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(57) ABSTRACT 

Software, methods and user interfaces for viewing and 
generating a lung report. In exemplary methods, a first 
baseline image is analyzed to localize lung nodules. The 
lung nodule information can be Stored and used to relocate 
the previously localized lung nodules in a Second, follow-up 
imaging Scan. The follow-up Scan can be analyzed-either 
manually or automatically-to generate Statistics for the 
lung nodules localized in the follow-up Scan. Information 
derived from the baseline Scan can be used to ease the 
localization of the lung nodules in the follow-up Scan. In 
Some exemplary methods, both the baseline Scan and fol 
low-up Scan are displayed and the nodules are Selected for 
comparison. Typically, the graphical user interface can dis 
play a third, composite image that displays the change of 
Size of the nodules. 
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Your Hospital Name & Address 

Te: 65087-92 
Fay 650-875-0.194 

www.YourHospital.com 

Chest screening CT. Lung cancer screening 

Scan Date: May 30, 2001 Scan Number 0089765 

Mr. SAMPLE, PATIENT is a 46-year-old man with heartburn and syncope. His current stress level is very high. He is an 
ex-smoker and had past cardiac procedures. He has a history of high HDL cholesterol level, high total cholesterol level, 
hypertension and diabetes. He has a family history of stroke, diabetes, lung cancer, and heart disease in a first or second 
degree relative. He is currently taking following medications: kali cyanide. 

Chest and Lung cancer screening 

Insert information on indications, current status, advantages, and possible outcome of chest and lung cancer screening 
(site specific). 

Procedure 
Utilizing an Imatron C150 Electron Beam CT Scanner, a continuous volume acquisition with 6 mm collimation and 
3mm table feed was performed through the chest. 3 mm contiguous images were reviewed using Interactive 2D axial 
and 3D sagittal and coronal reconstruction using Accumage software analysis package. All images were dual reviewed 
with final reading and interpretation being performed by a specialist in Thoracic Radiology. 
Study was performed on May 30, 2001 at the (Yourname) Scanning facility (Your city, state). 

FIG. 18A 
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This diagram demonstrates the LOCATION of nodules found. 

Key 
LLF left lung 
RLF right lung 

RESULTS 

Following is a table of the scan results. 

Nodule Location Of Nodules Total Sum EU Mean 
Dian 

Other 

This is a follow up examination from a prior EBT scan done on June 5, 1997. Below is a table, which compares those 
results with the results of the current study. 

Prior scan Current scan XXX months 
Right Lower Lobe 
Left Lower Lobe 
Right middle . . . . . . . 
Left middle 
Right Upper Lobe 
Left Upper Lobe T 
Other T 
Total 

212 
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The score percentile rank information provided here is based on data obtained from 19,000 asymptomatic, 
self-referred individuals, approximately 75% men and 25% women, predominantly Caucasian, with an age 
range of 40 to 70 years, of moderate to high socio-economic status and residing in the Chicagoland area. 
The data were obtained using an EBCT scanner operated by the University of Illinois Chicago Medical 
Center. These reference data may vary for different demographic groups, for individuals with symptoms of 
coronary disease or with known disease, for those outside the age range studied, and for different CT 
scanner models and their calibration, reconstruction filters, and calcium scoring algorithms. It is 
recommended that every site develop its own database under a fixed set of operating conditions. 

FIG. 18C 
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Findings: 1. 218 
l. Lungs: (x) non-calcified nodule(s) (is/are) identified as follows 
(x) segment of (y) lobe measuring #x #x # mm, n).......... 
Not other focal or diffuse parenchymal lesion is identified. 

2. MEDASTINUM: No clinically significant mediastinal, hilar or other 
intrathoracic adenopathy is seen. 

3. HEART and THORACICAORTA: The thoracic aorta is of normal 
size and appearance. No aortic or valve calcifications are seen. The pericardial 
Surface is clear. 

4. CBEST WALL: No significant chest wall abnormality is seen. The 
bony structures of the spine are normal in appearance for age. 

/ 220 
Conclusion: A focal nodule is identified that requires follow up and further 
investigation. Review of any prior chest x-rays or CT chest studies is suggested, 
and a full CT chest with contrast to assess the nodule characteristics or a PET 
Scan is suggested. Early detection of lung cancer is complex. The main purpose 
of the CT study is to identify a nodule at its smallest size, when it can be most 
effectively treated. You should discuss this report with your physician who can 
use the knowledge of your full clinical history and other diagnostic tests to assist 
you in assessing the significance of these findings. 
C 

The (your name) scanning facility is intended as a Chest screening and lung cancer 
facility only and is not considered a substitute for a physician's examination. 
All recommendations from our center are based solely upon information 
supplied by the conventional risk factor questionnaire and by the EBT scan 
results. The patient's own physician is best able to make definitive therapeutic 
decisions. 

Reading Physician's Signature 

FIG. 18D 
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METHODS AND SYSTEMS FOR GENERATING A 
LUNG REPORT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is related to U.S. patent 
application Ser. No. , filed herewith and entitled 
“Customizable Lung Report Generator” (Attorney Docket 
No. 021106-000320US) and U.S. patent application Ser. No. 

, filed concurrently herewith and entitled “Systems 
and Graphical User Interface for Analyzing Body Images,' 
(Attorney Docket No. 021106-000310US) each of which is 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates generally to systems, 
methods, Software, and graphical user interfaces for display 
ing and analyzing body images and for generating organ 
reports. More particularly, the present invention relates to 
graphical user interfaces and Systems for analyzing one or 
more thoracic CT datasets to track and analyze lung nodules 
and other lung parameters. 
0.003 Lung cancer is one of the most common forms of 
cancer among both men and women. Advances in medical 
imaging, Such as CT and MRI scanning, have made it 
possible to localize and track early Stage nodules that were 
previously non-detectable. However, Such Scanning proto 
cols on a CT or MRI scanner typically generate no less than 
40 images during a thoracic exam, while multi-slice proto 
cols may generate 300 or more axial images. In order to 
analyze the dataset for lung nodules, the radiologist must 
review all of the Slice images to localize the lung nodules. 
If a nodule is found in one slice image, the radiologist must 
then attempt to locate the nodule in the adjacent Slices. 
0004. Unfortunately, such large amounts of data for each 
patient increases the probability that the radiologist will miss 
a potential nodule in their analysis of the image dataset, i.e., 
a “false negative.” Tumors may be too small to be reliably 
detected, or their appearance may be obscured by the 
Surrounding tissueS Such as vessels. Missed tumors may be 
detected months or years later in a follow-up examination. 
During this interval the tumor may grow larger and, in the 
Worst case, metastasize. 
0005. In their early stages of development, malignant 
lung tumors may not be detected even upon careful inspec 
tion of the image dataset. The early detection of lung cancer 
is of particular importance because the overall Survival rate 
from the disease is very low. It is generally believed that 
early detection of cancer is beneficial, but in the case of lung 
cancer this is not established because of the recentness of the 
technique. The present invention provides tools which will 
help to elucidate this question. 
0006 To improve detection of lung nodules manual and 
Semiautomatic pixel-based methods for Segmenting CT 
images have been developed. One Such method is manually 
creating a region of interest (ROI) delineating a nodule. A 
Semiautomatic method requires a single, operator-defined 
Seed point in which a computer algorithm will Select Similar 
contiguous gray-Scale pixels that Surround the Seed point as 
the potential nodule. In another case it may be an operator 
placed region of interest (Such as a rectangle or ellipse) 
around the nodule. 
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0007 While the proposed imaging methods offer signifi 
cant potential to locate early Stage nodules, Still further 
improvements are desirable. In particular, if a Small nodule 
or nodules are located in a first imaging Scan, the radiologist 
will usually recommend that the patient return for a Second, 
follow-up imaging Scan. When the patient returns for the 
follow-up Scan, the radiologist must relocate the nodules in 
the image Scan and analyze the parameters of the nodules. 
Conventional imaging Systems and methods do not provide 
an efficient way to determine if the nodules have increased 
in size, stayed the Same, or the like. 
0008. Therefore, what is needed are reliable methods and 
devices which allow the radiologist to quickly and accu 
rately localize and track any changes in nodules found in an 
imaging Scan. Furthermore, what is needed is an improved 
method for Visualization and characterization of Small 
malignant lung tumors on thoracic image Scan that would 
enable earlier detection of these tumors or nodules So as to 
enable earlier detection. 

BRIEF SUMMARY OF THE INVENTION 

0009. The present invention relates to methods and soft 
ware for analyzing and comparing thoracic images of a 
baseline Scan with thoracic images of follow-up ScanGS) and 
for generating a report. 
0010. The present invention provide an efficient method 
of displaying and analyzing thoracic image Scans and local 
izing potential nodules in the images. The present invention 
can be used to localize lung nodules and to determine the 
lung nodules relative position in the patient's lung, dimen 
Sions of the lung nodule, and other morphological param 
eters of a baseline image Scan taken at t. After the nodules 
are located in the baseline Scan, through manual, Semiauto 
matic, or automatic localization techniques, the nodule 
information derived from the images can be analyzed by the 
operator to determine if the potential nodule is an a benign 
or malignant nodule or merely a part of the patient's 
vasculature. 

0011. The nodule information can be stored and later 
transferred to a follow up image Scan taken at t to ease the 
localization of the previously localized nodules in the fol 
low-up Scans. The Stored nodule information provides a 
method that allows the operator to quickly determine if the 
nodules localized in the baseline Scan have increased in Size, 
the amount of increase, and the like. Additionally, the 
present invention can also allow the operator to quickly 
locate nodules-either manually or automatically with an 
analysis algorithm-that were not located in the baseline 
SC. 

0012. In exemplary embodiments, the present invention 
displays a first image along a body Slice taken at t and a 
follow-up image of the same body slice taken at t on a user 
output device, Such as a computer monitor. Typically, the 
first and Second images are displayed adjacent to each other 
So as to allow the operator to visually assess changes in the 
nodules. 

0013 In order to compare the first image and second 
image the first and Second images can be aligned. In Some 
embodiments, a computer algorithm can automatically align 
the imageS. In other embodiments, the operator can manu 
ally pan the either the first or Second image to align the 
images. 
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0.014 Typically, each of the nodules can be localized on 
the image with a marker to indicate its lesion number and its 
relative position in the patient's lung. By choosing the 
marker, the operator can view the Statistics of the marked 
nodule which can include, but is not limited to, Volume, 
Surface area, major and minor axis, CT density or MRI 
Signal intensity, Signal Standard deviation, Signal histogram, 
roundness criteria, and the like. 

0.015 Optionally, to improve the visualization of the 
nodules, the nodules in the baseline and follow-up images 
are colored differently from the Surrounding tissue. Typi 
cally, the nodules displayed in the first image are displayed 
a different color than the nodules in the Second image. Thus, 
if the first image and Second image are Superimposed over 
each other, the operator can visually assess the change in 
Size (if any) of the Superimposed nodules. 
0016 A third comparison image can be displayed on the 
user input device to illustrates changes (if any) between the 
first and Second images. In particular, the comparison image 
can be used to illustrate the change in Size of the nodules and 
any development of new nodules. Additionally, in Some 
methods, a comparison chart can be displayed which quan 
titatively illustrates any change in size, Volume, etc., of the 
previously localized nodules. 
0.017. In another aspect, the present invention provides 
Software code that allows a radiologist to compare a first 
body image taken along a body Slice with a Second image 
taken a long the same body slice. The first image will 
typically be a “baseline' image which the Second image is 
compared with to determine if there have been any changes 
or additional nodules to the nodules in the lungs. The present 
invention further provides software code that allows the two 
images to be manipulated So that the two images are 
Substantially aligned along three axis So as to ease the 
process of comparison. Software code calculates a third 
image to Show the differences between the first and Second 
image. The third image can be a Sum of the first and Second 
image, a Subtraction of the first and Second image which 
illustrates the differences between the first and second 
images, or the like. 

0.018. In exemplary embodiments the software of the 
present invention includes Software code for registering or 
aligning the first image with the Second image. The Software 
code can include an alignment algorithm that automatically 
aligns the baseline image with the follow up image. Alter 
natively, the Software code can allow the user to manually 
align the baseline image and baseline image by physically 
Selecting and moving one of the images into alignment with 
the other image. 
0.019 Typically, the software includes a comparison algo 
rithm that produces a third image for comparing the baseline 
image and the follow up image. The comparison image can 
produce a composite image that is either a Sum or Subtrac 
tion of the baseline and follow-up image. Such images 
provide a visual indication to the operator of any changes or 
additions to the nodules localized in the baseline image. 
0020. In another aspect, the software includes code that 
automatically generates a report comprising Selected and 
annotated baseline and comparison images, lists of nodule 
number, size, roundness criteria and the like, and recom 
mendations for patient follow-up care and Studies. The 
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Software includes a decision tree for tailoring the report to 
the Specific patient demographic information, medical his 
tory, and the results of the nodule analysis. 
0021. In yet another aspect, the code allows the physician 
operator to customize the elements and appearance of the 
report through the Selection of text and graphics and through 
modification of the decision tree. 

0022. A further understanding of the nature and advan 
tages of the invention will become apparent by reference to 
the remaining portions of the Specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 schematically illustrates a simplified system 
of the present invention; 
0024 FIG. 2 schematically illustrates a simplified net 
worked System of the present invention; 
0025 FIG.3 schematically illustrates an exemplary com 
puter Station which incorporates the Software code and 
methods of the present invention; 
0026 FIG. 4 schematically illustrates Software modules 
communication with a database of the present invention; 
0027 FIG. 5 illustrates a simplified method of generating 
a lung report the present invention; 
0028 FIG. 6 illustrates a simplified method of generating 
a comparison image; 

0029 FIG. 7 schematically illustrates a decision tree 
incorporated into a report generation module of the present 
invention; 
0030 FIG. 8 schematically illustrates an exemplary list 
of fields in a decision tree of the present invention; 
0031 FIG. 9 illustrates an exemplary graphical user 
interface of the present invention; 
0032 FIG. 10 illustrates an exemplary graphical user 
interface having a plurality of windows for illustrating 
different planes of patient's lung; 
0033 FIGS. 11A to 11C are simplified figures illustrating 
the axial, Sagittal, and coronal image planes, 
0034 FIG. 12 is an exemplary lung panel of the graphi 
cal user interface of the present invention; 
0035 FIG. 13 is one sample lesion panel interface of the 
graphical user interface of the present invention; 
0036 FIGS. 14-16 illustrate exemplary panels for other 
organs that are displayed in a graphical user interface of the 
present invention; 
0037 FIG. 17 is an exemplary graphical user interface 
for comparing a baseline image with a follow-up image, and 
0038 FIGS. 18A to 18D are exemplary pages of a lung 
report that can be generated by the methods and Software of 
the present invention. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

0039 The present invention provides systems, software 
code, graphical user interfaces, and methods for displaying 
and analyzing lung CT or MRI image datasets of a patient. 
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The lung datasets can be analyzed to map, track, and analyze 
the nodules in a Series of lung Slice images or image Scans, 
as well as record other lung and chest abnormalities. 
0040. A lung slice image can be displayed on a user 
interface display for analysis by a radiologist or other 
operator. The methods of the present invention allows the 
radiologist to locate and map out the tumors, nodules, or 
lesions (hereinafter referred to as “nodules”) that are both 
manually localized and/or automatically localized by the 
Software of the present invention. The mapped nodules can 
be segmented and have its Volume and other dimensions 
ascertained. Such nodule information can then be transferred 
onto a lung report, if desired. 
0041 Exemplary embodiments of the present invention 
may allow an operator to compare a first, baseline Scan taken 
at t with one or more follow-up dataset Scans taken att, t, 
etc. If an operator locates one or more nodules in the 
baseline Scan, the operator can use the methods and Software 
of the present invention to relocate the previously located 
nodules and to compare the nodule parameters from the 
baseline Scan with the nodule parameters from the follow up 
ScanGS). The operator can compare changes in Volume, 
changes in Surface area, changes in other morphological 
parameters of the nodules, and the like. The present inven 
tion also can also be used to locate additional nodules that 
appear in the follow up Scan that were not assessed (or 
present) in the baseline Scan. 
0042. In order to compare the baseline image with the 
follow up image, the imaging technical parameters (e.g., 
Slice thickness, beam collimation, kV, mAS, table incremen 
tation, Slice overlap, reconstruction parameters) of the base 
line dataset Scan and the follow-up dataset Scan should 
Substantially correspond. 

0043. If the imaging parameters of the two images are not 
consistent, it may be difficult to align the baseline and follow 
up imageS for comparison. Nevertheless, methodology 
exists for correcting for Some differences. For instance, 
images can be rescaled to adjust for Spatial resolution, Slice 
thickness, Slice overlap and rotation. While changes in 
imaging parameterS Such as kV in CT or timing parameters 
in MRI would impede comparison of tissue characteristics, 
they would not affect Size and Volume measurements. It 
should be appreciated however, that there will inherently be 
Some differences in the baseline and follow-up images due 
to external factorS Such as the cardiac cycle or breathing 
pattern of the patient. Some of these may be ameliorated by 
retrospective or prospective gating techniques. A more com 
plete disclosure of Retrospective Gating can be found in 
co-pending Provisional Patent Application Ser. No. s 
entitled “Retrospective Gating,” filed concurrently herewith 
(Attorney Docket No. 021106-000400US), the complete 
disclosure of which is incorporated herein by reference. 
Thus, the images will typically not be exactly the Same. Such 
deviations will generally not prevent a comparison of the 
baseline and follow up imageS as long as they are not So 
large as to affect the individual measurement itself in a 
Significant manner. 
0044) If the imaging parameters are substantially the 
Same, the images can be “aligned to allow for comparison. 
Aligning can include manually aligning the baseline and 
follow up image, or automatically aligning the baseline and 
follow-up images using an aligning algorithm. 
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004.5 The present invention further provides a lung 
report generator for producing customizable body reports 
that can incorporate information derived from the operator's 
analysis of the image dataset(s). The lung report generator 
can analyze a single image Scan or can compare a plurality 
of body Scans and produce a customizable lung report. The 
lung report generator can use a customizable decision tree to 
analyze the information from the images and determine what 
information is displayed on the lung report. Typically, the 
decision tree will generate information related to the nod 
ules, patient demographic information, medical history, a 
comparison to population data, radiologist recommenda 
tions, Standards of practice of the community, or the like. 
The customization aspect allows different imaging sites or 
each physician to customize the lung report to meet their 
own needs. This customization reflects community Stan 
dards, personal Standing in areas where consensus is not 
universal, a different knowledge base, and intellectual 
biases. 

0046) The present invention also provides graphical user 
interfaces for display on a user interface output device, Such 
as a computer monitor, for displaying and analyzing the 
body image dataset(s). The graphical user interfaces pro 
vides windows for showing one or more image planes and 
inputs that allow the operator localize and analyze lesions in 
the body image(s). For comparison Studies, the graphical 
user interface further allows the operator to view and com 
pare the images of a baseline Scan with the images in the 
follow-up Scan So as to track and analyze potential lung 
nodules. Such information will allow the operator to assess 
any changes (visually and/or quantitatively) in the nodules 
over the time period between the baseline Scan and follow up 
SC. 

0047 The locations of the nodules on the graphical user 
interface can be indicated with a marker, Such as a number, 
Symbol, Shape, color, or the like. The map of the lesions can 
then be automatically transferred to a follow up image 
dataset to indicate where the potential nodules are, or should 
be, located in the follow up image dataset. In other embodi 
ments, the potential nodules can be automatically colored 
differently from the Surrounding tissue to allow the operator 
to more easily visualize the nodules. 
0048. The graphical user interface generally allows the 
operator to display the baseline image Side-by-side with a 
follow up image to allow the operator to visually assess the 
changes in the Size or shape of the nodules. In exemplary 
configurations, the graphical user interface provides a third, 
comparison image that is a combination of the baseline and 
follow up images. The combination image can be a Sum 
image, a Subtraction image, or a Superimposed image of the 
baseline imageS. In one configuration, the lesions in the 
baseline and follow up images can be displayed in different 
colors So as to provide improved visual assessment of the 
change in size and/or shape of the lesion. Thus when the 
baseline and follow up images are Superimposed over each 
other, the corresponding nodules having different colors 
provide a visual indication for the purpose of matching 
nodules, and also indicates to the operator changes in size of 
the nodule (if any) in the various image planes, even though, 
the results of quantitative measures are more robust for this 
latter purpose. 
0049. In many embodiments, a chart or panel can be 
displayed on the graphical user interface to quantitatively 
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compare the nodules in the baseline and follow up images. 
The panel can provide numerical indications of the change 
in Volume, roundness, Surface area, HU, mean, Standard 
deviation, density (e.g. HU in X-ray CT or signal intensity in 
MRI), and the like. The chart will generally indicate which 
nodule is attached to the numerical information through the 
use of the marker which is Superimposed over the nodule(s). 
0050 While the remaining discussion will focus on ana 
lyzing lung images and generating a lung report, it should be 
appreciated that the present invention is not limited to 
analyzing lung images and producing lung reports. For 
example, the present invention can also be used to analyze 
other body organs Such as for use in the colon, the vascular 
tree, brain, Calcium Scoring, the whole body, or the like. 
0051 Referring now to FIGS. 1-4, the systems 10 of the 
present invention can take a variety of forms. AS illustrated 
in FIG. 1, the system 10 of the present invention includes an 
imaging device 12 (Such as a helical or conventional CT 
Scanner, MRI scanner, X-ray unit, nuclear imaging unit, 
positron emission tomography unit, ultrasound, or the like) 
that is in communication with a database or memory 14. An 
operator can use a computer Station 22 that has data pro 
cessor(s) 16 and user interface(s) 18 for accessing database 
14 So as to process and view the image(s) and image data. 
0.052 In a particular embodiment, as illustrated in FIG. 
1, the system 10 of the present invention can be a stand 
alone System and all of the components of the System can be 
located at the same imaging site. In other embodiments, as 
shown in FIG. 2, some or all of the components of the 
System can be distributed throughout a communication 
network 20. Some combination of the components of the 
System 10 can be located in a Single imaging facility while 
other components of the System may be located remotely. 
For example, as shown with the dotted lines in FIG. 2, the 
imaging device 12 can be directly coupled to (or integral 
with) the computer Station 22. In Such embodiments, the 
image data can be logged into a local memory in the 
computer Station (not shown) and/or sent via the commu 
nication network 20 to the remote database 14. Alternatively, 
images from a remote imaging device 12 can be sent to the 
computer Station 22 and/or the database 14 via the commu 
nication network 20 for analysis. 
0.053 Communication network 20 may be comprised of 
many interconnected computer Systems and communication 
linkS. Communication links may be hardwire links, optical 
links, Satellite or other wireleSS communication links, wave 
propagation links, or any other mechanisms for communi 
cation of information. While in one embodiment, commu 
nication network 20 is the Internet, in other embodiments, 
communication network 20 may be any Suitable computer 
network, Such as an intranet, a local area network (LAN), a 
metropolitan area network (MAN), a wide area network 
(WAN), or the like. 
0.054 FIG. 3 is a simplified block diagram of an exem 
plary computer Station 22 of the present invention. Com 
puter Station 22 typically includes at least one processor 28 
which communicates with a number of peripheral devices 
via a bus Subsystem 26. These peripheral devices may 
include a Storage Subsystem 36, comprising a memory 
Subsystem 38 and a file Storage Subsystem 44, user interface 
input devices 34, user interface output devices 32, and a 
network interface subsystem 30. Network interface Sub 
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System 30 provides an interface to outside networks, includ 
ing an interface to communication network 20, and is 
coupled via communication network 20 to corresponding 
interface devices in other computer Systems. 
0055. User interface input devices 34 may include a 
keyboard, pointing devices Such as a mouse, trackball, touch 
pad, or graphics tablet, a Scanner, foot pedals, a joystick, a 
touchscreen incorporated into the output device 32, audio 
input devices Such as voice recognition Systems, micro 
phones, and other types of input devices. In general, use of 
the term “input device” is intended to include a variety of 
conventional and proprietary devices and ways to input 
information into computer System 24 or onto computer 
network 20. 

0056 User interface output devices 32 may include a 
display Subsystem, a printer, a fax machine, or non-visual 
displayS. Such as audio output devices. The display Sub 
System may be a cathode ray tube (CRT), a flat-panel device 
Such as a liquid crystal display (LCD), a projection device, 
or the like. The display Subsystem may also provide non 
Visual display Such as via audio output devices. In general, 
use of the term “output device' is intended to include a 
variety of devices and ways to output information from 
computer System 24 to an operator or to another machine or 
computer System. 

0057 Storage subsystem 36 stores the basic program 
ming and data constructs that provide the functionality of the 
various embodiments of the present invention. For example, 
database and modules implementing the functionality of the 
present invention may be Stored in Storage Subsystem 36. 
These Software modules are generally executed by processor 
28. In a distributed environment, the software modules may 
be stored on a plurality of computer Systems and executed by 
processors of the plurality of computer Systems. Storage 
Subsystem 36 typically comprises memory subsystem 38 
and file Storage Subsystem 44. 
0058 Memory Subsystem 38 typically includes a number 
of memories including a main random access memory 
(RAM) 42 for storage of instructions and data during 
program execution and a read only memory (ROM) 40 in 
which fixed instructions are Stored. File Storage Subsystem 
44 provides persistent (non-volatile) Storage for program 
and data files, and may include a hard disk drive, a floppy 
disk drive along with associated removable media, a Com 
pact Digital Read Only Memory (CD-ROM) drive, an 
optical drive, or removable media cartridges. One or more of 
the drives may be located at remote locations on other 
connected computers at other sites coupled to communica 
tion network 20. The databases and modules implementing 
the functionality of the present invention may also be Stored 
by file storage subsystem 44. 
0059 Bus Subsystem 26 provides a mechanism for letting 
the various components and Subsystems of computer System 
22 communicate with each other as intended. The various 
Subsystems and components of computer System 22 need not 
be at the same physical location but may be distributed at 
various locations within distributed network 10. Although 
buS Subsystem 26 is shown Schematically as a Single bus, 
alternate embodiments of the bus Subsystem may utilize 
multiple busses. 
0060 Computer system 22 itself can be of varying types 
including a personal computer, a portable computer, a work 
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Station, a computer terminal, a network computer, a module 
in the imaging unit, a mainframe, or any other data proceSS 
ing System. Due to the ever-changing nature of computers 
and networks, the description of computer System 24 
depicted in FIG. 2 is intended only as a specific example for 
purposes of illustrating the preferred embodiment of the 
present invention. Many other configurations of computer 
System 24 are possible having more or less components than 
the computer system depicted in FIG. 3. 

0061 FIG. 4 is a simplified block diagram depicting the 
various Software modules executing on a computer System 
22 of the present invention. Software of the present inven 
tion typically includes an analysis module 46 for analyzing 
an localizing nodules, comparison module 48 for comparing 
a baseline and follow up image dataset, and a report gen 
erator module 50 for generating a lung report. 

0.062. As shown in FIG. 5, images of the target portion 
(e.g., lungs) of the patient can be acquired with an imaging 
device 12, Such as a conventional or helical CT Scanner, 
MRI scanner, or the like. (Step 52). It should be appreciated 
however, that various other types of images and imaging 
Systems can be used to obtain the patient images, Such as 
nuclear imaging, ultrasound, X-ray, digital X-ray, PET, and 
the like. The images of the target portion will typically be 
digitized and Stored in a database 14 remote from the 
imaging device and/or within a local memory or database 36 
in the computer System 22. The imaging parameters of the 
Scan should also be logged into the database So as to allow 
for a comparison with a follow up Scan that has similar 
imaging parameters. 

0.063. When an operator desires to analyze the image data 
and/or produce a lung report, the operator will activate the 
Software using conventional methods, Such as clicking on an 
icon on the desktop with a cursor that is controlled by a 
mouse or other user input device 34 or Voice recognition 
devices. The operator can request the patient image data via 
user interface 34 and the analysis module 46 can retrieve the 
requested information from database 14 and display the 
Selected image(s) on user interface display 32. Generally, the 
image data will be displayed on a window 102 in graphical 
user interface 100. (FIG.9). In some embodiments, the lung 
image will be shown as a single axial view. In other 
embodiments, three viewing planes (e.g., axial, Sagittal, and 
coronal) of the image will be shown. In Such embodiments, 
the coronal and Sagittal view will have arbitrary locations, 
until the operator chooses, e.g., clicks on a point on one of 
the three views to Set the point in which the image planes 
will correspond to. It should be appreciated, however, that it 
may be possible to display an oblique and/or reformatted 
image plane, if desired. 

0064. To improve the analysis of nodules in the lung 
image, the image data can then optionally be edited, either 
automatically by the analysis module 46 or manually by the 
operator, to Set the thresholds of the image to Separate 
vascular, interstitial, and emphasemic tissue from the image. 
(Step 54). Based on known tissue attenuation ranges, dif 
ferent tissue types (e.g., bone, tumors, etc.) can be identified 
by pixels within a Specified gray level range. Setting the 
thresholds can be set by interactively moving corresponding 
bars on a histogram 104 to detect and filter out Specific gray 
Scale pixel intensity levels or using a Histogram Preset 
Button to remove the non-target tissue from the image(s). 
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Typically, such Preset Buttons are configurable to allow the 
operator to customize the ranges of lung attenuation (HU) 
that is filtered out. It should be appreciated that gray level 
thresholding is merely one method of Segmenting the lung 
image dataSet and that other methods can be incorporated 
into the teachings of the present invention. For example, 
other methods of filtering out known tissue Structures in the 
displayed image include the use of automated edge tracking 
algorithms, knowledge-based methods, and patient specific 
models, among others. Such methods are further described 
in Brown et al., “Method for Segmenting Chest CT Image 
Data Using an Anatomical Model: Preliminary Results.” 
IEEE Transaction on Medical Imaging, Vol. 16, No. 6, 
December 1997, and Brown et al., “Patient-specific models 
for lung nodule detection and Surveillance in CT images, 
SPIE Medical Imaging 2001, the complete disclosure of 
which is incorporated herein by reference. 
0065. Once the thresholding of the images is completed, 
the nodules in the image dataset can be Selected for analysis. 
Such Selection can be accomplished manually or automati 
cally via a Selection algorithm in the analysis module 46. 
One pixel-based method for Selecting the lesion comprises 
manually tracing an outline of the potential nodule by 
manually tracing a region of interest (ROI) around each of 
the potential nodules by moving a mouse, joystick, or the 
like. Such tracing can require that the radiologist perform the 
Same tracing function for each of the nodules in a Series of 
the Slice images. Such Selection methods will eventually 
allow the computer Software to log the anatomic position of 
the nodule, calculate the Volume, Surface area, and other 
morphological parameters of the potential nodule. In Some 
Semi-automated methods, the operator can Select a potential 
nodule on one Slice and analysis module 46 can automati 
cally Select the corresponding nodules either on the basis of 
Spatial overlap or proximity or of gray-Scaling in adjacent 
Slice imageS. In other fully automated methods, the analysis 
module can use a Selection algorithm to automatically Select 
and map out the potential nodules in each of the Slices. A 
further description of methods of Selecting nodules can be 
found in Brown M. S. et al. “Knowledge-based segmenta 
tion of thoracic computed tomography images for assess 
ment of split lung function,” Med. Phys. 27 (3) pp. 592-598 
March 2000, Brown, M. S. et al. “Model-Based Segmenta 
tion Architecture for Lung Nodule. Detection in CT Radi 
ology 217(P):207, 2000 (Abstract), Zhao, B. et al. “Two 
dimensional multi-criterion Segmentation of pulmonary 
nodules on helical CT images.” Med. Phys. 26 (6) pp. 
889-895 June 1999, the complete disclosures of which are 
herein incorporated by reference. After the potential nodules 
have been Selected, the operator can review the potential 
nodules selected. The operator will then have the option to 
accept or reject nodules that the operator does not believe is 
a nodule. Moreover, the operator further has the option to 
Select other potential nodules that were not automatically 
chosen by analysis module 46. 
0066 Since nodules will often have the same signal 
intensity as blood vessels, chest wall or the like, problems in 
delineating the nodule may occur when the nodule or lesion 
is directly adjacent blood vessels, chest wall, or the like. In 
Such cases analysis module 46 may have difficulty picking 
out the nodule from the adjacent body organs. Thus, if a 
non-Selected image element appears to be a nodule that was 
not automatically Selected by the analysis module 46, the 
operator can manually Select a region of interest (ROI) 
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around the Suspected nodule in one or more of the image 
Slices. The analysis module can then perform its analysis of 
the Suspected nodule and provide roundneSS information, 
Volume information, or the like. Likewise, if a Selected 
nodule appears to be tubular in shape, Such data would tell 
the operator that the nodule is likely part of the patient's 
vasculature, and not a nodule. If desired, the operator may 
then de-Select the Suspected nodule from further tracking for 
follow up body Scans. 
0067. Once the nodules are selected for analysis, a grow 
algorithm in the analysis module 46 can calculate the 
parameter for each of the selected nodules (Step 56) and the 
Statistics for each of the nodules will be logged as a file into 
database 14 (Step 58). The algorithm can calculate 3D data 
for the Selected lesion Such as Volume, major and minor 
dimensions, density, roundneSS parameter, gray-level fea 
tures Such as mean and Standard deviation, maximum and 
minimum signal intensity, and the like. The data derived 
from the image can include histogram Statistics for each of 
the slices separately and for the entire slab/volume of the 
images. Analysis module 46 of the present invention can 
allow the user to move between the images Slices to allow 
the operator to determine if the nodule has been properly 
Selected in each of the Slices. 

0068. In addition to calculating the nodule characteris 
tics, the analysis module 46 can also assign each potential 
nodule a number or marker. Selecting the marker, typically 
by clicking on the marker will display the nodule Statistics 
in a panel or chart on the graphical user interface. Such a 
panel allows the operator to “de-Select a localized nodule if 
it is determined that the Selected element is not a lesion or 
nodule. The panel displayed on the graphical user interface 
will typically be only for the slice that is shown in the 
display 34. In order to view the data for all of the slices, the 
operator can Scroll through all of the slices. If desired, the 
analysis nodule can be customizable to display a 3D ren 
dering of the entire Volume and the Statistics for the entire 
Volume. 

0069. If desired, in addition to statistics for lung nodules, 
the operator can also generate Statistics for the lung and 
other body organs imaged during the Scan. For example, it 
may be desirable to generate Statistics for the patient's heart, 
mediastinum, heart, aorta, chest walls, or the like. The 
Statistics can include data on Volume, calcium Scoring, 
Surface area, density, or other visual impressions from the 
operator. 

0070 Based on the operator's analysis of the statistics 
produced by analysis module 46, the operator can enter a 
diagnosis or recommendation (Step 60). Such information 
can be entered into the database 14 via user input devices 34 
Such as a keyboard and mouse. In Some embodiments, a 
report generator module 50 can automatically provide rec 
ommendations based on the parameters of the nodules in the 
images and on patient demographic and medical history 
information. For example, if a large number of nodules are 
found, the report generator module 50 can automatically 
recommend that the patient return in three months for a 
follow up Scan. 
0.071) If the image dataset is a first scan for the patient, the 
operator will have the option to create a lung report (Step 
62). The report generation module 50 can produce a lung 
report that shows Statistics of the lung images, Some lung 
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image cross-sections, recommendations, and the like. A 
sample lung report is provided in FIGS. 18A to 18D. It 
should be appreciated that the lung reports of the present 
invention can take a variety of forms. For example, the lung 
report can be printed on a printer, Sent electronically over the 
communication network to a patient's physician or patient, 
displayed electronically on output display, Saved on a com 
puter readable medium, or the like. 
0072) If the image dataset is a second, follow-up scan for 
the patient, the operator will have the option to compare the 
follow up image dataset with a baseline image dataset of the 
patient. Using the data logged from the baseline image Scan 
as a starting “map' of the potential nodules in the follow up 
Scan, compare module 48 can automatically relocate the 
nodules in the follow up images. Automatically localizing 
the previously assessed nodules in the follow up Scan, allows 
the operator to quickly determine if the previously located 
nodule(s) are growing or static. FIG. 6 schematically illus 
trates a simplified method of the present invention for 
comparing the baseline image dataset with the follow-up 
image dataset. In general, the first image dataset and Second 
image dataset are acquired at different times and are Saved 
into database 14. (Steps 64, 66). Each of the datasets can 
then be downloaded into the software of the present inven 
tion. Typically, the baseline image can be displayed on the 
graphical user interface with the corresponding follow up 
image. An exemplary graphical user interface 100 with 
comparison functionality is illustrated in FIG. 9. The 
image(s) from the first and second dataset are Substantially 
aligned or registered to allow for comparison (steps 68,70). 
Typically, alignment is carried out by making at least one of 
the images movable to allow the operator to manually move 
one of the images So as to align the two images with each 
other. In exemplary methods differences at image acquisi 
tion in Spatial parameters are automatically corrected using 
known methods prior to panning the images. 

0073. It should be appreciated that in other methods of 
the present invention, instead of manually aligning the first 
and Second image, the compare module 48 may automati 
cally align the first and Second images by matching the 
major axis of the lung using least Square fits or other 
methodology. It is to be noted that this alignment need not 
be perfect, Since matching criteria can include Overlap of any 
one pixel in each nodule, or even matching by overlap of a 
"halo' region around each nodule. 
0074. If the two images arent registered, the operator 
will not be able to properly compare the baseline images 
with the follow up images. In order to compare the baseline 
image with the follow up image, the technical imaging 
parameters of the two images should Substantially corre 
spond or be adjusted for Such variations. In order to compare 
the baseline image with the follow up image, the imaging 
technical parameters (e.g., slice thickness, beam collimation, 
kV, mAS, Table incrementation, Slice overlap, reconstruction 
parameters) for acquiring the images in the baseline dataset 
Scan and the follow-up image dataset Scan should Substan 
tially correspond. Nevertheless, methodology exists for cor 
recting for Some differences. For instance, images can be 
rescaled to adjust for Spatial resolution, slice thickness, Slice 
overlap and rotation. 
0075 One aspect of registering the images is aligning the 
lung nodules in the two images. One method of matching 
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lung nodules in the two image is implementing Software 
code that requires that at least one Voxel in the nodules 
overlap. Another method of matching nodules is requiring 
that the edges of the lesions be no more than a fixed number 
of pixels apart. In exemplary embodiments, the Software can 
require that the edges of the nodules (or other lesion) be no 
more than one pixel apart, two pixels apart, or three pixels 
apart. It should be appreciated however, that there are a 
variety of other methods for registering the images and 
nodules in the two images. 
0.076 While changes in imaging parameters such as kV 
in CT or timing parameters in MRI would impede compari 
Son of tissue characteristics, they would not affect size and 
Volume measurements. It should be appreciated however, 
that there will inherently be some differences in the baseline 
and follow-up images due to external factorS Such as the 
cardiac cycle or breathing pattern of the patient. Some of 
these may be ameliorated by retrospective or prospective 
gating techniques, but, the images will typically not be 
exactly the Same, and matching criteria will be Such as to 
allow Some resiliency in the process. 
0077. In exemplary embodiments, comparison module 
48 illustrates to the operator any changes that may have 
occurred between the baseline Scan and follow up Scan. In 
Some embodiments, illustration of the changes in the image 
datasets includes displaying a comparison image on the user 
interface display 34 (Step 72). The comparison image will 
typically be a composite image that can be a Subtraction of 
the first and Second image—i.e., all common image char 
acteristics between the first and Second image will not be 
shown and only the differences will be shown. Alternatively, 
the comparison image can be a Sum of the first and Second 
image which shows overlap as brighter than the non-over 
lapped areas of a nodule. If displayed in color, the baseline 
Scan may mark the nodules in one color (e.g. blue), the 
follow up scan in another (e.g., yellow) and the overlapped 
region show in a third color (e.g., green). Alternatively, or in 
addition to the comparison image, comparison module 48 
can provide a Statistical chart that shows the changes to the 
nodules found in the first image dataset. In addition to 
comparing the nodules in the first and Second image dataset, 
the Software of the present invention can also automatically 
analyze the image datasets to determine if new nodules have 
formed in the lung tissue Since the first image dataset. 
0078 After the nodules have been localized and/or com 
pared, the operator can generate a lung report. The lung 
reports can include data comprising the patient's history, the 
image data, comparison data to national Statistics, radiolo 
gist recommendations, prognosis for the number, Size and 
location of nodules found in the Scan, or the like. Typically, 
the Software of the present invention can be configured to 
allow each of the lung reports to be customized. The lung 
reports can be customizable for each patient, if desired. 
Alternatively, each of the imaging facilities (or each of the 
radiologists) can configure the Software to produce custom 
ized lung reports that are tailored to their needs. 
007.9 FIG. 7 illustrates a decision tree of the present 
invention that is incorporated into the report generator 
module 48. Typically, the report generator module obtains 
the image analysis data and recommendations that are Stored 
in database 14 regarding the patient’s image(s). The report 
generator module will generate a report that is generated 
from a programmable decision tree. 
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0080 Typically, the operator will be given a choice to 
choose imageS for a report. Three dimensional images can 
be selected prior to generating a report. In addition to 
displaying the Selected images from the Scan, if desired, the 
Statistical data can be compared to population data. The 
other patient data can be derived from database 14that stores 
the national percentile data. The patient's position relative to 
the national percentile can be established with a marker 
within a chart, as illustrated in FIG. 18C. Criteria for 
comparison can include Smoking history, family history, 
gender, age, occupational history, and other factors that may 
be known at the time as influencing the risk factors of a 
particular individual or his/her prognosis. 
0081. There are several aspects to report customization. 
The first customizable aspect of the body report is the report 
layout. The layout affects the look and feel of the report. 
Fields can be laid out in particular locations. To accomplish 
the report layouts, a list of fields will be created. The list can 
be tagged with a position marker and the marker can direct 
the field to a particular place on a page of the report. In this 
way, the location, number, and order of the field can be 
chosen by the physician. The library of choices for report 
elements can be quite large and can include both graphic and 
text elements. Graphic elements can be fixed (e.g. a histo 
gram of population Statistics) or particular to the patient (e.g. 
an annotated image from the patient Set.) Similarly, the text 
elements can be fixed (e.g. Site name and address, or an 
explanation of the test) or related to the Specific results of the 
study. 
0082 Another aspect of the customization is a decision 
tree or Set of logic Steps which can connect the fixed 
information results from the tests (e.g., demographic data) 
and patient history data. The program code can provide an 
interface comprising four Sections on the computer Screen 
display. In exemplary embodiments, one Section can be a list 
of all the output fields (e.g., recommendations Such as 
“urgent to visit a physician”, “need to return in Six months, 
“results are normal for Subject's age, gender and medical 
factors”). The second section can be a list of all the input 
fields (e.g., Subject age, gender, occupational status, number 
of nodules, size of nodules, and So on). If the lists are longer 
than can be displayed at one time on the output display, a 
Scroll bar can be used to cycle through the list. The operator 
can choose by a click an alphabetical or thematic ordering of 
each list. The third section contains buttons for all needed 
logic and arithmetic operations (e.g., AND, OR, NOT, 
GREATER THAN, LESS THAN, EQUAL TO, THEN, 
NEXT OUTPUTFIELD, FINISH OUTPUTFIELD, SUM, 
MINUS, DIVIDE, MULTIPLY, etc.) The fourth section 
contains a graphical representation of the logic tree as it is 
generated. 
0083. In exemplary embodiments, the operator can gen 
erate the logic or decision tree without any typing. For 
example, an output field can first be created by clicking or 
otherwise Selecting the first Section. Then, for that output 
field, a decision tree will be created by clicks on the input 
fields interspersed with clicks on the logic or arithmetic 
operators. In essence, the report can be constructed by 
Stringing together various input elements like pearls in a 
necklace. Editing code can allow the operator to edit the 
String of fields. 
0084 Another customization possibility is the incorpo 
ration of information gathered from the aggregation and 
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Statistical analysis of previous patient results and outcomes. 
These previous patients can be those at the client imaging 
center, as well as those from other imaging centers with 
which the client center is Sharing results data. 
0085. Further customization can occur through incorpo 
ration of the decision tree to analyze all of the Statistical data 
collected, So as to give an automated recommendation to the 
patient. The automated recommendations can be personal 
ized by each radiologist or imaging facility. For example, 
Some radiologists may choose to incorporate data regarding 
age, race, gender, or the like, while other radiologists may 
choose to not choose to incorporate Such information into 
his recommendations. FIG. 8 shows sample criteria that 
may be part of the decision tree: 

0086 1. Has the never Smoked, moderate Smoker, 
heavy smoker? 

0087 2. How old is the patient? below 30, below 50, 
below 70? 

0088. 3. Is the patient male or female? 
0089 4. What is the patient's race? 
0090) 5. Does the patient's family have a history of 
lung cancer? 

0091 6. How many nodules does the patient have? 
less than 5 or more than 5? 

0092 7. Are any of the nodules over 1 cm in major 
axis? 3 cm in axis? 

0093 8. Has more than one study been performed? 
If So, have any of the nodules shown an increase in 
size? 

0094) Based on a combination of Such questions or other 
sets of questions, the report generator module 50 will 
generate a different recommendation. Some hypothetical 
examples are as follows: 
0095). If the subject: 

0096) 1. never smoked. 
0097 2. age 70. 
0098. 3. male. 
0099 5. no nodules over 1 cm in major axis. 
0100. 6. recommend follow up in 3 years. 

0101) If the subject 
0102) 1... heavy smoker. 
01.03 2. age 50. 
0104 3. male. 
0105. 4. has 5 modules. 
0106 5. One nodule over 3 cm in major axis. 
0107 6. recommend urgent follow up with primary 
physician. 

0108). If the subject: 
0109) 1. never smoked. 
0110 2. age 70. 
0111) 3. male. 
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0112 4. has 5 nodules. 
0113 5. no nodule over 1 cm in major axis. 
0114 6. Second study shows significant size increase 
in at least one nodule. 

0115 7. recommend urgent follow-up with primary 
physician. 

0116 Typically, the operator will be given the choice to 
choose between a regular report and a comparison report. If 
the report generated is a comparison report, the operator 
must Select the first and Second datasets that are to be 
compared. After the dataset is selected, the operator (or 
decision tree) can choose which information can be incor 
porated into the lung report. Typically, the information will 
include Statistics for the nodules assessed during analysis, 
physician data inputs, Such as recommendations, or other 
comments, findings regarding the Surrounding organs Such 
as the lungs, mediastinum, heart, thoracic aorta, and chest 
Wall, patient data, Such as age, gender, medical history, race, 
family medical history, Smoking history, occupational his 
tory, asthma, allergies and other factors that may be known 
at the time as influencing the risk factors of a particular 
individual or his/her prognosis, or the like can be incorpo 
rated into the report. In Some embodiments, the report 
generator module 48 can use the patient data to tailor any 
recommendations and conclusions. For example, if a patient 
has a family history or lung cancer, report generator module 
48 can be customized to automatically recommend a follow 
up Scan at a later time, even if no nodules were localized 
during the first Scan. 
0117. As shown in FIGS. 9-16, the present invention 
further provides Software code for generating a graphical 
user interface 100 on a user interface display 34. The 
graphical user interface 100 can display an image window 
102, histograms 104, data graphs or charts 106, and a toolbar 
108 for displaying and analyzing the images. For ease of 
reference, Specific names will be used for the various icons 
and buttons that are present in the graphical user interface 
toolbar and Such names should not be construed to be 
limiting to the concepts of the present invention 
0118. One exemplary graphical user interface 100 is 
illustrated in FIG. 9. In a particular embodiment, toolbar 
108 is positioned along a top portion of the display and 
window 102 is positioned in a lower right portion of the 
Screen. The body image Slice illustrated is an axial CT image 
of the patient's lung. At the bottom of the graphical user 
interface are icons MPR1, MPR2, and MPR3 icons 110, 112, 
114 that allow the user to toggle between different image 
planes (i.e. axial, coronal, and Sagittal). 
0119 Graphical user interface toolbar 108 of the present 
invention will typically have a plurality of buttons or icons 
that upon activation can manipulate the image displayed in 
window 102. The icons can include a combination of, but is 
not limited to, a crossbar button 116, an overlay color button 
118, a Draw Region of Interest (ROI) Button 120, a Block 
Selection 122, an Auto Contour Button 124, a Select Lesion 
126, an Edit Lesion 128, a 3D button 130, a Frames button 
132, Edit Text 134, a Draw Line button 136, a Select Layout 
button 138, and a Report button 140. 
0120) As illustrated in FIG. 9, upon selection of the 
crossbar button 116, a crossbar 142 will appear on image 
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window 102 that can be positioned by the operator through 
actuation of a user input device 34 to restrict the area of 
analysis within window 102. Crossbar 142 can also be used 
to reference a point in all three planes of the body image. In 
use, the operator can move a cursor 144 within window 102 
and click and hold a button on mouse 34 to drag the crossbar 
to a desired position in window 102. Upon moving to the 
desired position, the operator can release the button and the 
crossbar will be maintained in the desired position. If the 
operator Switches to a multiple plane view (FIG. 10), 
crossbar 142 can act as a the reference point in the three 
image planes. 
0121 The operator can select the buttons on toolbar 108 
to perform various tasks with the image. To begin obtaining 
data for the nodules in the lung images, the operator can 
activate the Draw ROI button 120 or the Auto Contour 
Button 124. Selecting the Draw ROI button 120 will allow 
the operator to manually draw a region of interest around the 
potential nodules. If the operator wishes to deselect a ROI, 
the operator can activate the Block Selection Button 122 to 
delete the previously Selected potential lesion. Activation of 
Auto Contour Button 124 will activate analysis module 46 
So as to automatically draw a ROI around potential nodules 
that are displayed within the slice displayed in window 102. 
0122). After the lesions have been selected in the dis 
played slice, the operator can repeat the Selection proceSS in 
the remaining slices, until all of the nodules have been 
Selected. It should be appreciated however, that in Some 
embodiments of the Software of the present invention, the 
Software may automatically Select the nodules in the adja 
cent image Slices or all of the image slices. After the lesions 
have been Selected, the operator may optionally activate the 
Overlay Color button 118 so that the selected nodules will be 
displayed in a different color to differentiate the selected 
nodules from the Surrounding tissue. Overlay color button 
activates analysis module 46 to automatically highlight the 
Selected nodules in the window by changing the colors or 
intensity of the nodules or other Selected tissue. Determina 
tion of which color to display the image elements can be 
based on the gray-Scale intensity of the Selected elements. 
0123. In order to display statistics for an individual 
nodule, the operator can activate the Select Lesion button 
126 and move the cursor over the desired nodule. By 
clicking on the desired nodule, chart 106 will display various 
Statistics of the Selected nodule. Some Statistics that can be 
displayed are the anatomic position, number of pixels, area, 
Volume, Value (HU), including minimum, maximum, 
median, mean, total Sum, roundness, Standard deviation, 
diameter 1, and diameter 2. 
0.124. As shown in FIG. 10, the operator can toggle to a 
multiple plane View. To change from a single plane View to 
a multiple plane View, the operator can Select the "Select 
Layout” button 138 on the tool bar 105 to toggle to the three 
plane View to concurrently display three images along 
different planes. In this view, three planes of the Selected 
image can be shown simultaneously on the Screen as three 
separate image windows 102, 146, 148. The three viewing 
planes (e.g., axial 102, sagittal 146, and coronal 148) of the 
image will be shown and the coronal and Sagittal view will 
have arbitrary locations until the operator chooses, e.g., 
clicks on a point 150 on one of the three views, the other two 
ViewS will then display an image that corresponds to the 
point 150 clicked on by the operator (FIG. 11). 
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0.125. As illustrated in FIG. 10, when all three planes are 
illustrated, the Screen will be split into Separate windows, 
and typically four windows, in which the three image planes 
can be in the first three windows 102, 146,148, and a fourth 
window 152 can contain another image, Such as a rendered 
three dimensional view or an image along an oblique plane. 
The three dimensional image will 152 provides information 
as to the relative position of the nodule in the patient's lungs. 
While the illustrated embodiment shows the display split up 
into four Separate windows, it may be possible to divide the 
display into any number of image windows. 
0.126 To identify the image planes displayed in each 
window, each of windows 102,146,148, 152 can be labeled 
with a title of the viewing plane, such as “Axial,”“Sagittal,” 
and “Coronal.” 

0127. In an exemplary embodiment, graphical user inter 
face 100 can include a “Frames' button 132 in the toolbar 
108 that allows the operator to toggle between concurrent 
and Separate panning and Zooming of image windowS 102, 
124, 126,128. In a preferred embodiment, the images should 
Start at the same Scan FOV and then have concurrent Zoom 
as the default. Activation of Frames button 132, will provide 
concurrent, proportional Zooming and panning between the 
three image planes. Activating the Frames button 132 a 
second time will return the software to its default position in 
which each of windows will have independent Zooming and 
panning in all of windows 102, 146, 148, 152. 
0128 If the operator wishes to view only a single pane 
View, the operator can double click within the Selected 
window that the operator wishes to view. Alternatively, the 
operator can activate the Select Layout button 138 to toggle 
between a Single plane View and a multiple plane View. 

0129. Toolbar 108 can further include a 3D button 140. 
3D button toggles between 3D/2D mode for the statistics. 
When the 3D button is activated, analysis module 46 will 
display three dimensional Statistics for the nodules. For 
example, in each plane, only partial information on Spatial 
characteristics is available. The 3D button will display the 
nodule as fully rotatable axes which are controlled by the 
direction of mouse movement. The user can then see in real 
time the details of the shape in all axes of the nodule. 
0130 Referring now to FIGS. 12-16, the graphical user 
interface 100 of the present invention can include a variety 
of tabs or icons 154 that allow the operator to toggle between 
the various data input/output panels 106 of the graphical 
user interface. Activating the tabs allows the operator to 
toggle between the various anatomy tabs input panels. In an 
exemplary embodiment, the panel 106 includes tabs for the 
right and left lung, mediastinum, lesions, chest wall and 
heart and aorta. It should be appreciated, however, that in 
other configurations of the present invention, graphical user 
interface 100 can include more or less tabs. 

0131 FIG. 12 shows Lung Tab Panel 156 of the present 
invention. The operator can mark his findings from his 
analysis of the images for both the right and left lung on 
checklist 158. Clicking on Other 159 will display a text box 
(not shown) which allows the operator to enter his findings 
and/or comments that are not found in the main checklist. 
Typically, the comments entered in the text box, will be 
displayed in the lung report that is generated by report 
generator module 50. To toggle between the left and right 
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lung, operator can click on or otherwise activate the left or 
right lung tab 160a, 160b. Clicking on add button 162 will 
Store the operator's findings in database 14. Optionally, the 
Stored data can be compared with national percentile data, 
and the report generator module 50 can produce recommen 
dations based on where the patient's data is relative to the 
national percentile data. 

0132 FIG. 13 shows a mediastinum panel 164 of the 
present invention. The mediastinum panel 164 has a similar 
checklist 166 that allows the operator to input his findings. 

0133 FIG. 14 shows a Heart and Aorta tab 168. In this 
tab, the operator can enter his visual impression on the heart 
Size and the condition of the aorta. In Some configurations, 
the analysis module 46 will be programmed to calculate the 
Volume of the heart, measure the long and short axes, 
provide calcium Scoring of the coronary vessels and aorta, , 
and the like. 

0134 FIG. 15 shows a chest wall and spine tab 170 that 
allows the operator to enter his findings and recommenda 
tions about the chest wall and Spine. 

0135 FIG. 16 shows a lesion/nodule tab 172. When a 
lesion is Selected, either automatically by the analysis mod 
ule 48 or manually by positioning a ROI around the potential 
nodule, analysis module 48 analyzes the nodule Selected and 
calculates all of the Statistics (e.g., volume, Surface area, 
roundness, density, HU values, and the like). Analysis 
module 48 can also filter out surrounding vessels around the 
nodule, if desired by the operator. 

0136. In some embodiments, the operator can click on the 
lesions to add it to list 174. In other configurations, analysis 
module 48 can automatically add the selected lesions to list 
174. The operator can revise the list of lesions by clicking on 
the potential lesion to Select the lesion and click on the delete 
button 176 or edit button 128 on toolbar 108. The lesion list 
174 will characterize the lesions by its number, location, 
pixel size, Surface area, volume, two diameters (longest and 
Shortest), mean value, min/max, and median. The list of all 
of the tagged nodules provides the operator with the ability 
to review and edit the Selected nodules, based on his 
observation of the statistics. A total list 178 can be used to 
show the total Statistics for all of the tagged lesions. 
0.137 If the operator chooses to compare two image 
dataset, the operator must Select the two Studies for com 
parison from database 14. Once the operator has Selected the 
two studies, the Software of the present invention will 
generate graphical user interface 200, as shown in FIG. 17. 
After the two studies are chosen, graphical user interface 
200 will display at least two windows 201, 203 for display 
ing images from the first and Second study. In exemplary 
embodiments, graphical user interface will include a lung 
nodule comparison panel 205 for displaying the Statistics for 
the nodules in the first and Second Studies. AS shown, the 
panel will include a portion for displaying the tagged 
nodules and their statistics for the first study 207, a portion 
for displaying the old tagged nodules and their Statistics 209, 
and a portion for displaying any newly located nodules 211. 

0138 Lung nodule comparison panel 205 can include an 
axial button 213, coronal button 215, and Sagittal button 217 
for displaying corresponding images of the first and Second 
study in their respective image planes in windows 201, 203. 
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0.139. After the first and second studies have been 
opened, the operator can align the first and Second Studies in 
all three planes. Alignment can be carried out manually by 
panning at least one of the images until the first and Second 
images are aligned. Alternatively, the comparison module 48 
can be activated, typically via an input button on the 
graphical user interface, to automatically align the first and 
Second images. 
0140. In exemplary embodiments, activating the align 
button 219 Starts a calculation proceSS in the comparison 
module 48 to list all of the known nodules in the first study 
and to determine if any of the nodules localized in the 
Second study are new or old. Criteria for determining 
whether a localized nodule in the Second Study is new or old 
can take a variety of forms. One example, one method of 
determining of a nodules is new or old is to determine there 
are N amount of common pixels of the nodules found in the 
first Study and a nodule in the Second Study. 
0.141. After the calculating process has been completed, 
the comparison data is posted into portions 207, 209, 211, 
respectively. If the nodule was incorrectly placed in the 
wrong portion of panel 205, the operator can choose the 
nodule and click on arrowS 221 to move the chosen nodule 
to the correct portion. The comparison data can thereafter be 
Saved as a separate file in database 14. 
0142. Once the operator has reviewed and tagged all of 
the nodules, and in the case of comparison Studies analyzed 
the old nodules and located all of the new nodules, the 
operator can activate the Report button 180 to generate the 
lung report for the patient. An exemplary lung report 200 is 
illustrated in FIGS. 18A-18D. It should be appreciated that 
the lung report 200 illustrated is merely a Sample lung 
report, and that the lung report of the present invention is 
customizable by the operator to display customizable data 
and recommendations. 

0143. The lung reports of the present invention will vary 
depending on whether the image dataSet is a first Study for 
the patient or a comparison Study between a baseline and 
follow-up study. As illustrated in FIG. 18A, the lung report 
will typically list the patient information 202 that is stored 
in database 14. The lung report can also list the parameters 
of the imaging procedure 204. Since each of the lung report 
is customizable, depending on what the operator (or imaging 
facility) has entered into the fields of the decision tree 
(FIGS. 7 and 8), each of the lung reports will typically have 
different recommendations, and Some lung reports may not 
list the patient information or information regarding the 
imaging procedure. 

0144. As shown in FIG. 18B, typically the lung report 
200 will include a mapped image 206 illustrating the loca 
tion of the nodules. As illustrated, the location of the nodules 
are shown by numbered markers 208. A nodule chart 210 
can be used to provide data as to the position of the nodules, 
the number of nodules in each area of the lung, the Volume 
of the nodule, the Volume of the nodule, mean diameter, 
mean HU, Total Sum HU, roundness or surface regularity 
parameters, or other parameters of the nodule. 
0145. In cases where the lung report is a follow up study, 
the lung report 200 can include a comparison chart 212 
which lists the nodules statistics from the baseline study 
typically in the form of volume, the number of nodules etc. 
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The Statistics from the baseline Study can then be compared 
with the Statistics from the follow up Scan So as to display 
new nodules and any percentage change in size of the old 
nodules. 

0146). As illustrated in FIG. 18C, lung report 200 can 
further include Selected body lung images, from the baseline 
Study and/or the follow up Study to display various Slices of 
the lungs 214. Optionally, lung report 200 can also include 
a Score percentile rank information 216 to show the patient 
where he or she ranks in relation to other patients of Similar 
backgrounds. 

0147 FIG. 18D illustrates lung report 200 that includes 
the operator's findingS 218 from his analysis of the lung Slice 
image dataset. Typically, the findings are derived from the 
operator's inputs into the graphical user interface input 
panels (FIGS. 12-16). Conclusions 220 will generally pro 
vide customizable recommendations. The recommendations 
will typically be produced through the various factors listed 
above. 

0.148. In another aspect, the present invention provides a 
database 14 of lung nodule statistics (FIG. 1). Information 
from the database can be used to guide the Software decision 
tree to customize the lung report and to guide a treatment 
recommendation. 

0149. In exemplary databases 14 of the present invention, 
the database can be accessed over a communication net 
work, like the internet, and can be used to store lung 
information of the population. The population lung infor 
mation can be used to determine an individual patient's 
Standing relative to other people of a similar demographic So 
as to provide a customized recommendation based on the 
patient's percentile ranking. 

0150. In exemplary embodiments, database 14 can store 
population information in the database for every perSon 
Scanned regarding each nodule. Such information can 
include, but is not limited to, nodule information Such as the 
location of the nodule with respect to anatomic landmarks, 
Volume of the nodule, major and minor axis of the nodule, 
an index of the nodule's roundness, Surface area, average 
Signal intensity, Standard deviation, maximum and minimum 
pixel intensity and patient information, Such as age, race, 
gender, Smoking history, demographics, geographic loca 
tion, diet, or the like. 

0151. In addition to the above nodule information, the 
database of the present invention can further Store the 
number of nodules, total nodule mass, and demographics of 
each of the particular patients. From this database, one can 
build an expectation value for people in the population with 
Similar demographics (e.g., age, gender, race, Smoking pat 
tern, diet, geographic location, and the like). 
0152 The population lung information can be searched 
and Sorted using known methods. Typically, the database can 
be searchable based on at least one of the nodule Statistics 
and/or patient fields. AS the database is developed, it will be 
possible to allow imaging facilities from around the World to 
access the database and to compare the individual patient's 
lung nodule information with the population data of people 
of Similar demographics. Typically, the information from 
each of the individual data Scans can also be logged into the 
database So as to update the database and allow radiologists 
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from around the country to compare the outcome of the 
patient's case Study with other Similar case Studies. 
0153. When survival rates for different populations and 
nodule burdens become known through development of the 
database, the same database can be used to provide the lung 
information based on demographics and nodule burden. AS 
can be understood, as this information is accumulated there 
will be additional information generated, for instance, 
whether the location of the nodules in the lung, or their 
proximity, may change risk factors and recommendations. 
0154 AS can be appreciated, the stored information in the 
database can be used to guide the decision tree of the present 
invention regarding the customization of the lung report 
generator. It is understood that the risk and recommenda 
tions are dynamic and may change in response to the 
information accumulated in the database, or elsewhere. For 
example, a male of 50 years of age, with a history of 
Smoking having a burden of five nodules under 3 mm 
maximum dimension which would be in a high risk group if 
the database information shows that the norm for this age 
and Smoking history is 1 nodule not to exceed 5 mm. 
0.155. After the patient lung information has been com 
pared, the Software of the present invention can provide a 
customized recommendation in the lung report 300 indicat 
ing the recommendations of the physician based on any 
combination of the patient's age, race, gender, Smoking 
history, demographics, nodule information, and the like. 
Additionally, the lung report can provide a graph or chart 
that illustrates where the patient is relative to national 
rankings. (FIG. 18C). 
0156 While the above is a complete description of the 
preferred embodiments of the inventions, various alterna 
tives, modifications, and equivalents may be used. For 
example, while the above methods recite methods of com 
paring lesions in a first image with the corresponding lesions 
in a Second image, it should be appreciated that the present 
invention can be used to compare a “clean' baseline image 
with a Second, follow up image to determine if any lesions 
have formed Since the baseline image Scan was taken. 
Although the foregoing has been described in detail for 
purposes of clarity of understanding, it will be obvious that 
certain modifications may be practiced within the Scope of 
the appended claim. 

1-30. (canceled) 
31. A computer program for displaying a comparison of 

multiple images of a body organ, the computer program 
comprising: 

code for displaying a first image along a body Slice taken 
at t; 

code for displaying a Second image along the body Slice 
taken at t, 

code for localizing lesions in the first image and Second 
image, 

code for registering the first image and Second image; 

code for comparing the lesion in the first and Second 
images; and 

a computer-readable medium for Storing the codes. 
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32. The computer program of claim 31 further comprising 
code for computing a third image which is a Subtraction of 
the first image and Second image. 

33. The computer program of claim 31 further comprising 
code for computing a third image which is the absolute 
difference of the first image and Second image. 

34. The computer program of claim 31 further comprising 
code for computing a third image which is a Sum of the first 
image and Second image. 

35. The computer program of claim 31 further comprising 
code for Storing at least one of the lesion number, anatomic 
position, Size, Volume, Surface area, roundness, density and 
Standard deviation, major and minor axes of the nodule. 

36. The method of claim 31 wherein the code for regis 
tering the lesions comprises code for demanding that the 
lesion have at least one voxel be overlapped. 

37. The method of claim 31 wherein the code for regis 
tering the lesions comprises code for demanding that the 
edges of the lesion be no more than a fixed number of pixels 
apart. 

38. The method of claim 31 wherein the code for regis 
tering the lesions comprises code for demanding that the 
edges of the lesion be no more than one pixel apart. 

39. The method of claim 31 wherein the code for regis 
tering the lesions comprises code for demanding that the 
edges of the lesion be no more than three pixels apart. 

40. The computer program of claim 31 further comprising 
code for displaying lesions in the first image in a first color 
and nodules in the Second image in a Second color. 

41. The computer program of claim 31 further comprising 
code for removing Surrounding tissueS or organs from the 
first and Second images. 

42. The computer program of claim 31 further comprising 
code for generating a body report. 

43. The computer program of claim 31 further comprising 
code for marking the lesions. 

44. A method of comparing a first image dataSet with a 
Second image dataset, the method comprising: 

displaying an image from both the first dataset and the 
Second dataset; 

registering the image from the first dataset with the image 
from the Second dataset; and 

displaying an image which displays one of a Sum of the 
image from the first dataset and the image from the 
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Second dataset and a Subtraction or absolute difference 
of the image from the first dataset and the image from 
the Second dataset. 

45. The method of claim 44 wherein registering comprises 
matching at least one lesion in the image from the first 
dataset with at least one corresponding lesion in the image 
from the Second dataset. 

46. The method of claim 45 wherein the lesions are 
matched by demanding that at least one voxel be overlapped. 

47. The method of claim 45 wherein the lesions are 
matched by demanding that the edges of the lesion be no 
more than a fixed number of pixels apart. 

48. The method of claim 45 wherein the lesions are 
matched by demanding that the edges of the lesion be no 
more than one pixel apart. 

49. The method of claim 45 further comprising highlight 
ing lesions in the images. 

50. The method of claim 49 wherein highlighting com 
prises coloring the lesion in the first image dataset a different 
color from the lesion in the Second dataset. 

51. The method of claim 45 further comprising segment 
ing the images. 

52. The method of claim 45 further comprising automati 
cally measuring at least one of a Volume and dimensions of 
the lesions. 

53. The method of claim 45 further comprising calculat 
ing a change of Size of lesions between the image of the first 
dataset and the image of the Second dataset. 

54. The method of claim 45 further comprising calculat 
ing a change of the Signal intensity characteristics of lesions 
between the image of the first dataset and the image of the 
Second dataset. 

55. The method of claim 43 wherein providing comprises 
automatically locating lesions in the images. 

56. The method of claim 43 wherein providing comprises 
manually locating lesions in the images. 

57. The method of claim 45 wherein matching comprises 
manually matching the lesion in the images. 

58. The method of claim 45 wherein matching comprises 
automatically matching the lesion in the images. 

59. The method of claim 45 wherein lesions are matched 
by demanding that the edges of the lesion be no more than 
three pixels apart. 


