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REMOTE INTERPRETATION OF MEDICAL TMAGES

BACKGROUND

Pathologists typically use microscopes when diagnosing physiological
conditions such as cancer, infections discase and prepatal diserders, Typically, tissue
sampies on a slide are loaded onte the microscope, the microseope objective or lens
foruses on an area of the sample, and the samiple s scarmed for particular festures or
ubjects of interesi. In this manner, the microscope helps the pathologist io visuaily
determing the presence of abnormel numbers or types of ceils, organelles, organisms
or bivlopical markers.

Reecently, antomated microscopes have been integrated into medical imaging
systems that include a-variety of networked components. The medical imaging
systermn provides an environmeni for storing and refrieving the medical images
produced by the microscopes, The components of the medical imaging system are
spread thronghout the department or hoapital, or ¢ven lovated remately, and connected
by 2 commurnication network.

An image acquisition device is coupled to the microscope and captures images
produced by the microseope.  The image acquisition device can include a variety of
components. For example, the image scquisition deviee can include & video camera
coupled to & high-speed frame grabber for capturing the stream of video produced by
the video camera and generating a series of digital images. Alteroatively, the
electronic camera can be a megapixel digital camera, The microscope and the image
acquisttion device can acquire images for & nmber of different color planes and at
severa] different focal planes. These images can be stitched together to form a fwo-
dimensicnal or three-dimensional composite inape. As a vesult of the combination,
and because the itnzpes are typically in color and at high-resolution, the composite
images place significant storage and bandwidth requirements on the medical imaging
system. For example, a composite image for a single tissue slide can often excced 2
pgabyte m size.

Image storage and archival devices provide a central library for storing the
medical images captured by the imape acquisition device, Image storage devices

JP 2004-500211 A 2004.1.8
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include one or more databases and image servers for fast access to recently acquired
images. Archival devices, such as optical dise jukeboxes and tape backup systeras,
provide long-term storage. When a pathologist wishes to view an archived image, the
image ts automatically “migrated” from the corresponding archival device fo one of
the image storage devices.

Dhagpostic quality view stations display the images captured by the image
acquisition systern. In order to assist the pathologist in inferpreting a medical image,
a view station is able to perfonn a variety of image processing operations on, the
medical imape. For example, the pathologist at the view stations may invoke
algorithms to perform densitometry on selected regions of the medical image in order
te identify concentration of a particnlar analyte within ibe tissue sample. Other image
processig, operations are uselul for finding objects within the image such as the
nuelei of the cells, computing an integrated optical depsity for the nuclei of the celis
and reporting the number of molecules per eell. Most itnage processing nperations

cutput a fixed number (score), otten falling within a predetermined range.

SUMMARY OF THE INVENTION

I general, the invention facilitates the remote inferpretation of medical
images. In order to facilitate the timely diagnosis of & tissue sample, it iz desirable
that a medical professional, such as a pathologist, be able to remotely view and
wrterpret a medical immage. The immense size of a medical image for a single tissue
sample typically imakes remote viewing unworkahle due to bandwidth consiraints.
Compressicn ulgorithms can preduce an image suiteble for transmission, but the daja
lost during compression cax lead {o maceurate results from the image analysis
operaiions.

According to oue aspect, the invention is directed to a system in which a
remote view station is communicatively coupled to an image werver and receives a
compressed version of a source medice] image. The remotc view station
m‘momprcsses and displays the received medical image. The remote view station
selects a region of the displayed medical image as a function of input received from a
medical prefessional, such as a pathologist. Based on the input, the remote view

2
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station transmits region information, such ag a serics of pixel coordinntes, back to the
image server. The image server applies image analysis operations to a region of the
source medical image that corresponds 1o the selected region of the compressed
medical image. In this manner, the data loss that oceurs dindng image compression
does not effect the jmage analysis-operations, As such, the image analysis opetations
produce more aceurate results than if the operations wete applied by the remote view
stution on the compressed image.

In another aspect, the javention is directed 1o a method for remotely '
interpreting medical images. According 1o the method, a compressed medical imago
is generated from a souree medical image and ansmitted from an image server to a
remote view station for display. In ong irnplernentaiion, the compressed medical
image is transmiited over a global packet-switched network such as the Internet. A
region of the medical image displayed by the remote view station is selected in
respopse to input from a medical professional, Region information, defining the.
selected region of the displayed medial image, is fransmitted {rom the remote view
staticn back to the image server. Based on the region information, inage analysis
operations are applied 1o a corresponding region of the source medical image. A
resulting score is ecommunicated to the remote view station for display. A diagnosis is
received from the remote view sfation and associated with the somrce medical image
in a databasc maintaived by the image server,

Various embodiments of the invention are szt forth in the accompany.ing
drawings and the description below. Other features and advantages of the inveniion
will become apparent from the deseription, the drawings, and the claims.

BRIET DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram providing a high-tevel illustration, of the various
components of the invention.

FiG. 2 is a flowchart illusirating one embodiment of a process for remotely
interpreting roedical images.

T1G. 3 is a block diagram illusirates one embodiment of & computer suitable

for iraplementing the various embediments of the invention.

3
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DETAILED DESCRIPTION

Figure 1 is a block diagram liustrating 2 system 10 that facilitates remotely
viewing and interpreting medical images. System 10 includes remote view station 26
this is commmunicatively coupled to medisal imaging system (MIS) 12 by netwozk 20,
which represents any packet-switched nefwork such as a local area network or the
Internet. MIS 12 includes image acquisition devices 14 that represent any medical
imaging device that geperates digital medical images, such us an elecironic camera
used in conjunction with av automated microscope, Other image acquisition devices
include computed tomography {(CT), puclear medizing, magnetic resonance imaging
(MRI), ultrasound and X~ay devices, Tmage server 24 stores the images that are
penerated by imape acquisition deviee 14 and, upon request, comnunicates the
images to view stations 16 for display. Using view stafions 16, ¢ medical
professional, such as a pathologist, can peeforma a variety of image processing
techniques on selected regions to assist in rendering & diagnosis.

Ag deseribed in detail below, image sorver 24 of MIS 12 comrmunicates
compressed medical images io remute view station 26 for interpretarion by » medical
professional. Using & networle software application, such as a web browszr, the
medical professional interacts with remote view station 26 to select various regions of
inicrest within the image. Based on the selection, image sexver 24 applies image
analysis functions dircetly to the source medical image stored on image server 24,
thereby generating a more accurate score than if applied by remote view station 26 to
the medical image after compxessiun. ‘I'he resultant score produced by the image
Processing operations is communicated to remote view station 26 to assist the medical
professional in interpreting the medical image and rendering a diagnosis.

Figure 2 i3 a flow chart illustrating one implementatjon of a process 28 that
facilitatzs the interpretation of medical imapes via emote view station 26, Using a
nefwork software application the medical professional interacts with remote view
station 26, accesses MIS 12 and receives a Jist of cases that are manked for review,
i.c., cases in which images have been acquired by image acquisition devices 14 but
have not been reviewed by a medical professional (30). Upon reviewing the list
digplayed by remote view station 26, the medical professional selects one of the cases
for review (32).

JP 2004-500211 A 2004.1.8
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Based on the selection, image scrver 24 compresses medical images associated
with the ¢ase and commmnigates the compressed images (o remete view station 26 via
nefwirk 20 (34}, Remaote view station 26 decompresses the iioages and displays the
uncompressed images for review by the medical professional (36). The displayed
image is not a pixel-by-pixel duplicate of the original soures image stored on image
server 24 hecause of data logsed during compression, Several algorithms, however,
are known that can achieve a compression ratio, such that the compressed image uses
relatively low bandwidth, without significantly changing the visual representation of
the image. Therefore, compressing the image can be effectively lossless with respect
10 human viston. Tor exemple, it has been found that both JI?’EG compression and
fractal image compression, when set for to moderate compression, result in images
suitable for fransmission without resulting in date loss perceptible with human vision,

Using a pointing device, such as a light pen, mouse or track ball, the mcdical
professional selects one or rmore regions of interest. The medical professional can tag
a tegion for image processing or can request that image server 24 transmit image data
for the selected region using a lower compression setting, For example, the medical
professional can direct image server 24 to frangmil an image vsing low compression
or even to {ransmit an uncompressed pixel-by-pixel duplicaie of the selected region.
Remote view stailon 26 encodes the shape and size of the selected region and
transmnits the cegion information to MIS 12 by network 20 (38). The region
information delines the boundaries of the selected regions and, in one
implementation, is a s¢t of pixel coordinates defining the outlines of the selected
regions. As such, the region information typically comprises a small amount
information and can be quickly transmitted to inage server 34,

If the medical professional requests that image server 24 transmit image data
for a region of interest using 2 lower compression sefting, or co compression, then
image server 24 extracts the corresponding pixel data from the source image and
cormmhicates the pixel data to remote view station 26 {(40). In this fashion, the
medical professional can view regions of interest at higher resolution, or even a pixel-
per-pixel duplicate, without requiring that image server 24 transmit the entire source

image across petwork 20, Upon viewing the region of interest, the medical
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prafessicnal ean tag the tegion for lmage processing or can sclect sub-rogions of
interest.

If the medical professional tags a selected region for inage processing, image
server 24 exgcupes the requested image processing operation on the cortesponding
source medical image (42}, More specifically, image server 24 analyzes the tegion
informatien recoived from ramote view station 26 and applies the image processing
operation to a subset of the pixel data of the sousce image. The subset pixel dafa is
selecled based on the boundaries defined by the region information reccived fiom,
remofe view station 26. In this manner, the image processing operation produces a
more aceurate score than if the operation were applied by remote view sfation 26 to
the image that has been corpressed for transmission and then uncompressed for
display 21 the yemote view station. As such, the data loss thai ccours during
compression does not effect the image analysia.

Irnage server 24 communicates the scores for each repion to remote view
station 26 for display to the medical professional (44). Based on the visual display of
the medical image as well as the scores associated with regions of interest, the
medical professicnal interprets the medical image aod renders a diagnosis. For
example, the medical professional may determine that a particular tissue sample is
cancerous. Remote view station 26 communicates the diagnosis to MIS 12 for
association with the appropriate case within a database mamtained by image'server 24
(46).

The mvention can be implemented in digital electronic circuitry, or in
computer hardware, firmware, software, of in combipations thereof. Furthermore, the
invention czn be implemented in ong or more computer programs that are exccuiable
within an operating environment of a programmable system embodied and tangibly
stored in. a machine-readable storage device.

Figure 3 illustrates an example of a computer 100 suitable for use as view
station 26 in oxder to jimplement or perform various smbodiments of the invention.
As ghown in Figure 3, the computer 100 includes a processor 112 that in one
smbodiment belongs to the PENTIUM® family of micropreccssors manufactured by
the Tatel Corporanion of Santa Clara, California. However, compuier 100 can be
implemented an computers based upon otber microprocessors, such as the MIPS®

13
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family of microprocessors from the Silicon Graphics Corporation, the POWERPC®
family of microprocessors om both the Motorola Corporation and the [BM
Carporation, the PRECISTON ARCHITECTURE® farily of microprocessors from
the Hewlent-Packard Company, the SPARC® family of microprocessors from the Sun
Microsysteras Corporation, of the ALPHA® family of microprocessors from the
Compaq Computer Corporation.

Cemputer 10 includes systern memory 113, including read only memory
{ROM) 114 and random access memory {RAM) 115, which is commecied to the
processor 112 by a systein dziafaddress bus 116. ROM 114 represents any device that
is primarily read-only including eloctrically erasable progranimable read-only
memory (EEPROM), flash memory, etc. RAM 113 represents any random access
memory such as Syochronous Dynamic Random Access Memory.

Within the compuier 100, impu/output bus 118 is connected to the
data/address bus 116 viz bus controller 119, Jo one embodiment, input/owtput bus 118
is implemented as a standard Peripberal Compenent Interconnect {PCI) bus. The bus
confraller 119 exemines all signals from the processor 112 to route the signals 1o the
appropriate bus. Signals between the processor 112 and the systemt memory 113 are
merely passed through the bus controller 119. Yowever, signals from the pracessor
112 mtended tor devices other than system memory 113 are routed onto the
inpur/output bus 118,

VYarious devices are connected to the input/output bus 118 including hard disk
drive 120, Roppy drive 121 that is used to read floppy disk 151, and opticat drive 122,
such as a CD-ROM drive that I3 nged 0 read an optical disk 152, The video display
124 or other kind of display device is comected to the inputoutput bus 118 viaa
video adapter 123 and preferably is a bigh-resolution display suitable for viewing
medical images. Computer 100 alse includes 2 modem 129 and network interface 53
for communicaiing over network 20 via either a wired or wircless connection,

A medical professional enter comuwands and information into the computer
iOU by using a keyboard 140 and/or pointing device, such as a mouse 142, which arc
copnected to bus 118 via Inputfoutput ports 128. Other types of pointing devices (not
shown, in Figure 1) include track pads, track balls, joysticks, data gloves, head

trackers, and other deviees suitable for positioning a cursor on the videa display 124.

7
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Software applications 136 and data arc typically stored via one of the memory
storage devices, which rzy include the hard disk 120, floppy disk 151, CD-ROM 152
and are copied to RAM 113 for execution, Operating system 135 execuies software
applications 136 and carries out instructions issued by the usor, The Basic
Input/Cutput System (BICS) 117 for the computer 100 is stored in ROM 114 and is
loaded into RAM 1135 upon booting. BICS 117 is a set of basic exeontable routines
that help transfer information between the computing resounces within the computer
Iog.

This application is infended to cover any adaptation or variation of the present
invention. It is intended that this invention be limited only by the claims and

equivalents thereof.
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‘What is claimed is:

1.

a

A method comprising:
generating a compressed medical image from a source medical image;
transmitting the compressed medical Inage to a refnote view slation
tor display;
selecting a region of the displayed medical image; and
applying image analysis operations to a region of the source medical

image cofresponding to the selected region of the compressed medical image.

The method of claim 1 whercin transmitting the compressed medical image
includes ransmitting the compressed medical image over a global packet-

switched network.

The method of claim 1 snd further including transmitting region information
trom the reme(e view station to an image server, wherein the region

information defines the aelected region of the displayed medial image.

The method «f claim 3, wherein the region information is & scries of pixcl

coordinates,

The method of elaim 1, wherein applying the inage atalysis operations
includes outputting a score and communicating the score to the remote view

station for display.

The meathod of eladm | apd further Including recelving a diagnosis from the
remote view station and associating the diagnosis with the source medical

image in u database.

The method of claim 1, wherein selecting the region of the compressed
medical image inclndes receiving input from & pointing device conirolied by a

user to oufline the region of the compressed medicel image.

JP 2004-500211 A 2004.1.8
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The method of claim 1, wherein generating 2 compressed medical image
includes applying & compression algorithmm that reduces data losses that arg

detectable with human vision.

The method of claim 8, wherein generating a compressed medical image
incindes applying a JPECG compression algerithm.

A system comprising

an image server storing & sowrce medical image;

g femote view station corvmunicatively coupled to the image server to
receive a compressed version of the souree medical image, wherein the remote
view station includes an input devics for selecting a region of the compressed
medical image, and further wherein the image scrver applies an image analysis
operation on & region of the sonrce medical image that corzesponds 1o the

selected region of the compressed medical image.

The system of cizim 10, wherein the remote view station. transnits region
information frosm the remote view station to the image server, wherein the
region information includes a plurality of pixel coordivates outlining the

selected region of the compressed image.

The system of claim 10, wherein the image server applics the image analysis
operations to generate a score and communicaies the score to the remete view

station for display.

The system of claim 10, wherein the image server includes a database
associating a diagnosis received from the remote view station with the source

meadical image,

JP 2004-500211 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

25

30

(22)

WO 01/75776 PCTIUSOTI0RYY

20.

The system of ¢laim 10, wherein the remotc view station includes a pointing
devige controllable by a user to outline the region of the compressed medical

image.

A vomputer program, tangibly stored on a computer-readable medium,
eomprising struciions operable o cause a programmable processor to:
generate a compressed medical imape from a source medical image;
iransmit the compressed medical image to a remote view station for
display;
receive region information from the remote view station, wherein the
region information defines 2 region within the compressed medical image; and
apply image analysis operalious to a region of the souwrce medical

ithage as a function of the region information.

The computer program of claim 13 and further including instructions te cause
the processer to transmit the compressed medical image over a global packet-

switched network.

“The computer program of ¢laim 15 wherein the region informatios is a series

of pixel coordinates.

The computer program of clsim 15 and further including instructions to canse
the processor fo output a score and communicating the score to the remate
view station for display

Th computer prograso of claim 15 and forther ineluding instructions to
receive a diagnosts from the remote view station and associate the diagnosis

with the source medical image in a database.

The computer program of claim 15 and further including instroctions io apply
& compression algorithm that reduces data losses that are detectable with

hurgan vision.
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21

22

23,

24.

25,

26.

A computer-readable medium having a datz structure stored thereon
comprising:

a data field identifying a souwrce medical image;

a data field wentifying a compressed version of the source medical
image; and

a data field storing an oviput score from an image analysis operation

applied fo a region of the source medical image.

The computer-readable medium of claim 2 1, whersin the data strucrure
includes a data Geld associating a diagnesis with the source the medical

image.

A method comprising:
compressing a source medicel imaye at a compression level;
iransmitting the compressed medical image o a remoie view station
for display;
Teceiving region informatien from the remote view station, wherein the
region information defines a region of the compressed medical image; and
compressing a region of the source medical image at 4 gecond

compression level as a function of the region information.

The methed of claim 22 wherein transinitting the compressed medical image
includes transmitting the comprossed medical image over a global packet-

switched network.

The method of claim 23, wherein the region information is a serics of pixe!

coordinates.

The method of ¢laim 23 and further including recaiving a diagnosis from the
remote view stafion and associating the diagmosis with the source medical
irnage ji a databasc.

JP 2004-500211 A 2004.1.8
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27. A method comprising:
transmitting a medical image to a remote view station for display;
receiving region information from the remote view station, wherein the
5 region information defines a region of the displayed medical image; and
locally applying at 1image processing operation al the image server ta a
regiof of the source medical image as a function of the region information.

28,  The method of claim 27 wherein transmitting the medical image includes
H transmitting the medical image aver a global packet-switched network.

29, The method of claim 27, wherein the region imformation is a sexes of pixel

coorditiates.

15 30, The method of claim 27, wherein transmitiing the medical imege includes

compressing mexdical image.
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