
INTRODUCTION

Pathology, as with most medical specialties, is currently facing a 

growing demand to improve quality, patient safety, and diagnostic 

accuracy because there is an increasing emphasis on 
4subspecialization . These factors, coupled with economic 

pressures to consolidate and centralize diagnostic services, are 

driving the development of systems that can optimize access to 

expert opinion and highly specialized pathology services.

At present, the most common method of sharing images is by 

sending the glass slides themselves, a system that works 

satisfactorily in many contexts, but that does not produce live 

consultation between the sender and the recipient, and may take a 
5few days . These new technologies have the potential to facilitate 

remote service delivery. A strategic overview of current digital 

imaging, telepathology, and video conferencing provision would 

assist feasibility studies of future schemes, and would provide a 

national assessment of potential training requirements. 

Digital pathology systems are becoming increasingly important due 

to the increase in the need for obtaining objective and quick 

measurements. Digital microscopy offers unique features which are 

not available for conventional optical microscopy. Assisted by 

dedicated software tools it permits dynamic and prompt access to 

any detail of stained slides at arbitrary microscopic magnifications 
3as controlled with a mouse through the computer monitor . Digital 

scanning technology, the software tools for digital slide 

management and IT support including computer networks have 

matured into the stage that makes digital microscopy an attractive 

option for daily use in morphology-based disciplines particularly in 
2histopathology . 

Digital microscopy can substantially enhance the efficiency and 

accuracy of histopathologists and the whole histopathology 

workflow for the overall benefit of the healthcare service.

Digital Pathology & Whole Slide Imaging

A digital image composed of pixels represents an analog image 

converted to numerical form using ones and zeros (binary) so that it 

can be stored and used in a computer. The digital imaging process 

includes four key steps: (1) image acquisition (capture), (2) storage 

and management (saving), (3) manipulation and annotation 

(editing), and (4) viewing, display or transmission (sharing) of 

images. 

There are various image acquisition techniques that can be used. 

These chiefly include microscopes with digital cameras, digital 

whole slide scanners, robotic microscopes & electron 

microscopes. Images that are taken can either be that of cytology 

slides, histopathology stained slides, IHC or electron microscopic 

images. It is important to note the properties of images during 

image acquisition. These properties include camera type, camera 

scanner type, camera receptor type, camera receptor properties, 
3image type, file format & the bit depth .

Whole slide imaging (WSI), also referred to as “virtual” or wide-field 

microscopy, involves digitization of glass slides, which simulates 

light microscopy (i.e. “digital slides”). WSI produces high-resolution 

digital images and involves relatively high speed digitization of 

glass slides of different samples (e.g. tissue sections, smears), 

scanning them at multiple magnifications and focal planes for 

viewing by humans or subjecting them to automated image 

analysis. The creation of digital slides is intended to simulate light 

microscopy. Since it's introduction, WSI technology has evolved to 

the point where digital slide scanners are currently capable of 

producing high-resolution digital images within a relatively short 
2time . Scanning of slides at multiple magnifications and focal planes 

(so-called z axis) is also possible. Compared to static digital 

images, WSI have been shown to be more beneficial for educational 

and some diagnostic purposes.  However, there appear to be 

several technical and logistical barriers to be overcome before WSI 
2becomes a widely accepted modality in the practice of Pathology . 

For example, current scanning technology does not satisfactorily 

accommodate thick smears and three-dimensional cell groups in 

cytopathology. With tissue sections, scanners are currently 

unforgiving when encountering tissue folds, bubbles and poor 

staining of material to be scanned. Unless significant modifications 

to workflow are made centered around digital pathology (e.g. 

automation, continuous flow processes, quality of the histology 
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presented to the WSI devices), placing WSI systems in the clinical 

pathology laboratory has been shown to stress the system in terms 
2of reliability and throughput .  

WSI systems consist of illumination systems, microscope optical 

components, and a focusing system that precisely places an image 

on a camera. The final product, or virtual slide, can be assembled in 

various ways, depending on the particular scanner being used 

(tiling, line scanning, dual sensor scanning, dynamic focusing, or 

array scanning). The result is a comprehensive digital rendering of 

an entire glass slide, visible at resolutions of less than 0.5 µm, that 
3can be examined with interactive software on a computer screen . 

The viewing software shows the characteristics & performs the 

functions of a light microscope by helping the pathologist to freely 

navigate a digital image of a histological section over a wide range 

of standard magnifications which includes oil immersion.

WSI technology holds tremendous promise with respect to the 

digitization of pathology because it avoids many of the limitations 

imposed by earlier methods such as photomicroscopy (the 

capturing of selected representative images) and robotic 
[6]microscopy . These approaches were limited by several factors, 

including suboptimal image quality, the inability of the viewing 

pathologist to see a high-resolution overview of the entire slide. 

Till date, the adoption of WSI has been more popular with the 

radiologist than pathologist. This can be accounted due to our need 

for color images and the data-storage challenges that are created 
[7]when large volumes of slides are completely Digitized . In addition, 

radiology was able to eliminate films and all of the hazardous 
2chemicals associated with producing them . The same cannot be 

said for pathology, wherein glass slides must still be produced and 

stored as well as scanned, which adds an extra step to the 

prediagnostic work flow. WSI systems in pathology have still been 

limited to education, research, and for some specific work in clinical 

practice.

However, the use of digitization can no longer be overlooked. The 

adoption of digital pathology can be considered in terms of cost 

savings, performance, work-flow efficiency, and access to 
2pathology services in under resourced locations . The cost saving is 

obvious when one considers the burden of purchasing and 

maintaining optical microscopes and the regular replacement of 

tutorial glass slides. Digital pathology systems are also likely to be 
3more ergonomically friendly than light microscopes . Computer 

technology extends teaching into a multi-partner online 

consultation as opposed to the traditional one-to-one interactions at 

the optical microscope.

A typical example of this is a group of pathologists in Kalmar, 

Sweden, who adopted this technology when one of their fellow 

pathologist was unable to work in the laboratory. To keep him 
2working, digital system was adopted by them . WSI system will help 

in archiving and retrieval of images that may be necessary to make 

comparisons. Also with the help of digitization, the range of 

reviewing remote cases will increase. Clinical viewing will help in 

increasing the participation of pathologists. Also, there can be 

improved slide availability with less chances of handling errors. 

Overall, the productivity will increase due to enhancement in work 

flow. Computer-aided diagnostic tools will undoubtedly make 

pathologists more efficient and precise at quantifying 

histoprognostic factors such as mitotic figures. Residents can also 

have access to online education modules, which is particularly 

advantageous for the independent study of rare or unusual cases 
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without the need for a staff pathologist. WSI systems allow for more-

streamlined navigation of slides at all magnifications by reducing 

the cases of disruptions that can occur when a pathologist bumps a 

slide on the microscope stage (particularly when viewing a slide at 
[2]high magnification) . These potential benefits certainly make WSI 

systems an attractive alternative to traditional microscopy.

But inspite of all the above discussed advantages of digitization, 

there are still certain technical and practical issues that need to be 

overcome before pathologists start practicing this system. It is very 

important to get the exact quality requirements fulfilled in terms of 
[3]accuracy of the system, its sensitivity & specificity . Cost and 

required infrastructure, image quality and speed of acquisition, data 

management, Today's scanners can be loaded with 400 or more 

slides and can scan slides continuously; however, round-the-clock 

operation of multiple scanners is required to completely digitize the 
2slide volumes of a typical academic pathology department . With 

current WSI technology, the quality of the slides to be scanned must 

be optimized in terms of uniform section thickness, placement of the 

section in the center of the slide such that it is completely covered by 

the coverslip, avoiding the creation of chatter artifact and tissue 

folds during microtomy, and avoiding the creation of air bubbles 

during coverslipping. All these factors have to be taken in care else 

these may affect the quality of images.

Development of an effective data management system that can 

handle huge amounts of data (terabytes to petabytes), provide a 

streamlined image-retrieval process, and ensure security with 

currently available medical information systems remains an area of 
[8,9,10]concern . Effective compression algorithms are required for the 

storage of the data.

Also above all this is the need of change in the mind set of 

pathologists to open up to the world of digitization. More technically 

trained professionals are required for this. Efficient support staff & 

other colleagues are needed in institutes where collective 

discussions & student teaching can be performed. Also need is 

there to check on the malpractice liability & fiscal barriers.

Telepathology

Telepathology services were built up during the past decade around 

two technology platforms. Dynamic telepathology uses remote 

controlled microscope systems with high throughput online image 

transport channels. This method has the advantage of entire slide 

access and lacks the error source of preselected microscopical 

frames, although the costs of setting up and running the system are 

relatively high. The vast majority of histopathology laboratories are  

small or medium sized, which have to rely on external consultations 
[11]with specialist pathologists . In addition, several laboratories, 

particularly in remote areas, or in developing countries are 

understaffed and/or under-equipped and need regular outside help 

to meet all their primary diagnostic requests.

Telepathology is defined as the practice of pathology at a distance, 

by visualizing an image on a video monitor rather than viewing a 
[12]specimen directly through the microscope . Components of a 

telepathology system include a (a) workstation equipped with a 

high-resolution video camera attached to a remote–controlled light 

microscope;(b) a pathologist workstation incorporating controls for 

manipulating the robotic microscope as well as a high-resolution 

video monitor and (c) a telecommunication link.

Today, so-called virtual slide telepathology systems, are being used 

for education applications. The technology has been 

commercialized by several companies in Asia, the United States, 
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[13]and Europe .

In addition, components such as video signal digital encoders and 

decoders that produce remarkably stable, high-color fidelity, and 

high-resolution images have been incorporated into the 

workstations. Resolution requirements for the video microscopy 

component of telepathology have been formally examined in 

receiver operator characteristic (ROC) curve analyses.

Potential benefits of telepathology include providing a means of 

conveniently delivering pathology services in the least possible time 

to remote sites or under serviced areas, time-sharing of 

pathologists' services by multiple institutions, and increasing 
[14]accessibility to specialty pathologists .

Progress in pathology is related to application of new biological 

techniques and impact of electronic devices affecting transfer of 

information and images. The increase of specification of all kinds of 

disease classification induces a specific need for data exchange 

and expert consultation.

Histopathological diagnosis is based upon visual information and 

additional clinical and environmental factors. Information can be 

transmitted over long distances in real time without difficulties. Thus, 

telecommunication is a technique which may be used in pathology. 

Several approaches have been performed to introduce 
[15,16,17]telepathology into the daily work of pathologists .

Telepathology aims to support prompt consultations by 

communicating all data digital.

Static telepathology using still images suffers from sampling bias as 

opposed the free navigation on the entire digital microscopic slide. 

Ideally, dynamic telepathology systems allow remote access by 

pathologists to digital slides and relevant clinical/radiological data 

either online or offline, and offer a user-friendly computer interface 

for analysis and reporting, which then can be integrated into 

hospital databases. At present, the main bottleneck of dynamic 

digital (also mentioned as virtual) telepathology involves the 
[3]network transfer of large image files . Also telepathology is 

determined by several technical, professional and medicolegal 

aspects. In such dynamic systems high throughput auto-feeding 

slide scanners are used that continuously transfer digital slides into 

servers to be accessed from computers either through intra- or the 

Internet digital microscopy for diagnostic purposes. Telepathology 

offers equal opportunities for professional of restricted mobility 

including disabled people or those who are on childcare. Digital 

slides can support recent efforts of system integration in 

histopathology to serve the improvement of standards, traceability 

and reproducibility i.e. quality assurance of diagnostic procedures 
[3,18,19].

Pathologist In The Digital Era

Digital microscopy for diagnostic purposes is a highly complex 

issue. This is related to scanning/server and network speed, image 

quality, storage space, appropriate backup system, the quality of 

workstation and graphic interface, technically trained professionals, 

internal method validation, ease of communication with the hospital 

database and secure data transfer protecting patients' rights. 

Image analysis methods for digital pathology are rapidly finding 
[2]their way in the world of pathology . The main function of these 

advanced tools is to compliment the role of a pathologist. It is 

important to be in constant collaboration with the clinical & research 
[2]pathologist throughout the research process . With the 

advancement in technology, digitization can be of great help to the 

pathologists. This can help in the more specialized diagnosis of 
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diseases which can further help in the early and exact treatment 

regime for the patients. Thus it is the pathologist who can best do 

the analysis and provide feedback on the performance of the 

system and can also help in suggesting new avenues of research 

that would help in providing beneficial information to the 
[12,13]pathologists . 

CONCLUSION

For centuries the use of optical microscopy for studying tissue and 

cell morphology has been into practice. This has now been 

changing. Digital microscopy takes advantage of the multi-

functionality of computer technology for rapidly accessing and 

analyzing information embedded in stained slides, building user-

friendly virtual slide and data repositories, and allowing remote 
3access to comprehensive databases including digital slides . 

Computerized imaging methods are beginning to assist the 

pathologist and radiologist in making an accurate diagnosis of the 

disease and identify morphological features correlated with 
2prognosis . Integrated systems with increasingly complex and 

functional software tools are being developed and will become part 

of our diagnostic toolbox. 

 Digital microscopy can boost the efficiency of histopathology both 

in diagnostic and research applications. Proper segmentation 

techniques will enhance efficiency of pathologist in diagnosis and 

reduce their time for reviewing large number of tissue slide per day 

and help provide better patient care and advanced therapeutics. 

This can save time and budget linked to the transfer of materials 

between institutions as the materials are evaluated for their 

appropriateness before any shipment is made. Hence, we may say 

that digital pathology will undoubtedly open up new avenues for 

computational exploration of individual disease tissues and will 
2transform the practice of pathology .
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