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(57) ABSTRACT

A holding structure holds a biopsy needle and a HIFU trans-
ducer to allow smooth and accurate delivery of the HIFU
beam at the interface of the liver, where bleeding will occur.
This manipulator structure performs the biopsy and HIFU
through the percutaneous approach. In addition, the proce-
dure is imaged by an imaging ultrasound probe. This imaging
ultrasound probe can track the needle entry site even when
needle has been removed. The HIFU transducer fires a short
pulse of HIFU in the needle tract to cause coagulation and
stop bleeding.
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ROBOTIC LOCALIZING AID FOR HIGH
INTENSITY FOCUSED ULTRASOUND
DELIVERY

REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of U.S.
Provisional Patent Application No. 60/087,087, filed Aug. 7,
2008, whose disclosure is hereby incorporated by reference in
its entirety into the present disclosure.

FIELD OF THE INVENTION

[0002] The present invention relates to high-intensity
focused ultrasound (HIFU) and more particularly to its deliv-
ery through a robotic controlled arm at a specified target point
for hemostasis and therapeutic purposes.

DESCRIPTION OF RELATED ART

[0003] Ultrasound is a well-established imaging modality
in the areas of medicine, biology and engineering. Its case of
application and low cost make it the choice for medical imag-
ing for most soft tissue diagnostic analysis. Ultrasound has
been used to examine many parts of the body, including
babies in the mother’s womb, the vascular system, heart,
organs within the abdominal cavity, urinary system, ovaries,
brain and most recently, the muscles.

[0004] Since the development of ultrasound for therapeutic
applications, there have been many advances in the medical
use of ultrasound, especially for high intensity focused ultra-
sound (HIFU). There is great interest in HIFU as a surgical
tool due to its non-invasive nature and the ability to focus on
the location where therapy occurs. Furthermore, it can be
delivered relatively deep within a patient’s body without
adverse effect on the intervening tissues.

[0005] HIFU has been successfully applied in the treatment
of cancers, particularly in destroying tumors found in the
breast, prostate, kidney and pancreas. Studies and trials
include:

[0006] Hepatology: Treatment of liver tumors in UK.
[0007] Urology: Treatment of benign prostatic hyperplasia
(BPH).

[0008] Acoustic Hemostasis: Using HIFU to form blood

clots or cauterize blood vessels. The inventors view this
approach as a potential non-invasive tool for liver trauma and
resection.

[0009] The effectiveness of HIFU relies heavily on the
precision focusing of the transducer at the targeted region,
particularly so for multi-probe HIFU. Factors such as the
medium between the probe and the contact surface will affect
the positioning of the probe. Dynamic change of the interven-
ing tissue properties is another challenge.

[0010] Hemostasis is particularly important because bleed-
ing is one of the primary causes of death after traumatic
injury. Uncontrolled hemorrhage conditions can be challeng-
ing in trauma patients, particularly for those with vascular,
splenic, or hepatic injuries. The inability to control bleeding
might be due to the malfunction of the organs to produce
platelets to stop the bleeding or due to blood diseases. Failure
to control hemorrhage can lead to insufficient organ perfusion
(shock) and is the major cause of death in trauma victims.
Indeed, the major cause of mortality in combat casualties is
often reported as exsanguination (bleeding to death). In addi-
tion, conducting biopsy procedures onto the organs for diag-
noses purposes can also cause the organ to bleed excessively.
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Therefore there is a need to find ways to solve the problem of
uncontrolled internal bleeding especially after biopsy.
[0011] Despite the availability of several hemostasis meth-
ods such as laser welding and argon beam coagulation, such
methods do not arrest the bleeding problem effectively. These
existing cauterization methods such as electrocautery and
laser can only deliver energy on the surface of tissues with a
maximum penetration of 2-3 mm. Hence it is important to
find another technique to penetrate energy deeper in the tis-
sues or organs to arrest the bleeding efficiently.

[0012] High intensity focused ultrasound (HIFU) therapy is
capable of delivering energy deep in the tissue, which makes
it a suitable candidate to conduct blood coagulation to stop
internal bleeding. Therefore, high intensity focused ultra-
sound therapy is being investigated as a method for control-
ling internal hemorrhage. It has been shown that HIFU is
quite successful in controlling bleeding in animal trials. For
most of thetrials, liver is chosen as the organ to perform HIFU
hemostasis. The reason is mainly because the liver is vascular,
as 25% of the cardiac output flows through it, and significant
bleeding can occur. Furthermore, uncontrolled hemorrhage
can be fatal.

[0013] Tt has been proposed to perform HIFU hemostasis
onto the bleeding spot after the radiologist has conducted
liver biopsy. One key reason is that the major complication for
liver biopsy is the risk of hemorrhage, and hence a tool is
needed to control the hemorrhage. However, HIFU as a tool
for controlling hemorrhage is still in its infancy. A number of
research centers are still in the process of conducting clinical
trials to prove the efficacy of this technique, with most report-
ing positive results from their experiments.

[0014] Another area of development in HIFU is the design
and construction of a holder to accommodate and allow
smooth delivery of HIFU beams. Some of the factors such as
cost, reliability, portability, safety issues and ease of use have
to be taken into account during the design process of the
holder.

[0015] Several structures and devices are designed to
accommodate both the ultrasound probe (for imaging pur-
poses) and the HIFU transducer (for therapeutic application).
Some of these devices are the Marsden HIFU manipulator
and the ULTRABOT. Nanyang Technological University has
a long track record for contributing to the development of
computer-based technologies to assist in surgery. Some of
these researches are the robotic manipulator for prostate treat-
ment and the robotic system for interstitial laser coagulation.
In addition, there have also been studies and researches in the
area of HIFU for the treatment of cancers. Particularly in the
Computer Integrated Medical Laboratory (CIMIL), the focus
is on implementing HIFU for the treatment of prostate can-
cers.

[0016] However, accurate aiming of the HIFU transducer
relative to the location of the biopsy has not yet been
achieved. One particular problem is that once the biopsy has
been performed, the hole left by the biopsy is often too small
to be detected by medical imaging techniques such as ultra-
sound, CAT scanning, or MRI.

SUMMARY OF THE INVENTION

[0017] From the above, it will be seen that a need exists in
the art for accurate placement of the HIFU transducer relative
to the biopsy needle to allow HIFU hemostasis of the specific
location of the biopsy.



US 2014/0088422 Al

[0018] TItis an object of the invention to provide such accu-
rate placement.
[0019] Itis another object of the invention to provide such

accurate placement in a form which can be conveniently used
in an operating room ot a biopsy room.

[0020] It is still another object of the invention to provide
such accurate placement in a form which can be at least
partially automated.

[0021] To achieve the above and other objects, the present
invention is directed to a holding structure to hold the biopsy
needle and the HIFU transducer to allow the smooth and
accurate delivery of the HIFU beam at the interface of the
liver (or other organ), where bleeding will occur. The manipu-
lator structure in at least some embodiments performs the
biopsy and HIFU through the percutaneous approach. In
addition, the procedure can be imaged by the ultrasound
imaging probe. The HIFU probe can track the biopsy needle
entry site even when the needle has been removed with the
help of the robotic arm. The HIFU transducer a short pulse of
HIFU in the needle tract to cause coagulation and stop bleed-
ing. Targeting can be robotically controlled using data
extracted from a conventional two-dimensional image taken
via any suitable imaging technique (e.g., ultrasound, CAT, or
MRI).

[0022] In a preferred embodiment, the area in which the
biopsy is to be performed is imaged, and coordinates of the
location ofthe biopsy are extracted and input into a processor.
The processor robotically controls the manipulator which
holds the HIFU probe so that the HIFU probe is focused onto
that location. Thus, the above-noted problem of inability to
image the hole is overcome.

[0023] Other organs for which the present invention is
usable include native kidney and transplant kidney in children
and adults. The robotically controlled HIFU delivery system
can he an independent unit that can be used with computed
tomography guided biopsy, magnaetic resonance guided
biopsy or ultrasound guided biopsy of the liver, kidney, lung
or other organs to control post-biopsy hemorrhage. This umt
will be able to control post-biopsy hemorrhage in various
organs irrespective of the size of the needle used. This can
also be used treating placental disorders such as twin twin
transfusion in twin pregnancy and related such diseases. The
robotically controlled HIFU system can be used to treat skin
disorders such as acne or other skin disorders and diseases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] A preferred embodiment of the present invention
will be set forth in detail with reference to the drawings, in
which:

[0025] FIG.1is a section overview showing the manipula-
tor according to the preferred embodiment;

[0026] FIG.2 shows the main components lined up with the
patient;
[0027] FIG. 3 shows the sterilized needle holder relative to

the ultrasound probe;

[0028] FIG. 4 shows the system as applied to the patient;
[0029] FIG. 5 shows the manipulator control section;
[0030] FIG. 6 shows the system in use;

[0031] FIG. 7 shows coagulation patterns; and

[0032] FIGS. 8 and 9 show a prototype of a system accord-

ing to the preferred embodiment.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0033] A preferred embodiment will be described in detail
with reference to the drawings, in which like reference
numerals refer to like elements or steps throughout.

[0034] Shown in FIG. 1 is a section overview of the
manipulator assembled onto the arm of the cart. In the system
100, the cart arm 102 supports the manipulator 104 over the
body of the patent P and specifically over the patient’s liver L.
[0035] Shown in FIG. 2, the main components are lined up
with the radiologist D beside the patient and facing the
screens of the cart 202 and the ultrasound scanner 204 which
is positioned on the right of the cart. The cart includes a base
portion having a processor 206 for performing all of the
processing disclosed herein, including automatic control, as
well as a touch screen 208 for displaying images to the opera-
tor and for receiving inputs from the operator.

[0036] The sterilized needle holder is self aligned to the
ultrasound probe holder as shown in FIG. 3. More specifi-
cally, the ultrasound probe holder 302 is held by anultrasound
probe holder 304, which also supports a needle holder 306
holding a biopsy needle 308. The ultrasound probe will be
used to emit ultrasound waves in an ultrasound scanning
plane S.

[0037] A layer of ultrasound gel 402 is applied to the
patient’s skin and a water bag 404 attached to the HIFU
transducer 406 as shown in FIG. 4. The water level in the
water bag is automatically determined by the pressure sensor
beside the HIFU transducer. The HIFU transducer will be
used to emit a HIFU beam B.

[0038] The radiologist performs an ultrasound scan to
locate the area of operation by looking at the screen of the
ultrasound scanner. The scan is done freehand by the radiolo-
gist. In this step, only the ultrasound probe and the biopsy
needle which are mounted on their respective holders and
assembled together as shown in FIG. 3 are used.

[0039] Uponlocating the target point, the radiologist brings
in the manipulator which is assembled to the cart arm and
combined with the ultrasound probe holder. The manipulator
is now complete as seen in FIG. 1. Both the components: the
HIFU transducer and the biopsy needle are contained in the
2D-ultrasound plane of the ultrasound probe at all times
throughout the operation. The cart arm and the manipulator
are both frozen in their position by magnetic locks shown in
FIGS. 1 as 106 and 108. They can be freed by pressing the
light blue button 502 on the center piece of the manipulator as
shown in FIG. 5 while moving both the components to the
desired position. The components are frozen in their position
once the button is released. Likewise for fine adjustments or
Jjust the manipulator, the dark blue button 504 as indicated in
FIG. 5 can be depressed to free the manipulator and freeze the
manipulator when released.

[0040] After the final adjustments are done, the radiologist
injects the biopsy needle into the liver and commences the
operation. Upon completion, just before the radiologist
removes the needle, the automated section 602 including the
HIFU transducer is moved automatically to the target area of
coagulation which is the punctured surface of the liver via the
mechanisms as shown in FIG. 6 by using the touch screen on
the cart. The coagulation can be done over an area or volume
circling the needle entry point as shown in FIG. 7 by selecting
computer default programmed schemes from the touch
screen or selecting pre-programmed coagulation patterns pre-
pared by the radiologist before the commencement of the
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operation. Once the biopsy needle is removed, the radiologist
presses the red button 506 once as indicated in FIG. 5 to
trigger the HIFU transducer which carries out the coagulation
on the punctured point of the liver surface as specified by the
radiologist via the touch screen.

[0041] FIGS. 8 and 9 show a prototype. In addition to the
features described above, the prototype includes a hydraulic
lift section 802.

[0042] While a preferred embodiment has been set forth in
detail above, those skilled in the art who have reviewed the
present disclosure will readily appreciate that other embodi-
ments can be realized within the scope of the invention. For
example, the invention is not limited to use with the liver, but
can instead he used to perform biopsies on any organ. Also,
instead of or in addition to the disclosed buttons and touch
screen, any suitable user interface can be used. Therefore, the
present invention should be construed as limited only by the
appended claims.

We claim:

1. A system for performing a biopsy on an organ and
performing high-intensity focused ultrasound on the organ to
stop bleeding at a location of the biopsy, the system compris-
ing:

acart:

a cart arm on the cart, the cart arm comprising a first
locking mechanism such that when the first locking
mechanism is unlocked, the cart arm is movable relative
to the cart, and when the first locking mechanism is
locked, the cart arm is fixed in place relative to the cart;

amanipulator on the cart arm, the manipulator comprising
a second locking mechanism such that when the second
locking mechanism is unlocked, the manipulator is mov-
able relative 1o the cart arm, and when the second lock-
ing mechanism is locked, the manipulator is fixed in
place relative to the cart arm;

a biopsy needle on the manipulator; and

a high-intensity ultrasound transducer on the manipulator.

2. The system of claim 1, further comprising an imaging
ultrasound transducer attached to the manipulator.

3. The system of claim 2, wherein the biopsy needle is
attached to the imaging ultrasound transducer.

4. The system of claim 2, further comprising:

a processor, in communication with the imaging ultra-
sound transducer, programmed to produce an ultrasound
image in accordance with ultrasound signals received
from the imaging ultrasound transducer; and

adisplay for displaying the ultrasound image to the opera-
tor.

5. The system of claim 4, wherein the processor is further
programmed to locate in the ultrasound image a location in
the organ in which the biopsy is performed and to control the
manipulator to move such that the high-intensity focused
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ultrasound transducer is positioned to emit a high-intensity
focused ultrasound beam which 1s focused on the location in
the organ in which the biopsy has been performed.

6. The system of claim 4, further comprising a first control
for actuation by the operator to unlock the first locking
mechanism and the second locking mechanism.

7. The system of claim 6, further comprising a second
control for actuation by the operator to unlock only the second
locking mechanism.

8. A method for performing a biopsy on an organ and
performing high-intensity focused ultrasound on the organ to
stop bleeding at a location of the biopsy, the method compris-
ing:

(a) positioning a biopsy needle and a high-intensity
focused ultrasound transducer relative to the location of
the biopsy;

(b) performing the biopsy; and

(c) using the high-intensity focused ultrasound transducer
to emit a high-intensity focused ultrasound beam the
location of the biopsy to stop the bleeding.

9. The method of claim 8, wherein step (c) comprises:

(1) forming an image of a location in the organ in which the
biopsy is performed,

(i) using the image formed in step (c)(i) to position the
high-intensity focused ultrasound transducer to emit a
high-intensity focused ultrasound beam which is
focused on the location in the organ in which the biopsy
is performed; and

(iii) controlling the high-intensity focused ultrasound
transducer to emit the high-intensity focused ultrasound
beam onto the location in the organ in which the biopsy
has been performed.

10. The method of claim 9, wherein the image formed in

step(c)(1) is an ultrasound image.

11. The method of claim 9, wherein step (c)(ii) is carried
out automatically.

12. The method of claim 8, wherein the organ is a liver.

13. A system for performing a biopsy on an organ and
performing high-intensity focused ultrasound on the organ to
stop bleeding at a location of the biopsy, the system compris-
ing:

a robotically controlled manipulator;

a biopsy needle on the manipulator;

a high-intensity ultrasound transducer on the manipulator;

an imaging device for taking an image of the organ; and

a processor programmed to control the manipulator to
focus the high-intensity ultrasound transducer to focus
on the location of the biopsy and to emit high-frequency
ultrasound to stop the bleeding.

14. The system of claim 13, wherein the imaging device

comprises an ultrasound imaging device.
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