(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

14 February 2019 (14.02.2019)

(10) International Publication Number

WO 2019/033022 A1l

WIPO I PCT

(51) International Patent Classification: Massachusetts 01752 (US). CABLE, Frank; c¢/o Holog-
A61B 6/04 (2006.01) ic, Inc., 250 Campus Drive, Marlborough, Massachusetts
(21) International Application Number: 01752 (US).
PCT/US2018/046304 (74) Agent: BRUESS, Steven, C.; Merchant & Gould P.C., P.O.
(22) International Filing Date: Box 2903, Minneapolis, Minnesota 55402-0903 (US).
10 August 2018 (10.08.2018)  (81) Designated States (unless otherwise indicated, for every
.re . . kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(26) Publication Language: English CA,CH,CL,CN,CO, CR,CU, CZ,DE, DJ, DK, DM, DO,
.. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(30) Priority Data: HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
62/544,374 11 August 2017 (11.08.2017) UsS KR.KW,KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
(71) Applicant: HOLOGIC, INC. [US/US]; 250 Campus Dri- MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
ve, Marlborough, Massachusetts 01752 (US). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
. SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(72) Inventors: DEFREITAS, Kenneth, F.; c/o Hologic, Inc., TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
250 Campus Drive, Marlborough, Massachusetts 01752
(US). STANGO, Timothy, R.; c/o Hologic, Inc., 250 (84) Designated States (unless otherwise indicated, for every

Campus Drive, Marlborough, Massachusetts 01752 (US).
BANKS, Melissa; c/o Hologic, Inc., 250 Campus Drive,
Marlborough, Massachusetts 01752 (US). BERKO, Mal-
lory; c¢/o Hologic, Inc., 250 Campus Drive, Marlborough,

kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(54) Title: BREAST COMPRESSION PADDLE HAVING AN INFLATABLE JACKET

X-RAY
SOURCE

124
COMPRESSION PADDLE

BREAST 102

[ worreceror 1

104

TILTING MECHANISM

;
/

\| IMAGE
PROCESSOR
| |

SYSTEM CONTROL AND
WORK STATION

182

FLUID CONTROL
UNIT

138

FIG.1A

wo 20197033022 A1 | 0K 00 OO T

(57) Abstract: A breast compression paddle for use in an imaging system includes a compression surface and a jacket. The jacket
includes at least one inflatable chamber disposed adjacent to the compression surface and a sheet covering at least a portion of the
compression surface. The at least one inflatable chamber is configured to selectively inflate and induce the sheet to slide along the
compression surface.

[Continued on next page]



WO 2019/033022 A1 {0000 00O 0 O 00

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))
—  before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

30

WO 2019/033022 PCT/US2018/046304
1

BREAST COMPRESSION PADDLE HAVING AN INFLATABLE JACKET

Cross-Reference to Related Applications
{0001} This application is being filed on 10 August 2018, as a PCT International patent
application, and claims priority to and the benefit of U.S. Provisional Patent Application
No. 62/544,374, filed on August 11, 2017, the disclosure of which is hereby mcorporated
by reference in its entirety.
Background
{0002} Compression during mammography and tomosynthesis imaging serves a number
of purposes. For example, it: (1) makes the breast thinner in the direction of x-ray flux and
thereby reduces patient radiation exposure from the level required to image the thicker
parts of a breast that are not compressed; (2) makes the breast more uniform in thickness
m the direction of x-ray flux and thereby facilitates more uniform exposure at the image
plane over the entire breast image; (3) immobilizes the breast during the x-ray exposure
and thereby reduces image blurring; and (4) brings breast tissues out from the chest wall
into the imaging exposure field and thus allows for more tissue imaging. As the breast is
being compressed, typically a technologist manipulates the breast to position it
appropriately and counter the tendency that compression has of pushing breast tissue
toward the chest wall and out of the image field.
{0003] Standard compression methods for mammography and tomosynthesis use a
movable, rigid, radiolucent compresston paddle. The breast is placed on a breast support
platform that typically is flat, and the paddle then compresses the breast, usually while a
technologist or other health professional is holding the breast in place. The technologist
may also manipulate the breast to ensure proper tissue coverage in the image receptor's
field of view.
{0004] One known challenge in mammography and breast tomosynthesis is the discomfort
the patient may feel when the breast is compressed, which must be done with sufficient
force to immobilize the breast and spread out the breast tissues for x-ray imaging. Another
known challenge is to ensure that the imaged field includes the desired amount of breast
tissue.
Summary
[0005] In one aspect, the technology relates to a breast compression paddle for use in an
imaging system, the breast compression paddle including: a compression surface; and a

jacket including at least one inflatable chamber disposed adjacent to the compression
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surface and a sheet covering at least a portion of the compression surface, wherein the at
least one inflatable chamber is configured to selectively inflate and induce the sheet to
slide along the compression surface.

{0006] In an example, the sheet includes at least one cushioning chamber covering at least
a portion of the compression surface. In another example, the at least one cushioning
chamber is configured to selectively inflate. In yet another example, the at least one
cushioning chamber is configured to inflate to a pressure that is lower than a pressure of
the at least one inflatable chamber. In still another example, the inflation pressure of the at
least one inflatable chamber and the inflation pressure of the at least one cushioning
chamber are independently controlled. In an example, the at least one cushioning chamber
includes a plurality of chambers.

[0007] In another example, the breast compression paddle further inciudes a bracket or
mtegral feature having a recess defined adjacent to the compression surface, wherein the at
least one inflatable chamber is disposed proximate the bracket or integral feature and is
configured to selectively inflate at least partially into the recess. In yet another example,
the sheet is configured to slide along the compression surface substantially simultaneously
with the at least one inflatable chamber selectively inflating. In still another example, the
breast compression paddie further includes a top surface opposite the compression surface,
wherein the jacket substantially surrounds the top surface and the compression surface. In
an example, the breast compression paddle further includes a bracket or integral feature,
and wherein the jacket further includes a first edge coupled to the bracket or integral
feature adjacent the top surface.

[0008] In another aspect, the technology relates to an imaging system including: an
imaging source; an imaging receptor defining an imaging area; and a breast compression
unit including: a breast compression paddie having a first compression surface; a platform
having a second compression surface, wherein the breast compression paddle is
configured to move in relation to the platform to compress a patient’s breast between the
first compression surface and the second compression surface; and a paddle jacket
disposed on the breast compression paddle such that the first compression surface is at
least partially covered, the paddle jacket including at least one inflatable chamber and a
sheet, wherein the at least one inflatable chamber is configured to selectively intlate and
induce the sheet to slide along the first compression surface.

[0009] In an example, the imaging system further includes a platform jacket disposed on

the platform such that the second compression surface is at least partially covered, the
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platform jacket including at least one inflatable chamber and a sheet, wherein the at least
one inflatable chamber is configured to selectively inflate and induce the sheet to slide
along the second compression surface. In another example, the paddle jacket is
mdependently inflatable from the platform jacket. In yet another example, the imaging
system further includes a fluid source configured to deliver a flow of fluid to the paddle
jacket for the selective inflation of the at least one inflatable chamber. In still another
example, the paddle jacket is removably disposed on the breast compression paddie. In an
example, the breast compression paddle is removable from the breast compression unit.
[0010] In another aspect, the technology relates to a method of compressing a breast in an
imaging system including a jacket having at least one inflatable chamber and a sheet, the
method including: compressing a breast between a compression paddle and a platform;
selectively inflating the at least one inflatable chamber of the jacket disposed on the breast
compression paddle such that the sheet slides along a compression surface and pulls at
least some breast tissue away from a patient’s chest wall and into an imaging area.

[0011] In an example, the sheet includes at least one cushioning chamber disposed below
the compression surface, and the method further includes after the breast is compressed
between the compression paddle and the platform selectively mflating the at least one
cushioning chamber. In another example, the at least one inflatable chamber is selectively
inflated to a different pressure than a pressure of the at least one cushioning chamber. In
yet another example, the method further includes removably attaching the jacket on the
breast compression paddle; and coupling in fluid communication the jacket to a fluid
source.

[0012] In another aspect, the technology relates to a breast compression unit for an x-ray
imaging system, the breast compression unit including: a support platform including a
compression surface; a compression paddle movably disposed relative to the support arm
such that a patient breast can be compressed between the compression paddle and the
compression surface, wherein the compression paddle is angled relative to the
compression surface; and a jacket including at least one inflation chamber coupled to the
compression paddle, wherein the at least one inflation chamber includes an edge section
disposed proximate a front surface of the compression paddle, and wherein when the at
least one intlation chamber is inflated a slope of the edge section is substantially parallel to
the compression surface.

[0013] In an example, the compression paddle has a bottom surface adjacent to the at least

one mnflation chamber, and wherein the bottom surface is substantially planar. In another
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example, the compression paddle has a bottom surface adjacent to the at least one mflation
chamber, and wherein the bottom surface is substantially curved.

[0014] In another aspect, the technology relates to a breast compression unit for an x-ray
imaging system, the breast compression unit including: a support platform including a
compression surface; and a compression paddle movably coupled to the support arm,
wherein the compression paddle is moveable along a first axis substantially orthogonal to
the compression surface and along a second axis substantially parallel to the compression
surface.

[0015] In an example, a first drive system is coupled to the compression paddle and
configured to move the compression paddle along the first axis, and a second drive system
is coupled to the compression paddle and configured to move the compression paddle
along the second axis. In another example, the movement of the compression paddle along
the first axis occurs substantially simultaneously with movement along the second axis. In
yet another example, the movement of the compression paddle along the first axis is
discrete from movement along the second axis.

{0016] In another aspect, the technology relates to a breast support platform for an x-ray
imaging system, the breast support platform including: a compression surface; a front
surface disposed at an angle to the compression surface and configured to contact a chest
wall of a patient during a compression of a breast against the compression surface; and an
inflatable membrane disposed at the front surface and configured to receive a fluid and
expand at least partially away from the front surface so as to form a cushioned element on
the breast support platform.

[0017] In an example, the inflatable member is disposed at least partially within a recess
defined by the front surface and is covered by a flexible cover. In another example, a
flexible cover includes the inflatable membrane, and wherein the flexible cover is
removably coupled to the front surface.

[0018] In another aspect, the technology relates to a compression element for an x-ray
imaging system, the compression element including: a structural support; and an inflatable
bladder coupled to the structural support, wherein the inflatable bladder forms both a front
wall and a compression surface of the compression element, and wherein the inflatable
bladder is configured to receive a flow of fluid and selectively release the fluid upon
compression of a patient breast.

[0019] In an example, a bleed valve is coupled to the inflatable bladder and is configured

to selectively release the fluid upon compression of the patient breast. In another example,
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the compression element further includes a reservoir coupled in flow communication with
the inflatable bladder, and wherein the fluid released from the inflatable bladder is
channeled to the reservoir. In yet another example, the inflatable bladder includes one or
more support tubes configured to at least partially define a shape of the front wall. In still
another example, the structural support includes two or more arms.
[0020] In another aspect, the technology relates to a method of compressing a breast for an
tmaging procedure on an x-ray imaging system, the method including: moving a
compression element towards a support platform, wherein the compression element
includes a structural support and an inflatable bladder filled with a fluid; contacting the
breast with the compression element such that a compressive load is applied to the breast,
and the breast compresses between the compression element and the support platform; and
upon reaching a predetermined compressive force on the breast, selectively releasing at
least a portion of the fluid from the inflatable bladder such that any further applied
compressive load does not increase the compressive force on the breast.
[0021] In an example, the method further includes attaching the inflatable bladder to the
structural support. In another example, attaching the inflatable bladder includes tensioning
the inflatable bladder between a pair of arms. In yet another example, electively releasing
fluid from the inflatable bladder includes bleeding air to the atmosphere. In still another
example, prior to moving the compression element, the method further includes inflating
the inflatable bladder with the fluid.

Brief Description of the Drawings
{0022] FIG. 1A is a schematic view of an exemplary imaging system.
[0023] FIG. IB is a perspective view of the imaging system of FIG. 1A.
[0024] FIG. 2A is a top perspective view of an exemplary breast compression system.
{0025] FIG. 2B 1s a bottom view of the breast compression system of FIG. 2A.
[0026] FIG. 2C 1s a side view of the breast compression system of FIG. 2A.
[0027] FIG. 3 is a schematic view of the breast compression system.
[0028] FIGS. 4A-4C are schematic side views of an exemplary inflatable jacket in a
deflated condition, a first inflated condition, and a second inflated condition, respectively.
[0029] FIG. 5 1s a flowchart of a method for compressing a breast in an imaging system.
{0030] FIGS. 6A and 6B are side views of another breast compression system.
[0031] FIG. 7 is a schematic view of another imaging system.
[0032] FIGS. 8A and §B are a perspective view and a side view, respectively, of a support

platform.
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{0033} FIG. 9 is a side view of a breast compression paddle.
[0034] FIGS. 10A-10D are a perspective view, a side cross-sectional view, a top view, and
a front view, respectively, of another breast compression paddle.
{0035] FIG. 11 is a flowchart of a method for compressing a breast for an imaging
procedure.

Detailed Description
{0036] The present technology relates to a breast compression system having a breast
compression paddle or compression support surface, an inflatable jacket, inflation control,
and/or other components as described below for use in a breast imaging system. During
imaging of a breast, it is often desirable to immobilize the breast through compression. For
instance, by compressing the breast, the breast can be made thinner, thus requiring a lower
dose of radiation. Further, by immobilizing the breast, image blurring from movement of
the breast during imaging is reduced. Other benefits may also be realized by compressing
the breast. The paddle commonly used to compress the breast, however, may cause
distortions in the imaging process. For instance, during compression, the breast tissue may
become rolled or folded, or may be pushed into the chest wall, thereby changing the
profile of the compressed breast.
[0037] The paddle may also cause discomfort to the patient whose breast is being
compressed. One reason for discomfort that the patient may feel is that the compression
force 1s non-uniformly distributed throughout the breast. It is often concentrated at the
thickest portion of the breast, usually near the chest wall, at or near the lower front edge of
the compression paddle and the upper front corner of the breast platform. The anterior
portion of the breast, such as near the nipple, may receive less compressive force, or no
compressive force. The paddle may not even contact this portion of the breast. Other
reasons for discomfort may be over-compression of the breast by the paddle. (The terms
front, lower, and upper pertain to using a craniocaudal (CC) imaging orientation, with the
patient facing the front of the imaging system, although it should be understood that other
imaging ortentations, including mediolateral oblique (MLO), are used with the same
equipment.)
[0038] To improve these issues relating to the compression systems, the compression
systems described herein include an inflatable jacket that is positioned over a compression
surface and 1s configured to receive a flow of fluid so as to selectively inflate or deflate.
During breast compression, the jacket is selectively inflated so as to pull breast tissue

away from the chest wall and into the imaging area. Additionally, the jacket reduces
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rolling and folding of the breast tissue so as to maintain a more desirable breast profile. In
one example, the breast compression occurs substantially simultaneously with the inflation
of the jacket. The inflatable jacket provides more comfort to the patient during breast
compression because the pulling sensation is reduced while increasing the volume of
breast tissue within the imaging area. After breast compression, the jacket may further be
selectively inflated so as to reduce breast tissue wrinkling and provide further comfort to
the patient while the breast is imaged.

[0039] Additionally, the technologies described herein provide compression systems that
reduce breast tissue being pushed into the chest wall so that as much breast tissue as
possible is pulled into the imaging area. This can be enabled by angling the compression
paddle that the inflatable jacket is coupled to. Additionally or alternatively, fluid flow may
be directed to an inflatable membrane that is positioned on a front wall of the support
platform so that a cushioned support may be provided to the patient. This increases overall
patient comfort during imaging procedures. Moreover, an inflatable biadder on the
compression paddie may be used to decrease over-compression of the patient’s breast. For
example, during the compression procedure, the bladder may be selectively inflated or
deflated so that the compressive force induced on the breast is limited to a predetermined
value. This also increases overall patient comfort during imaging procedures. Further
technologies described herein include a mechanical system that pulls breast tissue away
from the chest wall and into the imaging area without the need of a flow of fluid and an
mflatable jacket.

{0040] FIG. 1A is a schematic view of an exemplary imaging system 100. FIG. 1B isa
perspective view of the imaging system 100. Referring concurrently to FIGS. 1A and 1B,
the imaging system 100 immobilizes a patient’s breast 102 for x-ray imaging (either or
both of mammography and tomosynthesis) via a breast compression immobilizer unit 104
that includes a static breast support platform 106 and a moveable compression paddle 108.
The breast support platform 106 and the compression paddle 108 each have a compression
surface 110 and 112, respectively, and at least one compression surface move towards the
other, to compress and immobilize the breast 102. In the example, both the platform 106
and the paddle 108 include an inflatable jacket 114, which is described further below in
reference to FIGS. 2A-2C. In other examples, only one of the platform 106 or the paddle
108 may include the inflatable jacket 114. When no inflatable jacket 114 is utilized, the
compression surface 110, 112 is exposed so as to directly contact the breast 102. The

platform 106 also houses an image receptor 116 and, optionally, a tilting mechanism 118.
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The immobilizer unit 104 is in a path of an imaging beam 120 emanating from x-ray
source 122, such that the beam 120 impinges on the image receptor 116.

[0041] The immobilizer unit 104 is supported on a first support arm 124 and the x-ray
source 122 is supported on a second support arm 126. For mammography, support

arms 124 and 126 can rotate as a unit about an axis 128 between different imaging
orientations such as CC and MLO, so that the system 100 can take a mammogram
projection image at each orientation. In operation, the image receptor 116 remains in place
relative to the platform 106 while an image is taken. The immobilizer unit 104 releases the
breast 102 for movement of arms 124, 126 to a different imaging orientation. For
tomosynthesis, the support arm 124 stays in place, with the breast 102 immobilized and
remaining in place, while at least the second support arm 126 rotates the x-ray

source 122 relative to the immobilizer unit 104 and the compressed breast 102 about the
axis 128. The system 100 takes plural tomosynthesis projection images of the breast 102 at
respective angles of the beam 120 relative to the breast 102.

[0042] Concurrently and optionally, the image receptor 116 may be tilted relative to the
breast support platform 106 and coordinated with the rotation of the second support

arm 126. The tilting can be through the same angle as the rotation of the x-ray source 122,
but may also be through a different angle selected such that the beam 120 remains
substantially in the same position on the image receptor 116 for each of the plural images.
The tilting can be about an axis 130, which can but need not be in the image plane of the
image receptor 116. The tilting mechanism 118 that is coupled to the image receptor 116
can drive the image receptor 116 in a tilting motion. For tomosynthesis imaging and/or CT
imaging, the breast support platform 106 can be horizontal or can be at an angle to the
horizontal, e.g., at an orientation similar to that for conventional MLO imaging in
mammography. The system 100 can be solely a mammography system, a CT system, or
solely a tomosynthesis system, or a “combo” system that can perform nwltiple forms of
imaging. An example of such a combo system is been offered by the assignee hereof under
the trade name Selenia Dimensions.

[0043] When the system is operated, the image receptor 116 produces imaging
mformation in response to iltumination by the imaging beam 120, and supplies it to an
image processor 132 for processing and generating breast x-ray images. A fluid control
unit 134 connects with the compression paddie 108 and the platform 106 to selectively
provide fluid air into the jackets 114 and increase breast tissue drawn mto the imaging

during breast compression and comfort of the patient, as described herein. The fluid
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control unit 134 can be powered by an operator, using a hand-pump or a foot pump and
appropriate manual or foot-controlled valves, or alternatively, electric or fluid-powered
pumps can be used, with appropriate valves and interfaces such as buttons or switches that
the operator controls. In another example, the fluid control unit 134 is automatically
controlled by one or more sensors, such as position sensors and pressure sensors, in or on
the compression paddle 108, platform 106, inflatable jackets 114, and/or any other
component and software that may enable the user to control the system. In an example, the
fluid control unit 134 connects via a quick-release snap-on connection 136, or the like, to
the inflatable jacket 144 so as to provide a flow of fluid thereto. A system control and
work station unit 138 including software controls the operation of the system and interacts
with the operator to receive commands and deliver information including processed-ray
images. In some examples, the paddle jacket 114 is independently inflated from the
platform jacket 114.

{0044] One challenge with the imaging system 100 is how to immobilize and compress
the breast 102 for the desired or required imaging. A health professional, typically an x-
ray technologist, generally adjusts the breast 102 within the immobilizer unit 104 while
pulling tissue towards imaging area and moving the compression paddle 108 toward the
breast support platform 106 to immobilize the breast 102 and keep it in place, with as
much of the breast tissue as practicable being between the compression surfaces 110, 112.
However, it may be desirable to further compress or otherwise act on the breast 102 so that
breast tissue can be pulled away from the patient's chest wall and securely retained in the
immobilizer unit 104 for imaging. Accordingly, and for increasing patient comfort and
breast compression profile, the breast support platform 106 and the compression paddle
108 includes the inflatable jacket 114 that has at least one inflatable chamber to enable
breast tissue to be pulled away from the chest wall during breast compression in order to
obtain a desired breast compression profile and provide a greater amount of compression
comfort to the patient. These breast compression systems are described in further detail
below.

{0045] FIGS. 2A-2C illustrate an exemplary breast compression system 200. Referring
concurrently to FIGS. 2A-2C, the breast compression system 200 may be uvtilized as a
breast compression paddle or a breast support platform. The breast compression system
200 includes body 202 defined by a top surface 204 and an opposite bottom surface 206.
In general, surfaces of the breast compression system 200 are described as depicted in the

figures (e.g., “top,” bottom,” etc.). These general terms are utilized for clarity and only to
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distinguish the various surfaces from each other. For instance, in FIGS. 2A-2C, the top
surface 204 is a non-compression surface while the bottom surface 206 is a compression
surface. The body 202 is also defined by a front surface 208, a left surface 210, and a right
surface 212. In the example, the body 202 is hollow and may be manufactured from a
material that is designed to cause minimal interference with the radiation beam passing
through the breast compression system 200, such as a radiolucent material. For example,
the body 202 may be made from a polycarbonate material, a carbon fiber material, or other
similar materials. In alternative examples, the body 202 may be solid, or partially filled.
Additionally, in alternative examples, the body 202 may have an open top surface 204, for
example, as illustrated by the compression paddle 312 (shown in FIGS. 4A-4C).

{0046] In the example, the body 202 is coupled to a bracket 214 positioned opposite the
front surface 208. The bracket 214 includes an end 216 that is recetved within an interior
chamber 218 of the body 202, or that may be secured to an end thereof. An extension 220
extends from the end 216 and away from the body 202. The extension 220 is configured to
be removably attached to a compression assembly of an imaging system. The bracket 214
may also include an inlet port 222 disposed on the top of the bracket 214 that is in fluidic
communication with the interior chamber 218. Optionally, heated fluid, such as warm air
or gas, may be injected into the interior chamber 218 via the inlet port 222 to warm the
breast compression system 200 before and/or during contact with the breast. In alternative
examples, the body 202 may be integral with the bracket 214 so that the breast
compression system 200 has a first portion (e.g., the bottom surface 206) that forms a
breast compression surface and an integral opposite second portion that enables the system
200 to be removably attached to the compression assembly, for example, as illustrated by
the compression paddle 312 (shown in FIGS. 4A-4C).

[0047] The breast compression system 200 also includes a jacket 224. In the example, the
jacket 224 is removably coupled to the bracket 214 and substantially surrounds the top
surface 204, front surface 208, and bottom surface 206 of the body 202. In alternative
examples, if the body includes an open top surface, the jacket 224 substantially surrounds
the front surface and the bottom surface. FIGS. 2A-2C illustrate the jacket 224 in a
deflated configuration, however, the jacket 224 may be actuated, via selective inflation, so
that it may slide relative to the bottom surface 206 so as to pull breast tissue away from the
chest wall and into the tmaging area to obtain a desired breast compression profile. More
specifically, the jacket 224 includes a first end 226 that is coupled to the top of the bracket

214 with one or more connection elements 228. For example, the connection element 228
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may include an elongated slot 230 defined in the first end 226 such that a corresponding
projection 232 of the bracket 214 is received therein. The elongated slot 230 enables the
first end 226 to slide towards the front surface 208 while still being coupled to the bracket
214. This allows the jacket 224 to slide in relation to the body 202. In other examples, the
first end 226 may include elastic material that enables the jacket 224 to slide in relation to
the body 202. A second end 234 of the jacket 224 is coupled to the bottom of the bracket
214 with one or more connection elements 236. Unlike the first end 226, the second end
234 1s secured to the bracket 214 such that the second end 234 does not move relative to
the bracket 214.

[0048] The jacket 224 also includes at least one inflatable chamber 238 that 1s disposed
below a recess 240 defined on the bottom of the bracket 214 and adjacent to the bottom
surface 206. Each chamber of the inflatable chamber 238 may be selectively and/or
mdependently inflated as described further below. Additionally, the jacket 224 includes a
sheet 242 disposed below the bottom surface 206. The sheet 242 is positioned adjacent to
the inflatable chamber 238 and separated by a heat-sealed seam 244. The inflatable
chamber 238 is configured to selectively inflate into the recess 240 and pull on the first
end 226 to slide the sheet 242 along the bottom surface 206 towards the bracket 214. This
sliding movement of the sheet 242 pulls breast tissue away from the chest wall and into an
imaging area and controls the profile of the breast, for example, a nipple profile position.
The imaging area may be defined as an area below the compression paddle and above the
imaging receptor and is depicted generally in FIG. 2C as element 245. With the inflatable
chamber 238 below the bracket 214, the inflatable chamber 238 and the seam 244 are
positioned outside of the imaging area of the imaging receptor so as to reduce and
eliminate imaging artifacts.

[0049] In some examples, the sheet 242 includes one or more cushioning chambers 246
disposed below the bottom surface 206 and extending along at least a portion of the front
surface 208. Each chamber of the cushioning chamber 246 may be selectively and/or
independently inflated as described further below. The cushioning chamber 246 is
configured to provide comfort to the patient during breast compression. For example, the
cushioning chamber 246 may be an inflatable chamber that is controlled independent of
the inflatable chamber 238. In an example, the cushioning chamber 246 is selectively
inflatable to a lower pressure than the pressure in the inflatable chamber 238. The jacket
224 may be manufactured from a thin-film flexible material such as a polyurethane

material that has a high tensile strength and limited stretching characteristics when
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surrounding the body 202. Additionally, the material is advantageously disposable. As
such, after use with a first patient, the jacket 224 may be removed and a new jacket may
be applied for a subsequent patient. This may reduce the need to clean or otherwise treat
the surface of the breast compression system 200 between patients.

[0050] FIG. 3 is a schematic view of the breast compression system 200 in an inflated
configuration. The jacket 224 may be coupled in flow communication to a fluid source
248 of the imaging system that is configured to deliver a flow of fluid to the jacket 224
and selectively inflate the inflatable chamber 238 and/or the cushioning chamber 246. The
inflatable chamber 238 and the cushioning chamber 246 can be selectively inflated and, if
desired, selectively deflated, to a pressure as required or desired via the fluid source 248.
For example, the fluid may be air or any other gas or liquid that enables the jacket 224 to
function as described herein. In operation, as the breast compression system 200 is
compressing the patient’s breast, the inflatable chamber 238 is being selectively inflated
via the fluid source 248. The inflatable chamber 238 inflates and expands into the bracket
recess 240. This inflation induces the sheet 242 to slide 250 along the bottom surface 200,
and the sliding movement 250 of the jacket 224 pulls the breast tissue away from the chest
wall so as to reduce a pulling sensation felt by the patient. In some examples, the inflation
occurs substantially simultaneously with the compressing of the breast.

[0051] When the cushioning chamber 246 is used, the cushioning chamber 246 may be
selectively inflated or deflated along with the inflatable chamber 238 so as to provide
additional comfort for the patient and further reduce the pulling sensation. In some
examples, the cushioning chamber 246 is inflated to a lower pressure than that of the
inflatable chamber 238 because too much pressure of the cushioning chamber 246 may
push breast tissue out from the imaging area. In other examples, the inflation of the
cushioning chamber 246 is independently controlled from the inflation of the inflatable
chamber 238. After the simultaneous mflation of the inflatable chamber 238 and the
cushioning chamber 246, the inflatable chamber 238 and/or the cushioning chamber may
further be selectively inflated or deflated to adjust the profile of the breast and/or nipple if
desired. In yet other examples, after the breast is compressed, the cushioning chamber 246
is only then selectively inflated or deflated.

{0052] FIGS. 4A-4C are schematic side views of an exemplary inflatable jacket 300 in a
deflated condition 302, a first inflated condition 304, and a second inflated condition 306,
respectively. Referring concurrently to FIGS. 4A-4C, a patient’s breast 308 is positioned
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inflatable jackets 300. The jacket 300 includes a plurality of cushioning chambers 314
positioned over and at least partially cover compression surfaces 316 and 318 of the breast
support platform 310 and the compression paddle 312, respectively. The jacket 300 also
mcludes a plurality of inflatable chambers 320 adjacent to the compression surface 316,
318. In the example, the jacket 300 on the platform 310 is similar to the jacket 300 on the
paddle 312. In alternative examples, the jackets 300 may be different on the platform 310
and the paddle 312. The inflatable chambers 320 are positioned adjacent to a bracket end
322 of the compression surfaces 316, 318 while the cushioning chambers 314 are
positioned adjacent to a front surface 324 of the compression surfaces 316, 318 and in
contact with the breast 308. In the example, the compression paddle 312 has an open top
surface and the bracket end 322 is mtegral with the compression surface 318 and the front
surface 324.

{0053] Referring to FIG. 4A, the patient’s breast 308 is positioned on the breast support
platform 310, and the compression paddle 312 is located above the breast 308 so as to
restrict movement. The jackets 300 cover both compression surfaces 316, 318, and the
cushioning chambers 314 and the inflatable chambers 320 are deflated before compression
begins. For imaging, it is desirable to pull breast tissue away from the chest wall and
control the profile of the breast 308 (e.g., nipple region 326 position). As such, the health
professional may manually manipulate the profile of the breast 308 before compressing
the breast. However, during compression, in the absence of the inflatable jacket 300,
breast tissue may be pushed towards the chest wall and the nipple region 326 may move
and roll so as to change the profile of the breast 308.

{0054} Accordingly, as the compression paddle 312 is moved toward the platform 310 and
compresses the breast 308, each jacket 300 is selectively inflated so as to pull breast tissue
away from the chest wall and into an imaging area 328 and control the profile of the breast
308. Turning to FIG. 4B, in the first inflated position 304, the inflatable chambers 320
begin to inflate by receiving a flow of fluid. When the inflatable chambers 320 selectively
inflate, the jacket 300 slides along the compression surfaces 316, 316 and away from the
chest wall as illustrated by arrows 330. As such, breast tissue is pulled further into the
imaging area 328. Additionally, the nipple region 326 profile is maintained so it does not
roll or fold in undesirable directions (e.g., the nipple region rolling in a downward
direction). In some examples, by substantially simuitaneously compressing the breast 308
and pulling breast tissue away from the front surfaces 324, any pulling sensation

experienced by the patient is reduced. In this example, the inflatable chambers 320 in each
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jacket 300 are selectively inflated at approximately the same rate and at the same time so
as to act in concert and slide the jacket 300 along the compression surfaces 316, 318. In
alternative examples, the inflatable chambers 320 in a single jacket 300 or in each jacket
300 may be independent chambers and selectively inflate at different rates and/or time
sequences. Additionally, by using multiple inflatable chambers, the left and right edges of
the jacket 300 do not pull as far into the image area 328 when the chambers are inflated.
When large chambers are inflated, the middle section tends to rise, while the end sections
tend to draw inwards and into the imaging area.

[0055] Referring to FIG. 4C, the breast 308 is compressed and the inflatable chambers 320
are inflated so that breast tissue is pulled into the imaging area 328 and the nipple region
326 profile is maintained. Additionally, after breast compression, the cushioning chambers
314 may be selectively inflated or deflated so as to increase comfort of the patient and to
reduce wrinkling of the breast tissue. The cushioning chambers 314 can be inflated to a
lower pressure so as to not push breast tissue towards the chest wall and out of the
imaging area 328. In the example, the inflation pressure of the inflatable chambers 320 is
greater than the inflation pressure of the cushioning chambers 314. In alternative
examples, these inflation pressures may be equal or the cushioning chambers 314 greater
than the inflatable chambers 320.

[0056] Additionally, in some examples, the cushioning chambers 314 may inflate in
concert with the inflatable chambers 320 during the breast compression and then be
selectively adjusted after the breast compression. Alternatively, in other examples, breast
compression may begin without inflation of the jacket 300 up to a predetermined
compression value, and then the jacket 300 may be selectively inflated before finishing
breast compression to the final compression value.

[0057] FIG. 5 1s a flowchart of a method 400 for compressing a breast in an imaging
system. In this example, the imaging system includes a jacket having at least one inflatable
chamber and a sheet. The method includes compressing a breast between a compression
paddle and a platform (operation 402). The at least one inflatable chamber of the jacket
disposed on the breast compression paddle is selectively inflated such that the sheet slides
along a compression surface and pulls at least some breast tissue away from a patient’s
chest wall and into an imaging area (operation 404).

[0058] Additionally, the sheet may include at least one cushioning chamber disposed
below the compression surface, so that the method 400 further includes after the breast is

compressed between the compression paddle and the platform, selectively inflating the at
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least one cushioning chamber {(operation 406). The at least one inflatable chamber can be
inflated to a different pressure than a pressure of the at least one cushioning chamber
{operation 408). The method 400 may also include removably attaching the jacket on the
breast compression paddle (operation 410), and coupling in fluid communication the
jacket to a fluid source (operation 412).

[0059] FIGS. 6A and 6B are side views of another breast compression system 500. With
reference first to FIG. 6A, a compression paddle 502 and/or the platform (not shown) are
supported such that they extend substantially horizontally 506 from the support arm (not
shown for clarity). This provides for a generally flat bottom surface 508 for breast 501
compression therebetween. However, when an inflatable jacket 514 is coupled to the
compression paddle 502, an inflatable chamber 516 inflates proximate a central area 518
of the inflatable jacket 514. This ballooning effect causes a greater separation S; between
the central area 518 of the jacket 514 and the compression paddle 502, with less separation
Sz between an edge section 520 of the jacket 514 and the compression paddle 502. This
may push breast tissue out along the edge sections 520 of the inflatable jacket 514. When
the edge sections 520 are adjacent to the front of the patient’s breast (e.g., the nipple
region) or the sides of the patient’s breast, the balloon effect further assists in flattening
the breast 501 during compression procedures. However, at the chest wall edge, the
balloon effect may push breast tissue towards the chest wall 503 as illustrated by arrows
505, which is undesirable for imaging. As such and now with reference to FIG. 6B, to
reduce the balloon effect along the chest wall, the compression paddle 502 of the breast
compression system 500 is positioned at an angle 504 relative to the horizontal axis 506.
[0060] Similar to the examples described above, the compression paddle 502 includes the
bottom surface 508 and a front surface 510. The compression paddle 502 can be coupled
to a support arm by a bracket (not shown) and the support arm generally extends along a
vertical axis 512 that is substantially orthogonal to the horizontal axis 506. Additionally,
the inflatable jacket 514 can be coupled to the compression paddle 502 and adjacent to the
bottom surface 508 and the front surface 510. In examples, the jacket 514 may be at least
partially disposed around the compression paddle 502. In this example, the inflatable
jacket 514 includes at least one inflation chamber 516 that is proximate the bottom surface
508 that 1s angled relative to the horizontal axis 506. As illustrated in FIG. 6B, the entire
compression paddle 502 is angled and the bracket can define the extension angle from the

support arm. As such, the bottom surface 508 is substantially planar. In other examples,
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the compression paddle 502 may have a bottom surface 508 that has at least one curve
defined therein such that the front surface 510 is positioned at an angle.

[0061] The mnflation chamber 516 is configured to selectively inflate (e.g., through a flow
of compressed air or any other fluid) to provide cushioning to the patient’s breast and/or to
provide further compressive force to the breast. When the inflation chamber 516 is
inflated, the central area 518 of the chamber 516 expands more than the edge sections 520.
This ballooning effect generates a substantially domed-shaped outer surface 522 of the
mflation chamber 516, while an inner surface 524 of the inflation chamber 516 remains
substantially flat due to the bottom surface 508 of the compression paddle S02. The
domed-shaped outer surface 522 forms a sloped or tapered edge section 526 that is
proximate the edge 520. In this example, the compression paddle 502 is angled 504 such
that the sloped section 524 is oriented substantially parallel to the horizontal axis 506.
[0062] By angling the compression paddle 502 in a downward direction towards the
patient’s chest wall, the ballooning effect of the inflation chamber 516 along the patient’s
chest wall is reduced or eliminated. That is, the angled compression paddle 502 orients the
sloped section 524 of the inflation chamber 516 substantially parallel to the support
platform so that breast compression along the chest wall is substantially along the vertical
axis 512 and pushing of breast tissue towards the chest wall is reduced or eliminated. This
pulls as much breast tissue as possible is pulled into the imaging area of the x-ray system
and maintains a more desirable breast compression profile to mcrease imaging
efficiencies.

[{0063] FIG. 7 is a schematic view of another imaging system 600. Similar to the example
described above in FIGS. 1A and 1B, the imaging system 600 includes an x-ray tube head
602 and a support platform 604. Additionally, a compression paddle 606 is disposed
between the x-ray tube head 602 and the support platform 604. The compression paddle
606 is configured to immobilize a patient’s breast against the support platform 604 for x-
ray imaging. In the examples of FIGS. 2A-5, to maintain a more desirable breast profile
for imaging and prevent rolling or folding of breast tissue, an inflatable jacket can be used.
In the example of FIG. 7, however, an extension/retraction drive system 608 is coupled to
the compression paddle 606 to mechanically pull breast tissue away from the chest wall
and into the imaging area during the compression procedure. The extension/retraction
drive system 608 may be any type of electro-mechanical system that enables movement of

the compression paddle as described herein. For example, the drive system 608 may be a
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geared system, a pulley system, or a combination thereof. In other examples, the drive
system 608 may be a piston movement system or a solenoid actuator.

[0064] A support arm 610, which supports the platform 604 and the compression paddle
6006, houses a vertical drive system 612 that is coupled to the paddle 606. The vertical
drive system 612 is configured to move compression paddle 606 towards the support
platform 604 and compress the patient’s breast for imaging. This vertical movement
defines a first axis that is substantially orthogonal to the compression surface of the
support platform 604. Additionally, the compression paddle 606 is coupled to the
extension/retraction drive system 608 such that the paddle 606 also can be extended and/or
reacted with respect to the support arm 610. This horizontal movement defines a second
axis that is substantially parallel to the compression surface of the support platform 604.
Accordingly, during a breast compression procedure, the compression paddle 606 may be
extended 614 away from the support arm 610 along the first axis before moving 616 the
compression paddle 606 towards the support platform 604 along the second axis. Then, as
the compression paddle 606 is compressing the patient’s breast, the compression paddle
606 may be retracted 618 towards the support arm 610 along the first axis to draw breast
tissue away from the chest wall of the patient. The compression movement 616 and the
retraction movement 618 of the compression paddle 606 may occur substantially
simultaneously. In other examples, the compression movement 616 and the retraction
movement 618 may be discrete movements that occur individually.

[0065] By mechanically pulling breast tissue away from the chest wall and into the
imaging area via the compression paddle 606 and the drive systems 608, 612, the system
600 reduces rolling and folding of breast tissue so as to maintain a more desirable breast
profile and increase imaging efficiencies. Additionally, by substantially simultaneously
compressing and pulling the patient’s breast, the drive systems 608, 612 enables the
pulling sensation experienced by the patient to be reduced, thereby increasing patient
comfort.

[0066] FIGS. 8A and 8B are a perspective view and a side view, respectively, of a support
platform 700. Referring concurrently to FIGS. 8A and 8B and as described above, the
support platform 700 includes a top compression surface 702 to facilitate breast
compression. The support platform 700 also houses the image receptor and tilting
mechanism (not shown). During breast compression and imaging procedures, the patient is
positioned such that the chest wall is pressed against a front surface 704 of the support

platform. The front surface 704 is typically disposed at an angle (e.g., a 90° angle) to the
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compression surface 702. This position may cause some discomfort for the patient, as the
support platform 700 is typically a hard rigid plastic housing. As such, in this example, the
support platform 700 includes an inflatable membrane 706 disposed along the front
surface 704. The inflatable membrane 706 is configured to selectively inflate and provide
a cushioned surface on the support platform 700 such that the patient is more comfortable
during the compression and imaging procedures.

[0067] A recess 708 is defined in the front surface 704 of the support platform 700 such
that the inflatable membrane 706 can be disposed along the front surface 704. In other
examples, the recess 708 can be a cutout, opening, slot, etc. as required or desired. This
position enables the image receptor and tilting mechanism to maintain a clearance fit
within the support platform 700 and positions the inflatable membrane 706 out of the
imaging area such that no image artifacts are formed. When inflated, the inflatable
membrane 706 extends out from the front surface 704 such that a cushion is provided for
the patient. When the inflatable membrane 706 is not inflated, the inflatable membrane
706 can retract within the support platform 700. A flexible cover 710 may be positioned
over the front surface 704 and the inflatable membrane 706 and is configured to expand
and retract with the inflation of the inflatable membrane 706. The flexible cover 710 may
be removable and/or disposable so that the support platform 700 can be easily cleaned and
disinfected before patient use. In other examples, the inflatable membrane 706 may be
exposed to patient contact and configured to be cleaned with disinfectant between patients.
[0068] In operation, the inflatable membrane 706 may be coupled in fluid communication
to a fluid control unit such that during the compression procedure the inflatable membrane
706 is inflated to provide a cushioned element on the support platform 700. The inflatable
membrane 706 may be filled to a predetermined pressure for every compression procedure
or may be filled to varying pressure based on the imaging procedure or patient comfort
level. By providing a cushioned surface on the support platform 700 that can easily be
cleaned and re-pressurized, the technologist no longer has to work with foam pads that
may be difficult to clean. Additionally, a heated fluid may be channeled to the inflatable
membrane 706 such that the support platform 700 is at least partially heated for patient
comfort. The fluid that is channeled to the inflatable membrane 706 can be a liquid, such
as water and the like, or may be a gas, such as air and the like. In alternative examples, any
other fluid or fluid compound may be used as required or desired.

[0069] In other embodiments, the inflatable membrane 706 may be combined with the

flexible cover 710 as a removable inflatable jacket. The jacket may be coupled to a fluid
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source such that the inflatable membrane 706 can fill with fluid and expand. In this
example, the front surface 704 of the support platform 700 is flat such that the inflatable
membrane 706 can inflate and extend away from the front surface 704 and provide a
cushioned surface on the support platform 700 as described herein. By using the inflatable
jacket, after a compression and imaging procedure, the jacket can be disposed of so as to
facilitate an easy and quick cleaning of the image system between patients.

{0070] The inflatable membrane 706 described herein enables a cushioned support to be
positioned on the support platform 700 for increasing overall patient comfort during breast
compression and imaging procedures. For example, the cushion enables the patient to be
in the compressed position for longer periods of time and with lest movement to increase
efficiency of the compression and imaging procedure. The inflatable member 706 is
positioned on the front wall of the support platform 700 so that a cushion is provided at
the chest wall of the patient and without introducing image artifacts into the imaging area.
The inflatable member 706 can be selectively inflated based on patient needs and desires.
Furthermore, the inflatable member 706 may receive a heated fluid flow to further
increase patient comfort during breast compression and imaging procedures.

[0071] FIG. 9 is a side view of a breast compression element 800. As described above, the
imaging technologist typically adjusts the patient’s breast within the compression unit
while moving the compression paddle towards the support platform. This compression of
the patient’s breast generally must be done with sufficient force to immobilize the breast
and to spread out the breast tissue for x-ray imaging, and as such, over-compression may
occur, which increases patient discomfort and anxiety during the imaging procedure.
Accordingly, the breast compression element 800 described below may be used with the
imaging systems described herein to provide increased comfort to the patent, while still
enabling for sufficient immobilization and shaping of the patient’s breast.

[0072] In this example, the compression element 800 includes a structural support 802 and
an inflatable bladder 804 coupled thereto. The structural support 802 is formed from a
rigid, radiotranslucent material that can be removably coupled to the compression
assembly. On the bottom side (e.g., forming the bottom surface of the support 802), the
mflatable bladder 804 is positioned. The inflatable bladder 804 is configured to receive
and store a fluid, such that the inflatable bladder 804 can be pressurized to a
predetermined pressure. Additionally, a bleed valve 806 is in fluid communication with

the inflatable bladder 804. The bleed valve 806 is configured to selectively de-pressurize
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and release fluid from the inflatable bladder 804 as required or desired such that over-
compression of the patient’s breast may be reduced or eliminated.

[0073] In one example of operation, the inflatable bladder 804 may be mitially filled with
a fluid 808 such that the inflatable bladder 804 is formed to an inflated shape and/or
pressure. As the compression element 800 moves towards the support platform and
compresses the patient’s breast, the rigid structural support 802 generates a compressive
force on the breast. The bleed valve 800 selectively releases fluid 808 from the inflatable
bladder 804. The bleed valve 806 is configured to at least partially open when the fluid
pressure in the inflatable bladder 804 reaches a predetermined value. Additionally or
alternatively, the bleed rate of the valve 806 may be controllable so as to define the fluid
pressure within the inflatable bladder 804. Thus, the compressive force applied to the
patient breast by the structural support 802 can be at least partially dissipated by the
mflatable bladder 804 and fluid 808 configuration. This enables the technologist to apply
compression force sufficient to immobilize and compress the breast without over-
compressing and causing unnecessary discomfort. In this way, the inflatable bladder 804
acts as a cushioning component disposed between the patient’s breast and the structural
support 802 that at least partially defines a compression load to be applied to the breast.
The inflatable bladder 804 may receive a reload charge of fluid 808 between patients. The
inflatable bladder 804 may be manufactured from a silicon-based, vinyl-based, or like
material that is radiotranslucent and can be easily cleaned and/or disinfected.

[0074] In some examples, the fluid 808 may be air or an equivalent gas that can be
discharged to the atmosphere by the bleed valve 806. The bleed valve 806 may include a
muftler or any other type of device that reduces or eliminates the sound of the air exiting
out of the bleed valve 806. In other examples, an exit tube (not shown) may extend from
the bleed valve 806 so as to channel the air to a remote discharge location away from the
patient. In further examples, a reservoir 810 may be coupled in flow communication with
the inflatable bladder 804 and on the opposite side of the bleed valve 806 so as to recetve
the discharged fluid 808. In this example, the bleed valve 806 may be a two-way valve
such that the fluid 808 can be introduced to and removed from the inflatable bladder 804.
The reservoir 810 may be defined at least partially within the structural support 802, as
itlustrated in FIG. 9, or may be remote from the compression element 800 and coupled
together via one or more tubes. In still other examples, the fluid 808 may be water or an

equivalent liquid as required or desired, although post-imaging image processing would be
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acquired to address attenuation. The fluid 808 may also be heated so that the inflatable
bladder 804 is warm and more calming for the patient.

[0075] Since both the structural support 802 and the inflatable bladder 804 are used to
compress the patient’s breast, the structural support 802 may have a thickness 812 that is
thinner than a typical compression paddie. This reduced thickness enables for a lower
amount of x-ray energy to be used for imaging since there is less penetrable structure for
the x-rays. Additionally, in this example, a front wall 814 of the compression element 800
is formed entirely by the inflatable bladder 804, which provides cushioning at the chest
wall 816 of the patient, and a compression surface 817 is formed by the inflatable bladder
804. The structural support 802 is offset 818 from the front wall 814 such that the
inflatable bladder 804 fills the space. Furthermore, the inflatable bladder 804 may define
one or more radii 819 along the front wall 814 such that the compression element 800 has
smooth edges that are positioned adjacent the chest wall 816 to further provide cushioning
and patient comfort. The radius 819 may be formed by the shape and/or size of the
inflatable bladder 804, or may be at least partially defined by one or more support tubes
820 disposed within the inflatable bladder 804 so as to give shape and/or structure to the
flexible bladder 804.

{0076] In another example of operation, the inflatable bladder 804 may not be initially
filled, or only partially filled, with the fluid 808. In this configuration, the compression
element 800 is moved towards the support platform and compresses the patient’s breast,
via the structural support 802, to an initial compression force. Once this initial
compression force is reached, then fluid 808 may be introduced into the inflatable bladder
804 so as to increase the pressurization of the bladder 804 and further compress the
patient’s breast until a final compression force is reached. This operation can also reduce
over-compression of the breast because the compression element 800 is not moved in
relation to the support platform in order obtain the final breast compression force. In some
examples, the inflatable bladder 804 may be coupled to the structural support 802 such
that a single compression element 800 component is formed. In other examples, the
inflatable biadder 804 may be removably attached to the structural support 802 so that
iflatable bladder 804 is a disposable component. In that case, a new inflatable bladder
804 may be attached for each patient.

[0077] FIGS. 10A-10D are a perspective view, a side cross-sectional view, a top view, and
a front view, respectively, of another breast compression element 900. Referring

concurrently to FIGS. 10A-10D, the breast compression element 900 is disposed above a
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support platform 901 and includes a structural support 902 and an inflatable bladder 904.
Similar to the examples described above, the inflatable bladder 904 is coupled to a bleed
valve 906 such that a fluid 908 (e.g., air) can be exhausted to the atmosphere via an outlet
910 and control over-compression of the breast 911. Additionally, the inflatable bladder
904 includes an inlet 912 so that fluid 908 may be introduced into the bladder 904.
However, in this example, the structural support 902 includes two substantially parallel
arms 914 that are spaced apart from each other. The inflatable bladder 904 may be formed
as a sheet with two end chambers 916 that can receive the arm 914 so as to removably
couple the inflatable bladder 904 to the arms 914. This enables the inflatable bladder 904
to be formed as a sterile and disposable component.

[0078] In this example, it may be desirable that the inflatable bladder 904 be in tension
between the arms 914 so that a compressive load can be applied to the breast 911. As such,
the arms 914 should be sufficiently rigid (e.g., carbon fiber, aluminum, or the like), and
may also be moveable towards and away from one another. For example, the arms 914 can
move towards each other and towards a first distance 918 that enables the inflatable
bladder 904, through the chambers 916, to be more easily attached to the structural support
902 and without tensioning the bladder 904. Once the inflatable bladder 904 is coupled to
the arms 914, the arms 914 may be moved away from each other and to a second distance
920, so that tension is induced into the bladder 904. In some examples, the free end of the
arm 914 may be formed with a radius feature 922 so that a radius of curvature can be
defined in the inflatable bladder 904 such that the compression element 900 has smooth
edges that are positioned adjacent the chest wall of the patient to further provide
cushioning and patient comfort.

{0079] In operation, the compression element 900 may use the inflatable bladder 904 to
release air pressure during the patient’s breast compression, or may induce air into the
mflatable bladder 904 during the compression procedures. Regardless, the compression
element 900 reduces over-compression of the breast and increased patient comfort.
Additionally, the structural support 902 and arm 914 may be positioned so as to not be in
the imaging area of the imaging unit so that image artifacts are not formed. Furthermore,
because the inflatable bladder 904 is the only component in the imaging area, lower x-ray
energy may be used during imaging since there is no support structure to attenuate the x-
rays.

[0080] FIG. 11 1s a flowchart of a method 1000 for compressing a breast for an imaging

procedure on an x-ray imaging system. The method 1000 begins with moving a
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compression element towards a support platform (operation 1002). The compression
element may include a structural support and an inflatable bladder that is filled with a
fluid. The breast is then contacted with the compression element such that an initial
compressive load is applied to the breast, and the breast is at least partially compressed
between the compression element and the support platform (operation 1004). Upon
reaching a predetermined compressive force on the breast, at least a portion of the fluid is
selectively released from the inflatable bladder such that any further applied compressive
load does not increase the compressive force on the breast (operation 1006). In some
examples, the method 1000 may further include attaching the inflatable bladder to the
structural support {operation 1008) and then tensioning the inflatable biadder between a
pair of arms (operation 1010). In other examples, selectively releasing fluid (operation
1006) may include bleeding air to the atmosphere (operation 1012). In still other
examples, before moving the compression element (operation 1002), the inflatable bladder
can be inflated with the fluid (operation 1014).

[0081] The breast compression elements 800, 900 described herein enables the breast
compression force of the x-ray imaging system to be controllable such that over-
compression of the patient’s breast is reduced or prevented. Therefore, patient comfort is
increased, while maintaining sufficient breast compression for immobilization and
imaging. The inflatable bladder can be inflated and configured to selectively release fluid,
for example, through the bleed valve, to reduce over-compression forces on the patient’s
breast. In other examples, the inflatable bladder can be configured to selectively receive
fluid during the breast compression procedures to reduce over-compression forces on the
patient’s breast. The structural support that the inflatable bladder is coupled to, provides
sufficient rigid structure to facilitate breast compression and immobilization with the
inflatable biadder.

{0082} This disclosure describes some examples of the present technology with reference
to the accompanying drawings, in which only some of the possible examples were shown.
Other aspects can, however, be embodied in many different forms and should not be
construed as limited to the examples set forth herein. Rather, these examples were
provided so that this disclosure was thorough and complete and fully conveyed the scope
of the possible examples to those skilled in the art.

[0083] Although specific examples were described herein, the scope of the technology 1s
not limited to those specific examples. One skilled in the art will recognize other examples

or improvements that are within the scope of the present technology. Therefore, the
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specific structure, acts, or media are disclosed only as illustrative examples. Examples
according to the technology may also combine elements or components of those that are
disclosed in general but not expressly exemplified in combination, unless otherwise stated
herein. The scope of the technology is defined by the following claims and any equivalents

therein.
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Claims

1. A breast compression paddle for use in an imaging system, the breast compression
paddle comprising:

a compression surface; and

a jacket comprising at least one inflatable chamber disposed adjacent to the
compression surface and a sheet covering at least a portion of the compression surface,
wherein the at least one mnflatable chamber is configured to selectively inflate and induce

the sheet to slide along the compression surface.

2. The breast compression paddle of claim 1, wherein the sheet comprises at least one

cushioning chamber covering at least a portion of the compression surface.

3. The breast compression paddle of claim 2, wherein the at feast one cushioning

chamber is configured to selectively inflate.

4. The breast compression paddle of claim 2 or 3, wherein the at least one cushioning
chamber is configured to inflate to a pressure that is lower than a pressure of the at least

one intlatable chamber.

5. The breast compression paddie of claim 2 or 3, wherein the inflation pressure of
the at least one inflatable chamber and the inflation pressure of the at least one cushioning

chamber are independently controlled.

6. The breast compression paddie of claim 2 or 3, wherein the at least one cushioning

chamber comprises a plurality of chambers.

7. The breast compression paddle of claim 2 or 3, wherein the breast compression
paddle further comprises a bracket or integral feature having a recess defined adjacent to
the compression surface, wherein the at least one inflatable chamber is disposed proximate
the bracket or integral feature and is configured to selectively inflate at least partially into

the recess.
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8. The breast compression paddie of claim 1, wherein the sheet is configured to slide
along the compression surface substantially simultaneously with the at least one inflatable

chamber selectively inflating.

9. The breast compression paddie of claim 1, further comprising a top surface
opposite the compression surface, wherein the jacket substantially surrounds the top

surface and the compression surface.

10. The breast compression paddie of claim 9, further comprising a bracket or integral
feature, and wherein the jacket further comprises a first edge coupled to the bracket or

integral feature adjacent the top surface.

1. Animaging system comprising:
an imaging source;
an imaging receptor defining an imaging area; and
a breast compression unit comprising:

a breast compression paddle comprising a first compression surface;

a platform comprising a second compression surface, wherein the breast
compression paddle is configured to move in relation to the platform to compress a
patient’s breast between the first compression surface and the second compression
surface; and

a paddle jacket disposed on the breast compression paddle such that the
first compression surface 1s at least partially covered, the paddle jacket comprising
at least one inflatable chamber and a sheet, wherein the at least one inflatable
chamber is configured to selectively inflate and induce the sheet to slide along the

first compression surface.

12.  The imaging system of claim 11, further comprising a platform jacket disposed on
the platform such that the second compression surface is at least partially covered, the
platform jacket comprising at least one inflatable chamber and a sheet, wherein the at least
one inflatable chamber is configured to selectively inflate and induce the sheet to slide

along the second compression surface.
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13, The imaging system of claim 12, wherein the paddle jacket is independently
inflatable from the platform jacket.
14.  The imaging system of any one of claims 11-13, further comprising a fluid source

configured to deliver a flow of fluid to the paddle jacket for the selective inflation of the at

least one inflatable chamber.

15.  The imaging system of any one of claims 11-13, wherein the paddle jacket 13

removably disposed on the breast compression paddle.

16.  The imaging system of any one of claims 11-13, wherein the breast compression

paddle is removable from the breast compression unit.

17. A method of compressing a breast in an imaging system including a jacket having
at least one inflatable chamber and a sheet, the method comprising:

compressing a breast between a compression paddle and a platform;

selectively inflating the at least one inflatable chamber of the jacket disposed on
the breast compression paddle such that the sheet slides along a compression surface and

pulls at least some breast tissue away from a patient’s chest wall and into an imaging area.

18.  The method of claim 17, wherein the sheet includes at least one cushioning
chamber disposed below the compression surface, the method further comprising after the
breast is compressed between the compression paddle and the platform selectively

inflating the at least one cushioning chamber.

19.  The method of claim 18, wherein the at least one inflatable chamber is selectively

inflated to a different pressure than a pressure of the at least one cushioning chamber.

20. The method of any one of claims 17-19 further comprising:
removably attaching the jacket on the breast compression paddle; and

coupling in fluid communication the jacket to a fluid source.

21. A breast compression unit for an x-ray imaging system, the breast compression

unit comprising:
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a support platform comprising a compression surface;

a compression paddle movably disposed relative to the support arm such that a
patient breast can be compressed between the compression paddle and the compression
surface, wherein the compression paddie is angled relative to the compression surface; and

a jacket comprising at least one inflation chamber coupled to the compression
paddle, wherein the at least one inflation chamber comprises an edge section disposed
proximate a front surface of the compression paddle, and wherein when the at least one
mflation chamber is inflated a slope of the edge section is substantially parallel to the

compression surface.

22.  The breast compression unit of claim 21, wherein the compression paddle has a
bottom surface adjacent to the at least one inflation chamber, and wherein the bottom

surface is substantially planar.

23.  The breast compression unit of claim 21, wherein the compression paddle has a
bottom surface adjacent to the at least one inflation chamber, and wherein the bottom

surface is substantially curved.

24, A breast compression unit for an x-ray imaging system, the breast compression
unit comprising:

a support platform comprising a compression surface; and

a compression paddle movably coupled to the support arm, wherein the
compression paddle is moveable along a first axis substantially orthogonal to the
compression surface and along a second axis substantially parallel to the compression

surface.

25. The breast compression unit of claim 24, further comprising a first drive system
coupled to the compression paddie and configured to move the compression paddie along
the first axis, and a second drive system coupled to the compression paddle and configured

to move the compression paddle along the second axis.

26.  The breast compassion unit of claim 24 or 25, wherein movement of the
compression paddle along the first axis occurs substantially simultaneously with

movement along the second axis.
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27.  The breast compassion unit of claim 24 or 25, wherein movement of the

compression paddie along the first axis is discrete from movement along the second axis.

28. A breast support platform for an x-ray imaging system, the breast support platform
comprising:

a compression surface;

a front surface disposed at an angle to the compression surface and configured to
contact a chest wall of a patient during a compression of a breast against the compression
surface; and

an inflatable membrane disposed at the front surface and configured to receive a
fluid and expand at least partially away from the front surface so as to form a cushioned

element on the breast support platform.

29.  The breast support platform of claim 28, wherein the inflatable member is disposed
at least partially within a recess defined by the front surface and is covered by a flexible

cover.

30.  The breast support platform of claim 28, wherein a flexible cover comprises the
inflatable membrane, and wherein the flexible cover is removably coupled to the front
surface.
31 A compression efement for an x-ray imaging system, the compression element
comprising:

a structural support; and

an inflatable bladder coupled to the structural support, wherein the intlatable
bladder forms both a front wall and a compression surface of the compression element,
and wherein the mflatable bladder is configured to receive a flow of fluid and selectively

release the fluid upon compression of a patient breast.

32.  The compression element of claim 31, wherein a bleed valve is coupled to the
inflatable bladder and is configured to selectively release the fluid upon compression of

the patient breast.
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33. The compression element of claim 31, wherein the compression element further
comprises a reservoir coupled in flow communication with the inflatable bladder, and

wherein the fluid released from the inflatable bladder is channeled to the reservoir.

34.  The compression element of claim 31, wherein the inflatable bladder comprises

one or more support tubes configured to at least partially define a shape of the front wall.

35.  The compression element of any one of claims 31-34, wherein the structural

support comprises twoQ Or more arms.

36. A method of compressing a breast for an imaging procedure on an x-ray imaging
system, the method comprising:

moving a compression element towards a support platform, wherein the
compression element includes a structural support and an inflatable bladder filled with a
fluid;

contacting the breast with the compression element such that a compressive load is
applied to the breast, and the breast compresses between the compression element and the
support platform; and

upon reaching a predetermined compressive force on the breast, selectively
releasing at least a portion of the fluid from the inflatable bladder such that any further
applied compressive load does not increase the compressive force on the breast.
37. The method of claim 36, further comprising attaching the inflatable bladder to the

structural support.

38.  The method of claim 37, wherein attaching the inflatable bladder comprises

tensioning the inflatable bladder between a pair of arms.

39.  The method of claim 36, wherein selectively releasing fluid from the inflatable

bladder comprises bleeding air to the atmosphere.

40. The method of claim 36, wherein prior to moving the compression element, the

method further comprises inflating the inflatable bladder with the fluid.



WO 2019/033022 PCT/US2018/046304
1/18

/100
122 X-RAY
~ SOURCE 126
120
\—~
124
(S COMPRESSION PADDLE f
136
104 < t —1
BREAST 102 130 \\
110 . (| " 128
L - IMAGE RECEPTOR -
118 <Lt TILTING MECHANISM —
114 / — ==
106
139 /134
N mace FLUID CONTROL
PROCESSOR UNIT

SYSTEM CONTROL AND /
WORK STATION

FIG.1A



WO 2019/033022 PCT/US2018/046304
2/18

100

\_/ 122

F 4126

3 R
( 124

114"‘{\@ 2 108

[\\
a

(\ 106

FIG.1B



WO 2019/033022 PCT/US2018/046304
3/18

200

FIG.2A




PCT/US2018/046304

WO 2019/033022

4/18

dZ ol
02
P12 N\ vee 202
N v\ D [ ]«
N\
5T ///.
vz
pez I
\|
807
857 ~
/u \
987 «
N\
— =y e

00¢ A/



PCT/US2018/046304

WO 2019/033022

5/18

1444

00¢

8¢¢

70¢

80¢



PCT/US2018/046304

WO 2019/033022

6/18

(e
N

00¢

¢ Ol

70¢




WO 2019/033022 PCT/US2018/046304
7/18

324

o
S 3
>
o
<+ o b Z)
I
o
o)
~
o
o
<
™
o~ ©
~ N
™ o
~r
=
< ™
=
) <
—_———d o I
> O
< O
I
o
~N
o
o
~
o
o w©w
®©
P ™
o~
o~
o

322



WO 2019/033022

300

324

328

308

320 312
314
314
310

"
o
a0

FIG.4B

PCT/US2018/046304
8/18

300
324




WO 2019/033022

9/18

310

320

PCT/US2018/046304

306
FIG.4C




WO 2019/033022 PCT/US2018/046304
10/18

400

COMPRESSING | 402

BREAST
SELECTIVELY INFLATING 104
AT LEAST ONE INFLATABLE ~ p—
CHAMBER OF A JACKET

406 408

|- - - - - - - - - - - === /— @ === = = A ————— A

' SELECTIVELYINFLATING | 1 INFLATINGTO |

> ATLEASTONE CUSHIONING  —» DIFFERENT |

| CHAMBER OF THEJACKET 1 ! PRESSURES !

I L (— - e e e e e e e e — a4

A T

_| REMOVABLYATTACHING 1 |  COUPLING JACKET

| THE JACKET — 1 TOFLUDSOURCE |

e _____1 b e e e e
\ \

410 412



WO 2019/033022 PCT/US2018/046304
11/18

503

S
rst bl
Lo
o
s
Lo
o o
T S
Lo
© <
m\\ ©©
L N "
o~ O,
o I
i LL
o
LO)|
\_-\\
© "\ oo
S S
~N © re)
Lo ———]
13 o
. —
Lo




WO 2019/033022 PCT/US2018/046304
12/18

500

520

526

51
FIG.6B

512
518



WO 2019/033022
13/18

PCT/US2018/046304

600

602

610~

606 614

616\,,1 |Z 608

618

FIG.7



WO 2019/033022 PCT/US2018/046304
14/18

700

702
’
FIG.8B

(704

©
o
I~

710

N
I~

708

FIG.8A

700
/

704



WO 2019/033022 PCT/US2018/046304
15/18

800
N 802
'd

806

\/808
S
s
FIG.9

-

816
818

o
(]
(e o]

814



PCT/US2018/046304

WO 2019/033022

16/18

Nomn\ ¢l6

dol old

~
~—
o

V0l ©Old

€6

D'9DDEDD

16




WO 2019/033022 PCT/US2018/046304
17/18

5
)

\904

FIG.10D

P
o @

920
‘)
918
s
A
FIG.10C

900\
QL
N\
916



WO 2019/033022

18/18

|
| INFLATING BLADDER 1014
| |
MOVING COMPRESSION
PADDLE ~—1002
CONTACTING BREAST ~ f~_1004
1006
SELECTIVELY RELEASING
FLUID

ATTACHING BLADDERTO ~ ——1008
STRUCTURAL SUPPORT !

PCT/US2018/046304

1000



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2018/046304

A, CLASSIFICATION OF SUBJECT MATTER
A61B 6/04(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61B 6/04; A61B 19/00; A61B 6/00; A61B 6/02; A61B 6/03; A61B 8/00; A61N 5/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electromnic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & Keywords: breast, compression, paddle, platform, inflatable, chamber, image

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 2016-0242707 A1 (HOLOGIC,
See paragraphs [25]-[37],

Y V0 2014-074602 A1l (THE REGENTS OF THE UNIVERSITY OF CALIFORNIA) 15 May 2014

See paragraphs [38]-[39] and figures 6B-6D.

Y US 2005-0113683 A1 (LOKHANDWALLA et al.) 26 May 2005

See paragraphs [19]-[23] and figure 2.

Y US 2007-0223652 Al (GALKIN) 27 September 2007

See paragraphs [5],[83] and figure 9.

Y WO 2016-073445 Al (HOLOGIC,
See paragraph [47] and figures 14,15.

Y JP 2015-027382 A (CANON INC.) 12 February 2015

See paragraph [39] and figure 3.

Y US 2010-0046698 Al (LEBOVIC et al.) 25 February 2010

See paragraphs [28]-[31] and figures 7-12.

INC.) 25 August 2016
claim 1 and figures 1-6.

INC.) 12 May 2016

24-27,36-40

1-20,28-35

21-23

1-20

7,10

21-23

21-23

28-30

31-35

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"0" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theoty undetlying the invention

"X" document of particular re¢levance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
10 December 2018 (10.12.2018)

Date of mailing of the international search report

11 December 2018 (11.12.2018)

Name and mailing address of the ISA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No, +82-42-481-8578

Authorized officer

7
7
4

N ™
. N R
Kim, Yeonkyung AN
W
\\\\\‘S N
R

:
£

Telephone No. +82-42-481-3325

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No

PCT/US2018/046304
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2016-0242707 Al 25/08/2016 AU 2014-257019 Al 12/11/2015
CN 105491953 A 13/04/2016
EP 2779904 Al 24/09/2014
EP 2988674 A2 02/03/2016
JP 2014-533558 A 15/12/2014
JP 2016-517740 A 20/06/2016
JP 2017-056256 A 23/03/2017
JP 6157491 B2 0b/07/2017
US 2013-0129039 A1 23/05/2013
US 2016-0081633 Al 24/03/2016
US 2017-0347976 Al 07/12/2017
US 2018-0125437 Al 10/05/2018
US 9332947 B2 10/05/2016
US 9649075 B2 16/05/2017
US 9782135 B2 10/10/2017
WO 2013-074942 Al 23/05/2013
WO 2014-176445 A2 30/10/2014
WO 2014-176445 A3 31/12/2014
WO 2014-074602 Al 15/05/2014 US 2015-0272682 Al 01/10/2015
US 9913689 B2 13/03/2018
US 2005-0113683 Al 26/05/2005 DE 102004044242 Al 04/08/2005
FR 2862516 Al 27/05/2005
FR 2862516 Bl 25/05/2007
IT MI20041680 Al 30/11/2004
US 7822457 B2 26/10/2010
US 2007-0223652 Al 27/09/2007 US 2003-0099325 Al 29/05/2003
US 2004-0156472 Al 12/08/2004
US 2006-0050844 Al 09/03/2006
US 2006-0165215 Al 27/07/2006
US 2007-0019785 Al 25/01/2007
US 2008-0240345 Al 02/10/2008
US 2010-0049093 A1 25/02/2010
US 6850590 B2 01/02/2005
US 6975701 B2 13/12/2005
US 7142631 B2 28/11/2006
US 7248668 B2 24/07/2007
US 7251309 B2 31/07/2007
US 7512211 B2 31/03/2009
US 7634049 B2 15/12/2009
US 8100839 B2 24/01/2012
WO 2016-073445 Al 12/05/2016 AU 2015-343319 Al 11/05/2017
CA 2964477 A1 12/05/2016
EP 3215017 Al 13/09/2017
JP 2017-536167 A 07/12/2017
US 2017-0340303 Al 30/11/2017

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2018/046304
Patent document Publication Patent family Publication
cited in search report date mermber(s) date
JP 2015-027382 A 12/02/2015 JP 2015-112337 A 22/06/2015

JP 6319963 B2 09/05/2018
WO 2015-015711 Al 05/02/2015
US 2010-0046698 Al 25/02/2010 AT 364351 T 15/07/2007
AT 503422 T 15/04/2011
AT 556656 T 15/05/2012
AU 2001-240073 B2 21/07/2005
AU 2001-40073 Al 17/09/2001
AU 2002-322630 B2 02/10/2008
AU 2005-225059 Al 10/11/2005
AU 2008-201638 Al 01/05/2008
AU 2008-201638 B2 03/12/2009
AU 2010-303583 Al 24/05/2012
AU 2010-303583 B2 06/08/2015
AU 2010-303586 Al 24/05/2012
AU 2010-303586 B2 03/09/2015
AU 2010-305588 Al 24/05/2012
AU 2010-303588 B2 30/07/2015
AU 2010-303589 Al 24/05/2012
AU 2010-303589 B2 03/09/2015
AU 2015-264876 Al 24/12/2015
AU 2015-264879 Al 24/12/2015
AU 2015-264879 B2 08/03/2018
AU 4007301 A 17/09/2001
BR 112012008028 A2 01/03/2016
BR 112012008029 A2 01/03/2016
BR 112012008033 A2 19/04/2016
BR 112012008038 A2 01/03/2016
CA 2402429 Al 13/09/2001
CA 2402429 C 07/05/2013
CA 2454633 Al 20/02/2003
CA 2454633 C 15/02/2011
CA 2776693 Al 14/04/2011
CA 2776693 C 06/02/2018
CA 2776694 Al 14/04/2011
CA 2776696 Al 14/04/2011
CA 2776696 C 06/02/2018
CA 2776697 Al 14/04/2011
DE 60220680 T2 06/03/2008
EP 1263321 A2 11/12/2002
EP 1263321 Bl 09/05/2012
EP 1420695 A2 26/05/2004
EP 1420695 Bl 13/06/2007
EP 1836962 A2 26/09/2007
EP 1836962 A3 12/12/2007
EP 1836962 Bl 30/03/2011
EP 2279694 A2 02/02/2011
EP 2279694 A3 04/05/2011
EP 2485797 Al 15/08/2012

Form PCT/ISA/210 (patent family annex) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2018/046304
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2485797 A4 01/05/2013
EP 2485798 Al 15/08/2012
EP 2485798 A4 01/05/2013
EP 2485799 Al 15/08/2012
EP 2485799 A4 15/05/2013
EP 2485800 Al 15/08/2012
EP 2485800 A4 01/05/2013
EP 2485800 Bl 06/12/2017
JP 2003-525681 A 02/09/2003
JP 2005-523043 A 04/08/2005
JP 2013-506532 A 28/02/2013
JP 2013-506533 A 28/02/2013
JP 2013-506534 A 28/02/2013
JP 2013-506535 A 28/02/2013
JP 2015-205213 A 19/11/2015
JP 2017-000835 A 05/01/2017
JP 4373210 B2 25/11/2009
JP 5858920 B2 10/02/2016
JP 6035147 B2 30/11/2016
JP 6118373 B2 19/04/2017
KR 10-1749605 Bl 21/06/2017
KR 10-1749607 Bl 21/06/2017

KR 10-2012-0101646 A 14/09/2012
KR 10-2012-0101647 A 14/09/2012
KR 10-2012-0101648 A 14/09/2012
KR 10-2012-0101649 A 14/09/2012
KR 10-2017-0127056 A 20/11/2017
KR 10-2017-0127057 A 20/11/2017

MX 2012004050 A 14/06/2012
MX 2012004051 A 08/08/2012
MX 2012004052 A 23/08/2012
MX 2012004053 A 30/07/2012
MX 337120 B 12/02/2016
NZ 520969 A 26/03/2004
NZ 530933 A 24/06/2005
US 2003-0007597 Al 09/01/2003
US 2003-0174807 Al 18/09/2003
US 2005-0036584 Al 17/02/2005
US 2006-0239399 Al 26/10/2006
US 2011-0106220 Al 05/05/2011
US 2011-0112603 Al 12/05/2011
US 2011-0218589 Al 08/09/2011
US 2011-0218590 Al 08/05/2011
US 2012-0114096 Al 10/05/2012
US 2013-0158626 Al 20/06/2013
US 2014-0188200 Al 03/07/2014
US 2014-0228906 Al 14/08/2014
US 2014-0307848 Al 16/10/2014
US 2015-0151128 Al 04/06/2015
US 2016-0106979 Al 21/04/2016

Form PCT/ISA/210 (patent family annex) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No

PCT/US2018/046304
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2016-0129264 Al 12/05/2016
US 2016-0517814 Al 03/11/2016
US 2017-0028198 Al 02/02/2017
US 2017-0056660 Al 02/03/2017
US 2017-0071555 Al 16/03/2017
US 2017-0259063 Al 14/09/2017
US 6577702 Bl 10/06/2003
US 6765984 B2 20/07/2004
US 6968033 B2 22/11/2005
US 7502441 B2 10/03/2009
US 7616732 B2 10/11/2009
US 8098793 B2 17/01/2012
US 8380315 B2 19/02/2013
US 8688220 B2 01/04/2014
US 8700164 B2 15/04/2014
US 8705689 B2 22/04/2014
US 8958880 B2 17/02/2015
US 9238139 B2 19/01/2016
US 9504433 B2 29/11/2016
US 9504827 B2 29/11/2016
US 9511223 B2 06/12/2016
US 9682236 B2 20/06/2017
US 9936925 B2 10/04/2018
WO 01-66013 A2 13/09/2001
WO 01-66013 A3 31/01/2002
WO 03-013358 A2 20/02/2003
WO 03-013358 A3 04/12/2003
WO 2011-044173 Al 14/04/2011
WO 2011-044176 Al 14/04/2011
WO 2011-044178 Al 14/04/2011
WO 2011-044179 Al 14/04/2011

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - wo-search-report
	Page 52 - wo-search-report
	Page 53 - wo-search-report
	Page 54 - wo-search-report
	Page 55 - wo-search-report

