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Description

[0001] This disclosure relates to ultrasound-based
elastography and more particularly to pulmonary ultra-
sound techniques for elastography in lungs.
[0002] Lung cancer is one of the most aggressive
forms of cancer. The aggressive nature of lung cancer
results in a poor prognosis and an alarmingly low survival
rate. Therefore, early diagnosis, accurate staging, and
timely treatment are critical for the improved treatment
of lung cancer. However, the current clinical workflow for
the diagnosis and treatment of lung cancer is complex
and time-consuming. This slow and complex workflow
not only adds to the anxiety of the patient, but also in-
creases the chance of mortality due to the delay in the
diagnosis and therapy of lung cancer.
[0003] Elastography uses stiffness or strain images of
soft tissue to effectively and efficiently diagnose cancer.
However, elastography has not been applied to detect
and diagnose lung cancer due to the inherent limitations
of ultrasound in air. Ultrasound machines are calibrated
to perform optimally for imaging tissues. Because the
speed of sound in air is very different, air cavities and air
spaces within the lungs are not seen in an ultrasound
image. United States patent US 5810731 discloses a sys-
tem for shear wave based elastography comprising an
ultrasound probe configured to evaluate tissue of a target
area of a subject by transmitting a signal and receiving
a response, the evaluation comprising transmitting one
or more push pulses to the tissue resulting in a shear
wave and determining the propagation speed of the
shear wave, and an image processing module configured
to output one or more elastograms according to the re-
sponse. This system forms a closest prior art system for
invention. European patent application EP2060233A1
describes an ultrasound diagnosing device that corrects
distortion distribution of biological tissue, based on dis-
tribution correction function set according to conditions
of compression applied to tissue.
[0004] International patent application
WO2010012092A1 describes a system that generates
shear waves for inducing resonance of a sample within
a body. The system has a shear wave generator that
generates shear waves that selectively induce mechan-
ical resonances of a medium detected by a detection unit.
[0005] United States patent US6176827B1 describes
a method of detecting elasticity variations in a soft tissue
which is subjected to an external compression in a pre-
determined axial direction.
[0006] United States patent application
US2012123263A1 describes an ultrasonic diagnostic
apparatus and an ultrasonic measurement method ena-
bling acquisition of elasticity information by means of a
shear wave.
[0007] In accordance with the present principles, a sys-
tem for pulmonary elastography includes an ultrasound
probe configured to evaluate tissue of a target area by
transmitting a signal and receiving a response. A contact

device is coupled to the ultrasound probe to provide con-
tact between the ultrasound probe and the tissue. An
image processing module is configured to output one or
more elastograms according to the response.
[0008] The system, particularly the contact device,
may further include a compression device to generate a
compression on the tissue.
[0009] These and other objects, features and advan-
tages of the present disclosure will become apparent
from the following detailed description of illustrative em-
bodiments thereof, which is to be read in connection with
the accompanying drawings.
[0010] This disclosure will present in detail the follow-
ing description of preferred embodiments with reference
to the following figures wherein:

FIG. 1 is a block/flow diagram showing an ultra-
sound-based elastography system in accordance
with one embodiment;
FIG. 2 illustratively depicts a cross sectional view of
a subject with an elastography system applied non-
invasively in accordance with one embodiment;
FIG. 3 illustratively depicts cross sectional view of a
subject with an elastography system applied mini-
mally invasively in accordance with one embodi-
ment;
FIG. 4 illustratively depicts an ultrasound probe in
an elastography system employing a balloon in ac-
cordance with one embodiment;
FIG. 5 illustratively depicts an elastography system
applied to the airways of a subject according to one
embodiment; and
FIG. 6 is a block/flow diagram showing a method for
ultrasound-based elastography in accordance with
one embodiment (not forming part of the invention).

In accordance with the present principles, systems and
methods for elastography, and in particular pulmonary
elastography, are provided. Elastography uses stiffness-
based imaging to diagnose cancer, as cancerous tissue
is known to be significantly stiffer than normal, healthy
tissue and benign lesions. In one embodiment, tissue
may be evaluated by transmitting one or more push puls-
es to the tissue resulting in an ultrasound shear wave
and determining the propagation speed of the shear
wave. The shear waves may be modified to account for
the lack of shear in an air cavity. The speed of propagation
may be used to quantify stiffness. In another embodiment
(not forming part of the invention), tissue may be evalu-
ated by transmitting a photoacoustic wave to the tissue
and receiving an ultrasound response wave. Evaluating
using photoacoustic waves may be performed for the tis-
sue in a natural state and for the tissue in a compressed
state. Evaluating using photoacoustic waves may also
be performed once, where the tissue can be either in a
natural state or a compressed state. In yet another em-
bodiment (not forming part of the invention), tissue may
be evaluated by transmitting an ultrasound wave to the
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tissue and receiving an echo of the ultrasound wave.
Preferably, tissue is evaluated by transmitting an ultra-
sound signal for the tissue in a natural state and a com-
pressed state.
[0011] The compression of tissue may be due to the
motion of the body, in one embodiment. The motion of
the body may include physiological motion such as res-
piratory motion, including, e.g., the expansion and com-
pression of the lungs or the up and down movement of
the diaphragm. In another embodiment, the motion of the
body may include employing a ventilator to generate the
motion of the body. In other embodiments, compression
of the tissue is due to a compression device. The com-
pression device may include a pulsing balloon to gener-
ate a compression on the tissue. Other methods of gen-
erating compression are also contemplated.
[0012] Advantageously, the present principles may
provide for the fast and efficient diagnosis of lung cancer
using elastography. This may reduce or even eliminate
the need for a biopsy in the diagnosis of lung cancer. The
present principles allow a clinician to determine, with high
accuracy and efficiency, not only whether a suspected
site is benign or malignant, but the type and stage of the
cancer. The early diagnosis of lung cancer may provide
for a high possibility of success in treating the lung can-
cer.
[0013] It should be understood that the present inven-
tion will be described in terms of medical instruments;
however, the teachings of the present invention are much
broader and are applicable to any instrument to generate
tissue compression. In some embodiments, the present
principles are employed in imaging or analyzing complex
biological or mechanical systems. The elements depict-
ed in the FIGS. may be implemented in various combi-
nations of hardware and software and provide functions
which may be combined in a single element or multiple
elements.
[0014] The functions of the various elements shown in
the FIGS. can be provided through the use of dedicated
hardware as well as hardware capable of executing soft-
ware in association with appropriate software. When pro-
vided by a processor, the functions can be provided by
a single dedicated processor, by a single shared proc-
essor, or by a plurality of individual processors, some of
which can be shared. Moreover, explicit use of the term
"processor" or "controller" should not be construed to re-
fer exclusively to hardware capable of executing soft-
ware, and can implicitly include, without limitation, digital
signal processor ("DSP") hardware, read-only memory
("ROM") for storing software, random access memory
("RAM"), non-volatile storage, etc.
[0015] Referring now to the drawings in which like nu-
merals represent the same or similar elements and ini-
tially to FIG. 1, a system 100 for ultrasound-based elas-
tography is illustratively shown in accordance with one
embodiment. Elastography is a technique that uses stiff-
ness or strain to perform imaging on soft tissue. Elastog-
raphy works on the principle that when a mechanical

compression or displacement is applied, a stiffer tissue
does not deform as much as the normal, healthy tissue
around it. Elastography is particularly effective for the
diagnosis of cancer, as cancerous tissue is known to be
significantly stiffer than healthy tissue and even benign
lesions.
[0016] The present principles are preferably applied
for the diagnosis and treatment of lung cancer; however,
it is noted that the teachings of the present principles are
not limited to the imaging of the lungs or the diagnosis
of cancer, but rather are much broader and may be ap-
plied in various fields for a number of different applica-
tions. For example, in one embodiment (not forming part
of the invention), the present principles may be applied
in plumbing to detect and identify obstructions in the
pipes. Other applications are also contemplated within
the scope of the present principles.
[0017] System 100 may include a workstation or con-
sole 102 from which procedures (e.g., elastography) are
supervised and managed. Workstation 102 preferably in-
cludes one or more processors 116 and memory 104 for
storing programs and applications. It should be under-
stood that the functions and components of system 100
may be integrated into one or more workstations or sys-
tems.
[0018] Memory 104 may also store images 106, such
as elastograms derived from one or more ultrasound sen-
sors, such as a probe 120. Workstation 102 may also
include one or more displays 112 for viewing images 106
or data from the probe 120 or for showing results of a
diagnosis to a user (e.g., clinician). The display 112 may
also permit a user to interact with the workstation 102
and its components and functions. This is further facili-
tated by a user interface 114, which may include a key-
board, mouse, joystick, or any other peripheral or control
to permit user interaction with workstation 102.
[0019] The probe 120 is coupled to workstation 102
through cabling 122. The cabling 122 may include elec-
trical connections, instrumentation, etc., as needed. The
probe 120 may include one or more of a transceiver,
transducer, receiver, other instrumentation, etc. The
probe 120 is an ultrasound probe. It is noted that the
probe 120 is not limited to an ultrasound probe, but may
include any imaging device or instrumentation. The probe
120 may include a radial probe or a convex probe de-
pending on the location of the target area to be evaluated.
[0020] The probe 120 may be used to evaluate a sub-
ject 118 (e.g., patient). For example, the probe 120 may
evaluate inside, around and outside pulmonary regions
of a subject 118. Pulmonary regions include the lungs,
airways, lymph nodes, pleural cavity, etc.
[0021] Referring for a moment to FIG. 2, with continued
reference to FIG. 1, a cross sectional view of a subject
200 with a pulmonary elastography system applied non-
invasively is illustratively depicted in accordance with one
embodiment (not forming part of the invention). The
probe 120 is applied externally to the subject 118, such
as on the surface of the body of the subject 118. A sub-
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stance is preferably applied between the probe 120 and
the surface of subject 118. The substance may include
any substance that provides acoustic coupling, such as
a gel substance. The probe 120 may be placed between
ribs 202 to generate elastograms of lesions in the in pleu-
ral cavity 204. By intelligently positioning and orienting
the probe 120, the probe 120 can evaluate pulmonary
target areas without passing through an air cavity. This
is particularly useful for identifying cancerous tissue in
the periphery of the lungs and beyond such as those
found in the pleural cavity, chest wall, etc., which may
not be easily accessible in minimally-invasive elastogra-
phy and often necessitate a percutaneous biopsy.
[0022] Referring for a moment to FIG. 3, with continued
reference to FIG. 1, a cross sectional view of a subject
300 with a pulmonary elastography system applied min-
imally invasively is illustratively depicted in accordance
with one embodiment. Probe 120 may be inserted into
subject 118 through the oral cavity 302 to the esophagus
304. Other entrance points and evaluation locations have
also been contemplated within the scope of the present
principles. Probe 120 is coupled to workstation 102
through cabling 122. Entry through the esophagus 304
may allow easy access to suspected lesions near the
chest and surrounding airways, such as a suspected le-
sion 306 formed on the lungs 308.
[0023] In one embodiment, the probe 120 includes a
contact device 126 to evaluate tissue of the subject. Be-
cause the speed of sound in air is very different, air cav-
ities and air spaces within, e.g., the pulmonary region are
not seen in an ultrasound image. By coupling a contact
device 126 to the probe 120, the probe 120 can effectively
maintain contact with the tissue of the subject within, e.g.,
the pulmonary region, overcoming the limitation of ultra-
sound in air. The contact device 126 may provide less
abrasive contact to the tissue. The contact device 126
may also contour to the shape of the tissue for increased
contact surface area. The contact device 126 may in-
clude any device configured to maintain contact with tis-
sue in a target area of a subject 118. In a particularly
useful embodiment, the contact device 126 includes an
expandable volume, such as an inflatable balloon or a
spring device. Other embodiments of contact device 126
are also contemplated.
[0024] Referring for a moment to FIG. 4, with continued
reference to FIG. 1, a probe employing a balloon 400 in
an elastography system is illustratively depicted in ac-
cordance with one embodiment. The probe 400 is cou-
pled to a workstation 102 through cabling 122, which may
include a power cord. The probe 400 includes insulator
402 with backing material 404, piezoelectric material 406,
electrodes 408 and balloon 410. The balloon 410 is con-
figured to maintain contact with tissue of a subject. The
balloon 410 may be coupled to an end (e.g., tip) of the
probe 400 in an embodiment. In another embodiment,
the balloon 410 is located around the body of the probe
400. Other locations of balloon 410 are also contemplat-
ed. In another embodiment, the balloon 410 is filled with

a substance that can be safely used within the body of a
subject 118 and provides acoustic coupling, such as wa-
ter or a saline solution. The system 100 may also include
a controller device configured to adjust the pressure of
a filled balloon 410. The controller may include a knob,
switch, etc. to increase or decrease the pressure of the
balloon 410 to, e.g., contour to the shape of the tissue.
Increasing or decreasing pressure may include adding
or releasing the filled substance. In other embodiments,
the balloon 410 is not filled.
[0025] Referring back to FIG. 1, pulmonary elastogra-
phy system 100 may be configured to perform pulmonary
elastography by: transmitting one or more push pulses
resulting in a shear wave and determining the speed of
propagation of the shear wave; by transmitting a photoa-
coustic wave and receiving an ultrasound response (not
forming part of the invention); and by transmitting an ul-
trasound wave and receiving the echo (not forming part
of the invention). Other implementations of pulmonary
elastography are also contemplated within the scope of
the present principles. The pulmonary elastography sys-
tem 100 is configured to evaluate tissue by determining
the propagation speed of shear waves. The probe 120
is configured to transmit one or more ultrasound push
pulses to tissue of the target area, which results in vibra-
tion applied in the direction of the push pulse wave and
a shear wave perpendicular to the direction of transmis-
sion. The shear waves may be modified to account for
air cavities. For example, the frequency of the push pulse
wave or the coupling properties of the push pulse wave
may be modified. Other modifications are also contem-
plated. As the shear waves propagate throughout the
target area, a second probe 120 (e.g., ultrasound scan-
ner) can measure the speed of propagation. Based on
the propagation speed, tissue stiffness may be quanti-
fied.
[0026] In accordance with another embodiment (not
forming part of the invention), the pulmonary elastogra-
phy system 100 is configured to evaluate tissue by trans-
mitting a photoacoustic wave to tissue of the target area
and receiving an ultrasound wave. Photoacoustic waves
may include light waves (e.g., non-ionizing laser). Tissue
of the target area absorbs some of the energy from the
photoacoustic waves, which is converted into heat, re-
sulting in the emission of ultrasound waves. Advanta-
geously, photoacoustic waves are not influenced by air
and, thus, overcome the limitations of acoustic coupling
with air. In some embodiments, the tissue of the target
area may be evaluated when the tissue is in a natural
state and when the tissue is in a compressed state. In
other embodiments, the tissue of the target area may be
evaluated once. The tissue may or may not be com-
pressed. The evaluated tissue may be compared to a
baseline. The baseline may include results of previous
trails that are, for example, averaged. Other baseline
measurements are also contemplated.
[0027] In accordance with yet another embodiment
(not forming part of the invention), the pulmonary elas-
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tography system 100 is configured to evaluate tissue by
transmitting a (e.g., ultrasound) signal and receiving an
echo of the signal. Preferably, the tissue is evaluated
once in a natural state and once in a compressed state.
[0028] As discussed above, some embodiments of the
pulmonary elastography system 100 may involve evalu-
ating tissue in a compressed state.
[0029] In one embodiment, the probe 120 may evalu-
ate tissue in the target area compressed due to the mo-
tion of the body of the subject 118. For example, the
motion of the body may be due to physiological motion
of the subject 118. Physiological motion may include,
e.g., the compression and displacement generated from
respiratory motion, such as the expansion and compres-
sion of the lungs 308 and the up and down motion of the
diaphragm 310 (of FIG. 3), or the motion of internal or-
gans, such as the beating of the heart. Other sources of
compression due to physiological motion of a subject 118
are also contemplated. In other embodiments, motion of
the body may be due to a device configured to provide
body motion. For example, a ventilator may provide a
mechanism for breathing for a subject 118 who is unable
to sufficiently breathe independently. The ventilator may
cause expansion and compression of the lungs 308 and
the up and down motion of the diaphragm 310 (of FIG.
3). Other sources of compression due to body motion are
also contemplated.
[0030] In other embodiments, compression of tissue in
the target area is generated using a compression device
124. The compression device 124 may be wholly or par-
tially integrated within the probe 120 in some embodi-
ments. In other embodiments, the compression device
124 and the probe 120 are separate and discrete. The
compression device 124 may include any device that is
configured to generate a compression or displacement
on tissue in a target area of the subject 118.
[0031] In an embodiment, the compression device 124
may include an expandable volume, such as an inflatable
balloon 410 (FIG. 4). The balloon 410 may be coupled
with the probe 400. The balloon 410 may be filled with a
substance that can be safely used within the body of a
subject 118 and provides acoustic coupling (e.g., water
or a saline solution). In a particularly useful embodiment,
the balloon 410 may be pulsed using a controller device
at amplitudes and frequencies to generate a compres-
sion on tissue of a target area. The amplitudes and fre-
quencies may be constant or varying. The amplitudes
and frequencies may also be known or random. The puls-
ing may be performed manually using the controller de-
vice. Pulsing may include increasing and decreasing the
pressure of the balloon 410 by adding or releasing the
filled substance. Referring for a moment to FIG. 5, with
continued reference to FIG. 1, pulmonary elastography
system is performed in the airways 500 in accordance
with one embodiment. The probe 120 is navigated
through the airways 502 to detect and identify a suspect-
ed lesion 504. The suspected lesion 504 may be located
completely within the airways 502, completely outside

the airways 502, or partially within and partially outside
the airways 502. Other locations of suspected lesions
502 are also contemplated. The probe 120 may include
balloon 506 to maintain contact with tissue of the airways
502. Preferably, balloon 506 is pulsed to generate a com-
pression on the tissue and suspected lesion 504.
[0032] In another embodiment, the compression de-
vice 124 includes the probe 120. A user (e.g., doctor)
may apply pressure onto the probe 120 into tissue of a
target area to induce compression. In other embodi-
ments, the motion of the probe 120 while navigating on,
in or around a subject 118 generates a compression or
displacement on tissue of a target area. Using tracking
techniques as are known in the art, the additional dis-
placement of healthy tissue and lack of additional dis-
placement of cancerous tissue can be observed.
[0033] In yet another embodiment, the compression
device 124 may include a mechanical device configured
to generate mechanical compression and vibrations on
tissue of a subject 118. The mechanical device may in-
clude a motorized mechanism or a power-driven device.
[0034] In still another embodiment, the compression
device 124 may apply an acoustic push to a target area
of a subject 118 using ultrasound waves in the same
direction. The acoustic push may be performed with or
without beamforming.
[0035] A computer implemented program 108 is stored
in memory 104 of workstation 102. The program may
include one or more modules, each configured to perform
various functions. It should be understood that the mod-
ules may be implemented in various combinations of
hardware and software.
[0036] Program 108 may include the image processing
module 110, which is configured to process data received
from the probe 120 to generate elastograms (images of
tissue strain). In one embodiment, the image processing
module 110 is configured to receive the propagation
speed of a shear wave. Based on the propagation speed,
strain characteristics of tissue may be quantified to output
an elastogram. In other embodiments, the image
processing module 110 receives ultrasound response
signals from the probe 120 from tissue in the target area.
The ultrasound response signals may be from, e.g., an
echo of a transmitted ultrasound wave or a result of a
photoacoustic wave. The image processing module 110
generates elastograms as is known in the art.
[0037] In one embodiment, the image processing mod-
ule 110 outputs an elasticity image. In other embodi-
ments, the image processing module 110 outputs an
elastogram depicting absolute strain characteristic of the
tissue. The image processing module 110 may also jux-
tapose the elastogram with colors according to the tissue
strain. The image processing module 110 may output the
elastogram in real-time or retrospectively. The output
may involve one or more displays 112 and user interfaces
114.
[0038] Advantageously, the present principles apply
ultrasound based elastography to the pulmonary regions
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of a patient for the diagnosis, classification, staging and
treatment of, e.g., lung cancer. The present principles
overcome the limitations of ultrasound in air and allow a
user to determine, with high accuracy, not only whether
a target is benign or malignant, but also the exact type
and stage of the cancer. Furthermore, the diagnosis of
lung cancer may be performed without the need for a
biopsy, which may also lead to a reduction in manual
errors by the doctor. The present principles reduce the
time for diagnosis and simplify the workflow, which may
be critical for a patient given the aggressive nature of
lung cancer.
[0039] Referring now to FIG. 6, a block/flow diagram
showing a method for ultrasound-based pulmonary elas-
tography is illustratively depicted in accordance with one
embodiment (not forming part of the invention). In block
602, tissue of a target area of a subject is evaluated using
ultrasound.
[0040] In one embodiment, evaluating the target area
may include coupling a contact device with an ultrasound
probe to maintain contact with tissue of the target area,
such as the lungs, to overcome the limitations of ultra-
sound in air. The contact device may be located at an
end (e.g., tip) of the probe. In other embodiments, the
contact device is located around the body of the probe.
Other locations are also contemplated. The contact de-
vice may provide less abrasive contact to the tissue and
may contour to the shape of the tissue for increased con-
tact surface area. In a particularly useful embodiment,
the contact device includes an expandable volume, such
as an inflatable balloon; however, other embodiments of
the contact device are also contemplated. The balloon
may be filled with a substance that can be safely used
with the body of the subject and provides acoustic cou-
pling, such as, e.g., water or a saline solution. The pres-
sure of the balloon may be controlled using a controller
device to increase or decrease the pressure of the bal-
loon to, e.g., contour to the shape of the tissue. Increasing
or decreasing pressure may include adding or releasing
the filled substance. In another embodiment, the balloon
may not be filled.
[0041] Tissue at a target area of a subject may be eval-
uated non-invasively. A probe may be applied externally
to the body of a subject, such as on the chest surface.
Preferably, a substance is applied between the ultra-
sound probe and the surface of the subject. The sub-
stance may include any substance which provides for
acoustic coupling, such as a gel substance. In yet another
embodiment, the ultrasound probe is applied on the chest
surface of the body of the subject and directed between
a first rib and a second rib to evaluate pulmonary regions
of the subject. Pulmonary regions include the lungs, air-
ways, lymph nodes, pleural cavity, etc. The non-invasive
evaluation of the target pulmonary region of the subject
is particularly effective for identifying lesions in the pe-
riphery of the lungs, pleural cavity and chest wall, which
may not be accessible in a minimally-invasive approach.
[0042] Tissue at the target area of a subject may also

be evaluated minimally-invasively. A probe may be ap-
plied internally to the subject. For example, the probe
may be inserted through the oral cavity of the subject to
evaluate lesions in and around the esophagus. This al-
lows access to suspected lesions near the chest and sur-
rounding airways. Other entrance points of the subject
have also contemplated to evaluate the target pulmonary
region.
[0043] In block 604, tissue may be evaluated by trans-
mitting an ultrasound shear wave to the tissue and de-
termining the speed of propagation of the shear wave.
One or more ultrasound push pulses may be transmitted
to tissue of the target area. The push pulses include a
vibration applied in the direction of the wave and a shear
wave perpendicular to the direction of transmission. Pref-
erably, the shear waves may be modified to account for
air cavities. In one exemplary embodiment, the frequency
of the push pulse wave or the coupling properties of the
push pulse wave may be modified. Other modifications
are also contemplated. As the shear waves propagates
throughout the target area, the speed of propagation is
used to quantify stiffness of the tissue.
[0044] In block 606, tissue may be evaluated by trans-
mitting a photoacoustic wave to the tissue and receiving
an ultrasound response wave. Photoacoustic waves may
include, e.g., light waves. Tissue of the target area ab-
sorbs some of the energy of the photoacoustic wave. The
absorbed energy is converted into heat and ultrasound
waves are emitted. Photoacoustic waves are not influ-
enced by air and, thus, overcome the limitations of acous-
tic coupling with air. In one embodiment, tissue is eval-
uated in a natural state and in a compressed state. In
other embodiments, the tissue is evaluated once. The
tissue may or may not be compressed.
[0045] In block 608, tissue may be evaluated by trans-
mitting an ultrasound wave to the tissue and receiving
an echo of the ultrasound wave. Preferably, tissue is eval-
uated in a natural state and in a compressed state.
[0046] As discussed above, particularly with some em-
bodiments of block 606 and 608, tissue may be evaluated
in a compressed state.
[0047] In one embodiment, tissue of a target area may
be evaluated at a compressed state due to motion of the
body of the subject. For example, the motion of the body
may be due to physiological motion, such as respiratory
motion (e.g., expansion and compression of the lungs,
up and down motion of the diaphragm) or the motion of
internal organs (e.g., beating of the heart). Other sources
of compression due to physiological motion are also con-
templated. In other embodiments, motion of the body
may be due to a device configured to provide body mo-
tion. For instance, a ventilator may provide a mechanism
for breathing for a subject who is unable to sufficiently
breathe independently. The ventilator may cause the ex-
pansion and compression of the lungs and the up and
down motion of the diaphragm. Other sources of com-
pression due to body motion are also contemplated.
[0048] In another embodiment, evaluating tissue at a
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compressed state may include generating compression
on the tissue. For instance, generating compression may
include manually pressing the ultrasound probe into tis-
sue of a target area to induce a compression.
[0049] In other embodiments, generating compression
includes navigating the probe on, in or around the subject.
Tracking techniques, as are known in the art, may be
applied to observe the additional displacement of healthy
tissue and the lack of additional displacement of cancer-
ous tissue.
[0050] In yet another embodiment, generating com-
pression may include applying an acoustic push to a tar-
get area of a subject. Applying an acoustic push may
include applying ultrasound waves in the same direction.
The acoustic push may be performed with or without
beamforming.
[0051] In still another embodiment, generating com-
pression includes employing a compression device. The
compression device may be fully or partially integrated
within the ultrasound probe. The compression device and
the ultrasound probe may also be separate and discrete.
The compression device may include any device that
generates a compression on tissue.
[0052] In an embodiment, the compression device may
include an expandable volume, such as an inflatable bal-
loon coupled with the ultrasound probe. The balloon may
be filled with a substance that can be safely used within
the body and provides acoustic coupling (e.g., water or
a saline solution). The balloon may pulse at amplitudes
and frequencies. Amplitudes and frequencies of the puls-
ing may be controlled to be at constant or varying fre-
quencies. The pulsing may be at known amplitudes and
frequencies or may be random. The pulsing may also be
controlled manually using a controller device. Pulsing
may include increasing and decreasing the pressure of
the balloon by adding or releasing the filled substance.
[0053] In other embodiments, the compression device
may include a mechanical device to generate mechanical
compression. The mechanical device may include a mo-
torized mechanism or a power-driven device.
[0054] In block 610, one or more elastograms are out-
putted according to the received response. In one em-
bodiment, one or more elastograms are outputted ac-
cording to the propagation speed of a shear wave (e.g.,
block 604). Based on propagation speed, strain charac-
teristics of tissue may be quantified. In other embodi-
ment, one or more elastograms is outputted according
an ultrasound response signal received from tissue in
the target area. The ultrasound response signal may be
from, e.g., an echo of a transmitted ultrasound wave (e.g.,
block 608) or a result of a photoacoustic wave (e.g., block
606). Generating elastograms is performed as is known
in the art.
[0055] Outputting one or more elastograms may in-
clude outputting an elasticity image. In other embodi-
ments, the elastogram may depict absolute strain char-
acteristics of the tissue. In another embodiment, the elas-
togram may be juxtaposed with colors according to the

tissue strain. Elastograms may be outputted in real-time
or retrospectively.

Claims

1. A system for shear wave based pulmonary elastog-
raphy, comprising:

an ultrasound probe (120) configured to be in-
serted into a subject within an airway and to eval-
uate tissue of a target area within a pulmonary
region of the subject by transmitting a signal and
receiving a response, the evaluation comprising
transmitting, by the probe, one or more push
pulses to the tissue resulting in a shear wave
and determining the propagation speed of the
shear wave;
a contact device (126) coupled to the ultrasound
probe, configured to provide and maintain con-
tact between the ultrasound probe and the tis-
sue, and the contact device including an ex-
pandable volume; and
an image processing module (110) configured
to output one or more elastograms according to
the response.

2. The system as recited in claim 1, wherein the ultra-
sound probe (120) is configured to evaluate the tis-
sue under a compression.

3. The system as recited in claim 2, further comprising
a compression device (124) configured to generate
the compression on the tissue.

4. The system as recited in claim 3, wherein the com-
pression device (124) includes a balloon (410) to
generate the compression.

5. The system as recited in claim 4, wherein the balloon
(410) is configured to pulse to generate the compres-
sion.

6. The system as recited in claim 5, wherein the balloon
(410) is configured to pulse by adding or releasing
a filled substance.

7. The system as recited in claim 5, wherein the balloon
(410) is configured to pulse at known frequencies
and amplitudes.

8. The system as recited in claim 2, wherein the ultra-
sound probe (120) is configured to evaluate the tis-
sue under a compression due to motion of a body.

9. The system as recited in claim 8, wherein the motion
of the body includes physiological motion, the phys-
iological motion including at least one of: an expan-
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sion and compression of lungs (308) and an up and
down motion of a diaphragm (310).

10. The system as recited in claim 8, further comprising
a ventilator to generate the motion of the body, the
motion including at least one of: an expansion and
compression of lungs (308) and an up and down mo-
tion of a diaphragm (310).

11. The system as recited in claim 3, wherein the com-
pression device includes an expandable volume
coupled with the ultrasound probe to provide contact
between the ultrasound probe and the tissue.

Patentansprüche

1. System zur scherwellenbasierten pulmonalen Elas-
tografie, umfassend:

eine Ultraschallsonde (120), die konfiguriert ist,
um in ein Individuum innerhalb eines Atemwegs
eingeführt zu werden und Gewebe eines Ziel-
gebiets innerhalb eines Lungenbereichs des In-
dividuums durch Senden eines Signals und
Empfangen einer Antwort zu bewerten, wobei
die Bewertung umfasst, dass mit der Sonde ein
oder mehrere Schubpulse an das Gewebe über-
tragen werden, was zu einer Scherwelle führt
und die Ausbreitungsgeschwindigkeit der
Scherwelle bestimmt wird;
eine Kontaktvorrichtung (126), die mit der Ultra-
schallsonde gekoppelt ist und zur Bereitstellung
und Aufrechterhaltung eines Kontakts zwischen
der Ultraschallsonde und dem Gewebe konfigu-
riert ist, und wobei die Kontaktvorrichtung ein
expandierbares Volumen einschließt; und
ein Bildverarbeitungsmodul (110), das konfigu-
riert ist, um ein oder mehrere Elastogramme ent-
sprechend der Antwort auszugeben.

2. System nach Anspruch 1, wobei die Ultraschallson-
de (120) konfiguriert ist, um das Gewebe unter einer
Kompression zu bewerten.

3. System nach Anspruch 2, weiter umfassend eine
Kompressionsvorrichtung (124), die konfiguriert ist,
um die Kompression auf dem Gewebe zu erzeugen.

4. System nach Anspruch 3, wobei die Kompressions-
vorrichtung (124) einen Ballon (410) einschließt, um
die Kompression zu erzeugen.

5. System nach Anspruch 4, wobei der Ballon (410)
konfiguriert ist, um zu pulsieren, um die Kompression
zu erzeugen.

6. System nach Anspruch 5, wobei der Ballon (410)

konfiguriert ist, um durch Hinzufügen oder Freigeben
einer gefüllten Substanz zu pulsieren.

7. System nach Anspruch 5, wobei der Ballon (410)
konfiguriert ist, um bei bekannten Frequenzen und
Amplituden zu pulsieren.

8. System nach Anspruch 2, wobei die Ultraschallson-
de (120) konfiguriert ist, um das Gewebe aufgrund
einer Bewegung eines Körpers unter einer Kompres-
sion zu bewerten.

9. System nach Anspruch 8, wobei die Bewegung des
Körpers physiologische Bewegung einschließt, wo-
bei die physiologische Bewegung mindestens eines
von Folgendem einschließt: eine Expansion und
Kompression von Lungen (308) und eine Auf-und
Abbewegung einer Membran (310).

10. System nach Anspruch 8, weiter umfassend ein Be-
atmungsgerät zur Erzeugung der Bewegung des
Körpers, wobei die Bewegung mindestens eines von
Folgendem einschließt: eine Expansion und Kom-
pression von Lungen (308) und eine Auf-und Abbe-
wegung einer Membran (310).

11. System nach Anspruch 3, wobei die Kompressions-
vorrichtung ein expandierbares Volumen ein-
schließt, das mit der Ultraschallsonde gekoppelt ist,
um einen Kontakt zwischen der Ultraschallsonde
und dem Gewebe bereitzustellen.

Revendications

1. Système pour élastographie pulmonaire à ondes de
cisaillement, comprenant :

une sonde ultrasonore (120) configurée pour
être insérée dans un sujet à l’intérieur d’une voie
aérienne et pour évaluer le tissu d’une zone cible
à l’intérieur d’une région pulmonaire du sujet par
transmission d’un signal et réception d’une ré-
ponse, l’évaluation comprenant la transmission,
par la sonde, d’une ou plusieurs impulsions de
poussée au tissu résultant en une onde de ci-
saillement et la détermination de la vitesse de
propagation de l’onde de cisaillement ;
un dispositif de contact (126) couplé à la sonde
ultrasonore, configuré pour établir et maintenir
le contact entre la sonde ultrasonore et le tissu,
et le dispositif de contact incluant un volume
extensible ; et
un module de traitement d’image (110) configu-
ré pour délivrer un ou plusieurs élastogrammes
en fonction de la réponse.

2. Système selon la revendication 1, dans lequel la son-
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de ultrasonore (120) est configurée pour évaluer le
tissu sous l’effet d’une compression.

3. Système selon la revendication 2, comprenant en
outre un dispositif de compression (124) configuré
pour générer la compression sur le tissu.

4. Système selon la revendication 3, dans lequel le dis-
positif de compression (124) inclut un ballonnet (410)
pour générer la compression.

5. Système selon la revendication 4, dans lequel le bal-
lonnet (410) est configuré pour produire une impul-
sion afin de générer la compression.

6. Système selon la revendication 5, dans lequel le bal-
lonnet (410) est configuré pour produire une impul-
sion par ajout ou libération d’une substance chargée.

7. Système selon la revendication 5, dans lequel le bal-
lonnet (410) est configuré pour produire une impul-
sion à des fréquences et amplitudes connues.

8. Système selon la revendication 2, dans lequel la son-
de ultrasonore (120) est configurée pour évaluer le
tissu sous l’effet d’une compression due au mouve-
ment d’un corps.

9. Système selon la revendication 8, dans lequel le
mouvement du corps inclut un mouvement physio-
logique, le mouvement physiologique incluant au
moins l’un : d’une dilatation et compression des pou-
mons (308) et d’un mouvement ascendant et des-
cendant d’un diaphragme (310).

10. Système selon la revendication 8, comprenant en
outre un ventilateur pour générer le mouvement du
corps, le mouvement incluant au moins l’un : d’une
dilatation et compression des poumons (308) et d’un
mouvement ascendant et descendant d’un
diaphragme (310).

11. Système selon la revendication 3, dans lequel le dis-
positif de compression inclut un volume extensible
couplé à la sonde ultrasonore pour établir un contact
entre la sonde ultrasonore et le tissu.

15 16 



EP 2 854 651 B1

10



EP 2 854 651 B1

11



EP 2 854 651 B1

12



EP 2 854 651 B1

13



EP 2 854 651 B1

14



EP 2 854 651 B1

15



EP 2 854 651 B1

16

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 5810731 A [0003]
• EP 2060233 A1 [0003]
• WO 2010012092 A1 [0004]

• US 6176827 B1 [0005]
• US 2012123263 A1 [0006]



专利名称(译) 用于肺部弹性成像的肺部超声技术

公开(公告)号 EP2854651B1 公开(公告)日 2018-07-18

申请号 EP2013737395 申请日 2013-05-27

[标]申请(专利权)人(译) 皇家飞利浦电子股份有限公司

申请(专利权)人(译) 皇家飞利浦N.V.

当前申请(专利权)人(译) 皇家飞利浦N.V.

[标]发明人 RAMACHANDRAN BHARAT
HALL CHRISTOPHER STEPHEN

发明人 RAMACHANDRAN, BHARAT
HALL, CHRISTOPHER, STEPHEN

IPC分类号 A61B8/08 G01S7/52 A61B8/12

CPC分类号 A61B5/0095 A61B5/085 A61B8/085 A61B8/12 A61B8/445 A61B8/485 G01S7/52042 G01S15/899 
A61B5/0051 A61B8/4444

代理机构(译) STEFFEN，THOMAS

优先权 61/652352 2012-05-29 US

其他公开文献 EP2854651A1

外部链接 Espacenet

摘要(译)

一种用于肺弹性成像的系统包括超声探头（120），其配置成通过发送信
号和接收响应来评估目标区域的组织。接触装置（126）耦合到超声探头
以提供超声探头和组​​织之间的接触。图像处理模块（110）被配置为根据
响应输出一个或多个弹性图。

https://share-analytics.zhihuiya.com/view/e3126564-f7df-4508-998c-c4aea05536c4
https://worldwide.espacenet.com/patent/search/family/048793330/publication/EP2854651B1?q=EP2854651B1

