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(57) ABSTRACT 

Method and system for the detection of interval change in 
medical images. Three dimensional images, such as previ 
ous and current section images in CT scans, are obtained. An 

anatomic feature, such as the lungs, is used to select sections 

containing lung by a gray-level thresholding technique. The 
section correspondence betWeen the current and previous 
scans is determined automatically. The initial registration of 
the corresponding sections in the tWo scans is achieved by 
a rotation correction and a cross-correlation technique. A 

more accurate registration betWeen the corresponding cur 

rent and previous section images is achieved by local 
matching. A nonlinear Warping process Which is also based 
on the cross-correlation technique is applied to the previous 
image to yield a Warped image after the matching. The ?nal 
subtracted section images Were derived by subtracting of the 
previous section images from the corresponding current 
section images. Interval changes such as a change in tumor 
siZe and a neWly developed pleural effusion are enhanced 

Int. Cl.7 ..................................................... .. G06K 9/00 signi?cantly. 
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METHOD AND SYSTEM FOR THE AUTOMATED 
TEMPORAL SUBTRACTION OF MEDICAL 

IMAGES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention is related to temporal analy 
sis of medical images and, in particular, to the analysis of 
computed tomographic images using automated temporal 
subtraction. 

[0003] 2. Discussion of the Background 

[0004] The application of a temporal subtraction tech 
nique to radiographic images such as chest images can 
signi?cantly enhance some subtle interval changes existing 
in sequentially obtained images Which might be missed by 
radiologists. These interval changes may be very important 
in enabling radiologists to detect some diseases, such as 
early lung cancer, or to assess the effects of treatment on 
knoWn lesions. DifaZio et al., in Digital chest radiography: 
Effect of temporal subtraction images on detection accuracy, 
Radiology, 202:447-452 (1997) reported that the use of the 
temporal subtraction technique for sequential chest images 
can signi?cantly increase radiologists’ diagnostic accuracy 
in identifying interval changes. 

[0005] When radiologists interpret a thoracic computed 
tomography (CT) scan of a patient, they commonly vieW it 
side by side With the most recent previous scan of the same 
patient. Such comparison readings also help radiologists to 
identify interval changes or to assess the effects of treatment 
on knoWn lesions betWeen tWo consecutive thoracic CT 
examinations. HoWever, it is dif?cult and time-consuming 
for radiologists to compare current and previous (temporally 
sequential) thoracic CT scans to identify neW ?ndings or to 
assess the effects of treatments on knoWn lesions, because 
this requires a systematic visual search and correlation of a 
large number of images (sections) in both current and 
previous scans. Generally, more than 25 section images Were 
reconstructed from a thoracic CT scan With a section thick 
ness of 10 mm. The number of section images may be much 
higher When a high-resolution scan (section thickness of 3 
mm) is required. 

[0006] VieWing several images can be dif?cult because of 
variations in the images. For eXample, the positioning of the 
patient may be different at the various times the images are 
produced. Patient breathing and cardiac pulsation can also 
produce variances in the images. It is important to be able to 
register images to detect interval changes Where correspond 
ing features in the images can be subtracted from each other. 

[0007] The techniques for temporal subtraction, such as 
described in US. Pat. No. 5,319,549, have only been applied 
to tWo-dimensional imaging. These techniques register and 
subtract tWo-dimensional images, such as chest radiographs. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide 
improved automated temporal subtraction of images. 

[0009] A second object of the invention is to enhance 
interval changes in images. 

[0010] A further object of the present invention to perform 
automated temporal subtraction for three-dimensional scan 
ning. 
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[0011] Another object of the present invention is to per 
form automated temporal subtraction using matching 
images in the direction of scanning. 

[0012] A still further objection of the invention is to 
three-dimensionally match tWo images and tWo-dimension 
ally match corresponding sections of the tWo images. 

[0013] These and other objects of the invention are 
achieved by a method, system and computer program prod 
uct for detecting interval change in images. In the method 
according to the invention, ?rst and second three-dimen 
sional images of a subject are obtained. The ?rst and second 
images are typically current and previous images of a 
subject. The ?rst and second images are matched. The ?rst 
image is non-linearly Warped to produce a Warped image 
and the Warped image is subtracted from the second image. 
The subtraction can produce and/or enhance interval 
changes in the ?rst and second images. 

[0014] Aportion of the ?rst image may be selected using 
an anatomic feature in the ?rst image. A portion of the 
second image may be selected using the same anatomic 
feature. 

[0015] Relative areas of the anatomic feature in the ?rst 
and second images may be determined. The portions of the 
?rst and second images may be selected using the relative 
areas determined in the ?rst and second images, respec 
tively. 
[0016] Determining the relative areas may be done by 
threshholding the ?rst and second images to obtain corre 
sponding regions in the ?rst and second images. An area of 
each of these regions is determined and the relative areas are 
then determined as a ratio of an area of these regions to 
remaining areas in the images. 

[0017] The matching of the images may be done by 
comparing the ?rst and second relative areas. The matching 
may also be done by determining a ?rst relationship of the 
area of the anatomic feature in the ?rst and second images. 
Averages of the relationships of the areas can then be 
determined and sections of the ?rst and second images 
corresponding to the averages can be selected. 

[0018] It is also possible to select one section in the ?rst 
image and a number of sections adjacent to that section. 
These sections are compared to one section selected in the 
second image. One of the sections selected in the ?rst image 
is then matched to the section in the second image. Remain 
ing sections in the ?rst image may then be matched in a 
one-to-one manner to remaining sections and the second 
image. 

[0019] Cross-correlation may be used in matching the 
images. The matching may also consist of initially matching 
the ?rst image to the second image and then locally match 
ing the ?rst image to the second image. The initial matching 
may consist of determining Whether the ?rst image is rotated 
and correcting the rotation, and determining vertical and 
horiZontal shifts of the ?rst image relative to the second 
image. Cross-correlation may use the vertical and horiZontal 
shifts in matching the ?rst and second images. 

[0020] The local matching may consist of selecting 
regions of interest in the ?rst and second images and 
determining horiZontal and vertical shifts of regions of 
interest in the ?rst image relative to regions of interest in the 



US 2002/0097901 A1 

second image. The horizontal and vertical shifts may then be 
curve-?tted and the used in a Warping process to Warp the 
?rst image. The Warped image may be subtracted from the 
second image to produce a subtracted image. 

[0021] The method may also include analyZing the regis 
tration of the subtracted images. If the registration is inad 
equate, the image data may be retrieved and the current 
image may be reconstructed at a different reconstruction 
starting point. The analysis of the registration may be 
performed using histogram analysis. 
[0022] The method may be advantageously applied to 
computed tomography (CT) scanning. In this case, the 
three-dimensional matching consists of matching the current 
and previous scans While the tWo-dimensional matching 
consists of matching the corresponding sections of the 
current and previous CT scans. 

[0023] The invention may also be implemented in the 
form of a computer program product comprising a computer 
storage medium and a computer program code mechanism 
embedded in the computer storage medium. Code devices 
are then con?gured to implement various steps in detecting 
interval change. 

[0024] These objects are also achieved by an interval 
change detecting system having at least one of a three 
dimensional image storage device and a three-dimensional 
image acquisition device. A scanning direction image 
matching device is connected to one of the acquisition 
device and storage device. The system may also include a 
tWo-dimensional image matching device and a relative area 
determination circuit. Invention may further include a local 
matching circuit, a Warping circuit and a cross correlation 
circuit. It is also possible that the system contains a regis 
tration analysis circuit Which may consist of a histogram 
analysis circuit, an image data retrieval circuit and an image 
data reconstruction circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Amore complete appreciation of the invention and 
many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in connection With the accompanying draWings, Wherein: 

[0026] FIG. 1 is a diagram of an embodiment of the 
method according to the invention; 

[0027] FIGS. 2A and 2B are section images of a current 
thoracic CT examination by helical scanning and section 
images of a previous thoracic CT examination of the same 
patient, respectively; 
[0028] FIG. 3 is a graph of the relative lung area versus 
section number for the CT scans shoWn in FIGS. 2A and 

2B; 
[0029] FIG. 4A is an example of a segmented, loW 
resolution image from the mid-section image of a current CT 
scan and FIGS. 4B-4F are examples of ROI images obtained 
from the previous scan around the mid-section, respectively; 

[0030] FIG. 5A is an image illustrating the de?nition of 
the orientation of the lungs; 

[0031] FIG. 5B is the image of FIG. 5A before rotation 
correction for lung orientation; 
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[0032] FIG. 5C is the image of FIG. 5A after rotation 
correction for lung orientation; 

[0033] 
[0034] FIG. 6B is a corresponding ROI section image 
from a previous scan; 

[0035] FIG. 6C is a diagram illustrating the de?nition of 
horiZontal and vertical shifts (Ax and Ay) of the image of 
FIG. 6B relative to the image of FIG. 6A; 

[0036] FIGS. 7A and 7B are diagrams illustrating the 
distribution of template ROIs on a previous section image 
and the distribution of search area ROIs on a current section 
image, respectively; 
[0037] FIG. 8A is a diagram illustrating horiZontal shifts 
(Ax) of all pairs of templates relative to the search area 
ROIs; 
[0038] FIG. 8B is a diagram of a tWo-dimensional third 
order polynomial ?t of the horiZontal shifts; 

[0039] FIG. 9A is a diagram illustrating vertical shifts 
(Ay) of all pairs of templates relative to search area ROIs; 

[0040] FIG. 9B is a diagram of a tWo-dimensional third 
order polynomial ?t of the vertical shifts; 

[0041] FIG. 10A is an original section image from a 
previous scan; 

[0042] FIG. 10B is the section image of FIG. 10A after 
nonlinear Warping; 

FIG. 6A is a section image from a current scan; 

[0043] FIG. 11A is a diagram of section images of a 
current scan; 

[0044] FIG. 11B is a diagram of section images of a 
previous scan; 

[0045] FIG. 11C is a diagram of the subtracted section 
images obtained using the images of FIGS. 11A and 11B; 

[0046] FIG. 12A is a diagram of section images of a 
current scan; 

[0047] FIG. 12B is a diagram of section images of a 
previous scan; 

[0048] FIG. 12C is a diagram of the subtracted section 
images obtained using the images of FIGS. 12A and 12B; 

[0049] FIG. 13 is a diagram of the system according to the 
invention; and 

[0050] FIG. 14 is a diagram of the image processing 
device according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0051] With reference to the draWings, particularly FIG. 
1, a ?rst embodiment of the method according to the 
invention Will be described. First (step 10) and second (step 
11) three-dimensional images of a patient are obtained. The 
?rst and second images typically correspond to current and 
previous images of the same subject. The ?rst and second 
images may also be tWo previous images of the same 
subject, Where interval changes betWeen the tWo images are 
desired. As an example of the invention, thoracic helical 
computed tomography (CT) scans of patients are obtained 
from a CT scanner, such as a GE HiSpeed CT/i. In CT 
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scanning the ?rst and second images are commonly referred 
to as current and previous scan. The scans are reconstructed 

from the image data acquired by the scanner. HoWever, the 
invention is not limited to CT images. Other types of 
three-dimensional images, such as MRI images, may be 
used. The scanning pitch and section thickness for generat 
ing the CT images Were 1 and 10 mm, respectively. Other 
values for these parameters may also be selected. 

[0052] The images may be obtained directly from a scan 
ner or may be obtained from a storage device. Typically the 
previous section images are from an earlier scan and have 
been stored. It is also not required that the images are 
obtained on the same or the same type of scanner. Further, 
the method according to the invention can also use the 
acquisition data (step 21) of the scans and then reconstruct 
the images (step 22) before further processing, Which is also 
described in more detail beloW. 

[0053] In this example, the reconstructed digital section 
images (With DICOM header) Was used. The matrix siZe of 
each reconstructed section image Was 512x512 pixels. The 
pixel siZe of the section images can vary because of the 
different ?eld of vieW (FOV) used for reconstruction in the 
clinical environment. The FOV for the reconstruction used 
in a clinical environment can vary from 29 to 42 cm. The 
maximum FOV alloWed for reconstruction is 48 cm for the 
GE scanners used. In this case (including the current and 
previous scans), a correction factor should be applied for the 
FOV to all of the section images to ensure a uniform pixel 
siZe for every section image. The gray scale of the section 
images Was 12 bits (pixel values from 0 to 4095), Which 
corresponds to Houns?eld units (HU) of —1023 to 3072. 
Notice that air, Water, and bone correspond to HU of —1000, 
0, and 1000, respectively. In consideration of computer 
storage and CPU time, it is sometimes desirable to reduce 
the matrix siZe and gray scale of the thoracic CT section 
images to, for example, 256x256 pixels and 10 bits, respec 
tively. 

[0054] A scan for a thoracic CT examination can include 
a large number of section images (each With 10 mm thick 
ness, in this example) Which extend from approximately the 
neck of the patient doWn to the loWer abdomen, as shoWn in 
FIGS. 2A and 2B. An interval change is usually detected by 
comparing anatomic features in the previous and current 
scans. To demonstrate the invention, the lungs Were chosen 
as the anatomic feature in the images to be compared. 
HoWever, the method is applicable to other features in the 
image, particularly solid organs such as the liver and kidney, 
or to bone and enhanced vessels. 

[0055] TWo pre-processing steps, i.e., segmentation of the 
anatomic feature and Gaussian ?ltering, are applied in step 
12 to the ?rst and second images. In the example, the lungs 
are segmented from selected sections from both the current 
and previous scans. The lung segmentation Was achieved by 
use of a gray-level thresholding technique. The CT images 
are digital gray-scale images having a plurality of pixels (i.e, 
512x512). The gray levels of the lungs corresponded gen 
erally to HU of —900 to —400. With the gray-level thresh 
olding technique, pixels With HU above —400 and beloW 
—900 Were eliminated to provide the lung area. The lung area 
may be approximated by a rectangle. The rectangle may be 
determined using horiZontal and vertical pro?ling to detect 
the upper, loWer and side lung edges based upon changes in 
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pixel values. A 9><9 smooth Gaussian ?lter Was employed to 
blur the vessel structures inside the lungs. 

[0056] In step 13 the portions of the images that contain 
the anatomic feature are identi?ed. The portions of the 
images corresponding to the anatomic feature of interest, the 
lungs in this example, Will be referred to as lung sections. 
For the CT images shoWn in FIGS. 2A and 2A, the lung 
sections are from section #5 to #24 and section #4 to #24, 
respectively. To select the lung sections from a thoracic scan, 
a parameter for each section in the scan is calculated, 
namely, the relative lung area. Here, relative lung area Was 
de?ned by the ratio of the number of pixels in the section 
image With HU from approximately —900 to —400 to the 
number of remaining pixels in that section image. As men 
tioned above, the pixels With HU from approximately —900 
to —400 mainly correspond to lung structures in the thoracic 
CT scan. 

[0057] As mentioned above, other features such as the 
liver, kidney, bone or enhanced vessels may be chosen. The 
vessels are enhanced by injecting contrast media into the 
bloodstream. The image is thresholded to separate pixels 
corresponding to the liver or kidney, or to bone or enhanced 
vessel. Since these organs and features may be relatively 
small, it is preferable that higher resolution scanning is used 
With a thinner slice. 

[0058] FIG. 3 shoWs the relative lung area plotted for each 
section for the tWo CT scans in FIGS. 2A and 2B. Obvi 
ously, the value of the relative lung area Was very small 
(close to Zero) for sections in the abdomen and neck areas. 
Lung sections are selected from the scan that have a certain 
relative lung area. In this example, a lung section Was 
selected from the scan if the relative lung area Was larger 
than 0.1. Other ratios may be chosen. 

[0059] Once the portions of the images that contain the 
anatomic feature are identi?ed, the correspondence betWeen 
the ?rst and second images is determined (step 14). The 
selected lung section images from both the current and 
previous thoracic CT scans are used to determine the section 
correspondence betWeen the tWo scans. First the curves of 
relative lung area (see FIG. 3) of the tWo scans are generated 
and compared to determine, approximately, the shift in the 
scanning direction (i.e., in the Z-axis) betWeen the tWo scans 
(step 15). The average section number of each curve Was 
then calculated by summation of each Weighted section 
number With its corresponding value of the relative lung 
area. The average section numbers are 14.7 and 13.7 for the 
curves of relative lung area of the current and previous scans 
in FIG. 3, respectively. The difference in the average section 
number betWeen the tWo scans is related to the starting 
positions in the tWo consecutive scans. Therefore, the dif 
ference betWeen the tWo average section numbers indicated 
the overall shifts in the scanning direction (i.e., in the Z-axis) 
betWeen the tWo scans. Intuitively, for the same patient, if 
the table position and the patient scanning starting position 
Were kept the same in the tWo consecutive scans, then the 
tWo curves of the relative lung area should match exactly, 
and the tWo average section numbers should be the same. 
HoWever, it is very dif?cult to keep these positions 
unchanged in a clinical environment. 

[0060] In the tWo images a point is selected as an initial 
benchmark for ?nding the correspondence betWeen the tWo 
images. For the thoracic CT scan example, the section image 
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Whose section number equals the nearest integer of its 
average section number is de?ned as the mid-section image 
of the scan. The mid-sections of the current and previous 
scans Were used as the initial benchmark. The mid-section 

and several adjacent sections (tWo above and tWo below, a 
total of ?ve sections, for example) are selected from the 
previous scan for comparison, one by one, With the mid 
section from the current scan to ?nd a pair of the best 
matched section images in the tWo scans at the region around 
the mid-lung. For this comparison, the matching of the 
overall lung shape is more important than the detailed 
structures, such as vessels in the lungs. 

[0061] A cross-correlation technique is used (step 15) to 
compare the mid-section image of the current scan to each 
of the selected (?ve) section images of the previous scan. To 
apply the cross-correlation technique, region-of-interest 
(ROI) images selected from the ?ve section images of the 
previous scan are used instead of the section images them 
selves. Each ROI image has a Width and height large enough 
to encompass the lungs for each section. In this eXample, the 
Width and height of the ROI are 200 and 126 piXels, 
respectively. The center of the ROI for a section image is 
selected as the center of the lung area of that section image. 
FIG. 4A is an eXample of a section image While FIGS. 
4B-4F are eXamples of the ROI section images selected for 
this comparison. 

[0062] The normaliZed cross-correlation values betWeen 
the mid-section of the current scan and each of the ?ve ROIs 
of the previous scan Were then calculated. The pair of 
sections Which provided the highest cross-correlation value 
Was identi?ed as the corresponding section pair betWeen the 
current and previous scans. The remaining sections in both 
scans Were then correlated rigidly based on the determined 
corresponding pair With the highest cross-correlation value, 
i.e., in a one-to-one manner. Any remaining unpaired sec 
tions are ignored for further processing. 

[0063] In a three-dimensional scan, such as a CT scan, a 
number of sections or slices are reconstructed. These slices 
is generally treated as having X-aXis and y-aXis data, While 
the scanning is preformed in the Z-aXis direction. Thus, the 
present invention matches corresponding sections or slices 
in the previous and current images tWo-dimensionally, in the 
X- and y-aXis directions, and matches the scans (containing 
a number of section or slices) three-dimensionally in the 
Z-aXis direction. 

[0064] After the establishment of the one-to-one section 
correspondence in the current and previous images, i.e. 
matching in the scanning direction (three-dimensional 
matching), the initial registration of the paired section 
images is performed in step 16 (tWo-dimensional matching). 
For the CT sections, each pair of corresponding section 
images in the tWo scans are initially registered. The initial 
registration of the corresponding section images in the tWo 
scans included tWo steps: a rotation correction and the 
determination of vertical and horiZontal shifts of the previ 
ous section image relative to the current section image. The 
lungs in the thoracic CT section images Were often oriented 
toWard the right or left side because of patient movement, 
breathing, and lying on the back improperly during the 
scanning. FIG. 5A illustrates a section image With the lungs 
oriented to the left side. Commonly, the lung orientation is 
only slightly different for different sections in a given scan. 
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HoWever, the difference in lung orientations could be very 
large for sections from different scans. 

[0065] The lung orientation is de?ned by the angle (a) 
betWeen the vertical aXis (Y aXis) of the section image and 
the normal line (N) to the line segment (L) Which goes 
through the loWest points in each lung, as illustrated in FIG. 
5A. The orientation of each section image in both the current 
and previous scans Was determined and corrected using 
knoWn techniques. FIGS. 5B and 5C shoW an eXample of 
before and after the rotation correction for the orientation of 
the section image of FIG. 5A. 

[0066] The relative shifts in the vertical and horiZontal 
directions betWeen the previous section image and the 
corresponding current section image Were determined also 
by use of the cross-correlation technique With the seg 
mented, loW-resolution images, as shoWn in FIG. 6. The 
similar ROI image (200x126 piXels, including the entire 
lungs) from the previous section image Was again used for 
this purpose. The ROI image Was moved through the current 
section image piXel by piXel, and the normaliZed cross 
correlation value at each piXel Was obtained. The horiZontal 
and vertical shifts (AX and Ay) of the previous section image 
relative to the current section image Were determined When 
the cross-correlation value reached its maXimum value, as 
shoWn in FIG. 6B. 

[0067] After the process of initial registration, local 
matching is applied to the images to obtain more accurate 
registration (step 17). For the CT scans, the corresponding 
pair of sections of the current and previous scans are locally 
matched. The local matching technique is again based on the 
cross-correlation technique, Which results in nonlinear Warp 
ing of the previous section image. To perform the local 
matching, many small ROIs Were selected automatically 
over the lung area of the section image, as shoWn in FIGS. 
7A and 7B. Recall that the lung area in the section image 
Was approximated by a rectangle. An ROI selected in the 
previous section image is called a template ROI (or simply 
a template), and that selected in the current section image is 
called the search area ROI. The siZes of the template and 
search area ROIs Were 16x16 and 32x32 piXels, respec 
tively. Other siZes may be used. The distance betWeen the 
centers of the tWo adjacent ROIs Was ?Xed as 16 piXels for 
both the template and search area ROIs. For each pair of 
template and search area ROIs, the template Was moved 
through the search area ROI piXel by piXel. The normaliZed 
cross-correlation value at each piXel Was calculated. The 
maXimum value of the cross-correlation indicated that the 
subregion in the search area ROI Where the template over 
lapped Was the “best” match With the template. The assign 
ment of the template and search ROIs could be reversed, i.e., 
the search ROI could be selected in the previous section 
image. 
[0068] The horiZontal and vertical shifts (AX and Ay) 
betWeen the center of the template and the center of the 
search area ROI for the best match Was thus determined. 
FIGS. 8A and 9A indicate the distributions of the shift 
values AX and Ay, respectively, derived for all pairs of 
template and search area ROIs in FIGS. 7A and 7B. It 
should be noted that the local matching should be limited to 
the area of the anatomic feature in the images (i.e., the lung 
area in the section images). 

[0069] A tWo-dimensional curve ?tting With third-order 
polynomials, based on a least-squares method, Was used for 














