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Description

The present invention relates to a diagnostic com-
puter tomography scanner, and in particular to a novel
scanner having a therapeutic irradiation capability.

Prior use of diagnostic computer scanners limited
their use of radiant energy beams to imaging purposes.
A patient was placed within the scanner gantry and
sequential scanning of the patient commenced using the
radiant energy beam of the scanner to provide a series
of images representing the internal structure of the
patient without the need for intrusive surgery.

If the images derived from the scanning procedure
indicated that radiation therapy of a particular area of the
patient was desirable, several possibilities were availa-
ble. In any event, however, in each of these possibilities
the patient was normally removed from the scanner upon
conclusion of the scanning procedure and radiation ther-
apy was performed upon a second apparatus designed
specifically for radiation therapy procedures.

The reason a second apparatus is normally
employed is due to the fact that the radiation energy lev-
els necessary for radiation therapy are incompatible with
those levels used in scanning a patient. Radiation ther-
apy calls for radiation energy levels capable of destroying
target tissue, while scanning for imaging purposes uses
radiation energy levels held at a much lower level to pre-
vent the destruction of tissue during the scanning and
imaging procedure itself. Thus, many consider the two
procedures to be incompatible upon the same appara-
tus.

The use of two devices results in physical difficulties
in successfully re-positioning the patient and locating the
position and extent of the target area to be therapeuti-
cally irradiated. This fact, along with the additional fact
that physical changes may have occurred to the patient
during the time interval between the imaging and therapy
procedures, all cause considerable problems in guaran-
teeing a successful procedure for the patient at a mini-
mum of danger and discomfort.

The present invention overcomes, addresses and
attempts to alleviate these problems, and does so at a
considerable lessening of the danger and risk to the
patient undergoing such radiation therapy.

GB-A-2050749 discloses the following features set
out in Claim 1: "a diagnostic computer tomography scan-
ner including at least one source adapted to produce a
radiant energy beam and a masking member located,
when the scanner is in use, between the or each source
and a patient, the masking member being fabricated of
a material that attenuates radiant energy and having an
aperture therein through which, in use, a substantially
unattenuated portion of the beam passes to irradiate a
chosen area of the patient; including imaging means
comprising a scanner detector arranged such that the
patient lies between the said source or sources and the
scanner detector”. According to the present invention, a
diagnostic computer tomography scanner comprises the
remaing features set out in Claim 1.
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The preferred embodiment can be used in combina-
tion with existing diagnostic computer tomography scan-
ners, thus enabling an existing apparatus, presently in
widespread use, to add a therapeutic dimension to its
purpose at little modification and small cost. Radiation
therapy may therefore be provided by medical centres
previously unable to do so due to the expense of pur-
chasing, installing and operating a separate radiation
therapy device.

In addition, at least in the preferred embodiment, the
present invention provides a number of benefits over
existing radiation therapy devices.

Specifically, in comparison with a gamma knife radi-
ation therapy device, the preferred embodiment provides
a more flexible geometry, and thus a more flexible irradi-
ated target volume size and shape for radiation pur-
poses. Likewise, since the preferred embodiment can be
used in combination with existing computer tomography
scanners, it has a lower cost and weight than the gamma
knife. Unlike the gamma knife, the preferred embodiment
provides a diagnostic imaging capability, and the lower
x-ray energies used allow for iodine dose enhancement
of the target area. Also imaging of the patient may occur
contemporaneous with the radiation therapy procedure,
thus allowing real time monitoring of the position of the
target area chosen for irradiation. Thus the preferred
embodiment provides for more accurate localization of
the area to be irradiated than prior art use of the gamma
knife as a standalone radiation therapy unit. The pre-
ferred embodiment also does not require any stereotac-
tic device for more precise positioning than that of the
gamma knife. Finally, the preferred embodiment uses a
lower x-ray energy level that allows a higher RBE, thus
lessening the total dose requirement needed for suc-
cessful radiation treatment and improving the dose pro-
file due to the continuous rotation and increased number
of radiation fields provided by utilization of a scanner unit
that are not found in the gamma knife presently in use
for radiation therapy procedures.

Another apparatus currently in use for radiation ther-
apy procedures is the radiation therapy unit using either
cobalt, a linear accelerator or orthovoltage to produce its
radiant energy beam.

Likewise, over the radiation therapy unit, the pre-
ferred embodiment provides for stereotactic localization
and more accurate positioning of the patient due to the
fact that a single device having diagnostic imaging capa-
bility is used for both imaging and therapy purposes. The
preferred embodiment thus eliminates the need for
patient movement and repositioning by providing for real
time imaging contemporaneous with the radiation ther-
apy for monitoring the target area location and position
with respect to the radiation beam.

The preferred embodiment also provides for a more
flexible geometry for the chosen target area. The pre-
ferred embodiment is also found in a device that has a
lower cost and weight than the radiation therapy units in
common use today.
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Another positive aspect of the preferred embodi-
ment over that of existing radiation therapy units is that
the x-ray tube used in most computer tomography scan-
ners provides a higher dose rate than either cobalt or
other isotopic sources of radiant energy. The preferred
embodiment also provides for more accurate localization
of the effects of the radiant energy beam, while the lower
x-ray energy level allows for iodine dose enhancement
of the target area and a higher RBE, thereby lessening
the total radiation dose requirement. The CT scanner
gantry tilt capability of the preferred embodiment is much
more flexible geometrically than available with linear
accelerators used for radiation therapy. Finally, the pre-
ferred embodiment provides for an improved radiation
dose profile over that of radiation therapy units due to a
continuous rotation of an increased number of fields pro-
viding the radiation beam.

The prior art includes the use of variable collimators
for radiation therapy, but not in connection with diagnos-
tic CT scanners.

In general the present invention is embodied in a
diagnostic computer scanner that uses a radiant energy
beam for imaging purposes.

The scanner is useful for therapeutically irradiating
a chosen area with the radiant energy beam and com-
prises a masking member preferably fabricated from a
material that partially attenuates the radiant energy
passing therethrough, but transmits a sufficient amount
of the radiant energy for imaging purposes.

The masking member has an aperture therein
adapted for passing an unattentuated portion of the radi-
ant energy beam therethrough. The masking member is
preferably removably fastened to the scanner, interpos-
ing the masking member in the radiant energy beam
intermediate the source of the radiant energy beam and
the chosen area for passing an unattenuated portion of
the radiant energy beam to irradiate the chosen target
area.

The cross-sectional shape of the masking member
aperture can preferably be selectively varied in a prede-
termined manner as a function of the location of the cho-
sen area and the position of the source of the radiant
energy beam.

The spatial position of the masking member aper-
ture can preferably also be selectively varied in a prede-
termined manner as a function of the location of the
chosen area and the position of the source of the radiant
energy beam.

A post-masking member is aligned with the masking
member aperture and fabricated of a material that atten-
uates the radiant energy passing therethrough to an
energy level essentially uniform with that of the radiant
energy passing through the masking member to permit
continued imaging during therapeutic irradiation of the
chosen target area.

The novel features of construction and operation of
the invention will be more clearly apparent during the
course of the following description, reference being had
to the accompanying drawings wherein has been illus-
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trated a preferred embodiment of the device of the inven-
tion, by way of example, and wherein like characters of
reference designate like parts throughout the drawings.

FIG. 1 is a diagrammatic illustration of the preferred
embodiment to provide imaging during radiation
therapy using a radiation beam that can penetrate
both a masking member and a post-masking mem-
ber;

FIG. 2 is a diagrammatic illustration of an embodi-
ment having fixed, adjustable masking members to
therapeutically treat a target lesion placed at the iso-
center of rotation of a CT scanner;

FIG. 3 is a diagrammatic illustration of an embodi-
ment having masking members with variable aper-
tures to therapeutically treat a target lesion placed
off the isocenter of rotation of a CT scanner;

FIG. 4 is a diagrammatic illustration similar to that of
FIG. 3 wherein the target lesionis irregular in volume
and size; and,

FIG. 5 is a diagrammatic illustration of an embodi-
ment having triple x-ray tube sources, masking
members and a single set of CT scanner imaging
detectors on a single gantry to achieve a high dose
rate.

In general, the present invention provides a simple
mechanism to use with a conventional diagnostic x-ray
computed tomography (CT) scanner to stereotactically
therapeutically irradiate a target lesion, symmetrical or
non-symmetrical, placed at a given spatial location with
regard to the scanner's radiation beam, for example, at
the CT scanner's rotation isocenter.

The invention provides an attachment means for a
masking member that is modified to connect to a partic-
ular CT scanner model and holds interchangeable mem-
bers having apertures of varying cross-sectional shape.
Alternatively, each masking member may have its own
attachment means. Registration pins or other mecha-
nism ensure accurate position of the masking member
with regard to the target area.

Attachment of the masking member can be any-
where between the x-ray tube and the gantry shroud, for
example to the x-ray tube housing adjacent to the win-
dow, to the existing slice thickness collimator mecha-
nism, to a bowtie filter, or elsewhere. It must remain
stationary with respect to the x-ray tube during rotation
and gantry tilt. The specific design will depend upon the
mechanical design and available space for each partic-
ular model of CT scanner.

A set of therapeutic masking members which restrict
the aperture to the central portion of the CT scanner
beam when held in position by the attachment means.
The masking members are preferably in graded sizes
and shapes to be selected to vary the target volume to
be therapeutically irradiated. The masking members
may have apertures that are round, rectangular or other
cross-sectional shape. For example, a therapeutic mask-
ing member could be fashioned from a piece of metal of
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sufficient thickness to stop essentially all of the radiation
emitted by the x-ray tube, with a round or a square hole
in the center with a diameter of 1 centimeter. When in
place, the masking member's aperture is aligned with the
x-ray central beam which passes through the rotation
and gantry tilt isocenter.

The CT scanner cannot be used for imaging the
entire cross-sectional anatomy when the therapeutic
masking members are in place. Depending upon the par-
ticular CT scanner's performance, animage limited to the
small area of the treatment may be produced with the
therapeutic masking member in place. If the scanner
aborts its operation with the therapeutic masking mem-
ber in place, it will be necessary to override the abort.
This is usually achieved by operating the CT scanner in
its "maintenance” mode, intended for use by service per-
sonnel.

As an option, described in greater detail below, a set
of imaging masking members of identical shape to the
therapeutic masking members but made of a different
material such as plastic that is only slightly absorbant of
radiation. Alternatively, the imaging collimators could be
complementary to the therapeutic masking member, that
is, thin except at the locations corresponding to the ther-
apeutic masking member's aperture where the comple-
mentary imaging collimator is thick. The imaging
collimator can be substituted for the corresponding ther-
apeutic masking member and a CT image scan per-
formed. The result will be an artifact superimposed upon
the full area cross-sectional image which can be used to
verify the location and size of the treatment target vol-
ume.

The size of the masking member can be calibrated
to take into account beam divergence to the rotation iso-
center of the CT scanner, so that the masking member
having an aperture marked "1 cm." irradiates a diameter
of 1 cm. at the rotation isocenter of the scanner.

Finally, as will be described better in the preferred
embodiment of a method that includes the present inven-
tion, to treat a target lesion, place the patient in the CT
scanner with positioning restraints to prevent patient
motion with respect to the scanner's tabletop. A conven-
tional diagnostic scan and repositioning of the patient as
necessary is performed, side to side, and by adjusting
the table position in or out, and up or down to move the
target lesion to the rotation isocenter, the distance to the
isocenter as determined by conventional use of the CT
scanner's image display location measurement soft-
ware. The target lesion diameter is measured and the
corresponding pair of therapeutic masking members and
imaging collimators are chosen. If desired, the imaging
collimator is put in place in the attachment mechanism
of the CT scanner and a CT scan (or optionally multiple
scans with varying gantry tilt angles) to verify the correct
size of the masking member aperture and correct posi-
tioning of the patient. Full area cross-sectional imaging
may be repeated periodically to check for patient motion
and mispositioning. The masking member having the
correct size aperture is then chosen and attached to the
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CT scanner. If imaging with the imaging collimator has
been performed, replace the imaging collimator with the
corresponding therapeutic masking member. Without
patient motion, repeatedly scan a large number of times
with or without varying gantry tilt and/or slight table
motion, according to the therapeutic prescription. For
example, 100 scans through the target lesion, each scan
delivering 3 rads/scan can deliver 300 rads to the target
lesion in under one hour using a conventional CT scan-
ner, while allowing adequate time for x-ray tube cooling.

Specifically, then the present invention is found in
combination with a diagnostic computer tomography
scanner that uses a radiant energy beam for imaging
purposes, and is in a preferred apparatus for therapeu-
tically irradiating a chosen target area with the radiant
energy beam embodying the present invention, as
shown infigure 1, comprised with a masking member 10
fabricated from a material that attenuates radiant energy
passing therethrough.

The masking member has an aperture 12 therein
adapted for passing an unattenuated portion 14 of the
radiant energy beam 16 therethrough.

Means, not illustrated, are provided for removably
fastening the masking member 10 to the scanner. Pre-
ferred means are screws, clips, fasteners, snaps and the
like which are capable of holding the masking member
in a known and fixed relation to the radiant energy beam
but which still permit the removal of the masking member
when desired to substitute a new masking member or to
remove the masking member altogether for imaging pur-
poses.

The masking member is interposed in the radiant
energy beam intermediate the source 30 of the radiant
energy beam and the chosen target area 22. Positioning
the masking member in this manner provides for passing
the unattenuated portion 14 of the radiant energy beam
16 through aperture 12 to irradiate the chosen target
area.

Means are provided for selectively varying the cross-
sectional shape of the masking member aperture to a
more complex cross-sectional shape in order to more
exactly conform the radiation to the shape of the chosen
target area. For example, as described better below, an
iris mechanism could be used for a circular or more com-
plex masking member aperture shape.

In one preferred embodiment, such means com-
prises having the masking member be an iris apparatus
with means for selectively varying the cross-sectional
shape of the masking member aperture 12. Such means
for selectively varying the cross-sectional shape of the
masking member aperture 12 are well known in the art
and may comprise any of a number of known mecha-
nisms for controlling the iris apparatus.

In an alternate preferred embodiment, masking
member 10 comprises at least one pair of spaced
opposed jaws 18, 20. Each pair of jaws 18, 20 are selec-
tively adjustable as to spacing between its respective
jaws. The means for selectively varying the cross-sec-
tional shape of the masking member aperture 12 in this
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embodiment comprises a mechanism for selectively
controlling the spacing between jaws 18, 20.

In another alternate preferred embodiment, masking
member 10 comprises a first and second pair of spaced,
opposed jaws. One pair of jaws would have a spacing
between the jaws representing the usual slice thickness
of a standard collimator found in a computed tomography
scanner unit. The other pair of jaws having a spacing that
provides the axial width of the unattenuated radiation
beam 14. In other words, this second pair of jaws would
control the chosen target area irradiation as shown in the
Figs. 1-5.

The actual jaw members of the axial or second pair
of jaws may be implemented as a set of strips or pins
which extend or retract perpendicular to the axial plane
of the scanner device as needed to either open or close
the resulting aperture for the unattenuated portion of the
radiation beam.

Each pair of jaws is selectively adjustable as to spac-
ing between its respective jaws and is aligned with one
another to form the masking member aperture 12 by
common spacing between each pair of jaws. In this
embodiment, means for selectively varying the cross-
sectional shape of the masking member aperture 12
comprises a mechanism for selectively controlling the
spacing between respective jaws of each individual pair
of jaws.

The mechanism for selectively controlling the spac-
ing between respective jaws of each pair of jaws prefer-
ably operates independently on each pair of jaws to
control the spacing between respective jaws of each pair.

The preferred apparatus being described also
includes means for selectively varying the cross-sec-
tional shape of the masking member 12 aperture in a
predetermined manner as a function of the location of
the chosen area and the position of the source of the
radiant energy beam 16.

Also included in the apparatus being described is
means for selectively varying the spatial position of the
masking member aperture in a predetermined manner
as a function of the location of the chosen target area
and the position of the source of the radiant energy
beam.

In both of these cases, a computer controlled mech-
anism may be used to control the spacing between the
jaws so as to vary the spacing with respect to either the
location of the spatial position of the masking member
aperture or of the chosen area with the position of the
source of the radiant energy beam. Such computer con-
trolled mechanisms are well known in the art and are
found in numerically controlled machines used in manu-
facturing for example.

In one preferred embodiment, the masking member
10 is fabricated from a material that attenuates essen-
tially all of the radiant energy passing therethrough as
shown in Figs. 2-5. In this embodiment, there is a single
unattenuated portion 14 of the radiant energy beam 16
that passes through the aperture 12 of masking member
10 to irradiate the chosen target area of the patient.
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However, it is also preferred in another alternate
embodiment shown in Fig. 1, that masking member 10
be fabricated from a material that partially attenuates the
radiant energy passing therethrough, and transmits a
sufficient amount of the radiant energy for imaging pur-
poses through the solid portion 26 of masking member
10.

In this last embodiment, a post-masking member 24
is preferably aligned with masking member aperture 12
and is fabricated of a material that attenuates the radiant
energy passing therethrough to an energy level essen-
tially uniform with that of the radiant energy passing
through the masking member 10. In this manner, scan-
ner detectors 28 aligned with the radiant energy beam
16, may continue to provide imaging during the radiation
therapy procedure. This would ensure the continued
positioning of the chosen target area 22 during the radi-
ation therapy procedure and avoid any changes in posi-
tion that may have occurred due to either movement of
the patient or false initial positioning of the patient prior
to the commencement of the procedure. This post-mask-
ing member 24 is not required for treatment. lts purpose
is to assist in imaging by compensating for the non-uni-
form irradiation due to the masking member 10 on the
scanner imaging detectors 28. If the dynamic range of
the scanner imaging detectors 28 will permit, the post-
masking member 24 can be omitted and the variation in
intensity due to the masking member 10 can be cor-
rected by the imaging computer of the scanner unit prior
to reconstruction of the received image.

A method embodying the present invention would
also occur in combination with a diagnostic computer
tomography scanner that uses a radiant energy beam for
imaging purposes, and an apparatus for therapeutically
irradiating a chosen area with the radiant energy beam.
The preferred method would comprise the steps of posi-
tioning a patient in the scanner using positioning
restraints to prevent patient motion with respect to the
scanner. Normally, a patient is placed in a known position
on a platform that is surrounded by a rotatable gantry
having the radiant energy beams carried thereon with
opposed detectors to receive the beams as they pass
through varying, but known, portions of the patient.

In this manner, the next step would be performing a
diagnostic scan of the patient as is normally done in the
prior art.

Once the scan is completed, the appropriate individ-
uals must determine whether radiation therapy is neces-
sary to treat an area, such as a lesion, found during the
imaging process. If such an area is determined to be an
area chosen for therapeutic irradiation, its geometry
must be determined and its location pinpointed for proper
therapy.

Once the decision has been made to use radiation
therapy and the geometry and location of the chosen
area are determined, the patient is preferably reposi-
tioned as necessary to move the chosen area to a
selected predetermined location. While itis preferable to
move the patient so that the area chosen to be irradiated
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would be located at the isocenter of rotation of the scan-
ner gantry, this is not necessary for the invention. By
proper control over the apertures in the masking member
or members, an area may be irradiated by the radiant
energy beam that is not at the isocenter of rotation of the
scanner gantry. Such control may be provided by com-
puter control of the apertures of the masking members
in selected variation of either the size of the aperture or
its location with respect to the source of the radiant
energy beam.

Once positioned, a masking member is chosen to
complement the geometry of the area chosen for irradi-
ation.

The masking member is interposed in the radiant
energy beam intermediate the source of the radiant
energy beam and the chosen area so that said unatten-
uated portion of the radiant energy beam irradiates the
chosen area. The chosen area is scanned through mul-
tiple cycles to irradiate the chosen area to a desired
exposure level.

As was discussed above, it is preferable that the
masking member chosen for use in this method be fab-
ricated from a material that partially attenuates the radi-
ant energy passing therethrough, but that transmits a
sufficient amount of radiant energy for imaging pur-
poses. With this in mind, it is also preferable to maintain
in alignment with the masking member aperture a post-
masking member fabricated of a material that attenuates
the radiant energy passing therethrough to an energy
level essentially uniform with that of the radiant energy
passing through the masking member to permit contin-
ued imaging of the patient during irradiation of the cho-
sen area.

The present invention is intended to operate during
repetitive scanning of the computed tomography imaging
unit with the masking member of the invention in place
thereon.

In this mode of operation, the imaging data from a
number of rotations would be added together to form the
projection data for CT imaging to monitor the radiation
therapy procedure in real time. This provides the utility
of being able to confirm the correct positioning of the cho-
sen target area during the radiation therapy procedure
while minimizing the radiation dose outside the chosen
target area.

While commercial CT scanners offer a limited range
of imaging slice thicknesses, generally 1.5 mmup to 10
mm in thickness, the present invention could modify the
imaging slice thickness by varying the aperture in the
masking member to encompass target areas thicker
than 10 mm in the orientation perpendicular to the axial
plane illustrated in the attached Figures.

The therapeutic beam used for the radiation therapy
procedure is expected to be many times more intense
than the imaging portion of the radiation beam which
reaches the CT unit detectors. The specific choice as to
imaging beam strength will be made so as to achieve
adequate radiation at the detectors to achieve an image
with an acceptable noise level, taking into account the
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ability of the CT unit to sum the radiation from a number
of rotations to obtain the data for a single image. For
example, if a single typical diagnostic scan represented
3 rads to the target area, a treatment might consist of
100 scans of the target area, yielding a treatment dose
of 300 rads to the target area. If the radiation passing
through the masking member, through the body of the
masking member, not through the aperture of the mask-
ing member, is 1/20 of the radiation passing through the
aperture, then an image equivalent in quality to the usual
diagnostic scan can be obtained by combining 20 ther-
apeutic scans of the target area. By a moving average,
combining the previous "n" number of scans into one
image (n = 20 in this example), the image could be
updated, that is, reconstructed again or refreshed, after
each scan to include in the image projection data from
the most recent "n" therapeutic scans. By varying the
number of scans "n", a tradeoff can be made between
image noise and how up to date this image is.

Inthe simpliest case shown in Fig. 2 which illustrates
locationally fixed adjustable aperture masking members
positioned to treat a target area, for example a lesion,
placed at the isocenter of rotation of the CT scanner unit,
the patient would be scanned initially while attached to
an apparatus which allows adjustment up-down and left-
right. The table elevation mechanism of commercial CT
scanners fuffills the requirement for an up-down adjust-
ment mechanism. A mechanism such as used for stere-
otaxic neurosurgery would also suffice.

After the preliminary scan, the coordinates of the
lesion or target area are determined relative to the scan-
ner's rotation isocenter by use of the CT scanner's dis-
play computer, and the patient is moved in the
corresponding distance and direction to bring the target
lesion to the isocenter of rotation.

In any case, after the preliminary localization scan,
the size and location of the target lesion to be treated is
determined by manually or automatically outlining the
target lesion on the display screen, by enclosing the
lesion in a geometric shape, or by other conventional
means. The present invention calculates geometrically
the masking member aperture required in each scanner
orientation to irradiate the target lesion as the scanner
rotates, (and also the table motion, gantry tilt, and mask-
ing member aperture required, if three-dimensional radi-
otherapy is used). The computer can then control the
treatment process by adjusting the x-ray output, masking
member aperture, table position, and gantry tilt as
required to achieve the prescribed treatment to the target
lesion area.

Monitoring of the treatment can be by visual obser-
vation of the simultaneous imaging. The monitoring of
the therapy can also be automated by computer compar-
ison of successive treatment images with an alarm
sounded if the image changes. A change in the image
could signify a problem with the treatment, such as
patient motion. Detection of image change could be by
image processing techniques such as integral of the
mean squared difference between images, or compari-
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son of image centroids, or motion detection by cross-cor-
relation.

Optimal treatment may be computed by selecting
the desired therapeutic x-ray dose distribution, then iter-
atively varying the masking member aperture (or even
the beam intensity across the aperture) in the various
orientations until the resultant apertures and corre-
sponding intensities when projected (according to the
laws of attenuation of radiation beams) converge upon a
solution as close to the desired distribution as can be
achieved. It remains to be demonstrated that this would
be any better than simply adjusting the masking member
aperture to irradiate the entire target lesion in each ori-
entation. Direct mathematical solutions or contrained
iterative solutions are also possible. For example, the
radiation dose could be constrained so as to minimize
the radiation dose (or not exceed a pre-selected radiation
dosage) to a particular sensitive region apart from the
target lesion.

As indicated above in the description, ifimaging dur-
ing the therapy procedure is not desired, a thicker mask-
ing member can be used so that essentially no radiation
enters the patient except through the aperture of the
masking member. This could be an option which could
be activated or deactivated as desired.

The radiation source could be a rotating anode or
fixed anode x-ray tube as shown in the Figures. A fixed
anode x-ray tube with oil cooling of the anode generally
delivers its radiation dose more slowly than a rotating
anode tube, but can operate continuously without inter-
ruptions for tube cooling. For this reason, fixed anode x-
ray tubes are generally preferred for orthovoltage radia-
tion therapy, because the treatment time is less. The
same advantage applies to the present invention if it is
being designed as a purely therapeutic machine, as
opposed to a dual purpose design used for both diagno-
sis and therapy for which a rotating anode tube is more
advantageous.

The present invention can be designed to be retro-
fitted on existing diagnostic CT scanners. These scan-
ners can treat to an approximate radiation dose of about
300 - 400 rads/hour of elapsed time, using a rotating
anode tube, including tube cooling time, that is, the
equivalent of two spine CT diagnostic exams per hour,
but with all the scans being directed at the same target
lesion (for example, 120 scans/hour x 3 rads/scan = 360
rads/hour).

When gantry tilt is used to achieve three-dimen-
sional therapy, either the scanner table can be moved in
the infout direction to accommodate each gantry tilt
angle, or the table can be moved once in the up/down
direction prior to the treatment to bring the target lesion
to the horizontal level of the isocenter of rotation, so that
infout motion is not needed to accommodate gantry tilt.

A translate-rotate geometry CT scanner, so called
"first” or "second” generation CT scanner, can substitute
electronic control of the x-ray beam intensity for masking
member aperture variation. The treatment time, how-
ever, would be greatly prolonged unless the translation
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were limited to the location of the projection of the target
lesion, but that would limit simultaneous imaging during
therapy. Alternatively, translation may be slowed at loca-
tions resulting in irradiation of the target area.

Short treatment times may require the use of CT
scanners and equipment that include a heat dissipating
stationary anode, oil cooled tube or high heat capacity
rotating anode tube of advanced design to produce the
radiation beam.

Also preferable is the use of a multiple x-ray tube CT
scanner, with several x-ray tubes attached to the scanner
gantry to reduce the treatment time required for radio-
therapy, for example, a three x-ray tube CT scanner
design with the tubes located 120 degrees apart on the
gantry as shown in Fig. 5. (Note: An odd number of x-
ray tubes angularly spaced equally around the gantry
provides weight balance and avoids beam interference
since the beams are not colinear; for example, a five x-
ray tube design could be used in place of the three x-ray
tube design shown in Fig. 5.)

When multiple x-ray tubes are placed on a scanner
gantry, they can be of different designs. For example, a
rotating anode tube can be used for imaging while oil-
cooled stationary anode tubes are used for radiation
therapy.

When multiple x-ray tubes are placed on a scanner
gantry, only one set of imaging detectors is required for
imaging. This results in a lower cost design with no
adverse effect on image quality whatsoever.

Alternatively, if the goal, or additional goal, of the
design is a very fast CT imager, multiple sets of imaging
detectors (one set for each of the multiple x-ray tubes)
can be included to speed up the imaging process. For
example, because less than 360 degree rotation is
required to acquire all possible angular projection data
(that is, views from every direction of the full 360 degree
circle, or alternatively fully covering 180 degrees). This
has application to stop motion imaging, cardiac imaging,
and reduction of respiratory and other motion artifacts.

Additional beamfiltration by the use of copper or alu-
minium in the fabrication of the apertures of the masking
members can be used to harden the radiation therapy
beams in order to spare the superficial skin and high
atomic number bone relative to a deep target lesion of
low atomic number. This beam hardening effect, how-
ever, is undesirable if iodine dose enhancement of the
target area is desired.

In some situations, it may be desirable not to irradi-
ate from particular directions, in order to spare particular
anatomic structures. This may be accomplished by clos-
ing or restricting the aperture of the masking member, or
by turning off the x-ray tube output by turning off the high
voltage or use of grid control in the x-ray tube.

An area of special note is that the present invention
may also be used to irradiate a target lesion that is not
located at the rotation isocenter of the CT scanner. In
this case, a close comparison must be made of the
dosimetry for irradiation of the same target lesion when
moved to the center of rotation versus when irradiated in
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an eccentric location using movable masking members.
Some differences would be expected in this situation due
to differing beam attenuation and differing inverse
square law effects, but the magnitude of these effects
upon dose distribution can be determined.

A high voltage CT scanner using an x-ray therapy
tube may be operated at higher kilovoltage for therapy to
achieve higher dose rates and greater electron energy
to x-ray conversion efficiency with lower percentage x-
ray tube heating (for example, 250 kVP) as well as at
lower kilovoltage (80 - 140 kVP) for more optimum imag-
ing contrast.

The beam intensity profile may be modulated along
each projection using a translate-rotate type CT scanner
with varying mA or kV, or alternatively with a purely rota-
tional scanner by time varying the masking member
aperture during each angular projection to better achieve
a desired dose distribution. A masking member having
its aperture automatically controlled that uses pins or
plugs which extend or retract to open or close the mask-
ing member aperture would be especially well suited for
this latter application.

When therapeutically irradiating a target area using
a number of angled planes with varying gantry tilt, it is
desirable to omit those x-ray tube irradiation angles coin-
ciding with the axis of gantry tilt so that excessive irradi-
ation does not result along a line through the axis of
gantry tilt which represents the intersection of all of the
angled planes at varying gantry tilt, that is, when the x-
ray beam is horizontal pointed either to the left or to the
right. This can be achieved by turning off the x-ray tube
at those angles, by closing the aperture of the masking
member at those angles, or by means of lead or other
stationary blockers placed on both sides of the gantry on
the gantry tilt axis. This can also be achieved by an x-ray
tube rotation of less than 180 degrees which does not
include the horizontal.

The above described and disclosed invention also
has industrial applications for the specific irradiation of a
given target area by machinery that is not presently pri-
marily constructed for irradiation purposes. Many of
these applications will be obvious to those of ordinary
skill in the art given the presently disclosed invention.

Theinvention described above is, of course, suscep-
tible to many variations, modifications and changes, all
of which are within the skill of the art.

Claims

1. Adiagnostic computer tomography scanner includ-
ing at least one source (30) adapted to produce a
radiant energy beam (16) and a masking member
(10) located, when the scanner is in use, between
the or each source and a patient, the masking mem-
ber being fabricated of a material that attenuates
radiant energy and having an aperture (12) therein
through which, in use, a substantially unattenuated
portion (14) of the beam (16) passes to irradiate a
chosen area (22) of the patient; including contem-
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poraneous imaging means comprising a scanner
detector (28) arranged such that the patient lies
between the said source or sources and the scanner
detector, and a post-masking member (24) arranged
between the scanner detector (28) and the patient,
and aligned with the aperture (12), the post-masking
member being fabricated of a material that attenu-
ates the radiant energy passing therethrough to an
energy level substantially equal to that of the radiant
energy of that part of the beam (16) which has been
attenuated by the masking member (10); the beam
being arranged therapeutically to irradiate the cho-
sen area, and whereby substantially the whole of the
beam (16) received at the scanner detector (28) dur-
ing a radiation therapy procedure is of a level per-
mitting real time monitoring of the position of the
chosen area (22) during the procedure.

Ascanner as claimed in Claim 1 including means for
selectively varying the cross-sectional shape of the
aperture (12).

A scanner as claimed in Claim 2 in which the mask-
ing member (10) is an iris apparatus and the means
for selectively varying the cross-sectional shape of
the aperture comprises a mechanism for controlling
the iris apparatus.

A scanner as claimed in Claim 2 in which the mask-
ing member (10) comprises a pair of spaced
opposed jaws, the spacing between the jaws being
selectively adjustable, and the means for selectively
varying the cross-sectional shape of the aperture
comprising a mechanism for selectively controlling
the said spacing.

A scanner as claimed in Claim 2 in which the mask-
ing member (10) comprises afirst and a second pair
of spaced, opposed jaws, the jaws being aligned
with one another to form the aperture (12) therebe-
tween, the spacing between the jaws of each pair
being adjustable, and the means for selectively var-
ying the cross-sectional shape of the aperture com-
prising a mechanism for selectively controlling the
spacing between the respective jaws of each pair.

A scanner as claimed in Claim 5 in which the mech-
anism for selectively controlling the spacing
between the respective jaws of each pair operates
independently on each pair.

A scanner as claimed in any one of Claims 2 to 6
including means for selectively varying, in use, the
area or shape of the aperture as a function of the
location of the chosen area and the position of the
source (30) of the beam with respect to the masking
member (10).



10.

1.

12.

13.

15 EP 0 382 560 B1 16

A scanner as claimed in any one of the preceding
claims including means for selectively varying, in
use, the spatial position of the aperture (12) as a
function of the location of the chosen area (22) and
the position of the source (30) of the beam.

A scanner as claimed in any one of the preceding
claims in which the masking member (10) is fabri-
cated from a material that attenuates substantially
all of the radiant energy passing therethrough.

A scanner as claimed in any one of Claims 1 to 8in
which the masking member (10) is fabricated from
a material that partially attenuates the radiant
energy passing therethrough, but transmits a suffi-
cient amount of radiant energy for imaging pur-
poses.

A scanner as claimed in any one of the preceding
claims including a first source of a radiant energy
beam for diagnostic purposes and a second source
of a radiant energy beam for therapeutic purposes.

A scanner as claimed in any one of the preceding
claims including means for positioning the chosen
area (22) at the rotation isocentre of the scanner.

A scanner as claimed in any one of the preceding
claims including means for making repeated com-
puter tomography scans and mutually rotating the
scanner and the chosen area to therapeutically irra-
diate the chosen area from various angles.

Patentanspriiche

1.

Diagnosecomputergestiitzter Tomographie-Scan-
ner mit wenigstens einer Quelle (30), die zur Erzeu-
gung eines Energiestrahls (16) geeignet ist und
einem Blendenteil (10), der, wenn der Scanner in
Betrieb ist, zwischen der Quelle oder jeder Quelle
und einem Patienten angeordnet ist, wobei der Blen-
denteil aus einem Material gefertigt ist, das die
Strahlungsenergie dampft, und eine Offung (12)
darin aufweist, durch die im Betrieb ein im wesent-
lichen ungedampfter Teil (14) des Strahls (16) hin-
durchtritt, um einen ausgewahlten Bereich (22) des
Patienten zu bestrahlen; ferner mit kontemporaren
Bilderzeugungsmitteln, die einen Scannerdetektor
(28), der so angeordnet ist, daB der Patient zwi-
schen der Quelle oder den Quellen und dem Scan-
nerdetektor liegt, und einen hinteren Blendenteil
(24) aufweist, der zwischen dem Scannerdetektor
(28) und dem Patienten angeordnet und mit der Off-
nung (12) ausgerichtet ist, wobei der hintere Blen-
denteil aus einem Material gefertigt ist, daB die
Strahlungsenergie, die durch ihn hindurchtritt, auf
ein Energieniveau gedampft wird, das im wesentli-
chen gleich dem der Strahlungsenergie des Teiles
des Strahles (16) ist, der durch den Blendenteil (10)
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gedampft worden ist; wobei der Strahl so angeord-
net ist, um den ausgewahlten Bereich therapeutisch
zu bestrahlen, und wobei im wesentlichen der
gesamte Strahl (16), der an dem Scannerdetektor
(28) wahrend einer Strahlungstherapie empfangen
wird, ein solches Niveau hat, daB eine Realzeitiber-
wachung der Position des ausgewéhlten Bereichs
(22) wahrend der Therapie méglich ist.

Scanner nach Anspruch 1 mit einer Einrichtung zum
wahlweisen Verandern der Querschnittsform der
Offnung (12).

Scanner nach Anspruch 2, bei dem der Blendenteil
(10) eine Irisblende ist, und bei dem die Einrichtung
zum wahlweisen Verdndern der Querschnittsform
der Offnung einen Mechanismus zur Steuerung der
Irisblende aufweist.

Scanner nach Anspruch 2, bei dem der Blendenteil
(10) ein Paar von unter Abstand einander gegen-
Uber angeordneten Backen aufweist, wobei der
Abstand zwischen den Backen wahlweise einstell-
bar ist, und bei demdie Einrichtung zum wahlweisen
Veréndern der Querschnittsform der Offnung einen
Mechanismus zum wahlweisen Steuern dieses
Abstandes aufweist.

Scanner nach Anspruch 2, bei dem der Blendenteil
(10) ein erstes und ein zweites Paar von unter
Abstand einander gegeniberliegenden Backen auf-
weist, wobei die Backen miteinander ausgerichtet
sind, um die Offnung (12) dazwischen zu bilden,
wobei der Abstand zwischen den Backen jedes Paa-
res einstellbar ist, und bei dem die Einrichtung zur
wahlweisen Verdnderung der Querschnittsform der
Offnung einen Mechanismus aufweist, um den
Abstand zwischen den jeweiligen Backen jedes
Paares wahlweise zu steuern.

Scanner nach Anspruch 5, bei dem der Mechanis-
mus zum wahlweise Steuern des Abstand zwischen
den jeweiligen Backen eines Paares unabhéangig auf
jedes Paar wirkt.

Scanner nach einem der Anspriiche 2 - 6 mit einer
Einrichtung zum wahlweisen Verandern der Flache
oder der Form der Offnung als eine Funktion der
Lage des ausgewahlten Bereiches und der Position
der Quelle (30) des Strahls in Bezug auf den Blen-
denteil (10) im Betrieb.

Scanner nach einem der vorhergehenden Anspru-
che mit einer Einrichtung zum wahlweisen Veran-
dernim Betrieb der raumlichen Position der Offnung
(12) als eine Funktion der Lage des ausgewahlten
Bereichs (22) und der Position der Quelle (30) des
Strahls.
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Scanner nach einem der vorhergehenden Anspri-
che, bei dem der Blendenteil (10) aus einem Mate-
rial gefertigt ist, das im wesentlichen die gesamte
Strahlungsenergie, die durch ihn hindurchtritt,
dampift.

Scanner nach einem der Anspriiche 1 bis 8, bei dem
der Blendenteil (10) aus einem Material gefertigt ist,
das die Strahlungsenergie, die durch ihn hindurch-
tritt, teilweise dampft, jedoch einen geniigenden
Betrag der Strahlungsenergie flr Bilderzeugungs-
zwecke durchlaBt.

Scanner nach einem der vorhergehenden Anspru-
che mit einer ersten Quelle eines Energiestrahls flir
diagnostische Zwecke und einer zweiten Quelle
eines Energiestrahls fir therapeutische Zwecke.

Scanner nach einem der vorhergehenden Anspri-
che mit einer Einrichtung zur Positionierung des
ausgewahlten Bereichs (22), in dem Rotations-Iso-
zentrum des Scanners.

Scanner nach einem der vorhergehenden Ansprii-
che mit einer Einrichtung zur Durchflihrung wieder-
holter  Computerthermographie-Scan-Vorgangen
und zum Drehendes Scanners gegentiberdem aus-
gewahlten Bereich, um den ausgewahlien Bereich
unter verschiedenen Winkeln therapeutisch zu
bestrahlen.

Revendications

Appareil diagnostic a balayage de tomographie cal-
culée comprenant au moins une source (30) adap-
tée a la production d'un faisceau d'énergie de
rayonnement (16) et un élément de masquage (10)
situé, lorsque I'appareil  balayage fonctionne, entre
la ou les sources et le patient, I'élément de mas-
quage étant constitué d'une matiére qui diminue
I'énergie de rayonnement et possédant une ouver-
ture (12) au travers de laquelle, lorsque l'appareil
fonctionne, une partie pratiquement intacte (14) du
faisceau (16) passe pour irradier une surface choisie
(22) du patient, comprenant en méme temps des
moyens pour l'imagerie englobant un détecteur de
I'appareil & balayage (28) disposé de maniére a ce
que le patient soit allongé entre ladite source ou les-
dites sources et le détecteur de I'appareil a balayage
et un élément de post-masquage (24) disposé entre
le détecteur de l'appareil & balayage (28) et le
patient, et aligné avec I'ouverture (12), I'élément de
post-masquage étant constitué d'une matiére qui
diminue I'énergie de rayonnement qui le traverse et
redonne un niveau d'énergie sensiblement égal a
celui de I'énergie de rayonnement de cette partie du
faisceau (16) qui a été diminuée par I'élément de
masquage (10); le faisceau étant disposé a des fins
thérapeutiques pour irradier la surface choisie, et
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par conséquent sensiblement tout le faisceau (16)
regu au niveau du détecteur de I'appareil a balayage
(28) pendant une opération d'irradiation thérapeuti-
que est d'un niveau tel qu'il permet de surveiller en
temps réel la position de la surface choisie (22) pen-
dant l'opération.

Appareil a balayage selon la revendication 1, com-
prenant des moyens pour faire varier sélectivement
laforme de la coupe transversale de l'ouverture (12).

Appareil & balayage selon la revendication 2, dans
lequel I'élément de masquage (10) est un appareil
a iris et les moyens pour faire varier sélectivement
la forme de la coupe transversale de I'ouverture
comprennent un mécanisme de commande de
l'appareil a iris.

Appareil a balayage selon la revendication 2, dans
lequel I'élément de masquage (10) comprend une
paire de machoires opposées et espacées, I'écarte-
ment entre les machoires pouvant étre ajusté sélec-
tivement et les moyens pour faire varier
sélectivement la forme de la coupe transversale de
l'ouverture comprennent un mécanisme pour con-
trbler sélectivement ledit écartement.

Appareil & balayage selon la revendication 2, dans
lequel I'élément de masquage (10) comprend une
premiére et une seconde paire de machoires espa-
cées et opposées, les machoires étant alignées les
unes avec les autres pour former entre elles l'ouver-
ture (12), I'écartement entre les machoires de cha-
cune des paires étant réglable, et les moyens pour
faire varier sélectivement la forme de la coupe trans-
versale de I'ouverture comprennent un mécanisme
qui permet de contrbler sélectivement I'écartement
entre les machoires respectives de chaque paire.

Appareil a balayage selon la revendication 5, dans
lequel le mécanisme permettant de contrbler de
fagon sélective I'écartement entre les machoires
respectives de chaque paire agit indépendamment
sur chaque paire.

Appareil & balayage selon I'une quelconque des
revendications 2 & 6, comprenant des moyens pour
faire varier de fagon sélective, lors de I'utilisation, la
surface ou la forme de l'ouverture en fonction de la
position de la surface choisie et la position de la
source (30) du faisceau par rapport a I'élément de
masquage (10).

Appareil & balayage selon I'une quelconque des
revendications précédentes, comprenant des
moyens pour faire varier sélectivement, lors de I'uti-
lisation, la position de I'ouverture (12) dans I'espace
en fonction de la position de la surface choisie (22)
et de la position de la source (30) du faisceau.
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Appareil a balayage selon I'une quelconque des
revendications précédentes, dans lequel I'élément
de masquage (10) est constitué d'une matiére qui
diminue sensiblement toute I'énergie de rayonne-
ment qui le traverse.

Appareil a balayage selon I'une quelconque des
revendications 1 & 8, dans lequel I'élément de mas-
quage (10) est constitué d'une matiére qui diminue
partiellement I'énergie de rayonnement passant a
travers, mais qui transmet une quantité suffisante
d'énergie de rayonnement pour les besoins de I'ima-
gerie.

Appareil a balayage selon I'une quelconque des
revendications précédentes, comprenant une pre-
miéere source d'un faisceau d'énergie de rayonne-
ment utilisé a des fins de diagnostic et une seconde
source d'un faisceau d'énergie de rayonnement uti-
lisé a des fins thérapeutiques.

Appareil a balayage selon I'une quelconque des
revendications précédentes, comprenant des
moyens pour positionner la surface choisie (22) sur
l'isocentre de rotation de I'appareil a balayage.

Appareil a balayage selon l'une quelconque des
revendications précédentes, comprenant des
moyens pour réaliser des balayages répétés a l'aide
d'un systéme de tomographie et d'un ordinateur et
afaire tourner mutuellement I'appareil a balayage et
la surface choisie pour irradier a des fins thérapeu-
tiques la surface choisie & partir de différents angles.
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