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(57) Abstract

A method and system for physiological gating for radiation therapy is disclosed. According to an aspect, the invention comprises the
use of an optical or video image system to measure regular physiological movement of a patient’s body. The image data can be used to
quantify voluntary or involuntary motion of the patient that may affect the delivery of radiation to a target valve. A gating signal can be
generated to suspend delivery of radiation upon certain threshold event detected in the motion cycle.




15

METHOD AND SYSTEM FOR PHYSIOLOGICAL GATING OF RADIATION
THERAPY
The present invention relates to methods and systems for physiological gating of

radiation therapy.

Radiation therapy involves medical procedures that selectively expose certain areas of a
human body, such as cancerous tumers, to high doses of radiation. The intent of the radiation
therapy is to irradiate the targeted biélogical-ﬁssue such that the harmiful tissue is destroyed. In
certain types of radiotherapy, the irradiation volume can be restricted to the size and shape of the
tumor or targeted tissue region to avoid inflicting winecessary radiation damage to healthy
tissue. For example, conformal therapy is 2 radiotherapy technique that is often employed to
optimize dose distribution by conforming the treatment volume more closely to the targeted

fumor.

" Nomnal physiological movement represents a limitation in the clinical planning and
delivery of conventional radiotherapy and conformal therapy. Normal physiological movement,
such as respiration or heart movement, can cause @ positional movement of the tumor or tissue
region undergoing irradiation. Ifthe mdigﬁon beam has been shaped to conform the treatment

yolume to the exact dimensions of 2 tumor, then movement of that tumor during treatrnent could”

result in the radiation beam not being sufficiently sized or shaped to fully cover the targeted
tumoral tissue, : - : J

- To address this problem, the size and/or shape of the radiation beam can be expanded by
a “movement margin” (L., the predicted movement distance in any direction of the targeted
tumor) to maintain full irradiation of the targeted tissue. The drawback to this approach is that
this increased irradiation volume results in radiation being applied to otherwise healthy tissue
that is located within the area of the expanded volume. In other words, motion during treatment
necessitates the application of a radiation field of an expanded size that could negatively affect
.an unacceptably large volume of normal tissue surrounding the targeted treatment volume.

Another approach to this problem involves physiological gating of the radiation beam

during treatment, with the gating signal synchronized to the movement of the patient's body. In

this approach, instruments are utilized to measure the physiological state of the patient with
’ 1
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reference to the particular physiological movement being examined. For example, respiration
has been shown to cause movements in the position of a lung tumor in a patient’s body. If
radiotherapy is being applied to the lung tumor, then a temperature sensor, strain gauge or
preumotactrograph can be attached to the patient to measure the patient’s respiration cycle. The
radiation beam can be gated based upon certain threshold points within the measured respiratory
cycle, such that the radiation beam is disengaged during periods in the respiration cycle that
correspond to excessive movement of the lung turmor.

Known methods for performing physiological gating typically require specialized
Instruments to be placed in contact with or invasively mounted on the patient, For instance, the
known approaches to physiological gating synchronized with the respiratory cycle require a
patient-contact instrument such as a strain gauge or spirometer to be attached to the patient’s
body. A known approach to gating synchronized to the cardiac cycle requires an
electrocardiograph to be connected to the patient’s body. Requiring an instrument to be placed
in contact with, or invasively mounted in, the patient’s body could cause problems under certain
circumstances. For example, a spirometer is 2 pneumotachograph device that is mounted on a
patient to measure the volume of air passing through the patient’s airway during respiration.

The discomfort associated with using 2 spirometer can limit the usefulness of that instrument in
Imeasuring a patient’s respiration cycle, particularly if the gating procedure requires use of that
instrument for an extended period of time, Moreover, many of these instruments have
cumbersome wires or connections that limit the usability of these instruments within certain
confined areas or with certain patient body configurations. Another drawback is that a
specialized instrument is required for each body part that is being measured for movement. Not
only does this require the use of a plurality of instruments for the multiplicity of body parts that
may have to be measured for movement, but in some cases, the particular body part undergoing
examination may not have an associated specialized instrument to detect its movement.

Another method for performing physiological gating utilizes a camera for monitoring
patient movement by generating digital image signals representing an image of one or more
natural or artificial fiducials on the patient. A processor determines successive fiducial
positions, and the radiation beam is terminated when the processor determines that movement of
any of the fiducials exceeds certain limits. A gating signal synchronized to patient breathing can
be extracted from the digital image signals for controlling the radiation beam generator. Sucha
system for physiological gating is disclosed in U.S. Patent No. 5,727,554, issued on March 17,

2
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1998 to Kalend, et al. Unfortunately, a drawback of such a system is that movement of the
internal regions of the body that the radiation beam i actually targeting cannot be accurately
ascertained by studying only the exterior body movements of a patient.

Therefore, there is a need for a system and method to address these and other problems
of the related art. There is a need for a method and system of physiological gating which does
not require instruments or probes to be mounted, either externally or invasively, on or in the
patient’s body. Moreover, there is a need for a method znd systern that can accurately and
consistently allow pladning for physiological gating of radiation treatments, utilizing data
regarding movement of both external and internal regions of the body.

The present invention provides a method and system for physiological gating for
- radiation therapy. According to a first embodiment of the invention, there is provided a
system for determining treatment intervals for radiation therapy comprising:
an optical imaging apparatus at which motion information relating to regular

physiological movement of a patient’s body exterior is generated;

an imaging system at which image data representative of movement of internal
regions of the patient’s body is generated; and
a user interface comprising a display for the image data synchronized with a
display of the motion information.
e According lo a second embodiment of the invention, there is provided a method
for determining treatment intervals for radiation therapy comptising generating motion

data representing physiological movements of the patient’s body exterior;

recording image data representing movements of a patient’s internal regions that
have been targeted for irradiation; and
synchronously displaying the image data with the motion data for the

determination of treatment intervals for radiation therapy.
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. According to an aspect, the invention comprises the use of an optical or
video imaging system to generate image data to measure regular physiological movement of a
patient's body. An optical or video imaging system provides a non-invasive method for
measuring motion on a patient’s body. The image data can be used to quantify voluntary or
involuntary motion of the patient that may affect the delivery of radiation to a target valve, A
gating signal can be generated to suspend delivery of radiation upon certain threshold event
detected in the motion cycle.

These and other aspects, embodiments, and advantages of the invention are

described below in the detailed description, drawings and claims.
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The accompanying drawings are included to provide a further understanding of the
invention and, together with the Detailed Description; serve to explain the principles of the
invention. )

Fig. 1 depicts the components of a system for physiological gating according to an
embodiment of the invention. ’

Fig. 2 depicts an example of a respiratory motion signal chart.

Fig. 3 depicts a motion signal chart and a gating signal chart.

Fig. 4 is a flowchart showing process actions performed in an embodiment of the
invention.

Fig'. 5a depicfs the components of a system for performing gating simulations according
to an embodiment of the inve_nﬁoﬁ. ) )

Fig. 5b depicts an embodiment of an user interface for gating simulation.

Fig. 6a depicts a side view an embodiment of a camera that can be utilized in the
invention.

Fig. 6b depicts a front view of the camera of Fig. 6a.

Fig. 7a depicts a retro-reflective marker according to an embodiment of the invention.

Fig. 7b depiets a cross-sectional view of the retro-reflective marker of Fig. 7.

Fig 8 depicts an apparatus for making a retro-reflective marker.

Fig. 9 depicts an embodiment of a marker block. '

Fig. 10 depicts an alternate marker block.

Fig. 1 depicts the components of a systexﬁ 100 for physiologicél gating of radiation .
therapy according to an embodiment of the invention, System 100 comprises a radiation beam
source 102 (such as a conventional linear accelerator) which is positionally conﬁg’ure;i to direct
a radiation beam at 2 patient 106 located on treatment table 104. Aswitch 1161is operatively
coupled to the radiation beam source 102. Switch 116 can be operated to suspend the
application of the radiation beam at patient 106. In an embodiment, switch 116 is part of the
mechanical and electrical structure of radiation beam source 102. Alternatively, switch 116
comprises an external apparatus that is connected to the control electronics of radiation beam
source 102.

An optical or video image apparatus, such as video camera 108, is aimed such that ag
least part of the patient 106 is within the camera’s field of view. Camera 108 monitors patient

' 4
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generated by camera 108. Because of the reflective or retro-reflective qualities of the preferred
markers 114, the markers 114 inherently provide greater contrast in a video image to a light
detecting apparafus such as camera 108, particularly when the camera 108 and illumination
source are co-located.

Utilizing a video or optical based system to track patient movement provides several
advantages. First, a video or optical based system provides a reliable mechanism for repeating
measurement results between uses on a given patient. Second, the method of the invention is
noninvasive, and even if markers are used, no cables or connections must be made to the patient.
Moreover, if the use of markers is impractical, the system can still be utilized without markers
by performing measurements of physiological activity keyed to selected body landmarks.
Finally, the method of the invention is more accurate because it is based upon absolute
measurement of external anatomical physical movement.

A possible inefficiency in tracking the markers 114 is that the marker may appear
anywhere on the video frame, and all of the image elements of the video frame may have to be
examined to determine the locatior: of the marker 114. Thus, in an embodiment, the initial
determination of locations for the marker 114 involves an examination of all of the image
elements in the video frame. If the video frame comprise 640 by 480 image clements, then all
307200 (640*480) image elements are initially examined to find the location of the markers 114.

For real-time tracking of the marker 114, examining every image element for every video
frame to determine the location of the marker 114 in real-time could consume a significant
amount of system resources. Thus, in an embodiment, the real-time tracking of marker 114 can
be facilitated by processing a small region of the video frame, referred to herein as a “tracking
gate”, that is placed based on estimation of the location of the already-identified marker 114 in
the video frame. The previously determined location of a marker 114 defined in the previous
video frame is used to define an initial search range (i.e., the tracking gate) for that same marker
inreal-time. The tracking gate is a relatively small portion of the video frame that is centered at
the previous location of the marker 114. The tracking gate is expanded only if it does not
contain the new location of the marker 114. As an example, consider the situation when the
previously determined location of a particular marker is image element (50,50) in a video frame.
If the tracking gate is limited to a 50 by 50 area of the video frame, then the tracking gate for this
example would comprise the image elements bound within the area defined by the coordinates
(25,50), (75,50, (50,25), and (50,75). The other portions of the video frame are searched only if

the marker 114 is not found within this tracking gate.
6

AMENDED SHEET




10

20

25

30

WO 00/24467 PCT/US99/24947

The video image signals sent from camera 108 to computer 110 are used to generate and
track motion signals representative of the movement of marker 114 and/or landmark structures
on the patient’s body. Fig. 2 depicts an example of a motion signal chart 200 for respiratory
movement that contains information regarding the movement of marker 114 during a given
measurement period. The horizontal axis represents points in time and the vertical axis
represents the relative location or movement of the marker 114.

An important aspect of physiological gating of radiotherapy is the determination of the
boundaries of the “treatment intervals” for applying radiation. For gating purposes, threshold
points can be defined over the amplitude range of the motion signal to determine the boundaries
of the treatment intervals. Motion of the patient that fall outside the boundaries of the treatment
intervals correspond to movement that is predicted to cause unacceptable levels of movement to
the tumor or tissue targeted for irradiation. According to an embodiment, the treatment intervals
correspond to the portion of the physiological cycle in which motion of the clinical target
volume is minimized. Other factors for determining the boundaries of the treatment intervals
include identifying the portion of the motion signals involving the least movement of the target
volume or the portion of the motion signal involving the largest separation of the target volume
from organs at risk. Thus, the radiation beam pattern can be shaped with the minimum possible
margin to account for patient movement.

Radiation is applied to the patient onty when the motion signal is within the designated
treatment intervals. Referring to Fig. 3, depicted are examples of treatment intervals, indicated
by signal range 302, that has been defined over the motion data shown in motion signal chart
200. In the example of Fig. 3, any movement of the measured body location that exceeds the
value of 0.8 (shown by upper boundary line 304) or which moves below the value of 0.0 (shown
by lower boundary line 306) falls outside the boundaries of the treatment intervals.

Shown in Fig. 3 is an example of a gating signal chart 300 that is aligned with motion
signal chart 200. Any motion signal that falls outside the treatment interval signal range 302
results in a “beam hold” gating éignal threshold 310 that stops the application of radiation to the
patient. Any motion signal that is within the treatment interval signal range 302 results in a
“beam on” gating signal threshold 312 that allows radiation to be applied to the patient. Inan
embodiment, digital signals that represent the information shown in motion signal chart 200 are
processed by computer 110 and compared to the threshold levels of the treatment interval signal
range 302 to generate gating signal thresholds 310 and 312. Alternatively, gating signal
thresholds 310 and 312 can be obtained by feeding analog motion signals to a comparator to be

compared with analog threshold signals that correspond to treatment interval signal range 302.
7
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In any case, gating signal thresholds 310 and 312 are generated by computer 110 and are applied
to the switch 116 that controls the operation of radiation beam source 102 (Fig. 1) to stop or start
the application of a radiation beam at patient 106.
Fig. 4 is a flowchart of the process actions performed in an embodiment of the invention.
5 The first process action is to define boundaries for the treatment intervals over the range of
motion signals to be detected by a camera (402). As indicated above, any motion that fall
outside the boundaries of the treatment intervals correspond to motion that is predicted to result
in unacceptable levels of movement of the tumor or tissue targeted for irradiation. An optical or
video imaging system, such as a video camera, is used to measure the physiological motion of
10 the patient (404), and the output signals of the optical or video imaging system are processed to
compare the measured motion signals with the threshold boundaries of the treatment intervals
(406).
If the motion signal is outside the boundaries of the treatment intervals, then a “beam
off” gating signal threshold is applied to a switch that is operatively coupled to the radiation
15 beam source (408). If the radiation beam source is presently irradiating the patient (410), then
the switch setting is operated to hold or stop the radiation beam (411). The process then returns

back to process action 406,
If the motion signal is within the boundaries of the treatment intervals, then a “beam on”

gating signal threshold is produced (412) and is applied to a switch that is operatively coupled to
20  the radiation beam source. Ifthe radiation beam source is presently not being applied to the
patient (413), then the switch setting is operated to turn on or apply the radiation beam source to
irradiate the patient (414). The process then returns back to process action 406.
According to one embodiment, the radiation beam source can be disengaged if a
éigniﬁca.nt deviation is detected in the regular physiological movements of the patient. Such
25  deviations can result from sudden movement or coughing by the patient. The position and/or
orientation of the targeted tissue may unacceptably shift as a result of this deviation, even
though the amplitude range of the motion signal still falls within the boundaries of the treatment
intervals during this deviation. Thus, detection of such deviations helps define the appropriate
time periods to gate the radiation treatment, A process for detecting deviations from regular
30 physiological movements of a patient is disclosed in Aﬁplicant’s PCT Intemnational Application
Number PCT/US99/24946, International Publication Number WO 00/24466.
During the planning pha.ée of the radiation treatment, gating simulations can be

performed to determine the optimum boundaries of the treatment intervals. Fig. 5a depicts a
8
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system 500 that can be employed to perform gating simulation. As with the system 100 shown
in Fig. 1, system 500 comprises a camera 108 that is directed at a patient on a treatment table
104. The output signals of camera 108 are sent to a computer 110 for processing. System 500
additionally includes an imaging system capable of generating images of internal structures
within the patient’s body. In an embodiment, system 500 comprises a digital flzoroscopic
imaging system having an x-ray source 502 and fluoroscopic x-ray detection apparatus 504. The
resulting fluoro video can be displayed on a fluoro display device 506. In addition, the output
signals from the fluoroscopic x-ray detection apparatus 504 can be sent to the computer 110.

During gating simulation, the movement of one or more landmarks or markers 114 on
the patient’s body is optically measured using camera 108. The detected motion of the landmark
or marker 114 results in the generation of motion signals according to the process discussed with
reference to Fig. 2. While motion data is being collected, the fluoroscopic video system
generates imaging data for the tumor or tissue that is targeted for irradiation. In an embodiment,
the positional geometry of the fluoroscopic imaging system is configured to correspond to the
projection geometry of the radiation beam source that will be used in applying radiation beams
for treatment. This allows accurate simulation of the target volume to be achieved during actual
treatment.

Fig. 5b depicts an embodiment of a user interface 510 for presenting the recorded data of
the flucro images and motion signals. A portion of user interface 510 displays a chart 512 of the
measured motion signals. Another portion of user interface 510 displays a fluoro video 514.
During the planning phase of treatment, the fluoro video 514 of the targeted tumor or tissue can
be displayed in synchronization with the display of the motion signals. Simultaneous display of
both sets of data allow a visual manner of determining the proper boundaries of the treatment
intervals, based upon the range of movements of the tumor or target tissue during particular
portions of the motion signals.

Gating simulations can be effected by performing “gated playback.” Gated playback
involves setting simulated threshold boundaries for the treatment intervals. During the gated
playback, the user interface can be configured to only display the fluoro image when the motion
signal is within the boundaries of the simulated treatment intervals. The fluoro video can be
turned off or frozen if the motion signal is outside the simulated treatment intervals. The gating
threshold can be dynamically adjusted while both the fluoro video and the motion signals are
displayed in the user interface. The playback/adjustment procedure can be performed until the
physician is satisfied with the gating thresholds of the treatment window. The display rate can
be dynamicaily adjusted to speed or slow down the visual playback of the fluoro video.

-12-
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In an embodiment, a visual display border can be formed around region(s) of interest in
the fluoro video 514. For example, a box-like display border can be drawn around a tumor
shown in fluoro video 514. Alternatively, a display border generally matching the shape of a
tumor can be drawn around that tumor. The visual display border can be used to simulate the
shape of an applied radiation beam. During playback, the movement of the tumor in relation to
the visual display border at particular points in the motion signal range can help determine the
proper boundaries of the treatment intervals.

The recorded fluoro image allows digital analysis and quantification of the amount of
tumor motion resulting from regular physiological movement. For each image frame, the image
data corresponding to the tumor or targeted tissue can be highlighted or otherwise selected by
the computer 110. Calculations can be performed upon this image data to analyze motion of the
tumor or tissue during the regular physiological movements.

According to an embodiment, this calculation can be performed by digital subtraction of
image frames. When using digital subtraction, a first image frame is selected that corresponds to
a first time point in a movement cycle. A second image frame is selected that corresponds to a
second time point in the movement cycle. Digital subtraction is performed between the image
elements of the first and second image frames to obtain the difference over the portion of the
image frames corresponding to the tumor or targeted tissue. In an embodiment, the strength of
the difference is computed using standard deviation of pixel values of the subtraction results.
The distribution area over the area of subtraction is analyzed to determine the amount of
positional movement experienced by the tumor or targeted tissue between the first and second
time points in the movement cycle. This calculation can be petformed over full recording
periods to accurately quantify tumor or targeted tissue movement at various stages within the
movement cycle.

The quantified movement data of the tumor or targeted tissue allows precise
determination of gating thresholds for the treatment intervals. For example, if the physician
desires the treatment intervals to include periods of movements that will not exceed a certain
threshold movement margin, then the quantified movement data can be analyzed to determine
the exact boundaries of the treatment intervals that achieves the desired movement margin.
Alternatively, certain preset movement margin thresholds can be programmed into the computer
110. Based upon the preset movement margins, the system can perform an analysis of the
movement data to determine the optimal gating thresholds of the treatment intervals to achieve
the preset movement margins. This gating threshold can be designated as the default or

suggested treatment intervals for the corresponding patient.
10
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.
Verification can be performed to validate the gating threshold settings of the treatment
Intervals, This is particularly useful during delivery of fractionated treatment. This can be done
as a second simulation procedure, by repeating the gating simulation employed during the
planning phase. Alternatively, gated verification imaging can be performed during a treatment
5 session scheduled for the patient with the radiation beam source. Gated electronic portal images

can be obtained during delivery of the fractionated radiation treatments. To accomplish this, the

\

gating system triggers a single exposure or a sequence of exposures which can be visually or
automatically compared to the original refererice images. The verification can be repeated at
any point deemed clinically appropriate during the treatment schedule.,

10 Figs. 62 and 6b depict an embodiment of a camera 108 that can used in the present
invention. Camera 108 is a charge-couple device (“CCD”) carnera having one or more
photoelectric cathodes and one or more CCD devices. A CCD deviceis a semiconductor device
that can store charge in local areas, and upon appropriate conirol signals, transfers that charge to
a readout point, When light photons from the scene to be images are focussed on the

15  photoelectric cathodes, electrons are liberated in proportion to light intensity received at the
camera. The electrons are captured in charge buckets located within the CCD device. The
distribution of captured electrons in the charge buckets represents the image received at the
camera. The CCD transfers these electrons to an analog-to-digital converter. The output of the
analog-to-digital converter is sent to computer 110 to process the video image and to calculate

20  the positions of the retro-reflective markers 114 According to an embodiment of the invention,
camera 108 is a monochrome CCD camera having RS-170 output and 640x480 pixel resolution.
Alternatively, camera 108 can comprise 2 CCD camera having CCIR output and 756x567 pixel
resolution,

In a particular embodiment of the invention, an infra-red illuminator 602 (IR

25 illuminator) is co-located with camera 108. IR illuminator 602 produces one or more beams of
infrared light that is directed in the same direction as camera 108, IR illuminator 602 comprises
2 surface that is ringed around the lens 606 of camera body 608. The surface of IR illuminator
602 contains a plurality of individual LED elements 604 for producing infrared light. The LED
elements 604 are arranged in a spiral pattern on the IR illuminator 602, Infrared filters that may

30 be part of the camera 108 are removed or disabled to increase the camera’s sensitivity to infrared
light,

According to an embodiment, digital video recordings of the patient in a session can be
recorded via camera 108, The same camera 108 used for tracking patient movement can be used

to record video images of the patient for future reference. A normal ambient light image

I
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sequence of the patient can be obtained in synchronization with the measured movement signals
of markers 114.

Figs. 7a and 7b depict an embodiment of a retro-reflective marker 700 that can be
employed within the present invention. Retro-reflective marker 700 comprises a raised
reflective surface 702 for reflecting light. Raised reflective surface 702 comprises a semi-
spherical shape such that light can be reflected regardless of the input angle of the light source.
A flat surface 704 surrounds the raised reflective surface 702. The underside of flat surface 704
provides a mounting area to attach retro-reflective marker 700to particular locations on a
patient’s body. According to an embodiment, retro-reflective marker 700 is comprised of a
retro-reflective material 3M#7610WS available from 3M Corporation. In an embodiment,
marker 700 has a diameter of approximately .5 cm and a height of the highest point of raised
reflective surface 702 of approximately .1 cm. )

Fig. 8 depicts an apparatus 802 that can be employed to manufacture retro-reflective
markers 700. Apparatus 802 comprises a base portion 804 having an elastic ring 806 affixed
thereto. Elastic ring 806 is attached to bottom mold piece 808 having a bulge protruding from
its center. A control lever 810 can be operated to move top portion 812 along support rods 814.
Top portion 812 comprises a spring-loaded top mold piece 814. Top mold piece 814 is formed
with a semi-spherical cavity on its underside. In operation, a piece of retro-reflective material is
placed on bottom mold piece 808. Control lever 810 is operated to move top portion 812
towards base portion 804. The retro-reflective material is compressed and shaped between the
bottom mold piece 808 and the top mold piece 814. The top mold piece 814 forms the upper
exterior of the retro-reflective material into a semi-spherical shape.

In an alternate embodiment, marker 114 comprises a marker block having one or more
reference locations on its surface. Each reference location on the marker block preferably
comprises a retro-reflective or reflective material that is detectable by an optical imaging
apparatus, such as camera 108.

Fig. 9 depicts an embodiment of a marker block 900 having a cylindrical shape with
multiple reference locations comprised of retro-reflective elements 902 located on its surface.
Marker block 900 can be formed as a rigid block (e.g., from Styrofoam). Blocks made in this
fashion can be reused a plurality of times, even with multiple patients. The retro-reflective
elements 902 can be formed from the same material used to construct retro-reflective markers
114 of Figs. 7a and 7b. The marker block is preferably formed from a material that s light-
weight enough not to interfere with normal breathing by the patient.

12
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) A marker block can be formed into any shape or size, as long as the size, spacing, and
positioning of the reference locations are configured such that a camera or other optical imaging
apparatus can view and generate an image that accurately shows the positioning of the marker
block. For example, Fig. 10 depicts an alternate marker block 1000 having a hemispherical

5 shape comprised of a plurality of retro-reflective elements 1002 attached to its surface.

The marker block can be formed with shapes to fit particular body parts. For example,
molds or casts that match to specific locations on the body can be employed as marker blocks.
Marker blocks shaped to fit certain areas of the body facilitate the repeatable placement of the
marker blocks at particular locations on the patient. Alternatively, the marker blocks can be

10 formed to fit certain fixtures that are attached to a patient’s body. For example, a marker block
can be formed within indentations and grooves that allow it to be attached to eyeglasses. In yet
another embodiment, the fixtures are formed with integral marker block(s) having reflective or
retro-reflective markers on them.

An alternate embodiment of the marker block comprises only a single reference

15 location/reflective element on its surface. This embodiment of the marker block is used in place
of the retro-reflective marker 114 to detect particular locations on a patient’s body with an
optical imaging apparatus.

In the foregoing specification, the invention has been described with reference to specific
embodiments thereof. It will, however, be evident that various modifications and changes may

20  bemade thereto without departing from the scope of the invention. For example, the operations
performed by computer 110 can be performed by any combination of hardware and software
within the scope of the invention, and should not be limited to particular embodiments
comprising just a particular definition of “computer”. The specification and drawings are,

accordingly, to be regarded in an illustrative rather than restrictive sense.

13
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CLAIMS

1. A system for determining treatment intervals for radiation therapy comprising:
an optical imaging apparatus at which motion information relating to regular

5 physiological movement of a patient’s body exterior is generated;

an imaging system at which image data representative of movement of
internal regions of the patient’s body is generated; and
_ a user interface * comprising a display for the image data synchronized with a
b
‘ 10  display of the motion information.

2. The system of claim 1 in which the imaging system ‘comprises a
“—fluorascopic imaging systefi; ‘
15 3. The system of claim 1 in which the optical imaging apparatus comprises

+.+..+  one ormore cameras configured to detect the regular physiological movement.

4, The system of claim 1 in which a simulated treatment interval is defined over the
motion information, and in which the image data is displayed during the simulated treatment

20 interval.

5. The system of claim 4 in which the simulated treatment interval is dynamically

adjustable.

14
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8. The system of claim 1 further comprising digital analysis signals, the digital
analysis signals comprising results of digital analysis to quantify motion of an intemal structure

shown in the image data.

5 7. The system of claim 6 in which the di gital analysis signals are generated with

digital subtraction of image frames.

8. The system of claim 1, further comprising a computer configured to

generate quantified movement data relating to movement of internal regions of a patient’s body.

’

10
9. The system of claim 8, wherein the quantified movement data is generated by
quantifying the amount of movement of interior regions of patient’s body resulting from
regular physiological movement of the patient’s body exterior.
e 15 10.  The system of claim 9, wherein digital subtraction of image frames is used to

.
. e

“e @
.

.

quantify the amount of movement of interior regions of a patient’s body resulting from regular

.
.
.

.

physiological movement of the patient’s body exterior,

. 11, The system of claim 8, firther comprising:

20 2 radiation source \; and

a switch - that is operatively coupled to the radiation source ; the switch
actuatable as a result of exceeding preset boundaries of treatment intervals, such
boundaries established using the quantified movement data.

15

-18-




12, The system of claim 1, further comprising:
a radiation source; and
a switch . that is operatively coupled to the radiation source, the switch -

actuatable as a result of particular levels of movement indicated by the motion information.

- 13.  The system of claim 12, further comprising a marker | attachable to the

patient’s body, wherein the motion information relates to motion of the marker,

14.  The system of claim 13 in which the marker comprises a retro-reflective

10 material.

15.  The system of claim 13 in which the marker comprises a marker block

- having one or more reflective elements,

16.  The system of claim 1 in which the optical imaging apparatus is a video

camera and the motion information comprises video data.

17.  The system of claim 1 in which the optical imaging apparatust  :comprises a

CCD camera.

._": 18, The system of claim 1 in which an infrared light source is co-located witl the

*....* oOptical imaging apparatus,

16
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19. The system of claim 1 in which a treatment interval is defined over the

motion information,

20. The system of claim 19 in which boundaries of the treatment interval
are defined to correspond with motion that is predicted to result in unacceptable levels of

movement of tissue targeted for radiation.

21. The system of one of claims 18 and 19 in which a gating signal is
applied to the switch based upon a comparison of the motion information with the

treatment interval.

22. The system of claim 12 in which the particular levels of movement
indicated by the motion information that can operatively actuate the switch correspond
with motion that is predicted to result in unacceptable levels of movement of tissue

targeted for radiation.

23. The system of claim 12 in which the particular levels of movement
indicated by the motion information that can operatively actuate the switch correspond

with motion that is predicted to result in reduced movement of the target volume.

24, The system of claim 12 in which the particular levels of movement
indicated by the motion information that can operatively actuate the switch correspond
with motion that is predicted to result in largest separation of the target volume from

organs at risk.

25. A method for determining treatment intervals for radiation therapy
comprising:
generating motion data representing physiological movements of the patient’s

body exterior;

recording image data representing movements of a patient’s internal regions that
have been targeted for irradiation; and
synchronously displaying the image data with the motion data for the

determination of treatment intervals for radiation therapy.

[RALIBM]14025.doc:mic
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26. The method of claim 25 further comprising:
selecting a simulated treatment interval;
displaying the image data only when the motion data is within the simulated

treatment interval.

27. The method of claim 26 in which the image data is frozen when the

motion data is outside the simulated treatment interval.

28. The method of claim 26 further comprising;
adjusting the simulated treatment interval to display a different quantity of image

data.

29. The method of claim 25 further comprising:
analyzing the image data to quantity an amount of motion of the targeted tissue

during the physiological movement.

30. The method of claim 25 further comprising:

forming a display border around a region of the image data.

31 The method of claim 25, further comprising:
generating quantified movement data relating to movement of internal regions of

a patient’s body.

32. The method of claim 31, wherein the step of generating quantified
movement data comprises quantifying the amount of movement of interior regions of a
patient’s body resulting from regular physiological movement of the patient’s body

exterior.

33. The method of claim 32, wherein the step of quantifying the amount of
movement of interior regions of a patient’s body is performed using digital subtraction of

image frames.
34, A method for determining treatment intervals for radiation therapy,

substantially as described herein with reference to any one or more of the accompanying

drawings.

{RALIBM]14025.doc: mic
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35. A system for determining treatment intervals for radiation therapy,
substantially as described herein with reference to any one or more of the accompanying
drawings.

5 DATED this ninth Day of October, 2003
Varian Medical Systems, Inc
Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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