
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
24 July 2008 (24.07.2008) PCT WO 2008/089489 A2

(51) International Patent Classification: (74) Agents: LINDER, Walter C. et al; 2200 Wells Fargo
G06T 7/20 (2006.01) Center, 90 South Seventh Street, Minneapolis, MN 55402-

3901 (US).
(21) International Application Number:

PCT/US2008/051699 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: 22 January 2008 (22.01.2008) AO, AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

(25) Filing Language: English EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,

(26) Publication Language: English LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,

(30) Priority Data:
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,

60/881,231 19 January 2007 (19.01.2007) US
ZA, ZM, ZW

(71) Applicant (for all designated States except US): MAYO (84) Designated States (unless otherwise indicated, for every
FOUNDATION FOR MEDICAL EDUCATION AND kind of regional protection available): ARIPO (BW, GH,
RESEARCH [US/US]; 200 First Street S.W., Rochester, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
MN 55905 (US). ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(72) Inventors; and FR, GB, GR, HR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL,
(75) Inventors/Applicants (for US only): JOHNSON, C. NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

Daniel [US/US]; 2223 Hardwood Court S.W., Rochester, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
MN 55902 (US). CARSTON, Michael J. [US/US];
3751 11th Avenue S.W., Rochester, MN 55902 (US). Published:
MANDUCA, Armando [US/US]; 7023 Indigo Ct. N.W., — without international search report and to be republished
Rochester, MN 55901 (US). upon receipt of that report

(54) Title: SIMULTANEOUS DUAL WINDOW/LEVEL SETTINGS FOR DISPLAY OF CT COLONOGRAPHY IMAGES

(57) Abstract: A method for processing and displaying colonography image data. First distance tissue pixels representative of tissue
within a first distance of gas pixels representative of gas are processed with a first window/level setting to generate a first setting set
of image pixels. Second distance tissue pixels representative of tissue within a second distance of the gas pixels are processed with a
second window/level setting to generate a second setting set of image pixels. The second distance is a distance greater than the first
distance. A colonography image including both the first and second setting sets of image pixels is then displayed.



SIMULTANEOUS DUAL WINDOW/LEVEL SETTINGS
FOR DISPLAY OF CT COLONOGRAPHY IMAGES

REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. provisional application serial no.

60/881,231, filed on January 19, 2007 and entitled Simultaneous Dual Window/Level

Settings For Display Of CT Colonography Images, which is incorporated herein in its

entirety by reference.

TECHNICAL FIELD

[0002] The invention relates generally to methods and systems for processing and

displaying images of a patient's body for diagnostic purposes. In particular, the invention

is a method for processing and displaying images of a patient's colon.

BACKGROUND

[0003] Colonography, the use of electronic imaging technologies such as

computed tomography (CT) to generate images of a patient's colon for purposes of

colorectal cancer screening, is generally known. By way of example, these technologies

are disclosed in the Johnson et al. U.S. Patents 6,928,314 and 7,035,681, the Zalis U.S.

Patent 6,947,784, the Vining U.S. Patents 6,909,913 and 7,149,564, and PCT publication

no. WO 2007/030132, all of which are incorporated herein by reference. Briefly, this

methodology involves obtaining a series of CT images of adjacent portions or slices of

the colon. A radiologist then studies each of the images to identify any pre-cancerous

polyps. Alternatively, a computer can effectively create a simulated intraluminal flight

through the colon (this is also known as virtual colonoscopy). Colonography has been

demonstrated to be a highly efficacious approach for detecting colorectal polyps.

[0004] When viewing CT images on a computer screen, the images typically have

an intrinsic "dynamic range" of 4096 distinct gray levels (that is, one of 4096 different

intensity values can be recorded at every pixel). However, a conventional computer

monitor can typically only display 256 distinct gray levels. There are thus many possible

ways to convert the measured data for viewing. For example, one can display the 256

lowest gray levels, with everything above this being displayed as pure white; one could



display the brightest 256 levels, with everything darker than this being displayed as pure

black; or one could evenly apportion the 4096 possible levels among the 256 available

levels by dividing by 16, giving the most faithful overall rendition but losing much of the

possible discriminating ability present in the data. In practice, different such mappings

(known as window/level settings) are used for different purposes. For example, for

optimal viewing of the lung, which is very dark, discrimination in bright parts of the

image is of limited value. Thus, all bright pixels can be set to white and the available

gray levels reserved for use in the appropriate brightness range. Radiologists have

defined many such window/level settings that are known and in standard use to highlight

different parts of the anatomy.

[0005] In a 2D axial review, radiologists often scan the colon data twice on a

computer screen. The colon can first be viewed with a "lung" window/level setting that

clearly shows protrusions into the lumen that are indicative of polyps. When such a

protrusion is found, the reader may switch to a "tissue" window to determine if the object

consists of soft tissue or fat. A second pass can be made in the reverse direction at the

"tissue" window/level setting to look for areas of wall thickening that are indicative of

flat lesions.

SUMMARY

[0006] The invention is an improved method and system for processing and

displaying images of a patient's body structures that enhances diagnostic speed and

accuracy. One embodiment of the invention includes identifying first intensity pixels

within a first intensity value range, identifying first distance pixels within a second

intensity value range different than the first intensity value range and within a first

distance from a first intensity pixel, and identifying second distance pixels within the

second intensity value range and greater that the first distance from a first intensity pixel.

The first distance pixels are processed with a first window/level setting. The second

distance pixels are processed with a second window/level setting that is different than the

first window/level setting. In another embodiment of the invention, pixels between the

first and second distances from a first intensity pixel are processed with transition



window/level settings varying between the first and second window/level settings as a

function of the distance between the first and second distances.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is an image of a portion of a patient's colon where the image data

was processed using conventional lung window/level settings.

[0008] Figure 2 is an image of the colon portion shown in Figure 1 where the

image data was processed using conventional soft tissue window/level settings.

[0009] Figure 3 is an image of the colon portion shown in Figure 1 where the

image data was processed using lung and soft tissue window/level settings in accordance

with one embodiment of the invention.

DESCRIPTION OF THE INVENTION

[0010] The simultaneous dual window/level display of the colon in accordance

with the invention is a viewing technique that displays 2D or other images with first (e.g.,

lung) window/level settings in certain portions of the image, and second (e.g., tissue)

window/level settings in the other portions. Specifically, pixels within a given distance

(dl) of air are displayed using a lung window, while pixels farther than a given distance

(d2) from air are displayed using a tissue window. A smooth transition can be generated

for intermediate pixels using a linear blend of the lung and tissue window/level settings.

[0011] The dual window/level technique can allow the reader to view the data in a

single pass, which can reduce reading time. The lung window/level portions of the image

would allow the reader to easily locate objects that protrude into the colon, while the

tissue window/level portions would allow the reader to find regions of wall thickening.

Since the interior of any protrusions can be displayed at a tissue window/level, there also

may not be a need to switch settings to determine if such an object consists of soft tissue

or fat.

[0012] The values of d l and d2 can be set appropriately. The value dl should

typically be large enough so that the protrusion can be seen in the image, yet small

enough so that it does not mask the interior of the protrusion. Similarly, the value d2 can

be sufficiently large to allow a smooth transition from the lung window, yet small enough



so that the interior of the protrusion can be seen with the tissue window. Optimal dl and

d2 values can be determined empirically. These values may vary under different

conditions, or can be adjustable by the individual user (e.g., through a GUI).

[0013] As an example, Figure 1 is an image of a colon slice displayed after the

image data was processed using conventional lung window/level settings. Figure 2 is an

image of the same colon slice shown in Figure 1, displayed after the image data was

processed using conventional soft tissue window/level settings. Figure 3 is an image of

the same colon slice shown in Figure 1, displayed after the image data was processed

using lung and soft tissue window/level settings in accordance with the invention. Using

images such as that shown in Figure 3 enables clinicians to review only a single data set

with marked interpretation time savings, while demonstrating the attenuation

characteristics of stool and polyps adjacent to/arising from the colon wall. The flat polyp

pointed to by the arrow in Figure 3 is displayed well without distortion.

[0014] Although the invention has been described with reference to preferred

embodiments, those skilled in the art will recognize that changes can be made in form and

detail without departing from the spirit and scope of the invention.



CLAIMS

What is claimed is:

1. A method for operating a computer to process body image data, including:

identifying first intensity pixels within a first intensity value range;

identifying first distance pixels within a second intensity value range different than

the first intensity value range and within a first distance from a first

intensity pixel;

identifying second distance pixels within the second intensity value range and

greater that the first distance from a first intensity pixel;

processing the first distance pixels with a first window/level setting; and

processing the second distance pixels with a second window/level setting that is

different than the first window/level setting.

2 . The method of claim 1 wherein identifying the second distance pixels

includes identifying second distance pixels that are greater than a second distance from a

first intensity pixel, wherein the second distance is a distance greater than the first

distance.

3. The method of claim 2 and further including processing pixels between the

first and second distances from a first intensity pixel with transition window/level settings

varying between the first and second window/level settings as a function of the distance

between the first and second distances.

4 . The method of claim 3 wherein processing the pixels with transition

window/level settings includes processing the pixels as a linear function of the distance of

the pixels between the first and second distances.



5. The method of claim 4 and further including simultaneously displaying as

parts of an image the pixels processed with the first, second and transition window/level

settings.

6. The method of claim 3 and further including simultaneously displaying as

parts of an image the pixels processed with the first, second and transition window/level

settings.

7. The method of claim 3 wherein:

the method further includes receiving distance input information representative of

an operator selected first distance and/or an operator selected second

distance; and

identifying the first and/or second distance pixels includes identifying the pixels as

a function of the distance input information.

8. The method of claim 3 wherein:

the method further includes receiving window/level input information

representative of an operator selected first window/level setting and/or an

operator selected second window/level setting; and

processing the first and/or second distance pixels includes processing the pixels as

a function of the window/level input information.

9. The method of claim 1 and further including simultaneously displaying as

parts of an image the pixels processed with the first and second window/level settings.

10. The method of claim 1 for processing human body image data.

11. The method of claim 1 wherein:

the method further includes receiving distance input information representative of

an operator selected first distance and/or an operator selected second

distance; and



identifying the first and/or second distance pixels includes identifying the pixels as

a function of the distance input information.

12. The method of claim 1 wherein:

the method further includes receiving window/level input information

representative of an operator selected first window/level setting and/or an

operator selected second window/level setting; and

processing the first and/or second distance pixels includes processing the pixels as

a function of the window/level input information.

13. A method for processing and displaying colonography image data,

including:

processing first distance tissue pixels representative of tissue within a first distance

of gas pixels representative of gas with a first window/level setting to

generate a first setting set of image pixels;

processing second distance tissue pixels representative of tissue within a second

distance of the gas pixels with a second window/level setting to generate a

second setting set of image pixels, wherein the second distance is a distance

greater than the first distance; and

displaying a colonography image including both the first and second setting sets of

image pixels.

14. The method of claim 13 wherein:

the method further includes processing transition pixels between the first and

second distances from the gas pixels with transition window/level settings

varying between the first and second window/level settings as a function of

the distance between the first and second distances to generate a transition

setting set of image pixels; and

displaying a colonography image includes displaying an image including the first,

second and transition setting sets of image pixels.



15. The method of claim 14 wherein processing the transition pixels includes

processing the pixels as a linear function of the distance of the pixels between the first

and second distances.

16. The method of claim 14 wherein:

the method further includes receiving distance input information representative of

an operator selected first distance and/or an operator selected second

distance; and

processing the first and/or second distance pixels includes processing the pixels as

a function of the distance input information.

17. The method of claim 16 wherein:

the method further includes receiving window/level input information

representative of an operator selected first window/level setting and/or an

operator selected second window/level setting; and

processing the first and/or second distance pixels includes processing the pixels as

a function of the window/level input information.

18. The method of claim 13 wherein:

the method further includes receiving distance input information representative of

an operator selected first distance and/or an operator selected second

distance; and

processing the first and/or second distance pixels includes processing the pixels as

a function of the distance input information.

19. The method of claim 13 wherein:

the method further includes receiving window/level input information

representative of an operator selected first window/level setting and/or an

operator selected second window/level setting; and

processing the first and/or second distance pixels includes processing the pixels as

a function of the window/level input information.
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