathology for immediate evaluation of  
fine‑needle aspiration specimens. Cancer Cytopathol 2010;118:119‑26.

45. Heimann A, Maini G, Hwang S, Shroyer KR, Singh M. Use of  
telecytology for the immediate assessment of  CT guided and endoscopic 
FNA cytology: Diagnostic accuracy, advantages, and pitfalls. Diagn 
Cytopathol 2012;40:575‑81.

46. Galvez J, Howell L, Costa MJ, Davis R. Diagnostic concordance of  
telecytology and conventional cytology for evaluating breast aspirates. 
Acta Cytol 1998;42:663‑7.

47. Della Mea V, Puglisi F, Bonzanini M, Forti S, Amoroso V, Visentin R, 
et al. Fine‑needle aspiration cytology of  the breast: A preliminary report 



Nishat, et al.: Digital cytopathology

106 Journal of Oral and Maxillofacial Pathology | Volume 21 | Issue 1 | January ‑ April 2017

on telepathology through Internet multimedia electronic mail. Mod 
Pathol 1997;10:636‑41.

48. Jialdasani R, Desai S, Gupta M, Kothari A, Deshpande R, Shet T, et al. 
An analysis of  46 static telecytology cases over a period of  two years. 
J Telemed Telecare 2006;12:311‑4.

49. Ayad E. Virtual telepathology in Egypt, applications of  WSI in Cairo 
University. Diagn Pathol 2011;6 Suppl 1:S1.

50. Hitchcock CL. The future of  telepathology for the developing world. 
Arch Pathol Lab Med 2011;135:211‑4.

51. Nanoscience. New Nanoscience data have been reported by researchers 
at Korea University. Nanotechnology Weekly. 2009; Aug 17:138.

52. Weigum SE, Floriano PN, Redding SW, Yeh CK, Westbrook SD, 

McGuff  HS, et al. Nano‑bio‑chip sensor platform for examination of  
oral exfoliative cytology. Cancer Prev Res (Phila) 2010;3:518‑28.

53. McDevitt J, Weigum SE, Floriano PN, Christodoulides N, Redding SW, 
Yeh CK, et al. A new bio‑nanochip sensor aids oral cancer detection. 
SPIE Newsroom 2011. pii: 003547.

54. Weigum SE, Floriano PN, Christodoulides N, McDevitt JT. Cell‑based 
sensor for analysis of  EGFR biomarker expression in oral cancer. Lab 
Chip 2007;7:995‑1003.

55. Dwyer SJ 3rd. A personalized view of  the history of  PACS in the USA. 
In: Blaine GJ, Siegel EL, editors. Proceedings of  the SPIE, Medical 
Imaging 2000: PACS Design and Evaluation: Engineering and Clinical 
Issues. Vol. 3980. Bellingham, Washington USA: SPIE; 2000. p. 2‑9.


