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Description

TECHNICAL FIELD

[0001] Embodiments of the invention relate to treating
a target site in a patient.

BACKGROUND

[0002] Various methods of treating patients with differ-
ent types of radiation have matured since E.O. Lawrence
first used neutron radiation to cure his mother of cancer
in 1932, and R.R. Wilson first suggested using protons
to treat cancer in a seminal paper in 1946. Today, most
medical centers have, or have access to, at least one
facility for generating a radiation beam for treating ma-
lignancies. The facility generally comprises an acceler-
ator for accelerating a beam of charged particles, for ex-
ample electrons or protons, a target with which the beam
collides to produce a desired type of radiation, and ap-
paratus for accurately aiming the desired radiation as a
well defined therapeutic radiation beam at a target site
of a malignancy in a patient’s body. The radiation beam
may be a particle beam of electrons, a beam of hadrons,
such as protons, neutrons, or alpha particles, or a beam
of electromagnetic radiation, such as X-rays or gamma
rays. An example of a radiotherapy device using CPAP
to provide hyperthermia is disclosed in US 2010 294 279.
[0003] Therapeutic radiation beams operate to kill ma-
lignant cells at a target site of a malignancy by depositing
an amount of radiant energy at the target site sufficient
to damage the DNA of the malignant cells. Malignant
cells at the target site suffering sufficient damage to their
DNA die and are removed from the body by natural proc-
esses. However, radiation in a therapeutic radiation
beam does not distinguish between healthy cells and ma-
lignant cells, and may damage healthy cells as well as
malignant cells. As a result, therapeutic radiation beams
generally have to be accurately configured and aimed at
a target site of a malignancy to concentrate deposited
radiant energy at the malignancy, and minimize deposi-
tion of radiant energy to surrounding healthy tissue.
[0004] For malignancies, such as malignancies in or
on the appendages, or the brain, which may relatively
easily be stabilized and kept stationary during radiation
therapy, therapeutic radiation beams may generally ef-
fectively be configured to localize deposition of radiant
energy to the malignancies. For malignancies located in
or on an organ of the thoracic or abdominal regions of
the body, such as malignancies of the left breast, lungs,
liver, and pancreas, breathing may generate relatively
large motion of the organ and thereby the malignancies.
Maintaining a radiation beam focused on the moving ma-
lignancies may be a relatively complex and difficult un-
dertaking.
[0005] A conventional procedure for depositing radiant
energy by a therapeutic radiation beam to a malignancy
exhibiting motion during irradiation may involve forming

the beam sufficiently large so that the malignancy re-
mains within the beam cross section throughout irradia-
tion. To moderate exposure of healthy tissue during irra-
diation, a therapeutic radiation beam may be controlled
to follow motion of the malignancy during irradiation. Al-
ternatively or additionally, a therapeutic radiation beam
may be shuttered on and off in synchrony with a patient’s
respiratory motion so that doses of radiation are delivered
to the malignancy each time it moves through a same
given location. In some procedures, attempts may be
made to physically constrain a patient’s respiratory mo-
tion during irradiation by pressing on the patient’s abdo-
men to moderate motion of the malignancy due to respi-
ration during irradiation.

SUMMARY

[0006] The invention relates to providing apparatus,
hereinafter also referred to as "Steady-Site", for perform-
ing a procedure at a target site in the thoracic or abdom-
inal regions of a patient’s body and constraining move-
ment of the target site due to respiratory motion during
the procedure. Steady-Site may comprise at least one or
any combination of more than one of a diagnostic, inter-
ventional, and/or therapeutic device, to be delivered to
the target site for performance of the procedure or for
delivering an agent to the target site for performance of
the procedure. Hereinafter a diagnostic, interventional,
and/or therapeutic device in accordance with an embod-
iment of the invention may be generically referred to as
a medical device. An agent may comprise a substance
and/or energy for delivery to the target site. Steady-Site
comprises apparatus for providing continuous positive
airway pressure (CPAP) to the patient’s lungs during the
procedure to constrain motion of the target site, expand
the chest cavity and lungs, and/or displace organs and
tissue in the chest cavity to distance them from the target
site.
[0007] A procedure performed at a target site, or treat-
ing a target site, may refer to any medical or imaging
procedure that may be performed at, in, or of the site, or
any combination of more than one of such procedures.
In an embodiment of the invention the medical device
may be a manually operated or deployed medical device
or a robotic device that operates autonomously or semi-
autonomously to deliver an agent to the target site and/or
to deploy at the target site.
[0008] The apparatus comprises a controller that con-
trols delivery of the medical device and/or agent. The
controller controls the CPAP apparatus to provide CPAP
during performance of the procedure. The CPAP provid-
ed during the procedure operates to flatten and reduce
motion of the diaphragm during respiration, and expand
the lungs and chest cavity. The CPAP thereby moderates
motion of tissue and organs in the thoracic and abdominal
regions due to patient respiration, and as a result, motion
of the target site during irradiation. Expansion of the lungs
and chest cavity tends to reposition and increase spacing
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between organs in the chest cavity and abdomen. The
reduced motion of the target site and other organs and
tissue in the thoracic and abdominal regions of the patient
facilitates delivery of a medical device or agent to the
target site and contributes to reduction of possible col-
lateral damage to tissue outside of the target site resulting
from delivery of the medical device or agent. Expansion
of the lungs and chest cavity and resultant repositioning
and spacing of organs in the chest and abdomen may
also facilitate delivery of a medical device or agent to the
target site and reduction of possible collateral damage
to tissue outside of the target site resulting from delivery
of the medical device or agent.
[0009] For example, CPAP administered in accord-
ance with an embodiment of the invention, tends to dis-
place the heart caudally relative to the left breast. As a
result, the heart may benefit from reduced exposure to
radiation in a radiation beam directed to deliver a dose
of radiation to a target site comprising a malignant lesion
of the left breast. Expansion of the lungs due to CPAP
reduces density of lung tissue, which generally improves
contrast between tissue in the target site and lung tissue
for medical imaging modalities that might be used to ac-
quire images of a target site in the thoracic region of a
patient.
[0010] In an embodiment a Steady-Site apparatus,
which may be referred to as Steady-Site ACCURAD, or
ACCURAD, is configured to provide radiation therapy
and comprises radiation therapy equipment for delivering
radiation to a target site of, optionally a malignancy, in
the thoracic or abdominal regions of a patient’s body with
reduced exposure of healthy tissue in a neighborhood of
the malignancy to the radiation. Steady-Site ACCURAD
optionally comprises a radiation beam and a controller
that controls the radiation beam, and the CPAP appara-
tus to provide CPAP during irradiation of the target site
by the radiation beam. An ACCURAD therapeutic radia-
tion beam may therefore generally be relatively accurate-
ly aimed at the malignancy and be configured having a
smaller cross section perpendicular to its direction of
propagation than therapeutic radiation beams provided
by conventional radiation facilities. The ACCURAD ther-
apeutic radiation beam is therefore generally able to de-
liver radiation to a target site of a malignancy with reduced
collateral damage to healthy tissue
[0011] An aspect of an embodiment relates to deter-
mining an internal target volume (ITV) for a malignancy
of a patient to be irradiated by an ACCURAD radiation
beam. An ITV for a malignancy is generally defined to
include a clinical target volume (CTV) of the malignancy,
which is a volume of tissue that contains a gross tumor
volume (GTV) that characterizes the malignancy, as well
as tissue peripheral to the GTV that is considered to re-
quire radiation therapy. The ITV is generally larger than
the CTV and is defined as a volume that substantially
contains, and within which the CTV may be predicted to
move as a result of motion, generated for example by
the patient’s respiratory motion, of the malignancy during

irradiation. Motion of the patient’s malignancy is imaged,
optionally using an MRI (magnetic resonance imaging)
scanner and/or a CT (computed tomography) scanner,
which may for example perform a 4D (four dimension)
CT scan, PET/CT (positron emission tomography
/CT)scan, or cone beam CT scan during provision of
CPAP to the patient. The reduced motion of the malig-
nancy, increased separation of organs, and improved tis-
sue contrast resulting from the provision of CPAP ena-
bles determination of an ITV, hereinafter also referred to
as a CPAP-ITV, for treating the malignancy with the AC-
CURAD radiation beam that is generally smaller than a
conventional ITV.
[0012] ACCURAD comprises a medical imager such
as by way of example, an ultrasound, PET, MRI, or a CT
scanner, and the ACCURAD controller controls the
CPAP apparatus and the medical imager to acquire im-
ages of the malignancy and motion of the malignancy
during provision of CPAP to determine the CPAP-ITV.
Optionally, the controller comprises a computer execut-
able instruction set for image processing the images to
determine a GTV and CTV for the malignancy and/or for
determining the CPAP- ITV.
[0013] In the discussion, unless otherwise stated, ad-
jectives such as "substantially" and "about" modifying a
condition or relationship characteristic of a feature or fea-
tures of an embodiment of the invention, are understood
to mean that the condition or characteristic is defined to
within tolerances that are acceptable for operation of the
embodiment for an application for which it is intended.
Unless otherwise indicated, the word "or" in the descrip-
tion and claims is considered to be the inclusive "or" rath-
er than the exclusive or, and indicates at least one of, or
any combination of items it conjoins
[0014] This Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used to limit the scope of the claimed subject matter.
The invention is defined in the claims, other embodiments
being merely exemplary.

BRIEF DESCRIPTION OF FIGURES

[0015] Non-limiting examples of embodiments of the
invention are described below with reference to figures
attached hereto that are listed following this paragraph.
Identical features that appear in more than one figure are
generally labeled with a same label in all the figures in
which they appear. A label labeling an icon representing
a given feature of an embodiment of the invention in a
figure may be used to reference the given feature. Di-
mensions of features shown in the figures are chosen for
convenience and clarity of presentation and are not nec-
essarily shown to scale.

Figs. 1A-1C schematically show treating a malignan-
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cy located in the thoracic cavity of a patient using a
conventional therapeutic radiation beam apparatus;
Fig. 2 schematically shows treating the malignancy
shown in Figs. 1A-1C using a Steady-Site AC-
CURAD apparatus, in accordance with an embodi-
ment of the invention; and
Fig. 3 shows a flow diagram of a procedure for treat-
ing a malignancy with an ACCURAD radiation beam,
in accordance with an embodiment of the invention.

DETAILED DESCRIPTION

[0016] The following detailed description describes a
conventional procedure, schematically illustrated in Figs.
1A-1C for, by way of example, irradiating a malignant
lesion of the left lower lung of a patient to deliver a ther-
apeutically effective dose of radiation to the lesion. The
illustrated conventional procedure shows movement of
the lesion during irradiation due to respiratory motion of
the lungs and diaphragm and resultant exposure of
healthy tissue to radiation. Fig. 2 schematically shows a
similar procedure performed on the same lesion by a
Steady-Site ACCURAD apparatus in which motion of the
lesion is moderated by CPAP, and a relatively narrow
focused beam of radiation irradiates the lesion in accord-
ance with an embodiment of the invention. The moder-
ated motion of the lesion and narrow beam of radiation
reduces exposure of healthy tissue surrounding the le-
sion to radiation. A flow diagram for a procedure for treat-
ing a target site, optionally malignant lesion, in accord-
ance with an embodiment of the invention is shown in
Fig. 3 and discussed with reference to the figure.
[0017] Figs. 1A-1C schematically show a patient 100
being treated for a malignant lesion represented by a
solid circle 60 by a conventional radiology machine 120.
The size of solid circle 60 schematically represents a
clinical target volume (CTV) determined for the lesion. In
the figures, outer boundaries of left upper lobe (LUL) 102
and left lower lobe (LLL) 104 of the left lung in the patient’s
chest cavity 106, are indicted by fine dashed lines, and
the patient’s diaphragm 110 is shown in a bold dashed
line. Lung tissue within the fine dashed lines outlining
LUL 102 and LLL 104 is indicated by dotted shading.
Density of lung tissue is schematically represented by
density of the shading. By way of example, malignant
lesion 60 is located on LLL 104.
[0018] Radiology machine 120 comprises a radiation
beam generator 122 and a controller 124 that controls
beam generator 122 to irradiate patient 100 with a radi-
ation beam 130 having characteristics that are advanta-
geous for delivering a desired dose of radiation to lesion
60 that may control and eradicate the lesion. The figures
show radiology machine 120 irradiating patient 100 dur-
ing a respiratory cycle. Optionally, radiation beam 130 is
a beam of X-rays.
[0019] Lesion 60 undergoes substantial motion during
respiration of patient 100, and radiation beam 130 is con-
figured by controller 124 having a solid angle sufficiently

large so that the lesion does not move outside of the
beam at any time during the patient’s respiratory cycle.
In particular, a component of motion of lesion 60 during
respiration of patient 100 parallel to the sagittal plane
(not shown) of the patient’s body is relatively large. The
plane of Figs. 1A-1C is parallel to the patient’s sagittal
plan and is assumed to intersect the trajectory of motion
that lesion 60 executes during respiration. Therefore, to
contain lesion 60 during respiration, controller 124 con-
trols beam generator 122 to configure radiation beam
130 so that the radiation beam has a relatively large cross
section defined by a relatively large opening angle θ in
the plane of Figs. 1A-1C.
[0020] In Fig. 1A, patient 100 has just completed ex-
haling, the patient’s diaphragm 110 is maximally elevated
into the chest cavity, to contract the chest cavity volume
and compress lung volume substantially to their mini-
mum, and patient 100 is about to initiate inhalation. As a
result of the compressed lung volume, lung tissue density
is substantially at a maximum, which is schematically in-
dicated by relatively dense shading of LUL 102 and LLL
104. Lesion 60 is located high in the chest cavity near a
lower right edge 107 of radiation beam 130.
[0021] In Fig. 1B patient 100 is inhaling and substan-
tially in the middle of the inhalation portion of the patient’s
respiratory cycle. Diaphragm 110 is partially contracted
to move the diaphragm inferiorly away from the chest
cavity to expand and reduce pressure in the chest cavity
and expand and draw air into the lungs. As a result of
motion of diaphragm 110, associated expansion of chest
cavity 106 and rib cage (not shown), and expansion of
LUL 102 and LLL 104, lesion 60 has moved downward
in the chest cavity and away from the back 109 of patient
100, to locate substantially along a midline (not shown)
of radiation beam 130. Empty circle 61 in Fig. 1B indicates
where lesion 60 was located at the earlier, full exhalation
stage of the respiratory cycle of patient 100 shown in Fig.
1A. Density of shading of LUL 102 and LLL 104 is reduced
in Fig. 1B relative to density of shading of LUL 102 and
LLL 104 in Fig. 1 A to indicate that expansion of the lungs
has reduced lung tissue density relative to lung tissue
density at full exhalation.
[0022] Fig. 1C schematically shows patient 100 when
the patient’s respiration has progressed from the middle
of the inhalation portion of the respiration cycle shown in
Fig. 1B to a state at which the patient has fully inhaled.
Diaphragm 110 is maximally contracted and drawn infe-
riorly to expand chest cavity 106 and the lungs to their
respective maximum volumes and inspire air to fully fill
the lungs. Density of lung tissue in the fully expanded
lungs is substantially at a minimum and is schematically
indicated by the relatively sparse shading of LUL 102 and
LLL 104 in Fig. 1C. As a result of motion of diaphragm
110, associated motion of the rib cage and expansion
LUL 102 and LLL 104, lesion 60 has displaced further
downward in the chest cavity 106 and away from the back
to a position along a left edge 108 of beam 130. In Fig.
1C open circles 61 and 62 indicate positions of lesion 60
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at the earlier stages of the respiratory cycle of patient
100 shown respectively in Figs. 1A and 1B.
[0023] Following full inhalation as shown in Fig. 1C,
diaphragm 110 relaxes to retrace in reverse its motion
shown in Figs 1A to Fig.1C and cause chest cavity to
contract and expel air from the lungs in an exhalation
portion of the respiratory cycle of patient 100. When fully
relaxed, exhalation is complete, diaphragm 110 is re-
turned to its fully elevated position in chest cavity 106
shown in Fig. 1A and patient 100 is ready again to initiate
inhalation and begin a new respiratory cycle. During ex-
halation, in sympathy with motion of diaphragm 110 and
contraction of chest cavity 106, lesion 60 reverses its
motion and retraces its trajectory backwards to move
from its location in Fig. 1C, through the location indicated
by open circle 62, to the location of lesion 60 shown in
Fig. 1A and indicated in Fig. 1C by open circle 61.
[0024] With each complete respiratory cycle, from ini-
tiation of inhalation through completion of exhalation, le-
sion 60 executes round trip motion from its location in
Fig. 1A to its location in Fig. 1C and back to its location
in Fig. 1A. A boundary 64 in Fig. 1C surrounds empty
circles 61 and 62 and lesion 60 and encompasses the
round trip trajectory of lesion 60. Boundary, 64 represents
a boundary of an internal target volume, ITV, for lesion
60. Numeral 64 may be used to refer to the ITV bounded
by boundary 64 as well as the boundary. The size of
radiation beam 130 and the size of ITV 64 are substan-
tially dictated by the size of the GTV of lesion 60 and a
constraint to maintain the lesion within radiation beam
130 during the respiration cycle of patient 100. The size
of radiation beam 130 and the size of ITV 64 in Figs 1A-
1C indicates that in addition to the GTV of lesion 60, a
substantial volume of the patient’s healthy tissue is ex-
posed to potentially damaging radiation during treatment.
[0025] Fig. 2 schematically shows a Steady-Site AC-
CURAD apparatus 20 for providing radiation therapy, in
accordance with an embodiment of the invention. In the
figure ACCURAD 20 is schematically shown treating pa-
tient 100 for the same lesion 60 of LLL 104 shown in Figs.
1A-1C.
[0026] Steady-Site ACCURAD 20 comprises a radia-
tion beam generator 22, a CPAP apparatus 40, and a
controller 50 that controls the radiation beam generator
and the CPAP apparatus. CPAP apparatus 40 optionally
comprises a face mask 42, shown mounted to the face
of patient 100 and connected by a flow tube 44 to an air
pump system 46. The air pump system is controllable by
controller 50 to provide a flow of breathable gas such as
air at a desired pressure and flow rate to the face mask
and thereby to patient 100 via flow tube 44. Optionally,
CPAP apparatus 40 is controllable to provide a flow of
gas to face mask 42 other than a conventional mix of
gases found in air. For example, controller 50 may control
air pump system 46, in accordance with an embodiment
of the invention, to provide a mix of gases to face mask
42 having higher or lower oxygen content than ambient
air. Optionally, controller 50 controls air pump system 46

to provide a desired humidity and/or temperature of gas-
es that flows to face mask 42. Gas flow under any suitable
condition of pressure, flow rate, temperature and humid-
ity, and any suitable mix of gases provided to a patient,
such as patient 100, by a CPAP apparatus in accordance
with an embodiment of the invention, may be referred to
a CPAP gas flow or CPAP airflow.
[0027] To provide a desired dose of radiation to lesion
60, controller 124 controls CPAP apparatus 40 to provide
an optionally constant CPAP gas flow of air to face mask
42 at a pressure and flow rate sufficient to substantially
fully expand the lungs of patient 100 and moderate mo-
tion and position of diaphragm 110, the lungs, and other
internal organs of the patient’s chest cavity, and thereby
motion of lesion 60, during respiration. The fully expand-
ed lungs have a relatively low lung tissue density that
may be substantially equal to the low lung tissue density
represented in Fig. 1C. The low lung tissue density is
indicated in Fig. 2 by the density of shading of LUL 102
and LLL 104, which is the same as the density of shading
of LUL 102 and LLL 104 in Fig. 1C.
[0028] Following initiation of CPAP airflow to patient
100, controller 50 controls beam generator 22 to gener-
ate a beam 30 of radiation that is aimed at lesion 60.
Since provision of the CPAP airflow moderates motion
of lesion 60, the lesion is associated with an ITV, a
"CPAP-ITV", schematically indicated by a border 70, that
is smaller than ITV 64 associated with lesion 60 (Fig. 1C)
when the lesion is treated by a conventional radiology
machine such as radiology machine 120 (Figs. 1A-1C).
As a result, radiation beam 30 provided by Steady-Site
ACCURAD 20 in accordance with an embodiment of the
invention, may be characterized by a solid angle that is
relatively small compared to the solid angle of beam 130.
Therefore, as schematically shown in the plane of Fig.
2, radiation beam 30 generated by Steady-Site AC-
CURAD 20 to treat lesion 60 has an opening angle φ
relatively small compared to the opening angle θ of radi-
ation beam 130 (Figs. 1A-1C) generated by conventional
radiology machine 120.
[0029] As a result of its relatively small solid angle, a
volume of healthy tissue in patient 100 that is exposed
to potentially damaging radiation from ACCURAD radi-
ation beam 30 provided by Steady-Site ACCURAD 20 is
relatively small compared to a volume of healthy tissue
exposed to radiation from conventional radiation beam
130.
[0030] By way of a numerical example, conventional
X-ray radiation machine 120 may irradiate a lesion 60
with radiation beam 130 of X-rays (Fig. 1A-1C) from a
distance of about 100 cm (centimeter). The lesion may
have a determined ITV 64 characterized by maximum
dimension equal to about 10 cm perpendicular to a di-
rection of propagation of X-ray beam 130. The X-ray
beam may therefore have an angle θ () in the plane of
Figs. 1A-1C equal to about 5.7°. For the same lesion 60,
CPAP-ITV 70 determined for Steady-Site ACCURAD ra-
diation machine 20 (Fig. 2) may have a maximum dimen-
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sion perpendicular to ACCURAD radiation beam 30 pro-
vided by ACCURAD equal to about 7 cm. In the plane of
Fig. 2, ACCURAD radiation beam 30 may therefore have
an angle φ (Fig. 2) equal to about 4.0°.
[0031] In an embodiment of the invention, a Steady-
Site ACCURAD apparatus, similar to ACCURAD 20,
comprises a medical imager (not shown) operable to im-
age, an optionally malignant, lesion of a patient to be
treated by ACCURAD. The imager may use any of var-
ious suitable medical imaging modalities to image the
lesion. By way of example, the medical imager may im-
age the lesion using one, or any combination of more
than one of MRI (magnetic resonance imaging), flouros-
copy, CT (computed tomography), PET (positron emis-
sion spectroscopy), SPECT (single photon emission
computed tomography), or ultrasound scanners. AC-
CURAD operates the medical imager to image the lesion
while controller 124 controls CPAP apparatus 40 to pro-
vide CPAP airflow to the patient that expands the pa-
tient’s lungs and moderates motion of the patient’s dia-
phragm, and the lesion. A processor optionally com-
prised in controller 124 processes the images to identify
the lesion and determine the moderated motion of the
lesion during provision of CPAP airflow to the patient.
The processor may determine a CPAP-ITV, for example
CPAP-ITV 70 shown in Fig. 2, that is used to configure
a beam of radiation for treating the lesion, responsive to
the identified lesion and imaged moderated motion.
[0032] Fig. 3 presents a flow diagram 200 of simplified
procedure in accordance with which a Steady-Site AC-
CURAD apparatus may operate to deliver therapeutic
radiation to a target site of a patient’s body.
[0033] In a block 202 Steady-Site ACCURAD 20 pro-
vides CPAP airflow to the patient. Optionally in a block
204 while the patient is experiencing CPAP airflow
Steady-Site ACCURAD acquires images of a region of
interest (ROI) in the patient’s body. In a block 206 the
images are processed to identify a target site in the ROI
to be treated with radiation provided by Steady-Site AC-
CURAD and determine motion of the target site during
respiration. Optionally in a block 208 a CPAP-ITV is de-
termined for the target site and in a block 210 the target
site is irradiated with radiation provided by Steady-Site
ACCURAD responsive to the CPAP-ITV.
[0034] Whereas in the above description radiation
beam 30 provided by ACCURAD 20 may be considered
by omission as being a static beam that is substantially
unchanged during irradiation of lesion 60, practice of an
embodiment of the invention is not limited to static radi-
ation beams. For example, an ACCURAD radiation beam
may be shuttered in synchrony with motion of a lesion
within a CPAP-ITV to irradiate the lesion at a same loca-
tion within the CPAP-ITV substantially only when the le-
sion moves through the location. Alternatively or addi-
tionally, an ACCURAD radiation beam may be controlled
to track a lesion during its motion within a CPAP-ITV.
[0035] The above description describes irradiating a
lesion during provision of CPAP airflow and imaging a

patient’s lesion using any of various imaging modalities
and CPAP airflow. However, practice of an embodiment
of the invention is not limited to therapeutic radiology or
medical imaging of lesions. A Static-Site apparatus in
accordance with an embodiment of the invention may for
example be used to stabilize a tissue in a target site in a
patient’s body to facilitate performing a biopsy of tissue
in the target site, or to carry out radiofrequency or MRI
focused ultrasound ablation of tissue in the target site. A
Static-Site apparatus may be advantageous for use in
stabilizing an organ during a medical procedure such as
by way of example, stabilizing heart motion during valve
replacement or catheterization of the heart or catheteri-
zation and/or stent deployment of blood vessels in or
connected to the heart. Generally catheterization of a
target site, such as the heart or a blood vessel is pre-
formed while imaging the target site. Providing CPAP
during catheterization, as noted above, may improve res-
olution of the imaging by reducing motion of the target
site, increasing distance of the target site from adjacent
organs, and/or increasing contrast of the target site rel-
ative to surrounding tissue. The improved resolution may
enable reduction of a radiation dose and/or a quantity of
contrast or isotope to which the patient may be exposed
to effect the imaging.
[0036] There is therefore provided apparatus for per-
forming a procedure at a target site of a patient’s body,
the apparatus comprising: a continuous positive airway
pressure (CPAP) apparatus that provides CPAP to the
patient’s lungs; a medical device for performing the pro-
cedure at the target site; and a controller that controls
the CPAP apparatus to provide CPAP to the patient’s
lungs during performance of the procedure. Optionally,
the medical device comprises a radiation beam generator
that generates a radiation beam for irradiating tissue at
the target. Optionally, the radiation beam generator con-
figures the radiation beam to irradiate an internal target
volume (ITV) in the patient’s body that comprises the
target site. The ITV may be determined responsive to an
image of the target site acquired by a medical imager
during provision of CPAP to the patient’s lungs. The ap-
paratus comprises a medical imager that acquires the
image of the target site. The controller optionally com-
prises an executable instruction set that the controller
executes to process the image to determine the ITV.
[0037] In an embodiment of the invention, the medical
device comprises a tissue ablator that delivers energy to
tissue in the target site to ablate the tissue.
[0038] In an embodiment of the invention, the medical
device comprises a biopsy sampler that operates to ac-
quire a sample of tissue in the target site.
[0039] In an embodiment of the invention, the medical
device comprises a catheter.
[0040] In an embodiment of the invention, the medical
device comprises a stent.
[0041] In an embodiment of the invention, the medical
device comprises a medical imager.
[0042] In an embodiment of the invention, the medical
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device comprises a robotic device controlled by the con-
troller.
[0043] In an embodiment of the invention, the medical
device comprises a manually operated medical device.

Claims

1. Apparatus for performing a procedure at a target site
of a patient’s body, the apparatus comprising:

a continuous positive airway pressure (CPAP)
apparatus adapted to provide CPAP to the pa-
tient’s lungs;
a medical device adapted to perform the proce-
dure at the target site the apparatus character-
ized by;
a controller configured to control the CPAP ap-
paratus based on images provided by a medical
imager to provide CPAP to the patient’s lungs
at a pressure and flow rate suitable for moder-
ating motion of the target site-during perform-
ance of the procedure and determining a desired
internal target volume (ITV).

2. The apparatus according to claim 1 wherein the med-
ical device comprises a radiation beam generator
adapted to generate a radiation beam for irradiating
tissue at the target.

3. The apparatus according to claim 2 wherein the ra-
diation beam generator adapted to configure the ra-
diation beam to irradiate an internal target volume
(ITV) in the patient’s body that comprises the target
site.

4. The apparatus according to claim 3 wherein the ITV
is determined responsive to an image of the target
site acquired by the medical imager during provision
of CPAP to the patient’s lungs.

5. The apparatus according to claim 4 and comprising
a medical imager adapted to acquire the image of
the target site.

6. The apparatus according to claim 4 or claim 5 where-
in the controller comprises an executable set of in-
structions that the controller executes to process the
image to determine the ITV.

7. The apparatus according to any of the preceding
claims wherein the medical device comprises a tis-
sue ablator adapted to deliver energy to tissue in the
target site to ablate the tissue.

8. The apparatus according to any of the preceding
claims wherein the medical device comprises a bi-
opsy sampler adapted to operate to acquire a sample

of tissue in the target site.

9. The apparatus according to any of the preceding
claims wherein the medical device comprises a cath-
eter for cardiac catheterization.

10. The apparatus according to any of the preceding
claims wherein the medical device comprises a
stent.

11. The apparatus according to any of the preceding
claims wherein the medical device comprises a med-
ical imager.

12. The apparatus according to any of the preceding
claims wherein the medical device comprises a ro-
botic device controlled by the controller.

13. The apparatus according to any of the preceding
claims wherein the medical device comprises a man-
ually operated medical device.

14. The apparatus according to any of the preceding
claims wherein the target site is in a thoracic or ab-
dominal region of the patient’s body.

15. The apparatus according to any of the preceding
claims wherein the motion being moderated com-
prises motion due to patient respiration.

16. The apparatus according to any of the preceding
claims wherein the controller controls the CPAP gas
flow to substantially fully expand the patient’s lungs.

Patentansprüche

1. Vorrichtung zum Durchführen eines Verfahrens an
einer Zielstelle des Körpers eines Patienten, wobei
die Vorrichtung umfasst:

eine kontinuierliche Vorrichtung für den positi-
ven Atemwegsdruck (CPAP), die angepasst ist,
um CPAP an die Lunge des Patienten zu liefern;
eine medizinische Vorrichtung, die angepasst
ist, um das Verfahren an der Zielstelle durchzu-
führen, wobei die Vorrichtung gekennzeichnet
ist durch;
eine Steuerung, die konfiguriert ist, um die
CPAP-Vorrichtung, basierend auf Bildern, zu
steuern, die von einem medizinischen Bild-
wandler bereitgestellt werden, um CPAP der
Lunge des Patienten mit einem Druck und einer
Strömungsgeschwindigkeit bereitzustellen, die
geeignet sind, die Bewegung der Zielstelle zu
moderieren, während der Durchführung des
Verfahrens und des Bestimmens eines ge-
wünschten inneren Zielvolumens (ITV).
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2. Vorrichtung nach Anspruch 1, wobei die medizini-
sche Vorrichtung einen Strahlungsstrahlgenerator
umfasst, der angepasst ist, um einen Strahlungs-
strahl zum Bestrahlen von Gewebe am Ziel zu er-
zeugen.

3. Vorrichtung nach Anspruch 2, wobei der Strahlungs-
strahlgenerator angepasst ist, um den Strahlungs-
strahl zu konfigurieren, um ein inneres Zielvolumen
(ITV) im Körper des Patienten zu bestrahlen, das die
Zielstelle umfasst.

4. Vorrichtung nach Anspruch 3, wobei das ITV als Re-
aktion auf ein Bild der Zielstelle bestimmt wird, das
vom medizinischen Bildwandler während der Bereit-
stellung von CPAP an die Lunge des Patienten auf-
genommen wurde.

5. Vorrichtung nach Anspruch 4 und umfassend einen
medizinischen Bildwandler, der angepasst ist, um
das Bild der Zielstelle aufzunehmen.

6. Vorrichtung nach Anspruch 4 oder Anspruch 5, wo-
bei die Steuerung einen ausführbaren Satz von An-
weisungen umfasst, der die Steuerung ausführt, um
das Bild zu verarbeiten, um das ITV zu bestimmen.

7. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die medizinische Vorrichtung eine Ge-
webeablatationsvorrichtung umfasst, die angepasst
ist, um Energie an Gewebe in der Zielstelle zu liefern,
um das Gewebe abzutragen.

8. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die medizinische Vorrichtung einen Bi-
opsie-Sampler umfasst, der zum Betreiben geeignet
ist, um eine Gewebeprobe an der Zielstelle zu erfas-
sen.

9. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die medizinische Vorrichtung einen Ka-
theter zur Herzkatheterisierung umfasst.

10. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die medizinische Vorrichtung einen Stent
umfasst.

11. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die medizinische Vorrichtung einen me-
dizinischen Bildwandler umfasst.

12. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die medizinische Vorrichtung eine Robo-
ter-Vorrichtung umfasst, die von der Steuerung ge-
steuert wird.

13. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die medizinische Vorrichtung eine ma-

nuell betätigte medizinische Vorrichtung umfasst.

14. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei sich die Zielstelle in einer Thorax- oder
Bauchregion des Körpers des Patienten befindet.

15. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die zu moderierende Bewegung eine Be-
wegung aufgrund der Atmung des Patienten um-
fasst.

16. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die Steuerung den CPAP-Gasstrom
steuert, um die Lunge des Patienten im Wesentli-
chen vollständig zu erweitern.

Revendications

1. Appareil pour effectuer une procédure sur un site
cible du corps d’un patient, l’appareil comprenant :

un appareil à pression d’air positive continue
(CPAP) adapté à fournir une CPAP aux pou-
mons du patient ;
un dispositif médical adapté à effectuer la pro-
cédure sur le site cible, l’appareil caractérisé
par ;
un dispositif de commande configuré pour com-
mander l’appareil CPAP sur la base d’images
fournies par un imageur médical afin de fournir
une CPAP aux poumons du patient à une pres-
sion et à un débit adaptée à modérer le mouve-
ment du site cible lors de l’exécution de la pro-
cédure et à déterminer le volume cible interne
souhaité (ITV).

2. Appareil selon la revendication 1, dans lequel le dis-
positif médical comprend un générateur de faisceau
de rayonnement adapté à générer un faisceau de
rayonnement pour irradier un tissu sur la cible.

3. Appareil selon la revendication 2, dans lequel le gé-
nérateur de faisceau de rayonnement est adapté à
configurer le faisceau de rayonnement afin qu’il ir-
radie un volume cible interne (ITV) dans le corps du
patient qui comprend le site cible.

4. Appareil selon la revendication 3, dans lequel l’ITV
est déterminé en réponse à une image du site cible
acquise par l’imageur médical pendant la fourniture
de CPAP aux poumons du patient.

5. Appareil selon la revendication 4 et comprenant un
imageur médical adapté à acquérir l’image du site
cible.

6. Appareil selon la revendication 4 ou la revendication
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5, dans lequel le dispositif de commande comprend
un ensemble d’instructions que le dispositif de com-
mande exécute pour traiter l’image afin de détermi-
ner l’ITV.

7. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le dispositif médical com-
prend un dispositif d’ablation de tissu adapté à déli-
vrer de l’énergie au tissu dans le site cible pour une
ablation du tissu.

8. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le dispositif médical com-
prend un échantillonneur de biopsie adapté à fonc-
tionner pour acquérir un échantillon de tissu dans le
site cible.

9. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le dispositif médical com-
prend un cathéter pour une cathétérisation cardia-
que.

10. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le dispositif médical com-
prend un stent.

11. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le dispositif médical com-
prend un imageur médical.

12. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le dispositif médical com-
prend un dispositif robotique commandé par le dis-
positif de commande.

13. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le dispositif médical com-
prend un dispositif médical actionné manuellement.

14. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le site cible est dans une
région thoracique ou abdominale du corps du pa-
tient.

15. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le mouvement modéré
comprend un mouvement dû à la respiration du pa-
tient.

16. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le dispositif de commande
régule le flux de gaz de CPAP pour dilater sensible-
ment complètement les poumons du patient.
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