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and orientation of the ultrasound probe when each of the
plurality of ultrasound images is generated. The display
in communication with the processing unitand configured
to output a view of a first layer of the three-dimensional
model and configured to output a view of a second layer
of the three-dimensional model in response to an intra-
operative swipe across the display by a user.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Thisapplication claims the benefit of and priority
to U.S. Provisional Patent Application No. 62/010,608,
filed June 11, 2014, the entire disclosure of which is in-
corporated by reference herein.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to ultrasound
systems and, more specifically, to three-dimensional ul-
trasound systems configured to modify a display in re-

sponse to an intraopertive swipe of a user.

2. Discussion of Related Art

[0003] Ultrasound imaging systems generate a cross-
sectional view on an axial plane of an ultrasound trans-
ducer array. Depending on the location and orientation
of the transducer, the ultrasound image presents differ-
ently on a display. It takes thorough knowledge of ultra-
sound anatomy to map these ultrasound images to real
organs.

[0004] Surgeons are not trained on mapping ultra-
sound images to real organs, and thus, a surgeon is not
generally capable of mapping ultrasound images to real
organs. This prevents surgeons from utilizing ultrasound
imaging systems as a tool to guide instruments during a
surgical procedure, such as a minimally invasive surgical
procedure.

[0005] During a minimally invasive surgical procedure,
surgery is performed in any hollow viscus of the body
through a small incision or through narrow endoscopic
tubes (cannulas) inserted through a small entrance
wound in the skin or through a naturally occurring orifice.
Minimally invasive surgical procedures often require the
clinician to act on organs, tissues and vessels far re-
moved from the incision and out of the direct view of the
surgeon.

[0006] Accordingly, there is a continuing need for in-
struments and methods to enable a surgeon to visualize
a surgical site during a minimally invasive surgical pro-
cedure, i.e., intraopertively.

SUMMARY

[0007] In an aspect of the present disclosure, an ultra-
sound system includes an ultrasound probe, a process-
ing unit, a camera, and a display. The camera captures
anorgan or body part’s surface view and sends the image
stream to the processing unit. The ultrasound probe has
a detecting system or sensor configured to detect the
position and orientation of the ultrasound probe. The ul-
trasound probe also has an ultrasound scanner config-
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ured to generate a plurality of ultrasound images. The
processing unit is in communication with the camera, the
detecting system, and the ultrasound scanner. The
processing unit is configured to create a three-dimen-
sional data set aligned with the surface view from the
camera, based on the position and orientation of the ul-
trasound probe as it swipes across a surface and when
each of the plurality of ultrasound images is generated.
The display is in communication with the processing unit
and configured to output a view of one subsurface layer
from the ultrasound probe, overlaid on the surface view
fromthe camera, as the user swipes the ultrasound probe
on a tissue surface. It thus creates a virtual peeling off
effect on the display as the user swipes. The display is
configured to output a subsurface view of a layer of dif-
ferent depth with another intraoperative swipe on the tis-
sue surface by a user. The user controls the depth of the
subsurface view by swiping the ultrasound probe in dif-
ferent directions.

[0008] In embodiments, the detecting system may ei-
ther be a magnetic sensing system or an optical sensing
system. A magnetic sensing system includes a positional
field generator configured to generate a three-dimen-
sional field. The three-dimensional positional field may
be a three-dimensional magnetic field and the sensor
may be a magnetic sensor. The positional field generator
may be configured to generate the three-dimensional
field about a patient or may be configured to generate
the three-dimensional positional field from within a body
cavity of a patient. The positional field generator may be
disposed on a camera or a laparoscope and the sensor
may be configured to identify the position and the orien-
tation of the ultrasound probe within the positional field.
An optical sensing system includes one or a plurality of
markers attached to the end of the ultrasound transducer
and the camera. The camera can either be one out of
body if the ultrasound probe is used on body surface, or
one attached to a laparoscope if the ultrasound probe is
used as a laparoscopic tool. The camera communicates
the video stream that contains the markers to the
processing unit. The processing unit identifies the mark-
ers and computes to generate the orientation and posi-
tion of the ultrasound probe.

[0009] In embodiments, the display is configured to
overlay a surface image from the camera and a subsur-
face image layer from the ultrasound system, and align
them with right position and orientation.

[0010] In aspects of the present disclosure, a method
for viewing tissue layers includes capturing surface view
from a camera, capturing a plurality of ultrasound images
of a patient’s body part with an ultrasound probe, record-
ing the position and the orientation of the ultrasound
probe with a detecting system, creating a three-dimen-
sional data set having a plurality of subsurface layers
aligned to the surface view, interopertively swiping the
ultrasound probe across patient’s body part to view a
subsurface layer on a surface view, and other layers of
chosen depth with the swipes.
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[0011] In embodiments, creating the three-dimension-
al data set includes swiping the ultrasound probe across
a patient’s body part, associating the plurality of ultra-
sound images with the position and the orientation of the
ultrasound probe, and extracting and viewing the layer
of interest from the three-dimensional data set. In some
embodiments, swiping the ultrasound probe on the body
part replaces a first subsurface layer to display a second
subsurface layer that is deeper or shallower than the first
layer, depending on the swiping directions.

[0012] Inparticularembodiments, the method includes
inserting a surgical instrument into a body cavity of a
patient and visualizing the position of the surgical instru-
ment within one of the first and second layers. The meth-
od may also include interopertively updating the position
of the surgical instrument on the display.

[0013] In certain embodiments, generating views of
subsurface layers includes adjusting the thickness of the
view by averaging the ultrasound data over specified
depth to enhance visualizing certain features like blood
vessels.

[0014] The ultrasound system may fill in the gap of ul-
trasound anatomy between a surgeon and a sonogra-
pher enabling a non-invasive method of visualizing a sur-
gical site. In addition, the ultrasound system may provide
an intuitive user interface enabling a clinician to use the
ultrasound system interopertively.

[0015] Further, to the extent consistent, any of the as-
pects described herein may be used in conjunction with
any or all of the other aspects described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Various aspects of the present disclosure are
described hereinbelow with reference to the drawings,
wherein:

FIG. 1is a perspective view of an ultrasound system
in accordance with the present disclosure including
a camera, an ultrasound probe, a positional and ori-
entation detecting system, a processing unit, and a
display;

FIG. 2 is a cut-away of the detail area shown in FIG.
1 illustrating the ultrasound probe shown in FIG. 1
and a laparoscope within a body cavity of a patient;

FIG. 3 is a perspective view of a three-dimensional
model generated by the processing unit of FIG. 1
illustrating a plurality of subsurface layers;

FIG. 4 is a view of a first layer on the display of FIG. ;
and

FIG. 5 is view of a second layer on the display of
FIG. 4 deeper within a body cavity of a patient illus-
trating the ultrasound transducer swipes on the body
part to reveal the second layer with a blood vessel.
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DETAILED DESCRIPTION

[0017] Embodiments of the presentdisclosure are now
described in detail with reference to the drawings in which
like reference numerals designate identical or corre-
sponding elements in each of the several views. As used
herein, the term "clinician" refers to a doctor, a nurse, or
any other care provider and may include support person-
nel. Throughout this description, the term "proximal” re-
fers to the portion of the device or component thereof
that is closest to the clinician and the term "distal" refers
to the portion of the device or component thereof that is
farthest from the clinician.

[0018] Referring now to FIG. 1, an ultrasound imaging
system 10 provided in accordance with the present dis-
closure includes a camera 33, a position and orientation
detecting system or sensor 14, a processing unit 11, a
display 18, and an ultrasonic probe 20. The position and
orientation detecting system 14 is configured to detect
position and orientation with a sensor or marker attached
on the ultrasound probe 20 within a region of interest
during a surgical procedure.

[0019] The ultrasound imaging system is configured to
provide cross section views and data sets of a region of
interest within a body cavity or on body surface of a pa-
tient P on the display 18. A clinician may interact with the
ultrasound imaging system 10 and laparoscope 16 at-
tached to a camera 33 to visualize surface and subsur-
face of a body part within the region of interest during a
surgical procedure as detailed below.

[0020] The ultrasound imaging system 10 includes an
ultrasound scanner or processing unit 11 that is config-
ured to receive a position and an orientation of the ultra-
sound probe 20 and a plurality of ultrasound images 51
perpendicular to the surface of the body part from the
ultrasound probe 20. The processing unit 11 is configured
to relate the position and the orientation of the ultrasound
probe 20 with each of the plurality of ultrasound images
51 to generate a 3D ultrasound data set. The processing
unit then re-organizes the 3D image pixel data to form a
view of one layer in parallel to the scan surface. This
layer can be one of the layers 31 to 37 as illustrated in
FIG3.

[0021] The position and orientation detecting system
14 can either be an optical system that is integrated with
the processing unit 11, or a magnetic sensory system
that is based on a three-dimensional field. In the optical
system case an optical marker 15 is attached on the ul-
trasound probe, whose position and orientation can be
computed with the images captured with camera 33. In
the latter case the detecting system 14 has a field gen-
erator that generates a three-dimensional field within an
operating theater about a patient P. As shown in FIG. 1,
the positional field generator is disposed on the surgical
table 12 to orientate the patient P within the field. It is
within the scope of this disclosure, that the positional field
generator is integrated into the surgical table 12. Itis also
within the scope of this disclosure that the positional field
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generator may be positioned anywhere within an oper-
ating theater or outside the operating theater. The ultra-
sound imaging system 10 may include a magnetic sen-
sors 15 adhered to the ultrasound probe 20 such that the
location and orientation of the ultrasound probe 20 may
be used by the processing unit 11 to align the collected
three-dimensional data set 30 to the surface view cap-
tured by camera 33. An exemplary embodiment of such
a magnetic sensing system is disclosed in commonly
owned U.S. Patent Application Serial No. 11/242048,
filed November 16, 2010, and now published as U.S.
Patent No. United States Patent 7835785, the contents
of which are hereby incorporated in its entirety.

[0022] With reference to FIG. 2, the ultrasound probe
20 is adjacent to an outer tissue layer 31 of the patient
P. The ultrasound probe 20 includes an ultrasound scan-
ner 22, a position sensor 24, and an orientation sensor
25. The ultrasound scanner 22 is configured to generate
and transmit a plurality of ultrasound images of the region
ofinterest to the processingunit 11 (FIG. 1). The process-
ing unit 11 receives the plurality of ultrasound images
and receives the position and the orientation of the ultra-
sound scanner 22 within the field generated by the posi-
tional field generator 14 from the position sensor 24 and
the orientation sensor 25 at the time each of the plurality
of ultrasound images was generated to create a plurality
of ultrasound frames. It is also within the scope of this
disclosure that the functions of the position sensor 24
and the orientation sensor 25 may be integrated into a
single sensor.

[0023] It is also within the scope of this disclosure that
the plurality of orientation sensors 15, the position sensor
24, and the orientation sensor 25 are image markers
whose positioned and orientation may be detected by
the positional field generator 14 or a laparoscope. Exem-
plary embodiments of image markers and positional field
generators are disclosed in commonly owned U.S. Pat-
ent No. 7,519,218, the contents of which are hereby in-
corporated in its entirety.

[0024] In some embodiments, the surgical instrument
16 includes a positional field generator 17 (FIG. 2) that
is configured to generate a three-dimensional positional
field within a body cavity of the patient P. The sensors
24, 25 identify the position and the orientation of the ul-
trasound scanner 22 within the three-dimensional posi-
tional field generated by the positional field generator 17.
It is also contemplated that the position and the orienta-
tion of the sensors 24, 25 within the three-dimensional
positional fields generated by both positional field gen-
erators 14, 17 may be transmitted to the processing unit
11.

[0025] With reference to FIG. 3, the processing unit 11
utilizes an image reconstruction algorithm to create a
three-dimensional model 30 of the region of interest hav-
ing a plurality of layers 31-37 that are parallel to the outer
surface of the region of interest (i.e., the outer tissue layer
31 ofthe patient P) from the plurality of ultrasound frames.
The processing unit 11 includes an adaptive penetration
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algorithm that highlights layers within the three-dimen-
sional model 30 that include rich structures (e.g., blood
vessels, surfaces of internal organs, etc.). The adaptive
penetration algorithm may adjust the thickness of prede-
fined selectable layers 31-37 based on the rich structures
within the body cavity (e.g., organs or dense tissue lay-
ers). It will be understood that layer 31 may be a surface
layer and layers 32-33 may be subsurface layers. An
example of this process is when a blood vessel is located
in a layer, for example, layer 34 that is not perfectly in
parallel to the outer surface 31. In this case the process-
ing unit 11 detects the location of the blood vessel based
on the cross section B-mode view 51, and extract layer
34 out of the three-dimensional data set, and reconstruct
an image layer that specifically includes the blood vessel
to show on display 18. The depth and thickness of the
layer 34 is adaptively adjusted based on the detected
vessel location.

[0026] With reference to FIGS. 4 and 5, the display 18
displays a surface view captured by the camera 33, and
a subsurface layer view from the processing unit 11
aligned and overlaid to the surface view. The subsurface
view is one of the layers 31-37 of the three-dimensional
dataset30. The processing unit 11 is configured to detect
the movement of the ultrasound probe in a surgical pro-
cedure to change the layer 31-37 that is displayed. The
display 18 may be configured to enlarge or shrink areas
of detail in response to input from a clinician.

[0027] With reference to FIGS. 1-5, a method for view-
ing tissue layers within a patient may be used to position
the surgical instrument 16 adjacent a blood vessel V in
tissue layer 33. The ultrasonic probe 20 is positioned
within the or adjacent to the region of interest to capture
a plurality of ultrasonic images of the region of interest
within a patient with the ultrasonic scanner 22. The po-
sition and orientation of the ultrasonic scanner 22 is re-
corded with each of the plurality of ultrasound images in
the processing unit 11 to create a plurality of image
frames. The processing unit 11 creating a plurality of sub-
surface layers 31-37 parallel to an outer tissue surface
of the patient P from the plurality of image frames and
outputting a first one of the plurality of layers (e.g., layer
32 as shown in FIG. 4) on the display 18. The clinician
may then swipe across the display to view a second,
deeper, layer within the region of interest (e.g., layer 33
as shown in FIG. 5). During a surgical procedure, the
clinician may insert a surgical instrument into the region
of interest while using the ultrasound imaging system 10
to visualize the position of the surgical instrument within
the body cavity. As the surgical instrumentis repositioned
within the region of interest, the position of the surgical
instrument is updated on the display 18.

[0028] While several embodiments of the disclosure
have been shown in the drawings, it is not intended that
the disclosure be limited thereto, as itis intended that the
disclosure be as broad in scope as the art will allow and
that the specification be read likewise. Any combination
of the above embodiments is also envisioned and is with-
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in the scope of the appended claims. Therefore, the
above description should not be construed as limiting,
but merely as exemplifications of particular embodi-
ments. Those skilled in the art will envision other modi-
fications within the scope and spirit of the claims append-
ed hereto.

[0029] The invention may be described by reference
to the following numbered paragraphs:-

1. A ultrasound system comprising:

an ultrasound probe including;

a sensor configured to provide the position and
the orientation of the ultrasound probe; and

an ultrasound scanner configured to generate a
plurality of ultrasound images;

aprocessing unitin communication with the sen-
sor and the ultrasound scanner, the processing
unit configured to create a three-dimensional
model from the position and the orientation of
the ultrasound probe when each of the plurality
of ultrasound images is generated; and

a display configured to output a view of a first
layer of the three-dimensional model and con-
figured to output a view of a second layer of the
three-dimensional model different from the first
layer in response to an intraoperative swipe
across the display by a user.

2. The ultrasound system of paragraph 1, wherein
the first and second layers are parallel to one anoth-
er.

3. The ultrasound system of paragraph 1, wherein
the second layer is a subsurface layer deeper than
the first layer.

4. The ultrasound system of paragraph 1 further in-
cluding a positional field generator configured to gen-
erate a three-dimensional field about a patient.

5. The ultrasound system of paragraph 4, wherein
the positional field generator generates a three-di-
mensional magnetic field.

6. The ultrasound system of paragraph 1, wherein
the sensor is a magnetic sensor.

7. The ultrasound system of paragraph 1, wherein
the sensor is a marker disposed on the ultrasound
probe.

8. The ultrasound system of paragraph 7 further in-
cluding a laparoscope including a positional field
generator configured to generate a three-dimension-
al positional field within a body cavity of a patient,
the sensor configured to identify the position and the
orientation of the ultrasound probe within the posi-
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tional field.

9. The ultrasound system of paragraph 1, wherein
the display includes a sensor configured to detect
an intraoperative swipe across the display.

10. The ultrasound system of paragraph 1, wherein
the display is a touch screen display configured to
detect an intraoperative swipe across the display.

11. A method for viewing tissue layers comprising:

capturing a plurality of ultrasound images of a
body cavity of a patient with an ultrasound probe;
recording the position and the orientation of the
ultrasound probe with a sensor;

creating a three-dimensional model having a
plurality of subsurface layers;

viewing a first layer of the plurality of subsurface
layers on a display; and

interopertively swiping across the display to
view a second layer of the plurality of subsurface
layers different from the first layer.

12. The method of paragraph 11, wherein generating
the three-dimensional model includes associating
the plurality of ultrasound images with the position
and the orientation of the ultrasound probe.

13. The method of paragraph 11, wherein swiping
the display peels off the first layer of the plurality of
subsurface layers to display the second layer that is
deeper than the first layer.

14. The method of paragraph 11 further including
inserting a surgical instrument into a body cavity of
a patient and visualizing the position of the surgical
instrument within at least one of the first and second
layers.

15. The method of paragraph 14 further including
interopertively updating the position of the surgical
instrument on the display.

16. The method of paragraph 11, wherein creating
a plurality of subsurface layers includes adjusting
thickness of at least one of the plurality of subsurface
layers in response to biological structures within a
body cavity of a patient.

Claims

1.

A ultrasound system comprising:

an ultrasound probe including;
a sensor configured to provide the position and
the orientation of the ultrasound probe; and
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an ultrasound scanner configured to generate a
plurality of ultrasound images;

aprocessing unitin communication with the sen-
sor and the ultrasound scanner, the processing
unit configured to create a three-dimensional
model from the position and the orientation of
the ultrasound probe when each of the plurality
of ultrasound images is generated; and

a display configured to output a view of a first
layer of the three-dimensional model and con-
figured to output a view of a second layer of the
three-dimensional model different from the first
layer in response to an intraoperative swipe
across the display by a user.

The ultrasound system of claim 1, wherein the first
and second layers are parallel to one another.

The ultrasound system of claim 1, wherein the sec-
ond layer is a subsurface layer deeper than the first
layer.

The ultrasound system of any preceding claim fur-
ther including a positional field generator configured
to generate athree-dimensional field about a patient.

The ultrasound system of claim 4, wherein the posi-
tional field generator generates a three-dimensional
magnetic field.

The ultrasound system of any preceding claim,
wherein the sensor is a magnetic sensor.

The ultrasound system of any preceding claim,
wherein the sensor is a marker disposed on the ul-
trasound probe.

The ultrasound system of claim 7 further including a
laparoscope including a positional field generator
configured to generate a three-dimensional position-
al field within a body cavity of a patient, the sensor
configured to identify the position and the orientation
of the ultrasound probe within the positional field.

The ultrasound system of any preceding claim,
wherein the display includes a sensor configured to
detect an intraoperative swipe across the display.

The ultrasound system of any preceding claim,
wherein the display is a touch screen display config-
ured to detect an intraoperative swipe across the dis-

play.
A method for viewing tissue layers comprising:
capturing a plurality of ultrasound images of a

body cavity of a patient with an ultrasound probe;
recording the position and the orientation of the
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12.

13.

14.

15.

16.

ultrasound probe with a sensor;

creating a three-dimensional model having a
plurality of subsurface layers;

viewing a first layer of the plurality of subsurface
layers on a display; and

interopertively swiping across the display to
view a second layer of the plurality of subsurface
layers different from the first layer.

The method of claim 11, wherein generating the
three-dimensional model includes associating the
plurality of ultrasound images with the position and
the orientation of the ultrasound probe.

The method of claim 11 or claim 12, wherein swiping
the display peels off the first layer of the plurality of
subsurface layers to display the second layer that is
deeper than the first layer.

The method of any of claims 11 to 13 furtherincluding
inserting a surgical instrument into a body cavity of
a patient and visualizing the position of the surgical
instrument within at least one of the first and second
layers.

The method of claim 14 further including interoper-
atively updating the position of the surgical instru-
ment on the display.

The method of any of claims 11 to 15, wherein cre-
ating a plurality of subsurface layers includes adjust-
ing thickness of at least one of the plurality of sub-
surface layers in response to biological structures
within a body cavity of a patient.
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