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Abstract: 

Pathologists are using computers routinely for signing out cases, presenting conferences, and collecting information through WWW. A computer that is portable and friendly would be a handy supplementary tool in anatomic pathology. Pathologists could bring it anywhere and use it anytime to review or sign out cases.

We developed a prototype mobile pathology information system using a pocket pc (240x320 screen size) and wireless network. This small device, can access the Laboratory Information System (LIS) as well as capture and send images for consultation. Ten pathologists evaluated the following points 1) operability, 2) image quality and size, and 3) accessibility. 

Most pathologists could use the mobile device without detailed instruction. Although the screen size was small, large images could be effectively displayed at a quality useful for diagnosis, consultation and reference. Accessibility and connectivity of wireless network provide no problems.  A mobile device such as a pocket pc is a very useful tool for anatomic pathology. Though it cannot replace the regular PC, it can be an effective supplemental tool for pathology practice.
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1.
Introduction

Pathologists have been heavy users of computers and computer services for years. Complex laboratory information systems (LIS) manage the workload in most large and medium sized laboratories. Pathologists sign out cases on the computer, capture digital images for documentation and conference, use the WWW to collect information and email to communicate with colleagues [1]. Increasingly, education and telepathology – remote histologic diagnosis on the basis of digital images - is being practiced over computer networks [2]. The large size of pathology reports and the need for high resolution imaging has made networked, desktop computers with large monitors the preferred computer platform for pathologists.
At the University of Pittsburgh Medical Center Department of Pathology, we have been investigating, implementing and maintaining image enhanced Laboratory Information and Telepathology systems since 1994. Initial imaging systems were designed exclusively for documentation and education, tended to use relatively low resolution cameras and were not integrated with other laboratory information systems. Over the years image quality has improved (and image file sizes increased) and imaging has become integrated into the Laboratory Information Systems. Images can be included in reports, diagnoses are made at remote hospitals through video conferencing and the exchange of still images guides diagnosis and therapy. For example, pathologists in a UPMC hospital in Palermo Italy routinely consult with expert pathologists in UPMC Pittsburgh through a telepathology system [3]. UPMC is also considering other hospitals in Europe, South America and Asia. The Palermo experience has had a significant impact on the way we have looked at telepathology systems. While telepathology systems strive for high image quality and fidelity for precise diagnosis, our experience in Palermo has led us to believe that telepathology systems can be useful even if a final diagnosis cannot be made from the images. In particular, timely access to images and reports can help expert pathologists guide the workup of cases and mentor remote, less experienced pathologists toward accurate diagnosis. Also, because of the time differences between Italy and America, we needed to develop and implement more distributed systems that pathologists could access at home or away from the office.
Recently, there has been migration from desktop computers to more mobile, hand held devices on wireless networks, this is especially true among clinicians who move from location to location during the day and do not have complex imaging, report generation, data entry or retrieval needs. Though intrigued by mobile computing, most pathologists believe that the small screen and limited resolution afforded by mobile devices make them inappropriate for pathology practice. 

The aims of this project are to develop a proof of concept pathology information/imaging system based on mobile computers and wireless networks, and to identify the best way to capture, manage and display large images on mobile devices.
2.
Methods and Results

2.1
System structures

2.1.1
Hardware
The basic design problem was how to present complex pathology case reports and large, high resolution images within the limited interface of the mobile computer. For the mobile device, we chose the Casio E-125 Pocket PC running Microsoft Windows CE because it was available, supported the Microsoft Internet Explorer and had a color display that supported more than 65,000 colors. The device came equipped with a 150 MHz CPU and 32MB of RAM to which we added 32MB of flash memory. The server was a Dell 2400 which stored and managed the images and simulated the laboratory information system using anonomized clinical data.

2.1.2
Software

The server software was based on a traditional Web Based Telepathology System that we haddeveloped several years earlier and is running as a successful production clinical systems at UPMC. This system was modified to integrate available Pocket PC functions as well as special report parsing and image management routines on the server necessary to effectively transmit and display pathology reports and images on a mobile platform. 

Pathology reports, though long and complex, are divided into well defined sections such as Clinical History, Final Diagnosis, Microscopic Description, etc. Using a PERL parser, reports were broken into sections which were given their own URLs so that they could be displayed independently We also developed server software that accepted a large, megapixel image and generated a multi-tile, multi-resolution image set. This allowed large images to be rapidly transmitted to the mobile device and easily displayed, panned and zoomed through the device’s 200x150 pixel within 320x240 screen (vide infra). The client was implemented on Internet Explorer for CE. The client software provided functions such as image acquisition from a hand held camera, image and pathology report display from the server, and limited report editing and chat.
2.1.3
Communication

The goal of our research was to demonstrate the feasibility of displaying image enhanced pathology reports on mobile devices with limited interfaces across wireless networks.  However we had limited experimental conditions. Our Pocket PC had one expansion slot, which we needed for flash memory. This left us with no mechanism to attach a wireless network card. For the purposes of this prototype therefore, we used a USB port to connect the device to a mobile telephone. The telephone was used to connect the server through dial-up networking. The maximum communication speed was 33.8kbps using the HTTP protocol.  This situation was not as good as real wireless network. We could say if the performance of this condition was acceptable, we can use over wireless network. 
2.2
Image Acquisition

Most pathology practices in the United States have fixed image capture stations consisting of a microscope, a digital camera and a personal computer. Images are stored either locally or on a networked image server. Though in most situations our mobile pathology system would be used to review images captured on a fixed imaging station, we thought it would be important to investigate the possibility of microscopic image capture based on a Pocket PC and portable camera. Pocket PC is easier to manipulate and maintain than regular computer and portable digital cameras are common and can be used with our modifications to existing microscopes. Significantly, the total cost is 1/8-1/10 of a normal image capturing station. 

Microscope image acquisition with a portable digital camera can occur either directly through the microscope ocular (eyepiece) or through a camera special camera port. Capturing through the eyepiece is easy and less expensive, however a camera port provides a more stable platform and has relay optics that provide slightly better image quality.
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 Figure. 1. Image acquisition System
Fig. 1 shows how images can be submitted to the system using a handheld camera, a microscope camera port, mobile device and wireless network. The camera stores images in flash memory. When the necessary images have been taken, the flash memory (in the form of a memory card) is
transported to the Pocket PC expansion memory slot.
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 Figure. 2. Image acquisition Process
Fig.2 shows the process how to submit images to the system. The mobile device connects to the server across the wireless network. Thumbnails of the images captured are displayed (Figure 2) and user can input data on each image such as the type of specimen, staining method and objective lens used. Individual images can be deleted at this time. 

When a case is ready to submit, all images – and associated information - are sent to the server at full scale and integrated with textual case information from the LIS. 

2.3
Image Display and Management

Individual pathology images tend to be approximately 6 MB (1600x1200 by 24 bit color), resolution cannot be compromised and multiple images are required for each case.  Display size, RAM (for caching images) and bandwidth all are limited in the mobile environment. Image management and display therefore require unique solutions.  Thus the displaying time through wireless, it may be faster than load image locally. Although it was built for remote pathologists who want submit consultation cases, it is more sufficient way to keep images and look at many images with Pocket PC which has limited store space and cashed memory space.
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 Figure.3. Image Display: The original image measures 1600 x 1200 pixels. Only a small portion of it can be displayed on a mobile device without modification.

Figure 3 shows the difficulty in displaying large images on a Pocket PC. Original image size is 1600x1200, but the available display area is only 320x240. Traditional scroll bars are tedious, strain the limited system resources and can only show a small part of the image at time. This makes images slow and tedious to review and difficult to navigate.

When examining tissue under the microscope, pathologists look at the entire glass slide with very low magnification (low power objective lens) and select the areas for further observation at higher magnification. This continues until a diagnosis is made. Scroll bars do not imitate this behavior of low power (low resolution) scanning and high power (high resolution) probing. This makes scroll bars very hard if not impossible to use in the pathology environment. 

There are some technologies, such as the FlashPix image format, that transform large, single resolution flat image files to complex multi-resolution image files. In these files, sequentially lower resolution representations of a base high resolution image are created by binning pixels 4 to 1 at each resolution level. The result is a pyramid shaped file in which the apex of the pyramid is a small, low resolution image, the base is the original image and each level has less and less resolution and size. These files allow for multi-resolution panning and zooming that simulates the microscope experience. However, implementations require significant data caching on the client machine as well as significant data transfers as and user pans across and image. A situation that is not optimal for the low RAM, low bandwidth of most mobile environments. 

To take advantage of the multi-resolution image format for panning and zooming while minimizing data transfer and caching the following protocol was developed and implemented. 

We decided on a thumbnail image size is 70x54 and main image window is 200x150 within 320x240 screen. In this way, image information associated with thumbnail images and the menu linking to text information can be placed on the same screen.

Whenever one of thumbnail images is clicked, the 200x150 image will be shown on the main image window (see Figure 4) This 200x150 pixel area becomes a “virtual microscope” for image review.
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Figure. 4. Main GUI: This is the image page. Clicking on a thumbnail presents a zoomable version in the main image window.

On the server, high resolution base image is divided into 200x150 pixel areas from West to East and North to South. If the base image dimensions are not evenly divisible by 200x150, the East and South borders are padded with white background so that complete 200x150 areas are achieved. Each 200x150 block is stored as a separate image. The pixels in the base image are then binned 4:1 creating an image of half the resolution and one quarter the size. This continues until a low resolution image is attained that can be displayed completely in the 200x150 display area. For a 1600x1200 original, this takes three cycles. 

The result is a pyramid structure (Figure 5) in which each layer made up of 200x150 blocks and each layer has half the resolution of the one below it. For a given layer, each block subtends four blocks beneath it. By image mapping each quadrant of a block to the appropriate blocks beneath it a structure is created that can be easily navigated by zooming in and out of specific quadrants of the display.

Figure 6 shows how the user can navigate the image without scrolling.
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Figure 5: The pyramid structure of the multi-tiled, multi-resolution image file. Each level of the pyramid has half the resolution and one quarter the size of the level below it. Each tile is handled as a discrete image, with software links to the four tiles below it.
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 Figure. 6. Image Navigation: By clicking on one quadrant of the image window, that quadrant is displayed at twice the resolution. By clicking Back, the image zooms back to one level lower magnification. In the way, simply by clicking the image window and back button the entire can be navigated. By clicking Case, it displays associated text information.

Table 1: Comparison of data size

	
	Resolution
	File Size
	File size (JPEG)

	1
	1600x1200
	5.5M
	(380KB

	2
	200x150
	89K
	( 8KB


The performance of this system is very good. To download a complete unmodified 1600 x 1200 image took between 1 and 5 minutes and was deemed unacceptable for use by pathologists. However, using the block pyramid file format, each view loaded in less than five seconds over the network and less than one second locally. This speed was well within tolerances for clinical use. See Table 1.

2.4
Case Management 

The Mobile Pathology System is designed to work in a number of modes including LIS case management, telepathology, and case conference display. These functions are borrowed for existing LIS, telepathology and case conference systems currently running at UPMC as PC based C/S or web applications. Our goal was to determine whether these functions could be implemented on a mobile platform.

2.4.1
LIS Case Management

This module allows pathologist to 1) Acquire images and associate them with a case, 2) Review cases (images and text) from the LIS, and 3) Edit selected texts fields in pathology reports. Image management is described above. The main limitation in displaying text was screen real estate. Pathology reports can long and complex; however, they tend to divided into well defined and labeled fields that can be easily parsed. By breaking the reports into their components and associating each component with a hyperlink and URL, we were able to develop an interface through which pathologists could navigate reports effectively (see figure 7). 

2.4.2
Telepathology

Because the system allows pathologists the ability to send cases with images to each other’s case list and for editing and comments, it provides basic telepathology functionality.  Figure 8 demonstrates the way a pathologist would receive a telepathology consultation (including cover letter and images) through his case list.
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Figure 7: Telepathology workflow, a case for consultation appears in the pathologist’s case list. The pathologist can view all aspects of the case including cover letter and images and respond in free text.

2.4.3
Case Conference

The case conference function allows pathologists to contribute to on line educational conferences. As with the LIS cases, pathologists can examine images and text and can contribute to the conference through a chat box.
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Figure 8: Case Conference Mode: The system provides pathologists with their case list, case text, images and the ability to edit selected fields.
3.
Discussion

Pathologists are heavy computer users. They depend on their computers and computer networks to obtain clinical information on patients, capture and examine images, generate reports, do research and communicate with colleagues. Complex Laboratory Information Systems manage and facility most the modern clinical laboratory. Because of the complexity of the pathology report, the intensive use of images and the high throughput of most clinical pathology labs, current pathology workstations are usually designed around networked PCs with large monitors. The standard configuration for a pathologist’s station at UPMC for example is a 800+ MHz CPU with 128 MB RAM, a 21 inch monitor and 4 – 8 MB or video RAM. These stations are connected to a variety of services via shared or switched Ethernet. The growing acceptance of mobile computers and personal organizers by physicians – as well as a desire to create a very low cost and mobile pathology computing environment – led us to examine the potential use of mobile computers in the clinical pathology environment. 

Our goals in this project were to determine the feasibility of managing pathology information (text reports and images) on hand held portable computers accessed through wireless networks given the significant limitations of such devices. In particular, we where concerned with the limited screen size, resolution and navigation provided by Pocket PC – like devices as well as performance speed over the wireless network.

Through extensive collaboration with a small group of pathologists (including one of the authors) who used the system extensively during development, we found that we could effectively present both detailed pathology text information and complex images within the confines of the mobile computers limited screen. Dividing the text report into its natural sections (Demographics, Clinical History, Gross Description, Final Diagnosis, etc) and hyperlinking each section made the report very readable and intuitive to the pathologists, and made the system much more useable than the unmodified alternative in which the entire report was downloaded and presented as a single file. We were also able to include and display multiple images in reports by converting the large original images to multi-tile, multi-resolution images on the server and sending and displaying individual tiles as needed. Pathologists found that they could easily and intuitively navigate, pan and zoom the multi-tile, multi-resolution images. These results contrasted sharply with the alternative approaches such as sending entire, unmodified images and displaying them with scroll bars or using commercial software based on the Flashpix image format. The unmodified images were too large to be sent efficiently and scroll bar navigation was slow and confusing. The use of the Flashpix technology – at least in our implementation – required a great deal of image caching on the mobile device often overwhelming the systems limited RAM. Significantly, the multi-tile, multi-resolution format significantly improved server to client transfer rate, and allowed pathologist to easy jump between selected areas of the same image – something that was not possible with the methods tested.

Most pathologists could use the mobile device without detailed instruction. Although images as displayed appeared small, they were judged to be useful for identifying the major components of a case. With the use of multi-resolution image formats, excellent resolution and context could be obtained. Though pathologists were not comfortable with making clinical diagnoses on the basis the displayed images alone; they were comfortable using the system for case conference review, and felt the ability to see consult cases with images in a mobile environment may help facilitate case management. 

A final goal was development and evaluation of a wireless image capture system for histology based on a mobile computer and a hand-held digital camera. While most laboratories in North America has specialized microscopic image capture stations linked to wired networks, this is not the case in many areas of the world. However, many labs in these areas do have access to hand held “consumer” digital cameras and often may have a wireless network where a wired network does not exist. One limitation to the use of consumer cameras in the lab has been uploading images to the server, especially when a wired network does not exist.  We found that the using a “memory stick” to transfer data from camera to mobile computer and then across the wireless network was effective and the capital cost was 1/8th to 1/10th the cost of a traditional image capture station.
4.
Conclusions

Multimedia pathology cases can be successfully displayed and navigated on mobile devices such as the Pocket PC. However, successful operation of the system depends on careful (but straight forward) formatting of the pathology report and conversion of images into a multi-tile, multi-resolution format. Though not as useful as a regular PC and monitor, mobile devices have the potential to be good supplemental tools for pathology practice. Several aspects of the system, including multi-tile, multi-resolution image display and high capacity exchangeable storage media have implications for larger, non-portable systems. 
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