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1
APPARATUS AND METHOD FOR
MAMMOGRAPHIC BREAST COMPRESSION

BACKGROUND
Technical Field

Embodiments of the invention relate generally to mam-
mographic imaging and, more particularly, to an apparatus
and method for controlling and coordinating tissue com-
pression during mammographic imaging.

Discussion of Art

The process of obtaining high quality mammographic
images from breast tissue requires a technician to position
the breast of a patient between one or more paddles that
compress the breast in order to immobilize and flatten it
during image acquisition. The compression force applied to
a breast improves image quality by reducing the thickness of
the breast while spreading the breast tissue over a larger
area; this facilitates interpretation of obtained imagery since
the amount of overlying tissue for structures within the
imaged breast is minimized.

Reduction of the breast thickness by compression is also
important in managing patient radiation dosage. In general,
the thicker the compressed breast, the more x-ray attenua-
tion. Therefore, a higher x-ray dosage is necessary when
imaging thicker breast tissue as compared to the dosage
required for thinner tissue. While greater compression forces
are desirable for obtaining clear images with lower radiation
dosages, greater compression forces may contribute to
patient pain or discomfort. Such patients may not schedule
or may delay any future examinations due to the fear of an
uncomfortable procedure, thereby possibly increasing the
risk that a serious medical condition may not be detected in
a timely fashion.

Accordingly, some imaging systems have been developed
that monitor and control the compression force applied to a
patient’s breast during mammographic imaging in an effort
to minimize discomfort. Such systems, for example, may
employ force sensors that measure the force applied to the
breast to maintain the compression forces below certain
predetermined thresholds. Depending on the patient, how-
ever, even compression forces below predetermined thresh-
olds may cause pain or discomfort.

In view of the above, there is a need for an apparatus and
method for controlling the compressive force applied to the
breast of a patient during mammographic imaging that takes
into account the physiology of each individual patient, to
simultaneously reduce patient discomfort and enhance visu-
alization of breast structures.

BRIEF SUMMARY OF THE INVENTION

In an embodiment, a mammography apparatus is pro-
vided. The mammography apparatus includes a support
plate for supporting a breast of a patient, a compression plate
movable toward and away from the support plate for com-
pressing the breast against the support plate, and a controller
configured to control movement of the compression plate
toward and away from the support plate. The controller is
configured to adjust at least one of a rate of compression
and/or a pressure and/or compressive force applied to the
breast based on a measurement of at least one of a diastolic
pressure and/or a systolic pressure of the patient.
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In another embodiment, a diagnostic imaging apparatus is
provided. The apparatus includes a support plate for sup-
porting tissue of a patient, a compression plate movable
toward and away from the support plate for compressing the
tissue against the support plate, and a controller configured
to control movement of the compression plate toward and
away from the support plate, and to adjust in real-time at
least one of a rate of compression and/or a pressure applied
to the tissue based on a measurement of a physiological
parameter of a patient taken during at least one of a
compression phase and/or a clamping phase of the appara-
tus.

In yet another embodiment, a method of operating a
mammography apparatus is provided. The method includes
the steps of positioning a breast of a patient on a support
plate, moving a compression plate towards the support plate
to compress the breast of a patient, measuring at least one of
a diastolic pressure and/or a systolic pressure of a patient,
and varying at least one of a rate of compression and/or a
pressure applied to the breast based on the measurement of
the at least one of the diastolic pressure and/or the systolic
pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from
reading the following description of non-limiting embodi-
ments, with reference to the attached drawings, wherein
below:

FIG. 11s a perspective view of a mammography apparatus
for imaging the breast tissue of a patient, in accordance with
an embodiment of the invention;

FIG. 2 diagram of the system of FIG. 1, showing the
radiation source of the system in a scanning position, in
accordance with an embodiment of the invention;

FIG. 3 is a perspective view of another embodiment of the
system of FIG. 1 wherein the system includes a biopsy tool,
in accordance with an embodiment of the invention;

FIG. 4 is a graph illustrating pressure application rates
during a compression phase of the system of FIG. 1; and

FIG. 5 is a graph illustrating applied pressure during a
compression phase and a clamping phase of the system of
FIG. 1.

DETAILED DESCRIPTION

Reference will be made below in detail to exemplary
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible,
the same reference characters used throughout the drawings
refer to the same or like parts, without duplicative descrip-
tion.

As used herein, “electrically coupled”, “electrically con-
nected”, and “electrical communication” mean that the ref-
erenced elements are directly or indirectly connected such
that an electrical current may flow from one to the other. The
connection may include a direct conductive connection, i.e.,
without an intervening capacitive, inductive or active ele-
ment, an inductive connection, a capacitive connection,
and/or any other suitable electrical connection. Intervening
components may be present.

Further, while the embodiments disclosed herein are
described with respect to a mammography apparatus for the
2-dimensional imaging of breast tissue, it is to be understood
that embodiments of the invention may be applicable to
other types of imaging devices for both 2-dimensional and
3-dimensional imaging including, for example, digital breast
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tomosynthesis (DBT) and spectral mammography (single or
multi-energy), as well as for imaging procedures for tissue
other than breast tissue. Further still, embodiments of the
invention may be used to analyze tissue, generally, and are
not limited to analyzing human tissue.

Referring now to FIGS. 1 and 2, the major components of
amammography system 10 for imaging breast tissue accord-
ing to an embodiment of the invention are shown. The
system 10 includes a radiation source/device 16, a radiation
detector 18, and a collimator 20. The radiation source 16 is
movable between a variety of imaging positions relative to
the detector 18, and is operative to emit radiation rays 22
(FIG. 2) that are received by the radiation detector 18 to
provide an image of a breast 52. In embodiments, the system
10 may include a patient shield 24 mounted to the radiation
source 16 via face shield rails 26 to prevent the patient’s
head from obstructing the radiation rays and protecting the
patient from the radiation rays 22.

Referring still further to FIGS. 1 and 2, the system 10 also
includes a compression plate 28 and a support structure 30
to which one or more of the radiation source 16, radiation
detector 18, and/or compression plate 28 may be mounted
to. In embodiments, the system 10 may further include a
controller 32. The controller 32 may be a workstation having
at least one processor and a memory device as shown in FIG.
1 or, in other embodiments, the controller 32 may be
embedded/integrated into one or more of the various com-
ponents of the system 10 disclosed above. In embodiments,
the controller 32 may be in electrical communication with
the radiation source 16, radiation detector 18, and/or the
compression plate 28 via a cable 34. As will be appreciated,
in embodiments, the connection 34 may be a wireless
connection. In embodiments, the controller 32 may include
a radiation shield 36 that protects an operator of the system
10 from the radiation rays 22 emitted by the radiation source
16. The controller 32 may further include a display 38, a
keyboard 40, mouse 42, and/or other appropriate user input
devices that facilitate control of the system 10 via a user
interface 44.

As further shown in FIGS. 1 and 2, the radiation source
16, along with the radiation detector 18, forms part of an
x-ray system which provides x-ray imagery for the purpose
of imaging a body part of a patient, such as breast 52. As
stated above, the radiation source 16 emits the radiation rays
22 such that the radiation rays 22 travel from the radiation
source 16 to the radiation detector 18. While the radiation
rays 22 are discussed herein as being x-rays, it is to be
understood that the radiation source 16 may emit other types
of electromagnetic rays which can be used to image a
patient. The radiation source 16 may be mounted to the
support structure 30 such that the radiation source can rotate
around an axis 46 in relation to the radiation detector 18,
although movement of the radiation source 16 in paths other
than rotation about a fixed axis, such as during digital breast
tomosynthesis (DBT), are also envisioned. In embodiments,
the radiation detector 18 may be configured to rotate or
translate within its housing, such as in the directions indi-
cated by arrows 53 and 55.

As stated above, the radiation detector 18 receives the
radiation rays 22 emitted by the radiation source 16. In
embodiments, data regarding the radiation rays 22 received
by the radiation detector 18 may be electrically communi-
cated to the controller 32 from the radiation detector 18 via
cable/electronic connection 34 such that the controller 32
generates one or more images which may be shown on the
display 38 and stored in the memory device.
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The compression plate 28 is operative, in response to
instruction from the controller 32 or in response to instruc-
tions from controller(s) on or near the mammography sys-
tem 10 or switch controllers 80, to move towards and away
from the radiation detector 18 as indicated by arrows 48 such
that the compression plate 28 flattens and holds a body part,
e.g., breast 52, in place against the surface 50 of the radiation
detector 18. In this respect, the radiation detector 18 and the
surface 50 thereof is referred to herein as a “support plate”
that cooperates with the compression plate 28 to compress
and clamp a breast of a patient therebetween.

In an embodiment, the system 10 may further, or alter-
natively, include a biopsy tool 100, illustrated in FIG. 3. In
such an embodiment, the radiation source 16, along with the
radiation detector 18, forms part of an x-ray system which
provides x-ray imagery for the purpose of guiding the biopsy
tool 100, e.g., needle, to a suspect site within a body part of
a patient. As shown in FIG. 3, in embodiments, the biopsy
tool 100, may be disposed on the support structure 30 such
that it also rotates about the axis 46, in a manner similar to
the radiation source 16, and/or moves in a vertical and/or
horizontal direction, in a manner similar to the compression
plate 28.

In operation, in accordance with an embodiment, the
breast 52 of the patient may be placed onto the surface 50 of
the radiation detector 18. The compression plate 28, under
control of the controller 32, moves towards the detector 18
to compress the breast 52 against the surface 50 of the
detector 18 such that the breast 52 is immobilized. Move-
ment of the compression plate 28 towards the detector 18 to
compress the breast 52 against the support plate/detector 18
defines a compression phase of the system 10. Once a target
compression force is achieved, movement of the compres-
sion plate 28 is halted and the compression plate 28 and the
support plate 18 are held in fixed position to clamp the breast
52 therebetween (referred to herein as the clamping phase)
so that imaging or procedures, e.g., a biopsy, may be
commenced. During an imaging procedure, the radiation
source 16 is selectively adjusted such that it is moved/
rotated to a first scanning position and scans the breast 52.
The radiation detector 18 receives the radiation rays 22
passing through the breast 52 and sends data to the controller
32 which then generates one or more x-ray images of the
breast 52. Once imaging is complete, the controller 32
moves the compression plate 28 away from the support plate
18 to free the breast 52.

Referring still further to FIG. 1, in an embodiment, the
system 10 may include one or more physiological monitor-
ing or sensor devices 54, 56, 58, 60 communicatively
coupled with the controller 32 for monitoring one or more
physiological parameters of a patient (and for transmitting
physiological parameter data to the controller 32). While
FIG. 1 illustrates that the sensor devices 54, 56, 58 are
connected to the controller 32, in some embodiments, one or
more of the sensor devices may be communicatively
coupled with the mammography apparatus, without depart-
ing from the broader aspects of the invention. The sensor
devices may be selected to monitor and/or measure any
physiological information of a patient desired, including, but
not limited to, diastolic blood pressure, systolic blood pres-
sure, body temperature, blood oxygen level, patient weight,
skin conductance, pulse rate, etc. As illustrated in FIG. 1,
one or more of the sensor devices, e.g., sensor device 60,
may be physically integrated with the compression plate 28
and/or the detector/support plate 18. By incorporating the
sensor devices into the support plate 18 or compression plate
28, physiological parameter data of the patient may be
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acquired and transmitted to the controller 32 without requir-
ing any additional intervention by the system operator.

In an embodiment, the sensor device 60 may be a force
sensor for measuring the amount of pressure or compressive
force applied to the breast 52. Additional sensors for mea-
suring physiological parameters may be configured to either
directly measure or allow the calculation of variables such as
force, pressure, temperature, rigidity, elasticity, breast size
and/or volume, and/or tissue density and could be embedded
in compression plate 28 or support plate 18 or attached as
part of mammography system 10.

The various sensor devices 54, 56, 58, 60 may be con-
figured to acquire physiological parameter data from a
patient during system operation. More specifically, physi-
ological parameter data may be acquired continuously or at
predetermined time intervals before breast compression and
imaging, during the compression phase of the system and/or
during the clamping phase of the systeni. In an embodiment,
the physiological parameter data may be acquired continu-
ously or at predetermined time intervals during at least the
compression phase. In other embodiments, the physiological
parameter data may be acquired continuously or at prede-
termined time intervals during at least the compression
phase and the clamping phase.

In an embodiment, at least one of the sensor devices 54,
56, 58, 60 is a blood pressure measuring device configured
to measure at least one of diastolic blood pressure and
systolic blood pressure of a patient. For example, the blood
pressure measuring device may be a blood pressure cuff
configured for placement on the arm of a patient, an ultra-
sound device or a thermal imaging device. In an embodi-
ment, the blood pressure measuring device may be inte-
grated with at least one of the compression plate 28 and/or
the support plate 18 (e.g., sensing device 60) for measuring
the blood pressure of a patient directly from the patient’s
breast. As will be appreciated, the blood pressure measuring
device may take continuous blood pressure measurements
via pulse wave velocity measurements, continuous nonin-
vasive arterial pressure methods and the like, and is not
limited to any particular technique, method or apparatus.

In operation, the controller 32 is configured to control
movement of the compression plate 28 toward the support
plate 18 to flatten the breast 52 during the compression
phase, and to clamp the breast 52 during the clamping phase,
as discussed above. The controller 32 is also configured to
control movement of the compression plate 28 to adjust at
least one of a rate of compression and/or a pressure or
compressive force applied to the breast 52 in response to the
physiological parameter data acquired from the patient. For
example, in an embodiment, the controller 32 is configured
to vary the at least one of the rate of compression and/or the
pressure applied to the breast 52 during the compression
phase and/or clamping phase based on a measurement of at
least one of a diastolic pressure and/or a systolic pressure of
the patient taken during the compression phase and/or the
clamping phase.

In particular, in embodiments where blood pressure is
measured continuously during the compression phase and
the clamping phase, the controller 32 may be configured to
vary at least one of the rate of compression and/or the
pressure applied in real-time, as practicable, as measured
blood pressure changes. As used herein, “real-time” refers to
a level of responsiveness that a user senses as sufficiently
immediate, or that enables the controller (or other processor)
to keep up with an external process, e.g., compression,
pressure, etc. As used herein, “rate of compression” refers to
the change in compressive force applied to the breast in
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relation to elapsed time. In an embodiment, at least one of
the rate of compression and/or the pressure applied may be
varied in real-time during the compression phase, and a
target pressure has been reached for optimal image acqui-
sition, the clamping phase may be initiated and the plates
held in static position during the scan (2D, DBT, multi-
energy, etc.). This ensures that the object being imaged
remains in the same position during the scan.

In embodiments where blood pressure is measured at
predetermined intervals during the compression phase and
the clamping phase, the controller 32 may be configured to
vary at least one of the rate of compression and/or the
pressure applied after each measurement. In an embodiment,
the real-time blood pressure measurements may be
smoothed as a running average by the controller 32.

In an embodiment, the controller 32 is configured to vary
at least one of the rate of compression and/or the pressure
applied in based on measured blood pressure and one or
more other physiological parameters such as, for example, a
measured size or volume of the breast 52. The size or
volume of the breast may be measured prior to commencing
the procedure and input into the controller, or measured
automatically using sensors integrated with the compression
plate 28 and/or support plate 18.

In embodiments, a density or rigidity measurement and/or
determination using one or more sensors integrated with the
compression plate 28 and/or support plate 18 may be used by
the controller 32 to determine when to cease compression
during the compression phase. In particular, density or
rigidity sensors may be utilized to determine when a target
density or rigidity for optimal image quality is achieved, and
the controller 32 may be configured to transition the system
10 from the compression phase to the clamping phase when
a target tissue density and/or rigidity is achieved.

In the embodiments described above, at least one of the
sensing devices may be configured to measure a physiologi-
cal parameter that can be utilized by the controller 32 to
determine whether or not blood is flowing in the compressed
tissue. The controller 32 may be further configured to
immediately cease and/or release compression on the breast
tissue if the sensor feedback indicates that blood has ceased
flowing through the breast. In this respect, the system 10
contains a built in failsafe mechanism that prevents over-
compression to extent that could cause damage to a patient.

Referring once again to FIG. 1, in an embodiment,
operation of the system 10 during the compression phase
and the clamping phase may be controlled by the patient
using switch controls 80, e.g., footswitch controls, such as
disclosed in U.S. Pat. No. 10,004,470, which is hereby
incorporated by reference herein in its entirety. Switch
controls 80 are typically connected via a cable/wire 82 to
mammography imaging system 10. The controls are also
often mirrored on the opposite side of mammography imag-
ing system 10 (not shown). Other controls (not shown) may
be present on particular accessories placed either in the
paddle/breast support area. In an embodiment, rather than
being footswitch controls, the switch controls may be a
handheld control unit 84 with a wired, wireless, Bluetooth or
other connection with the system 10. In an embodiment, the
patient may control the rate of compression and/or pressure
or force applied during the compression phase and/or clamp-
ing phase using the switch controls. A feedback device, e.g.
controller 32, may be configured to give feedback informa-
tion about the image to obtain and may designed such that
the feedback information is operatively perceivable by the
patient (e.g., through an audible or visual indication). The
feedback device, e.g., controller 32, may be configured to
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provide feedback information to the patient regarding the
rate of compression (greater or lower rate of compression)
and/or amount of pressure (higher or lower) required to
produce an optimal image, in dependence upon the infor-
mation received from the various sensor devices 54, 56, 58,
60. In this respect, the feedback device informs the patient
when compression rate and/or pressure applied is sufficient
to obtain a quality image, as determined from a blood
pressure or other measurement taken from the patient
through sensing devices 54, 56, 58, or 60, before or during
the compression and/or clamping phase.

Tuming to FIG. 4, a graph 300 illustrating pressure
application rates during the compression phase is depicted.
Line 302 represents the pressure application rate change
during the compression phase based on feedback from a
blood pressure sensing device, as described above. As
illustrated, the rate of pressure application and the final
target force applied to the breast is varied in response to
blood pressure measurements taken during the procedure. In
this instance, the rate of applied pressure decreases through-
out the compression phase with some periods of constant
rate. In another implementation, such as that illustrated by
line 304, the rate of pressure application initially increases
before sharply dropping off. These two examples contrast
with static techniques, represented by line 306, where the
rate of pressure application and the final target pressure are
fixed based on an initial blood pressure reading. As can be
seen, therefore, by measuring blood pressure during the
compression phase, a lower pressure application rate
throughout the compression phase may be utilized, while
still obtaining optimal image quality, which translates to
greater patient comfort.

FIG. 5 is a graph 400 illustrating applied pressure during
a compression phase and a clamping phase for various
imaging procedures. Line 402 shows the applied pressure
during the compression phase and clamping phase are varied
based on blood pressure measurements taken during both the
compression phase and the clamping phase, as discussed
above. In contrast, line 404 illustrates typical static tech-
niques, which show that applied pressure increases at a
uniform rate during the compression phase, and is held
constant during the clamping phase. As illustrated, therefore,
by measuring blood pressure continuously during the com-
pression phase and clamping phase, lower applied pressures
can be used while still obtaining optimal image quality
which, again, translates to greater patient comfort.

In connection with the above, it is generally understood
that better image quality can be achieved by flattening the
breast to a greater degree, by applying a greater compressive
force. Increased compressive force, however, is known to
cause pain and discomfort for patients. By monitoring a
patient’s blood pressure during the compression and clamp-
ing phases, the system 10 is able to optimize the compres-
sive force applied and/or the rate of compression to mini-
mize patient discomfort while also ensuring that a minimum
level of compression is achieved to ensure that quality
images can be obtained. In embodiments, the feedback from
the various sensing devices allows for automated, real-time
changes in compression based on factors that ensure optimal
image quality while at the same time reducing the pain
experienced during the procedure.

In addition to being able to acquire physiological data
directly for use in controlling and optimizing breast com-
pression to improve imaging and minimize patient discom-
fort, the acquired physiological data may be read directly
into a patient medical record along with other data collected
by the system 10, without requiring separate measurements
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by the operator or clinician. Accordingly, by utilizing the
system 10, the overall length of the mammography proce-
dure and the associated time required for preparation may be
shortened.

Finally, it is also to be understood that the system 10 may
include the necessary electronics, software, memoty, stor-
age, databases, firmware, logic/state machines, micropro-
cessors, communication links, displays or other visual or
audio user interfaces, printing devices, and any other input/
output interfaces to perform the functions described herein
and/or to achieve the results described herein. For example,
as previously mentioned, the system may include at least one
processor and system memory/data storage structures, which
may include random access memory (RAM) and read-only
memory (ROM). The at least one processor of the system 10
may include one or more conventional microprocessors and
one or more supplementary co-processors such as math
co-processors or the like. The data storage structures dis-
cussed herein may include an appropriate combination of
magnetic, optical and/or semiconductor memory, and may
include, for example, RAM, ROM, flash drive, an optical
disc such as a compact disc and/or a hard disk or drive.

Additionally, a software application that adapts the con-
troller to perform the methods disclosed herein may be read
into a main memory of the at least one processor from a
computer-readable medium. The term “computer-readable
medium”, as used herein, refers to any medium that provides
or participates in providing instructions to the at least one
processor of the system 10 (or any other processor of a
device described herein) for execution. Such a medium may
take many forms, including but not limited to, non-volatile
media and volatile media. Non-volatile media include, for
example, optical, magnetic, or opto-magnetic disks, such as
memory. Volatile media include dynamic random access
memory (DRAM), which typically constitutes the main
memory. Common forms of computer-readable media
include, for example, a floppy disk, a flexible disk, hard disk,
magnetic tape, any other magnetic medium, a CD-ROM,
DVD, any other optical medium, a RAM, a PROM, an
EPROM or EEPROM (electronically erasable program-
mable read-only memory), a FLASH-EEPROM, any other
memory chip or cartridge, or any other medium from which
a computer can read.

While in embodiments, the execution of sequences of
instructions in the software application causes at least one
processor to perform the methods/processes described
herein, hard-wired circuitry may be used in place of, or in
combination with, software instructions for implementation
of the methods/processes of the present invention. There-
fore, embodiments of the present invention are not limited to
any specific combination of hardware and/or software.

It is further to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. Additionally,
many modifications may be made to adapt a particular
situation or material to the teachings of the invention with-
out departing from its scope.

In an embodiment, a mammography apparatus is pro-
vided. The mammography apparatus includes a support
plate for supporting a breast of a patient, a compression plate
movable toward and away from the support plate for com-
pressing the breast against the support plate, and a controller
configured to control movement of the compression plate
toward and away from the support plate. The controller is
configured to adjust at least one of a rate of compression
and/or a pressure applied to the breast based on a measure-



US 10,695,010 B2

9

ment of a diastolic pressure and/or a systolic pressure of the
patient. In an embodiment, the measurement of the diastolic
pressure and/or the systolic pressure is taken during at least
one of a compression phase and/or a clamping phase of the
mammography apparatus. In an embodiment, the controller
is configured to adjust in real time at least one of the rate of
compression and/or the pressure applied to the breast based
on a plurality of measurements the diastolic pressure and/or
the systolic pressure of the patient taken during at least one
of the compression phase and/or the clamping phase of the
mammography apparatus. In an embodiment, the pressure is
at least one of a target maximum pressure or a clamping
phase pressure. In an embodiment, the apparatus includes a
sensor device configured to measure the diastolic pressure
and/or the systolic pressure. In an embodiment, the sensor
device is configured for placement on a body part of the
patient not undergoing compression. The sensor device may
be integrated within one of the support plate or the com-
pression plate. In some embodiments, the sensor device is at
least one of an ultrasound device, and/or automated cuff or
a thermal imaging device. In an embodiment, the measure-
ment is a continuous measurement taken during at least one
of the compression phase and/or the clamping phase. In an
embodiment, the controller is configured to adjust the at
least one of the rate of compression and the pressure applied
to the breast based on at least one of a measured size and a
measured volume of the breast. In an embodiment, the
apparatus may include at least one of a blood oxygen sensor
and/or a temperature sensor integrated with at least one of
the support plate or the compression plate, wherein the
controller is further configured to adjust at least one of the
rate of compression and/or the pressure applied to the breast
based on a measured blood oxygen content or body tem-
perature. In an embodiment, the controller is further con-
figured to cease movement of the compression plate to cease
and/or reduce compression of the breast when a target tissue
density or target tissue rigidity is detected. In an embodi-
ment, the controller is further configured to automatically
cease and/or reduce compression of the breast if a stoppage
in a flow of blood in the breast is detected. In an embodi-
ment, the apparatus includes a radiation source for applying
radiation to the breast.

In another embodiment, a diagnostic imaging apparatus is
provided. The apparatus includes a support plate for sup-
porting tissue of a patient, a compression plate movable
toward and away from the support plate for compressing the
tissue against the support plate, and a controller configured
to control movement of the compression plate toward and
away from the support plate, and to adjust in real time at
least one of a rate of compression and/or a pressure applied
to the tissue based on a measurement of a physiological
parameter of a patient taken during at least one of a
compression phase and/or a clamping phase of the appara-
tus. In an embodiment, the controller allows a patient to
control movement of the compression plate toward and
away from the support plate to adjust the rate of compression
and/or the pressure applied to the tissue based upon feed-
back provided by the apparatus regarding the measurement
of the physiological parameter taken during at least one of
a compression phase and/or a clamping phase. In an embodi-
ment, the apparatus includes a patient-controllable switch
operable to control movement of the compression plate
toward and away from the support plate. In an embodiment,
the physiological parameter is one of a diastolic pressure or
a systolic pressure of the patient. In an embodiment, the
controller is configured to adjust the at least one of the rate

20

25

40

45

60

65

10

of compression and/or the pressure applied to the tissue
based on at least one of a measured size and/or a measured
volume of the tissue.

In yet another embodiment, a method of operating a
mammography apparatus is provided. The method includes
the steps of positioning a breast of a patient on a support
plate, moving a compression plate towards the support plate
to compress the breast of a patient, measuring a diastolic
pressure and/or a systolic pressure of a patient, and varying
at least one of a rate of compression and/or a pressure
applied to the breast based on the measurement the diastolic
pressure and/or the systolic pressure. In an embodiment, the
step of measuring includes continuously measuring the
diastolic pressure and/or the systolic pressure throughout a
compression phase of the apparatus. In an embodiment, the
step of measuring is carried out utilizing a sensor device
integrated with one of the support plate and the compression
plate. In an embodiment, the method may also include
determining at least one of a size and/or a volume of the
breast, and varying at least one of the rate of compression
and/or the pressure applied to the breast based on the at least
one of the size and/or the volume of the breast.

While the dimensions and types of materials described
herein are intended to define the parameters of the invention,
they are by no means limiting and are exemplary embodi-
ments. Many other embodiments will be apparent to those of
skill in the art upon reviewing the above description. The
scope of the invention should, therefore, be determined with
reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled. In the
appended claims, the terms “including” and “in which” are
used as the plain-English equivalents of the respective terms
“comprising” and “wherein.” Moreover, in the following
claims, terms such as “first,” “second,” “third,” “upper,”
“lower,” “bottom,” “top,” etc. are used merely as labels, and
are not intended to impose numerical or positional require-
ments on their objects. Further, the limitations of the fol-
lowing claims are not written in means-plus-function format
are not intended to be interpreted as such, unless and until
such claim limitations expressly use the phrase “means for”
followed by a statement of function void of further structure.

This written description uses examples to disclose several
embodiments of the invention, including the best mode, and
also to enable one of ordinary skill in the art to practice the
embodiments of invention, including making and using any
devices or systems and performing any incorporated meth-
ods. The patentable scope of the invention is defined by the
claims, and may include other examples that occur to one of
ordinary skill in the art. Such other examples are intended to
be within the scope of the claims if they have structural
elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with
insubstantial differences from the literal languages of the
claims.

As used herein, an element or step recited in the singular
and proceeded with the word “a” or “an” should be under-
stood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore,
references to “one embodiment” of the present invention are
not intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited
features. Moreover, unless explicitly stated to the contrary,
embodiments “comprising,” “including,” or “having” an
element or a plurality of elements having a particular
property may include additional such elements not having
that property.
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Since certain changes may be made in the above-de-
scribed invention, without departing from the spirit and
scope of the invention herein involved, it is intended that all
of the subject matter of the above description shown in the
accompanying drawings shall be interpreted merely as
examples illustrating the inventive concept herein and shall
not be construed as limiting the invention.

What is claimed is:

1. A mammography apparatus, comprising:

a support plate for supporting a breast of a patient;

a compression plate movable toward and away from the
support plate for compressing the breast against the
support plate; and

a controller configured to control movement of the com-
pression plate toward and away from the support plate,
and to adjust at least one of a rate of compression
and/or a pressure applied to the breast based on a
measurement of a diastolic pressure and/or a systolic
pressure of the patient;

wherein: the measurement of the diastolic pressure and/or
the systolic pressure of the patient is taken during at least
one of a compression phase and/or a clamping phase of the
mammography apparatus; and

wherein: the controller is configured to continuously adjust
in real-time at least one of the rate of compression and/or the
pressure applied to the breast based on a plurality of mea-
surements the diastolic pressure and/or the systolic pressure
of the patient taken during at least one of the compression
phase and/or the clamping phase of the mammography
apparatus.

2. The mammography apparatus of claim 1, wherein: the
pressure is at least one of a target maximum pressure and/or
a clamping phase pressure.

3. The mammography apparatus of claim 1, further com-
prising: a sensor device configured to measure the diastolic
pressure and/or the systolic pressure.

4. The mammography apparatus of claim 3, wherein:

the sensor device is configured for placement on a body
part of the patient not undergoing compression.

5. The mammography apparatus of claim 3, wherein:

the sensor device is integrated within one of the support
plate or the compression plate.

6. The mammography apparatus of claim 3, wherein:

the sensor device is at least one of an ultrasound device,
an automated cuff and/or a thermal imaging device.

7. The mammography apparatus of claim 3, wherein:

the measurement is a continuous measurement taken
during at least one of the compression phase and/or the
clamping phase.

8. The mammography apparatus of claim 1, wherein: the

controller is configured to adjust the at least one of the rate
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of compression and/or the pressure applied to the breast
based on at least one of a measured size and/or a measured
volume of the breast.

9. The mammography apparatus of claim 3, further com-
prising:

at least one of a blood oxygen sensor and a temperature

sensor integrated with at least one of the support plate
and/or the compression plate;

wherein the controller is further configured to adjust at

least one of the rate of compression and/or the pressure
applied to the breast based on a measured blood oxygen
content or body temperature.

10. The mammography apparatus of claim 3, wherein:

the controller is further configured to cease compression

of the breast when a target tissue density or target tissue
rigidity is detected.

11. The mammography apparatus of claim 3, wherein:

the controller is further configured to reduce compression

of the breast when a target tissue density or target tissue
rigidity is detected.

12. The mammography apparatus of claim 3, wherein:

the controller is further configured to automatically cease

and/or reduce compression of the breast if a stoppage in
a flow of blood in the breast is detected.

13. The mammography apparatus of claim 1, further
comprising: a radiation source for applying radiation to the
breast.

14. A method of operating a mammography apparatus,
comprising the steps of: positioning a breast of a patient on
a support plate; moving a compression plate towards the
support plate to compress the breast of a patient; measuring
a diastolic pressure and/or a systolic pressure of a patient;
and varying at least one of a rate of compression and/or a
pressure applied to the breast based on the measurement of
the diastolic pressure and/or the systolic pressure; wherein:
the step of measuring includes continuously measuring the
diastolic pressure and/or the systolic pressure throughout a
compression phase of the apparatus.

15. The method according to claim 14, wherein: the step
of measuring is carried out utilizing a sensor device inte-
grated with one of the support plate and the compression
plate.

16. The method according to claim 14, further comprising
the steps of:

determining at least one of a size and/or a volume of the

breast; and

varying at least one of the rate of compression and/or the

pressure applied to the breast based on the at least one
of the size and/or the volume of the breast.
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