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(7) ABSTRACT

Animage data subtraction system receives an electrical signal
representing a heart cycle electrical waveform during mul-
tiple heart cycles and acquires data representing a first image
set comprising multiple temporally sequential individual
mask images of vessels ofa portion of patient anatomy during
the multiple heart cycles in the absence of a contrast agent.
The system acquires data representing a second image set
comprising a multiple temporally sequential individual con-
trast enhanced images of vessels of the portion of patient
anatomy during the multiple heart cycles in the presence of a
contrast agent. An image data processor automatically uses
the electrical signal to identify temporally corresponding
pairs of images comprising a mask image and a contrast
enhanced image acquired substantially at a same point within
aheart cycle. The image data processor, for the corresponding
pairs, automatically subtracts data representing a mask image
ofa corresponding pair from a contrast enhanced image of the
corresponding pair, to provide subtracted images.

11 Claims, 7 Drawing Sheets
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1
SYSTEM FOR PERFORMING CORONARY
DIGITAL SUBTRACTION ANGIOGRAPHY
(DSA)

This is a non-provisional application of provisional appli-
cation Ser. No. 61/230,263 filed 31 Jul., 2009, by S. Kargar et
al.

FIELD OF THE INVENTION

This invention concerns an image data subtraction system
to enhance visualization of vessels subject to movement by
identifying and subtracting temporally corresponding pairs
of images comprising a mask image and a contrast enhanced
image acquired substantially at a same point within a heart
cycle.

BACKGROUND OF THE INVENTION

Known imaging systems either fail to perform Digital Sub-
traction Angiography for coronary vessels or provide flawed
images of limited value. Known systems fail to perform DSA
in interventional cardiology to provide clear, motion artifact
free images of blood vessels of the heart. A system according
to invention principles performs Digital Subtraction Angiog-
raphy of coronary vessels to provide clear, motion artifact
free images of blood vessels of the heart and addresses these
deficiencies and related problems.

SUMMARY OF THE INVENTION

A system performs Digital Subtraction Angiography of
coronary vessels, for example, to provide clear, motion arti-
fact free images of blood vessels of the heart. An image data
subtraction system enhances visualization of vessels subject
to movement using an interface for receiving an electrical
signal representing a heart cycle electrical waveform during a
multiple heart cycles. An imaging system acquires data rep-
resenting a first image set comprising multiple temporally
sequential individual mask images of vessels of a portion of
patient anatomy during the multiple heart cycles in the
absence ofa contrast agent. The imaging system acquires data
representing a second image set comprising a multiple tem-
porally sequential individual contrast enhanced images of
vessels of the portion of patient anatomy during the multiple
heart cycles in the presence of a contrast agent. An image data
processor automatically uses the electrical signal to identify
temporally corresponding pairs of images comprising a mask
image and a contrast enhanced image acquired substantially
atasame point within a heart cycle. The image data processor,
for the corresponding pairs, automatically subtracts data rep-
resenting a mask image of a corresponding pair from a con-
trast enhanced image of the corresponding pair, to provide a
multiple subtracted images providing enhanced visualization
of vessels.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows an image data subtraction system enhancing
visualization of vessels subject to movement, according to
invention principles.

FIG. 2 shows an electrical signal representing a heart cycle
electrical waveform indicating temporally sequential image
acquisition points in the cycle, according to invention prin-
ciples.
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FIG. 3 shows a flowchart of a process performed by an
image data subtraction system enhancing visualization of
vessels, according to invention principles.

FIGS. 4-6 illustrate acquisition and subtraction of mask
and contrast enhanced images to provide DSA images
enhancing vessel visualization, according to invention prin-
ciples.

FIG. 7 shows a flowchart ofa process used by an image data
subtraction system enhancing visualization of vessels subject
to movement, according to invention principles.

DETAILED DESCRIPTION OF THE INVENTION

A system according to invention principles performs Digi-
tal Subtraction Angiography of coronary vessels to provide
clear, motion artifact free images of blood vessels of the heart
by acquiring a sequence of mask images. A sequence of mask
images is acquired before injecting a contrast agent into
patient coronary heart vessels and concurrently with acquisi-
tion of ECG (Electrocardiogram) information for one or more
sequential heart cycles. A mask image is an image of static
background detail of anatomy acquired without injection ofa
contrast agent. A mask image is subtracted from a corre-
sponding image of the same portion of anatomy following
injection of a contrast agent, to provide a DSA (Digitally
Subtracted Angiography) image with static background
eliminated to enhance visualization of contrast agent convey-
ing vessels.

FIG. 1 shows an image data subtraction system 10 enhanc-
ing visualization of vessels subject to movement. System 10
includes one or more processing devices (e.g., workstations
or portable devices such as notebooks, Personal Digital Assis-
tants, phones) 12 that individually include a user interface
control device 26 such as a keyboard, mouse, touchscreen,
voice data entry and interpretation device and memory 28.
System 10 also includes at least one repository 17, X-ray
imaging modality system 25 (which in an alternative embodi-
ment may comprise an MR (magnetic resonance), CT scan, or
Ultra-sound system, for example) and server 20 intercommu-
nicating via network 21. X-ray modality system 25 comprises
a C-arm X-ray radiation source and detector device rotating
about a patient table and an associated electrical generator for
providing electrical power for the X-ray radiation system.
The display images are generated in response to predeter-
mined user (e.g., physician) specific preferences. At least one
repository 17 stores medical image studies for multiple
patients in DICOM compatible (or other) data format. A
medical image study individually includes multiple image
series of a patient anatomical portion which in turn individu-
ally include multiple images. Server 20 includes interface 36,
display processor 15, image data processor 29 and system and
imaging controller 34. Display processor 15 provides data
representing display images comprising a Graphical User
Interface (GUI) for presentation on display 19 of processing
device 12. Imaging controller 34 controls operation of imag-
ing device 25 in response to user commands entered via user
interface 26. In alternative arrangements, one or more of the
units in server 20 may be located in device 12 or in another
device connected to network 2/.

Image data processor 29 processes images acquired by
imaging device 25 to provide DSA images for use in Angiog-
raphy (catheterization and stent manipulation) or other medi-
cal procedure to enhance vessel visualization. Interface 36
receives an electrical signal representing a heart cycle elec-
trical waveform during at least one heart cycle. Imaging sys-
tem 25 acquires data representing a first image set comprising
multiple temporally sequential individual mask images of
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vessels of a portion of patient anatomy during the at least one
heart cycle in the absence of a contrast agent. Imaging system
25 also acquires data representing a second image set com-
prising multiple temporally sequential individual contrast
enhanced images of vessels of the portion of patient anatomy
during the at least one heart cycle in the presence of a contrast
agent. Image data processor 29 automatically uses the elec-
trical signal to identify temporally corresponding pairs of
images comprising a mask image and a contrast enhanced
image acquired substantially at a same point within a heart
cycle. For the corresponding pairs, processor 29 automati-
cally subtracts data representing a mask image of a corre-
sponding pair from a contrast enhanced image of the corre-
sponding pair, to provide multiple subtracted images
providing enhanced visualization of vessels.

FIG. 2 shows an electrical signal representing a heart cycle
electrical waveform. FIG. 2 indicates temporally sequential
image acquisition points in the cycle. Specifically, corre-
sponding pairs of images comprising a mask image and a
contrast enhanced image are acquired substantially at the
same point within a heart cycle such as point nl, n2, n3, n4 .
.. nx-1 or nx, for example.

FIG. 3 shows a flowchart of a process performed by image
data subtraction system 10 enhancing visualization of ves-
sels. In step 303 imaging system 25 (FIG. 1) acquires data
representing a first image set comprising multiple temporally
sequential individual mask images of vessels of a portion of
patient anatomy during at least one heart cycle in the absence
of a contrast agent. In step 306, image data processor 29
identifies and selects candidate mask images. In step 312
following injection of a contrast agent in step 309, imaging
system 25 acquires data representing a second image set
comprising multiple temporally sequential individual con-
trast enhanced images of vessels of the portion of patient
anatomy during the at least one heart cycle in the presence of
a contrast agent. Image data processor 29 in step 314, identi-
fies and selects candidate contrast enhanced images tempo-
rally corresponding to the selected mask images to provide
temporally corresponding pairs of images comprising a mask
image and a contrast enhanced image acquired substantially
at a same point within a heart cycle. Processor 29 in step 317,
for the corresponding pairs, automatically subtracts data rep-
resenting a mask image of a corresponding pair from a con-
trast enhanced image of the corresponding pair, to provide
multiple subtracted images offering enhanced visualization
of vessels. Display 19 in step 319 presents the subtracted
images for viewing by a user.

FIGS. 4-6 illustrate acquisition and subtraction of mask
and contrast enhanced images to provide DSA images
enhancing vessel visualization. System 10 analyzes an
acquired ECG signal by identifying PQRST waves for each
heart cycle. ECG data for one or more typical heart cycles is
acquired for corresponding acquired image frames. FIG. 4
heart cycle (PQRST wave) 403 (see also FIG. 2) is divided
into n segments (segments nl, n2, n3, n4 . . . nx) and a
corresponding image frame of each segment of the heart cycle
is identified and used as a mask frame (mask images nlm,
n2m, n3m, ndm . . . nxm 405) for use in performing coronary
vessel DSA imaging. In one embodiment, for example, mask
images are selected from acquired images at 10% (or another
portion) intervals of a heart cycle and used as mask image
frames for performing coronary DSA image.

FIG. 5 illustrates acquisition by system 10 of images of
coronary vessels in the presence of a contrast agent following
injection of the agent into the coronary heart vessels. Specifi-
cally, images are acquired for a time duration encompassing
the desired number of heart cycles and concurrently with
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acquisition of ECG data. System 10 analyzes the acquired
ECG data obtained during the image acquisition time period
and identifies PQRST waveform portions and identifies and
marks (with tags) corresponding acquired image frames nll,
n21,n31,ndl ... nxI 505 so that mask images and correspond-
ing contrast agent images are identified for the same heart
cycle segment. In one embodiment, system 10 synchronizes
acquisition of images over the n segments in response to ECG
signal data so the mask images and corresponding contrast
agent images are acquired at the same corresponding points
within a heart cycle. System 10 synchronizes the mask frames
with the images that contain the contrast agent by synchro-
nizing the heart cycle of the contrast agent images with cor-
responding mask frames so that a mask frame and corre-
sponding contrast agent frame are acquired at the same cycle
point within a heart beats cycle.

System 10 generates DSA images by subtracting the mask
images from corresponding contrast agent images e.g.,
n1DSA=n1l-nlm . . . nxXDSA=nxI-nxm, as illustrated in
FIG. 6. The resulting DSA images 605 show coronary vessels
with background detail removed to enhance visualization of
the vessels and are output for presentation to a user on display
19 (FIG. 1) and also for storage. Vessels containing contrast
agent are displayed as the result of subtraction. The system
advantageously provides DSA images for coronary imaging
studies and is applicable for use in image acquisition or fluo-
roscopy in cardiology and angiography for coronary vessels
or any moving vessel in the body.

FIG. 7 shows a flowchart of a process used by image data
subtraction system 10 (FIG. 1) for enhancing visualization of
vessels subject to movement. In step 712 following the start at
step 711, interface 36 receives an electrical signal (e.g., an
ECG signal) representing a heart cycle electrical waveform
occurring over a multiple heart cycles. Imaging system 25 in
step 715 acquires data representing a first image set compris-
ing multiple temporally sequential individual mask images of
vessels of a portion of patient anatomy during the multiple
heart cycles in the absence of a contrast agent. The portion of
patient anatomy comprises a heart and the vessels comprise
coronary vessels In step 717 imaging system 25 acquires data
representing a second image set comprising multiple tempo-
rally sequential individual contrast enhanced images of ves-
sels of the portion of patient anatomy during the multiple
heart cycles in the presence of a contrast agent. In one
embodiment, imaging system 25 acquires the temporally
sequential individual mask images and individual contrast
enhanced images of vessels of the portion of patient anatomy
substantially at intervals during the multiple heart cycles syn-
chronized with the electrical signal. Specifically, the synchro-
nization signal triggers image acquisition at predetermined
intervals during the multiple heart cycles and synchronized
with the electrical signal and user interface 26 enables a user
to select the predetermined intervals.

Image data processor 29 in step 723 automatically uses the
electrical signal to identify temporally corresponding pairs of
images comprising a mask image and a contrast enhanced
image acquired substantially at a same point within a heart
cycle. For the corresponding pairs, image data processor 29 in
step 726 automatically subtracts data representing a mask
image of a corresponding pair from a contrast enhanced
image of the corresponding pair, to provide multiple sub-
tracted images providing enhanced visualization of vessels.
Display processor 15 in step 729 processes data representing
the subtracted images for presentation on display 19. The
process of FIG. 7 terminates at step 731.

A processor as used herein is a device for executing
machine-readable instructions stored on a computer readable
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medium, for performing tasks and may comprise any one or
combination of, hardware and firmware. A processor may
also comprise memory storing machine-readable instructions
executable for performing tasks. A processor acts upon infor-
mation by manipulating, analyzing, modifying, converting or
transmitting information for use by an executable procedure
or an information device, and/or by routing the information to
an output device. A processor may use or comprise the capa-
bilities of a controller or microprocessor, for example, and is
conditioned using executable instructions to perform special
purpose functions not performed by a general purpose com-
puter. A processor may be coupled (electrically and/or as
comprising executable components) with any other processor
enabling interaction and/or communication there-between. A
user interface processor or generator is a known element
comprising electronic circuitry or software or a combination
of both for generating display images or portions thereof. A
user interface comprises one or more display images enabling
user interaction with a processor or other device.

An executable application, as used herein, comprises code
or machine readable instructions for conditioning the proces-
sor to implement predetermined functions, such as those of an
operating system, a context data acquisition system or other
information processing system, for example, in response to
user command or input. An executable procedure is asegment
of code or machine readable instruction, sub-routine, or other
distinct section of code or portion of an executable applica-
tion for performing one or more particular processes. These
processes may include receiving input data and/or param-
eters, performing operations on received input data and/or
performing functions in response to received input param-
eters, and providing resulting output data and/or parameters.
A user interface (UT), as used herein, comprises one or more
display images, generated by a user interface processor and
enabling user interaction with a processor or other device and
associated data acquisition and processing functions.

The UT also includes an executable procedure or execut-
able application. The executable procedure or executable
application conditions the user interface processor to gener-
ate signals representing the Ul display images. These signals
are supplied to a display device which displays the image for
viewing by the user. The executable procedure or executable
application further receives signals from user input devices,
such as a keyboard, mouse, light pen, touch screen or any
other means allowing a user to provide data to a processor.
The processor, under control of an executable procedure or
executable application, manipulates the UT display images in
response to signals received from the input devices. In this
way, the user interacts with the display image using the input
devices, enabling user interaction with the processor or other
device. The functions and process steps herein may be pet-
formed automatically or wholly or partially in response to
user command. An activity (including a step) performed auto-
matically is performed in response to executable instruction
or device operation without user direct initiation of the activ-
ity.

The system and processes of FIGS. 1-7 are not exclusive.
Other systems, processes and menus may be derived in accor-
dance with the principles of the invention to accomplish the
same objectives. Although this invention has been described
with reference to particular embodiments, it is to be under-
stood that the embodiments and variations shown and
described herein are for illustration purposes only. Modifica-
tions to the current design may be implemented by those
skilled in the art, without departing from the scope of the
invention. The system performs Digital Subtraction Angiog-
raphy of coronary vessels automatically using an electrical
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signal to identify and subtract temporally corresponding pairs
of images comprising a mask image and a contrast enhanced
image acquired substantially at a same point within a heart
cycle to provide clear, motion artifact free images of blood
vessels of the heart. Further, the processes and applications
may, in alternative embodiments, be located on one or more
(e.g., distributed) processing devices on a network linking the
units of FIG. 1. Any of the functions and steps provided in
FIGS. 1-7 may be implemented in hardware, software or a
combination of both.

What is claimed is:
1. An image data subtraction system to enhance visualiza-
tion of vessels subject to movement, comprising:

an interface for receiving an electrical signal representing a
heart cycle electrical waveform occurring over a plural-
ity of heart cycles;

an imaging system for,

acquiring data representing a first image set comprising a
plurality of temporally sequential individual mask
images of vessels of a portion of patient anatomy during
said plurality of heart cycles in the absence of a contrast
agent, and

acquiring data representing a second image set comprising
a plurality of temporally sequential individual contrast
enhanced images of vessels of said portion of patient
anatomy during said plurality of heart cycles in the pres-
ence of a contrast agent, wherein each individual mask
image of the first image set is acquired at one of multiple
segments within the heart cycle and each contrast
enhanced image of the second image set is acquired at
one of the same segments within the heart cycle; and

an image data processor for automatically,

using said electrical signal to identify corresponding pairs
of images, wherein each of the corresponding pairs com-
prises a mask image and a contrast enhanced image
acquired at a same segment within the heart cycle, and

for each of said corresponding pairs, subtracting data rep-
resenting a mask image of a corresponding pair from a
contrast enhanced image of said corresponding pair, to
provide a plurality of subtracted images providing
enhanced visualization of vessels.

2. A system according to claim 1, wherein

said vessels are Coronary vessels.

3. A system according to claim 1, wherein

said imaging system acquires said individual mask images
in response to a synchronization signal triggering image
acquisition at predetermined segments during the heart
cycle and synchronized with said electrical signal.

4. A system according to claim 1, wherein

said portion of patient anatomy comprises a heart and said
vessels comprise coronary vessels.

5. A system according to claim 1, including

a display processor for processing data representing said
subtracted images for display.

6. A system according to claim 1, wherein

said electrical signal is an ECG signal.

7. An image data subtraction system to enhance visualiza-

tion of vessels subject to movement, comprising:

an interface for receiving an electrical signal representing a
heart cycle electrical waveform during a plurality of
heart cycles;

an imaging system for,

acquiring data representing a first image set in the absence
of a contrast agent and comprising a plurality of tempo-
rally sequential individual mask images of vessels of a
portion of patient anatomy, wherein each individual
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mask image of the first image set is acquired at one of
multiple segments within a heart cycle based on said
electrical signal, and

acquiring data representing a second image set in the pres-
ence of a contrast agent and comprising a plurality of
temporally sequential individual contrast enhanced
images of vessels of said portion of patient anatomy,
wherein each contrast enhanced image of the second
image set is acquired at one of the same multiple seg-
ments within the heart cycle based on said electrical
signal; and

an image data processor for automatically,

identifying corresponding pairs of images, wherein each of
the corresponding pairs comprises a mask image and a
contrast enhanced image acquired at a same segment,
and

for each of said corresponding pairs, subtracting data rep-
resenting a mask image of a corresponding pair from a
contrast enhanced image of said corresponding pair, to
provide a plurality of subtracted images providing
enhanced visualization of vessels.

8. A system according to claim 7, wherein

said imaging system acquires said individual mask images
and said contrast enhanced images in response to a syn-
chronization signal triggering image acquisition at pre-
determined segments during said at least one heart cycle
and synchronized with said electrical signal.

9. A system according to claim 8, including

auserinterface enabling a user to select said predetermined
segments.
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10. A method for image data subtraction to enhance visu- 30

alization of vessels subject to movement, comprising the
activities of:

8

receiving an electrical signal representing a heart cycle
electrical waveform occurring over a plurality of heart
cycles;

acquiring data representing a first image set comprising a
plurality of temporally sequential individual mask
images of vessels of a portion of patient anatomy, each
individual mask image acquired at one of multiple seg-
ments within a heart cycle in the absence of a contrast
agent,

synchronizing, in response to the electrical signal, acqui-
sition of data representing a second image set compris-
ing a plurality of temporally sequential individual con-
trast enhanced images of vessels of said portion of
patient anatomy, each contrast enhanced image acquired
at one of the same multiple segments within the heart
cycle in the presence of a contrast agent;

automatically using said electrical signal to identify corre-
sponding pairs of images, wherein each corresponding
pair comprises a mask image and a contrast enhanced
image acquired at a same segment within the heart cycle;
and

for each of said corresponding pairs, automatically sub-
tracting data representing a mask image of a correspond-
ing pair from a contrast enhanced image of said corre-
sponding pair, to provide a plurality of subtracted
images providing enhanced visualization of vessels.

11. A method according to claim 10, further comprising
triggering, via a synchronization signal, the acquisition of the
data representing the first image set.

I S I
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