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(57) ABSTRACT

The invention provides for a medical instrument (100)
comprising: a high intensity focused ultrasound system
(122) for sonicating a target region (139) within a subject
(118); a light source (158) for exciting a temperature sen-
sitive fluorescent dye, wherein the light source is configured
for coupling to an optical fiber cable (148) of a urinary
catheter (140); a light source (160) for measuring fluores-
cence (190) emitted by the temperature sensitive fluorescent
dye, wherein the light source is configured for coupling to
the optical fiber cable; a memory (178) for storing machine
executable instructions (180); and a processor (174) for
controlling the medical instrument. Execution of the
machine executable instructions cause the processor to:
receive (200) a sonication plan (188) descriptive of a soni-
cation of the target region; measure (202) the fluorescence
using the light sensor; calculate (204) a bladder temperature
(192) using the fluorescence; and generate (206) sonication
commands (194) using the sonication plan and the bladder
temperature, wherein the sonication commands are adapted
for controlling the high intensity focused ultrasound system
to sonicate the target region.
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BLADDER TEMPERATURE MEASUREMENT
FOR HIGH INTENSITY FOCUSED
ULTRASOUND

FIELD OF THE INVENTION

[0001] The invention relates to High Intensity Focused
Ultrasound, in particular to the measurement of body tem-
perature prior to and/or during sonication.

BACKGROUND OF THE INVENTION

[0002] Ultrasound from a focused ultrasonic transducer
can be used to selectively treat regions within the interior of
the body. Ultrasonic waves are transmitted as high energy
mechanical vibrations. These vibrations induce tissue heat-
ing as they are damped, and they can also lead to cavitation.
Both tissue heating and cavitation can be used to destroy
tissue in a clinical setting. However, heating tissue with
ultrasound is easier to control than cavitation. Ultrasonic
treatments can be used to ablate tissue and to kill regions of
cancer cells selectively. This technique has been applied to
the treatment of uterine fibroids, and has reduced the need
for hysterectomy procedures.

[0003] To selectively treat tissue, a focused ultrasonic
transducer can be used to focus the ultrasound on a particular
treatment or target volume. The transducer is typically
mounted within a medium, such as oil or degassed water,
that is able to transmit ultrasound. Actuators are then used to
adjust the position of the ultrasonic transducer and thereby
adjust the tissue region that is being treated. The guiding of
ultrasound therapy using magnetic resonance imaging is
known.

[0004] U.S. Pat. No. 8,233,957 B2 discloses a sensor
module for a catheter, the sensor module comprising a bio
film detection unit adapted for detecting a characteristic of
a bio film and electrical circuitry for providing an output
signal indicative of a result of the detection.

SUMMARY OF THE INVENTION

[0005] The invention provides for a medical instrument, a
computer program product and a method in the independent
claims. Embodiments are given in the dependent claims.
[0006] Before a High Intensity Focused Ultrasound
(HIFU) sonication the body temperature may be measured
as part of the planning process for performing a sonication.
For example, the body temperature is used as a baseline for
presenting absolute temperatures to the user during the
sonication. During a HIFU sonication portions of a subject
have their temperature raised within a target zone to a set
temperature for a particular duration. Knowing what the
body temperature is may be useful in this planning

[0007] In a clinical setting the measurement of this the
measurement of the body temperature is typically performed
by measuring the ear temperature. This may lead to several
difficulties. First if the sonication is performed on an
abdominal region or other region away from the ear this may
result in an inaccurate estimate of the body’s core tempera-
ture. Another difficulty is that during the course of a soni-
cation the body temperature typically changes, and it is not
necessarily due to the sonication of the patient. The patient
may partially disrobe for the sonication which over time
may lead to a change in body temperature. Also, a frequent
complaint during a sonication is that the subject becomes
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cold. A blanket may sometimes be provided to the subject
which can also introduce a drift in the body temperature.
[0008] Embodiments may possibly provide for an
improved method of measuring body temperature that is
HIFU compatible. A temperature sensitive fluorescent dye
can be injected into the bladder of the subject. A temperature
sensitive fluorescent dye is a dye that measurably different
light frequencies, excited-state lifetime and/or fluorescence
emission in responses to changes in temperature. A urinary
catheter with an optical fiber cable can be used to excite the
temperature sensitive fluorescent dye within the bladder. A
light sensor or spectrometer that is coupled to the optical
fiber cable can then be used to make a spectrograph or light
intensity measured at specific wavelength(s) of the fluo-
resced light, which can be used to calculate the temperature
within the bladder. This may provide an accurate means of
measuring the temperature of fluid within the bladder. This
bladder temperature is an extremely accurate measurement
of the body’s core temperature.

[0009] This technique can also be useful for sonications
that are close to the bladder or when ultrasonic waves travel
through the bladder. For example if a prostrate or uterine
fibroids are being sonicated the measured temperature of the
bladder will be nearly identical with the temperature of the
intended sonication target.

[0010] Measuring the fluoresced light within the bladder
may provide several advantages. Firstly the fluid within the
bladder will quickly come to thermal equilibrium. If a
portion of the bladder is exposed to (scattered) ultrasound,
the scattered ultrasound will only have a minor effect on the
urine temperature. Firstly because of the aforementioned
tendency to come to thermal equilibrium. Secondly because
the catheter gathers light from a portion of the bladder. There
is a spatial averaging effect when the temperature is mea-
sured. Thirdly, the ultrasonic waves will only heat the urine
by a small amount due to it’s low absorption of ultrasonic
energy.

[0011] The effectiveness of the temperature measurement
can be increased by adding a scattering medium made of
particulates into the fluid in the bladder also. This may help
to spread light during the illumination of the temperature
sensitive fluorescent dye and increase the overall signal. The
scattering material may also serve to increase the coupling
of fluorescing light emitted by the temperatures sensitive
fluorescent dye into the optical fiber cable. The scattering
medium may therefore have the benefit of increasing the
spatial averaging of the temperature measurement of fluid
within the bladder.

[0012] In one aspect the invention provides for a medical
instrument comprising a high-intensity focused ultrasound
system for sonicating a target region within a subject. The
medical instrument further comprises a light source for
exciting a temperature-sensitive fluorescent dye. The light
source is configured for coupling to an optical fiber cable of
a urinary catheter. The medical instrument further comprises
a light sensor, which may be in one example a spectrometer,
for measuring a fluorescence emitted by the temperature-
sensitive fluorescent dye. If the light sensor is a spectrom-
eter, then the fluorescence may be a florescence spectrum.
[0013] It is understood herein that references to a light
sensor may also refer to various instrument such as a
monochrometer or spectrometer and that references to “fluo-
rescence” may refer to measured fluorescence light data
such as an overall intensity of measured fluorescence or light
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within one or more wavelength ranges. References to “fluo-
rescence” may also refer to fluorescence spectrums mea-
sured by a spectrometer or a band of light measured by a
monochrometer.

[0014] The light sensor or spectrometer is configured for
coupling to the optical fiber cable. The medical instrument
further comprises a memory for storing machine-executable
instructions. The medical instrument further comprises a
processor for controlling the medical instrument. Execution
of the machine-executable instructions causes the processor
to receive a sonication plan descriptive of the sonication of
the target region.

[0015] Execution of the machine-executable instructions
further causes the processor to measure the fluorescence
using the light sensor. In some examples the light source
may be always active. In this case it would not be necessary
for the processor to control the light source. In other
examples the light source is activated shortly before the
fluorescence is measured. In this case it may be that the
processor controls the light source. However, this is not
necessary. Execution of the machine-executable instructions
further causes the processor to calculate a bladder tempera-
ture using the fluorescence spectrum or intensity. The fluo-
rescence of the temperature-sensitive fluorescent dye may
have a frequency shift or different emission intensity
depending upon the temperature. By measuring the fluores-
cence with a light sensor such as a spectrometer or the
intensity this frequency shift and/or emission change can be
measured and thereby a bladder temperature can be calcu-
lated or deduced. Execution of the machine-executable
instructions further cause the processor to generate sonica-
tion commands using the sonication plan and the bladder
temperature. The sonication commands are adapted for
controlling the high-intensity focused ultrasound system to
sonicate the target region.

[0016] When sonications are performed using high-inten-
sity focused ultrasound systems a body core temperature is
typically provided to generate sonication commands. This
for example may be measured using a measurement of an ear
temperature. The same techniques may be used to generate
the sonication commands in this example. However, using
the bladder temperature may be more accurate. The bladder
is within the core of the body. This may provide for a more
accurate measurement of the body’s core temperature. For
sonications near the vicinity of the bladder using the bladder
temperature may be even better because it may be more
representative of the region of the subject which is to be
sonicated.

[0017] Measuring the bladder temperature may be further
beneficial because if it is filled with a fluid such as urine or
material which has been added to the bladder, it may have
a reasonable thermal inertia. For example if a region in the
vicinity of the bladder is being sonicated a portion of the
bladder may be heated by the sonication. This however will
not effect the overall temperature of the fluid within the
bladder because of the high thermal conductivity of water. It
may therefore be beneficial to measure the bladder tempera-
ture as opposed to some other body region when sonicating
near the bladder to determine the core or base temperature
of the body of the subject. Another advantage is that the
absorption of ultrasonic energy by urine is is comparable
with water, and is low in comparison with body tissues.
[0018] In various examples, the optical fiber cable may
comprise one or more optical fibers. For example a single
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optical fiber may be used and both the light source and the
spectrometer or light sensor may be coupled to it. If the
emission of the fluorescence is far enough away from the
frequency of light source then a single fiber optic can be
used. In other examples there may be two separate fiber
optics. For example there may be one fiber which is con-
nected to the light source and one which is connected to the
light sensor or spectrometer.

[0019] In some examples; the light source is on continu-
ously. In other examples the machine-executable instruc-
tions may cause the processor to control the light source to
eliminate the distal end of the urinary catheter before the
fluorescence is measured.

[0020] In another embodiment, the target zone is within a
predetermined distance within the subject from the bladder.
[0021] In another embodiment, the distal end of the cath-
eter may have one or more optical elements which are
coupled to the optical fiber cable. For instance, there may be
lenses which enable the light to be spread to a larger region
of the bladder. Also there may be a lens which enables the
capturing of more light for by the light sensor or spectrom-
eter. There may also be polarizing filters to help to exclude
particular portions of the light. If there are two fibers within
the optical fiber cable the optical fiber connected to the light
sensor may have a filter to filter out light from the light
source.

[0022] In another embodiment, the medical instrument
comprises the urinary catheter. The optical fiber extends
from a distal end of the urinary catheter along a length of the
urinary catheter. The optical fiber cable may for instance be
embedded within the urinary catheter. The optical fiber cable
is coupled to the light source. The optical fiber cable is
further coupled to the spectrometer or light sensor. The light
source is configured to eliminate the distal end of the urinary
catheter using the optical fiber cable.

[0023] In another embodiment, the medical imaging sys-
tem further comprises a fluorescent dye reservoir. The
medical imaging system further comprises a pump system
connected to the urinary catheter. The pump system is
further connected to the fluorescent mixture. The pump
system is configured for pumping from the fluorescent dye
reservoir to the distal end of the urinary catheter. This
embodiment may be beneficial because it may provide for a
means of efficiently adding the fluorescent dye and/or scat-
tering agent to the bladder of the subject. The pump system
for example could be either manually controlled or auto-
matically controlled.

[0024] The pump system could function differently in
different configurations. In one example the catheter has a
main tube. In one example, the catheter only has the main
tube. The main tube may be used to remove urine from the
bladder of the subject and it also may be used to pump the
contents of a fluorescent dye reservoir back into the bladder
of the subject. The pump could alternately remove material
and pump it into a waste reservoir and fill material back into
the bladder from the fluorescent dye reservoir.

[0025] In another example, the urinary catheter has a main
tube for removing urine and other contents of the bladder to
the waste reservoir and an auxiliary tube for pumping
material from the fluorescent dye reservoir into the bladder.
Having a main tube and an auxiliary tube in the urinary
catheter may be beneficial because this may also provide for
a means of continually mixing the temperature-sensitive
fluorescent dye and scattering medium within the bladder.
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For example the pump system can be configured to remove
material using the main tube and pump material in using the
auxiliary tube at a low but constant rate so that the contents
of the bladder are continually mixed. This may also allow
the control of the concentration of any scattering agent and
the temperature-sensitive fluorescent dye within the bladder
of the subject.

[0026] In another embodiment, execution of the machine-
executable instructions further cause the processor to control
the pump system to pump contents of the fluorescent dye
reservoir to the distal end of the urinary catheter if the
fluorescence or the fluorescence spectrum has a magnitude
below a predetermined threshold. The temperature within
the bladder may be measured by measuring a temperature
shift or intensity change of the temperature-sensitive fluo-
rescent dye. However, if the signal is too low the measure-
ment may be poor. The processor can be programmed to
look at the magnitude or strength of the signal coming from
the spectrometer or light sensor. If the fluorescence or the
fluorescence spectrum has a magnitude below the predeter-
mined threshold then more temperature-sensitive fluorescent
dye can be automatically added to the bladder of the subject.
Adding fluid may also be used to increase the volume of the
bladder.

[0027] In another embodiment, the fluorescent dye reser-
voir contains the temperature-sensitive fluorescent dye.
[0028] In another embodiment, the fluorescent dye reser-
voir contains scattering material.

[0029] In another embodiment, the fluorescent dye reser-
voir contains the temperature-sensitive fluorescent dye and
the scattering material.

[0030] In another embodiment, the scattering material
comprises any one of the following: titanium dioxide par-
ticles, an ultrasound contrast medium, lipid droplets, milk
droplets, soya droplets, intralipid droplets, latex particles,
and combinations thereof. The scattering material may be
practically any material which may be used for scattering the
light generated by the light source and/or the fluorescence
spectra emitted by the temperature-sensitive fluorescent dye.
Placing the scattering material in the bladder of the subject
may be useful for better coupling the light source and the
spectrometer or light sensor to the bladder. It may enable the
gathering of a larger amount of emitted fluorescence or the
fluorescence spectrum.

[0031] The ultrasound contrast medium for example may
be used in a concentration of approximately 0.1 g per liter
(roughly 0.03 g to 0.5 g per liter).

[0032] The titanium dioxide particles may have a diameter
of approximately 250 nm (approximately 100 to 500 nm) in
some examples. They may also be used in a density of
approximately 0.1 g per liter (approximately 0.03 g per liter
to 0.5 g per liter) of fluid in the bladder.

[0033] The latex particles in one example may have a
diameter of approximately 10 pum (approximately 3 pm to 50
um). The latex particles may for instance be used in a
concentration of approximately 1 g per liter (approximately
0.3 g to 5 g per liter).

[0034] In one example lipide droplets (mil, soya, Intra-
lipid) having approximately a diameter from 50 nm to 10 pm
or a mixture of different diameters. These droplets can be
used in a concentration of 1-20 volume %.

[0035] Glycerin can be used in a concentration of approxi-
mately 10 volume % (can range from 1-50 volume %) in one
example.
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[0036] In another embodiment the temperature sensitive
fluorescent dye is any one of the following: Fluorescein,
Fluorescein 1, Fluorescein Sodium, Indocyanine green, Pho-
tofrin, S-aminolevulinic acid (ALA) and methylene blue.
[0037] Fluorescein sodium has an excitation of about 480
nm. The emission spectrum has a center at about 525 nm
which varies slightly for temperature. Various concentra-
tions of fluorescein sodium may be used. When used for
angiography typically 500 mg are injected into the adult
which has 6 liters of blood. This results in a concentration of
83 mg per liter. This is a fairly high concentration since 80%
of the dye will typically bind to plasma proteins in the blood.
When used in the bladder the fluorescein may be used at a
considerably lower concentration. For example a concentra-
tion of about 5-20 mg per liter of fluid (alternatively 1 to 50
mg per liter of fluid) within the bladder may work well.
Fluorescein is used as fluorescent tracer and medical applied
in ophthalmology and has a temperature depended fte-
quency shift Indocyanine green (ICG) is used as tracer in
angiography and ophthalmology and binds strongly to
plasma proteins and exhibits aqueous, photo, and is thermal
instable.

[0038] Photofrin is used for photodynamic therapy. It has
a temperature depended quantum yield. It has a slide fre-
quency shift at high pH values at function of temperature.
[0039] 5-aminolevulinic acid (ALA) is used for photody-
namic therapy and has increased fluorescence as function of
temperature. If ALA is used then the bladder may possibly
be continuously filled and emptied with a solution that
contains a known concentration of ALA so that the intensity
of the fluorescent spectrum is calibrated.

[0040] In another embodiment, the sonication commands
are further calculated by using the bladder temperature as a
starting temperature for a sonication. As mentioned above,
when performing sonications typically the doctor or medical
technician will measure the body core temperature through
the ear. This is then used in the calculations for calculating
the sonication commands. The temperature in the ear may be
inaccurate and also during the examination the core body
temperature of the subject may increase. Typically when the
sonications are performed the patient or subject may become
uncomfortable. It is not uncommon for the medical techni-
cian to place a blanket over the subject. During the course
of the sonication this may cause a change in the core
temperature or starting temperature of the subject for indi-
vidual sonications. Measuring the bladder temperature
throughout the course of the sonications may provide for
more accurate sonication of the subject.

[0041] In another embodiment, the sonication plan com-
prises a specified thermal dose. The sonication commands
are calculated to deliver the specified thermal dose to the
target region using the starting temperature. Using the
bladder temperature as a starting temperature or body core
temperature may enable more accurate calculation of the
thermal dose or prediction of the thermal dose when calcu-
lating the sonication commands.

[0042] In another embodiment, execution of the machine-
executable instructions further causes the processor to con-
trol the high-intensity focused ultrasound system using the
sonication commands.

[0043] In another embodiment, execution of the machine-
executable instructions further causes the processor to
repeatedly calculate the bladder temperature during control-
ling of the high-intensity focused ultrasound system. Execu-
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tion of the machine-executable instructions further cause the
processor to repeatedly correct the sonication commands
using the bladder temperature during controlling of the
high-intensity focused ultrasound system. This embodiment
may be beneficial because the measurement of the bladder
temperature forms a closed control loop during the sonica-
tion of the subject.

[0044] In another embodiment, the sonication commands
specify multiple sonications. The measurement of the blad-
der temperature and the generation of the sonication com-
mands are repeated at least once for each of the multiple
sonications. Repeatedly measuring the bladder temperature
and using this as a core body temperature or initial tem-
perature may enable more accurate sonications to be per-
formed.

[0045] In another embodiment, the high-intensity focused
ultrasound system has an adjustable focus. The medical
instrument further comprises a medical imaging system.
Execution of the machine-executable instructions further
causes the processor to acquire a medical image from an
imaging zone. The imaging zone comprises the target
region. The sonication commands are adapted for control-
ling the location of the adjustable focus. It may be beneficial
to use a medical imaging system for guiding the sonication.
In various examples the medical imaging system could for
example be a magnetic resonance imaging system, a diag-
nostic ultrasound system, or even a radiographic imaging
system such as a CT or computer tomography system. The
use of a magnetic resonance imaging system may be ben-
eficial because the magnetic resonance imaging system
could for example perform magnetic resonance thermom-
etry and be used to measure the thermal dose delivered to the
subject. Also the bladder temperature could also be used to
calibrate a temperature measurement using the magnetic
resonance thermometry.

[0046] In another aspect, the invention provides for a
computer program product comprising machine-executable
instructions for execution by a processor controlling the
medical instrument. The medical instrument comprises a
high-intensity focused ultrasound system for sonicating a
target region within a subject. The medical instrument
further comprises a light source for exciting a temperature-
sensitive fluorescent dye. The light source is configured for
coupling to an optical fiber cable of a urinary catheter. The
medical instrument further comprises a light sensor or
spectrometer for measuring a fluorescence or a fluorescence
spectrum emitted by the temperature-sensitive fluorescent
dye. The light sensor or spectrometer is configured for
coupling to the optical fiber cable.

[0047] Execution of the machine-executable instructions
causes the processor to receive a sonication plan descriptive
of the sonication of the target region. Execution of the
machine-executable instructions further causes the proces-
sor to measure the fluorescence or the fluorescence spectrum
using the light sensor or spectrometer. Execution of the
machine-executable instructions further causes the proces-
sor to calculate a bladder temperature using the fluorescence.
Execution of the machine-executable instructions further
cause the processor to generate sonication commands using
the sonication plan and the bladder temperature. The soni-
cation commands are adapted for controlling the high-
intensity focused ultrasound system to sonicate the target
region.
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[0048] In another embodiment the medical instrument
further comprises the urinary catheter.

[0049] In another embodiment the invention provides for
a method of operating a medical instrument. The medical
instrument comprises a high-intensity focused ultrasound
system for sonicating a target region within a subject. The
medical instrument further comprises a light source for
exciting a temperature-sensitive fluorescent dye. The light
source is configured for coupling to an optical fiber cable of
aurinary catheter. The medical instrument further comprises
a light sensor or spectrometer for measuring fluorescence or
a fluorescence spectrum emitted by the temperature-sensi-
tive fluorescent dye. The light sensor spectrometer is con-
figured for coupling to the optical fiber cable.

[0050] The method comprises receiving a sonication plan
descriptive of a sonication of the target region. The method
further comprises measuring the fluorescence or fluores-
cence spectrum using the light sensor or spectrometer. The
method further comprises calculating a bladder temperature
using the fluorescence. The method further comprises gen-
erating sonication commands using the sonication plan and
the bladder temperature. The sonication commands are
adapted for controlling the high-intensity focused ultrasound
system to sonicate the target region.

[0051] In another embodiment, the medical instrument
further comprises the urinary catheter.

[0052] In some examples, the bladder could already be
filled with fluorescent dye and optionally scattering material.
This may be done manually. In other embodiments a pump
system may be used to pump the fluorescent dye and
optionally the scattering material into the bladder of the
subject.

[0053] It is understood that one or more of the aforemen-
tioned embodiments of the invention may be combined as
long as the combined embodiments are not mutually exclu-
sive.

[0054] As will be appreciated by one skilled in the art,
aspects of the present invention may be embodied as an
apparatus, method or computer program product. Accord-
ingly, aspects of the present invention may take the form of
an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, micro-
code, etc.) or an embodiment combining software and
hardware aspects that may all generally be referred to herein
as a “circuit,” “module” or “system.” Furthermore, aspects
of the present invention may take the form of a computer
program product embodied in one or more computer read-
able medium(s) having computer executable code embodied
thereon.

[0055] Any combination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be a computer readable signal medium or a
computer readable storage medium. A ‘computer-readable
storage medium’ as used herein encompasses any tangible
storage medium which may store instructions which are
executable by a processor of a computing device. The
computer-readable storage medium may be referred to as a
computer-readable non-transitory storage medium. The
computer-readable storage medium may also be referred to
as a tangible computer readable medium. In some embodi-
ments, a computer-readable storage medium may also be
able to store data which is able to be accessed by the
processor of the computing device. Examples of computer-
readable storage media include, but are not limited to: a
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floppy disk, a magnetic hard disk drive, a solid state hard
disk, flash memory, a USB thumb drive, Random Access
Memory (RAM), Read Only Memory (ROM), an optical
disk, a magneto-optical disk, and the register file of the
processor. Examples of optical disks include Compact Disks
(CD) and Digital Versatile Disks (DVD), for example CD-
ROM, CD-RW, CD-R, DVD-ROM, DVD-RW, or DVD-R
disks. The term computer readable-storage medium also
refers to various types of recording media capable of being
accessed by the computer device via a network or commu-
nication link. For example a data may be retrieved over a
modem, over the internet, or over a local area network.
Computer executable code embodied on a computer read-
able medium may be transmitted using any appropriate
medium, including but not limited to wireless, wire line,
optical fiber cable, RF, etc., or any suitable combination of
the foregoing.

[0056] A computer readable signal medium may include a
propagated data signal with computer executable code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof. A
computer readable signal medium may be any computer
readable medium that is not a computer readable storage
medium and that can communicate, propagate, or transport
a program for use by or in connection with an instruction
execution system, apparatus, or device.

[0057] <Computer memory’ or “‘memory’ is an example of
a computer-readable storage medium. Computer memory is
any memory which is directly accessible to a processor.
‘Computer storage’ or ‘storage’ is a further example of a
computer-readable storage medium. Computer storage may
be any volatile or non-volatile computer-readable storage
medium.

[0058] A ‘processor’ as used herein encompasses an elec-
tronic component which is able to execute a program or
machine executable instruction or computer executable
code. References to the computing device comprising “a
processor” should be interpreted as possibly containing
more than one processor or processing core. The processor
may for instance be a multi-core processor. A processor may
also refer to a collection of processors within a single
computer system or distributed amongst multiple computer
systems. The term computing device should also be inter-
preted to possibly refer to a collection or network of com-
puting devices each comprising a processor or processors.
The computer executable code may be executed by multiple
processors that may be within the same computing device or
which may even be distributed across multiple computing
devices.

[0059] Computer executable code may comprise machine
executable instructions or a program which causes a pro-
cessor to perform an aspect of the present invention. Com-
puter executable code for carrying out operations for aspects
of the present invention may be written in any combination
of one or more programming languages, including an object
oriented programming language such as Java, Smalltalk,
C++ or the like and conventional procedural programming
languages, such as the C programming language or similar
programming languages and compiled into machine execut-
able instructions. In some instances the computer executable
code may be in the form of a high level language or in a
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pre-compiled form and be used in conjunction with an
interpreter which generates the machine executable instruc-
tions on the fly.

[0060] The computer executable code may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider).

[0061] Aspects of the present invention are described with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the invention. It is under-
stood that each block or a portion of the blocks of the
flowchart, illustrations, and/or block diagrams, can be
implemented by computer program instructions in form of
computer executable code when applicable. It is further
understood that, when not mutually exclusive, combinations
of blocks in different flowcharts, illustrations, and/or block
diagrams may be combined. These computer program
instructions may be provided to a processor of a general
purpose computer, special purpose computer, or other pro-
grammable data processing apparatus to produce a machine,
such that the instructions, which execute via the processor of
the computer or other programmable data processing appa-
ratus, create means for implementing the functions/acts
specified in the flowchart and/or block diagram block or
blocks.

[0062] These computer program instructions may also be
stored in a computer readable medium that can direct a
computer, other programmable data processing apparatus, or
other devices to function in a particular manner, such that the
instructions stored in the computer readable medium pro-
duce an article of manufacture including instructions which
implement the function/act specified in the flowchart and/or
block diagram block or blocks.

[0063] The computer program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other devices to cause a series of opera-
tional steps to be performed on the computer, other pro-
grammable apparatus or other devices to produce a
computer implemented process such that the instructions
which execute on the computer or other programmable
apparatus provide processes for implementing the functions/
acts specified in the flowchart and/or block diagram block or
blocks.

[0064] A ‘user interface’ as used herein is an interface
which allows a user or operator to interact with a computer
or computer system. A ‘user interface’ may also be referred
to as a ‘human interface device.” A user interface may
provide information or data to the operator and/or receive
information or data from the operator. A user interface may
enable input from an operator to be received by the computer
and may provide output to the user from the computer. In
other words, the user interface may allow an operator to
control or manipulate a computer and the interface may
allow the computer indicate the effects of the operator’s
control or manipulation. The display of data or information
on a display or a graphical user interface is an example of
providing information to an operator. The receiving of data
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through a keyboard, mouse, trackball, touchpad, pointing
stick, graphics tablet, joystick, gamepad, webcam, headset,
pedals, wired glove, remote control, and accelerometer are
all examples of user interface components which enable the
receiving of information or data from an operator.

[0065] A ‘hardware interface’ as used herein encompasses
an interface which enables the processor of a computer
system to interact with and/or control an external computing
device and/or apparatus. A hardware interface may allow a
processor to send control signals or instructions to an
external computing device and/or apparatus. A hardware
interface may also enable a processor to exchange data with
an external computing device and/or apparatus. Examples of
a hardware interface include, but are not limited to: a
universal serial bus, IEEE 1394 port, parallel port, IEEE
1284 port, serial port, RS-232 port, IEEE-488 port, blu-
etooth connection, wireless local area network connection,
TCP/IP connection, ethernet connection, control voltage
interface, MIDI interface, analog input interface, and digital
input interface.

[0066] A “display’ or °display device’ as used herein
encompasses an output device or a user interface adapted for
displaying images or data. A display may output visual,
audio, and or tactile data. Examples of a display include, but
are not limited to: a computer monitor, a television screen,
a touch screen, tactile electronic display, Braille screen,
Cathode ray tube (CRT), Storage tube, Bi-stable display,
Electronic paper, Vector display, Flat panel display, Vacuum
fluorescent display (VF), Light-emitting diode (LED) dis-
play, Electroluminescent display (ELD), Plasma display
panel (PDP), Liquid crystal display (LCD), Organic light-
emitting diode display (OLED), a projector, and Head-
mounted display.

[0067] Medical imaging data is defined herein as two or
three dimensional data that has been acquired using a
medical imaging system. A medical imaging system is
defined herein as a apparatus adapted for acquiring infor-
mation about the physical structure of a patient and construct
sets of two dimensional or three dimensional medical imag-
ing data. Medical imaging data can be used to construct
visualizations which might be useful for diagnosis by a
physician. This visualization can be performed using a
computer.

[0068] Magnetic Resonance (MR) data is defined herein as
being the recorded measurements of radio frequency signals
emitted by atomic spins using the antenna of a magnetic
resonance apparatus during a magnetic resonance imaging
scan. Magnetic resonance data is an example of medical
imaging data. A Magnetic Resonance (MR) image is defined
herein as being the reconstructed two or three dimensional
visualization of anatomic data contained within the magnetic
resonance imaging data.

[0069] MR thermometry data may be understood as being
the recorded measurements of radio frequency signals emit-
ted by atomic spins by the antenna of a Magnetic resonance
apparatus during a magnetic resonance imaging scan which
contains information which may be used for magnetic
resonance thermometry. Magnetic resonance thermometry
functions by measuring changes in temperature sensitive
parameters. Examples of parameters that may be measured
during magnetic resonance thermometry are: the proton
resonance frequency shift, the diffusion coeflicient, or
changes in the T1 and/or T2 relaxation time may be used to
measure the temperature using magnetic resonance. The
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proton resonance frequency shift is temperature dependent,
because the magnetic field that individual protons, hydrogen
atoms, experience depends upon the surrounding molecular
structure. An increase in temperature decreases molecular
screening due to the temperature affecting the hydrogen
bonds. This leads to a temperature dependence of the proton
resonant frequency.

[0070] The proton density depends linearly on the equi-
librium magnetization. It is therefore possible to determine
temperature changes using proton density weighted images.

[0071] The relaxation times T1, T2, and T2-star (some-
times written as T2%) are also temperature dependent. The
reconstruction of T1, T2, and T2-star weighted images can
therefore be used to construct thermal or temperature maps.

[0072] The temperature also affects the Brownian motion
of molecules in an aqueous solution. Therefore pulse
sequences which are able to measure diffusion coeflicients
such as a pulsed diffusion gradient spin echo may be used to
measure temperature.

[0073] One of the most useful methods of measuring
temperature using magnetic resonance is by measuring the
proton resonance frequency (PRF) shift of water protons.
The resonant frequency of the protons is temperature depen-
dent. As the temperature changes in a voxel the frequency
shift will cause the measured phase of the water protons to
change. The temperature change between two phase images
can therefore be determined. This method of determining
temperature has the advantage that it is relatively fast in
comparison to the other methods. The PRF method is
discussed in greater detail than other methods herein. How-
ever, the methods and techniques discussed herein are also
applicable to the other methods of performing thermometry
with magnetic resonance imaging.

[0074] An ‘ultrasound window’ as used herein encom-
passes a window which is able to transmit ultrasonic waves
or energy. Typically a thin film or membrane is used as an
ultrasound window. The ultrasound window may for
example be made of a thin membrane of BoPET (Biaxially-
oriented polyethylene terephthalate).

BRIEF DESCRIPTION OF THE DRAWINGS

[0075] In the following preferred embodiments of the
invention will be described, by way of example only, and
with reference to the drawings in which:

[0076] FIG. 1 illustrates and example of a medical instru-
ment;
[0077] FIG. 2 shows a flow chart which illustrates a

method of using the medical instrument of FIG. 1;
[0078]

[0079] FIG. 4 shows a cross sectional view of the urinary
catheter of FIGS. 3 and 5;

[0080]
catheter;

[0081]
catheter;

[0082] FIG. 7 shows a cross sectional view of the urinary
catheter of FIG. 6;

FIG. 3 illustrates an example of a urinary catheter;

FIG. 5 illustrates a further example of a urinary

FIG. 6 illustrates a further example of a urinary

[0083] FIG. 8 illustrates a further example of a urinary
catheter; and
[0084] FIG. 9 shows a cross sectional view of the urinary

catheter of FIG. §;
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0085] Like numbered elements in these figures are either
equivalent elements or perform the same function. Flements
which have been discussed previously will not necessarily
be discussed in later figures if the function is equivalent.
[0086] FIG. 1 shows an example of a medical instrument
100. The medical instrument 100 comprises a magnetic
resonance imaging system 102. The magnetic resonance
imaging system comprises a magnet 104. The magnet 104 is
a cylindrical type superconducting magnet with a bore 106
through the center of it. The magnet has a liquid helium
cooled cryostat with superconducting coils. It is also pos-
sible to use permanent or resistive magnets. The use of
different types of magnets is also possible for instance it is
also possible to use both a split cylindrical magnet and a so
called open magnet. A split cylindrical magnet is similar to
a standard cylindrical magnet, except that the cryostat has
been split into two sections to allow access to the iso-plane
of the magnet, such magnets may for instance be used in
conjunction with charged particle beam therapy. An open
magnet has two magnet sections, one above the other with
a space in-between that is large enough to receive a subject:
the arrangement of the two sections area similar to that of a
Helmbholtz coil. Open magnets are popular, because the
subject 1s less confined. Inside the cryostat of the cylindrical
magnet there is a collection of superconducting coils. Within
the bore 106 of the cylindrical magnet there is an imaging
zone 108 where the magnetic field is strong and uniform
enough to perform magnetic resonance imaging.

[0087] Within the bore 106 of the magnet there is also a set
of magnetic field gradient coils 110 which are used for
acquisition of magnetic resonance data to spatially encode
magnetic spins within the imaging zone 108 of the magnet
104. The magnetic field gradient coils are connected to a
magnetic field gradient coil power supply 112. The magnetic
field gradient coils 110 are intended to be representative.
Typically magnetic field gradient coils contain three separate
sets of coils for spatially encoding in three orthogonal spatial
directions. A magnetic fleld gradient power supply 112
supplies current to the magnetic field gradient coils 110. The
current supplied to the magnetic field coils is controlled as
a function of time and may be ramped or pulsed.

[0088] Adjacent to the imaging zone 108 is a radio-
frequency coil 114 for manipulating the orientations of
magnetic spins within the imaging zone 108 and for receiv-
ing radio transmissions from spins also within the imaging
zone. The radio-frequency coil may contain multiple coil
elements. The radio-frequency coil may also be referred to
as a channel or an antenna. The radio-frequency coil 114 is
connected to a radio frequency transceiver 116. The radio-
frequency coil 114 and radio frequency transceiver 116 may
be replaced by separate transmit and receive coils and a
separate transmitter and receiver. It is understood that the
radio-frequency coil 114 and the radio-frequency transceiver
116 are representative. The radio-frequency coil 114 is
intended to also represent a dedicated transmit antenna and
a dedicated receive antenna. Likewise the transceiver 116
may also represent a separate transmitter and receivers.
[0089] A subject 118 is shown as reposing on a subject
support 120 and is located partially within the imaging zone
108. The example shown in FIG. 1 comprises a high-
intensity focused ultrasound system 122. The high-intensity
focused ultrasound system comprises a fluid-filled chamber
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124. Within the fluid-filled chamber 124 is an ultrasound
transducer 126. Although it is not shown in this figure the
ultrasound transducer 126 may comprise multiple ultra-
sound transducer elements each capable of generating an
individual beam of ultrasound. This may be used to steer the
location of a sonication point 138 electronically by control-
ling the phase and/or amplitude of alternating electrical
current supplied to each of the ultrasound transducer ele-
ments. A target region 139 is also marked on FIG. 1. The
sonication point 138 can be steered to sonicate the target
region 139.

[0090] The ultrasound transducer 126 is connected to a
mechanism 128 which allows the ultrasound transducer 126
to be repositioned mechanically. The mechanism 128 is
connected to a mechanical actuator 130 which is adapted for
actuating the mechanism 128. The mechanical actuator 130
also represents a power supply for supplying electrical
power to the ultrasound transducer 126. In some embodi-
ments the power supply may control the phase and/or
amplitude of electrical power to individual ultrasound trans-
ducer elements. In some embodiments the mechanical actua-
tor/power supply 130 is located outside of the bore 106 of
the magnet 104.

[0091] The ultrasound transducer 126 generates ultra-
sound which is shown as following the path 132. The
ultrasound 132 goes through the fluid-filled chamber 128
and through an ultrasound window 134. In this embodiment
the ultrasound then passes through a gel pad 136. The gel
pad 136 is not necessarily present in all embodiments but in
this embodiment there is a recess in the subject support 120
for receiving a gel pad 136. The gel pad 136 helps couple
ultrasonic power between the transducer 126 and the subject
118. After passing through the gel pad 136 the ultrasound
132 passes through the subject 118 and is focused to a
sonication point 138. The sonication point 138 may be
moved through a combination of mechanically positioning
the ultrasonic transducer 126 and electronically steering the
position of the sonication point 138.

[0092] The medical instrument 100 is further shown as
containing an optical unit 150 and a pump unit 152. A
catheter 140 is shown as being connected to the optical unit
150 and the pump unit 152. The catheter 140 is a urinary
catheter. The catheter 140 has a distal end 144 which is
inserted into the bladder 142 of the subject 118. The bladder
142 is adjacent to the target region 139.

[0093] In this example the catheter 140 has a balloon 146
that is inflated and keeps the distal end 144 from leaving the
bladder 142. The pump unit 152 is able to pump fluid either
in or out of the bladder 142. It has two reservoirs, a waste
reservoir 154 for receiving fluid that is pumped out of the
bladder 142 and a fluorescent dye reservoir 156 for fluid that
is pumped into the bladder 142.

[0094] Insome examples, the catheter 140 only has a main
tube. In this case material is both pumped into and out of the
bladder 142 by the main tube. In other examples there may
be a main tube for removing fluid from the bladder 142 and
an auxiliary tube for pumping fluid into the bladder 142.
Running along the length of the catheter 140 is also an
optical fiber cable 148. It is shown as being connected or
coupled to the optical unit 150. The optical unit 150 com-
prises a light source 158 and a spectrometer 160. Another
type of light sensor such as a monochromater may be used
in different examples. In some examples there is a separate
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optical fiber for the light source 158 and the spectrometer
160. In other examples the light source and the spectrometer
share a single fiber optic.

[0095] The magnetic field gradient coil power supply 112,
the high-intensity focused ultrasound system 122, the trans-
ceiver 116, the optical unit 150 and the pump unit 152 are
shown as being connected to a hardware interface 172 of a
computer system 170. The computer system 170 also com-
prises a processor 174. The processor 174 may actually
represent more than one processor and may also represent
processors distributed amongst one or more computers. The
processor 174 is in communication with the hardware inter-
face 172, a user interface 176, and a memory 178. The
hardware interface 172 is an interface which enables the
processor 174 to send and receive data and/or commands to
the rest of the medical instrument 100 and to control it. The
memory 178 may be any combination of volatile or non-
volatile memory which the processor 174 has access to.
[0096] The memory 178 is shown as containing a set of
machine-executable instructions 180 which the processor
174 can use for performing calculations and/or controlling
the magnetic resonance imaging system 100.

[0097] In this example the high-intensity focused ultra-
sound system 122 is shown as being integrated with a
magnetic resonance imaging system 102. This however is
optional. The magnetic resonance imaging system 102 may
not be present or may be replaced with another medical
imaging system such as a diagnostic ultrasound imaging
system or a radio logic imaging system such as a computer
tomography imaging system. In this example the high-
intensity focused ultrasound system 122 has an adjustable
focus 138. The magnetic resonance imaging system is used
for guiding the location of the focus 138.

[0098] The computer memory 178 is shown as optionally
containing a pulse sequence 182. The pulse sequence 182 is
a timing diagram or a set of commands which may be used
for controlling the magnetic resonance imaging system 102
for acquiring magnetic resonance data. The computer
memory 178 is further shown as containing magnetic reso-
nance data 184 that has been acquired by controlling the
magnetic resonance imaging system 102 with the pulse
sequence 182. The storage 178 is further shown as contain-
ing a magnetic resonance image 186 that has been recon-
structed from the magnetic resonance data 184. The com-
puter storage 178 is further shown as containing a sonication
plan 188 which is a specification of a target region which is
to be targeted by the focus 138.

[0099] The memory 178 is further shown as containing a
fluorescence spectrum 190 that is measured with the spec-
trometer 160. The computer memory 178 is further shown as
containing a bladder temperature 192 that was calculated
from the fluorescence spectrum 190. The computer memory
178 is further shown as containing sonication commands
194. The sonication commands are commands used by the
processor 174 to control the high-intensity focused ultra-
sound system to sonicate the target region 139. The sonica-
tion commands 194 for instance may be constructed using
the bladder temperature 192 as a body core or base tem-
perature and the sonication plan 188. The magnetic reso-
nance image 186 may be optionally used in creating the
sonication commands 194 also. The magnetic resonance
image 186 may be used for identifying the location of
specific anatomic landmarks and may be used for registering
the sonication plan 188 to the subject 118.
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[0100] FIG. 2 shows a flowchart of a method which
illustrates how to operate the medical instrument 100 of FIG.
1. First in step 200 the sonication plan 188 is received. The
sonication plan is descriptive of the sonication of the target
region 139. Next in step 204 the fluorescence spectrum 190
is measured using the spectrometer 160. Then in step 204 the
bladder temperature 192 is calculated using the fluorescence
spectrum 190. Finally in step 206 the sonication commands
are generated or calculated by using the sonication plan 188
and the bladder temperature 192.

[0101] FIG. 3 shows a side view of a urinary catheter 140.
The catheter has an opening 300 near the distal end 144.
Also near the distal end 144 can be seen an optical element
302 that is connected to the optical fiber cable 148. In this
example there is only a single optical element 302. The light
from the light source may be emitted here as well as light
being received that is routed to the spectrometer. The
catheter 140 has a length direction 304. The fiber optic 148
runs parallel to the length of the catheter 304 for at least a
portion of the catheter.

[0102] FIG. 4 shows a cross-sectional view of the catheter
140 away from the distal end 144. It can be seen that the
catheter has a main tube 400 and a catheter wall 402. The
optical fiber cable 148 is in this example embedded within
the catheter wall 402.

[0103] FIG. 5 shows a further example of a catheter 140.
The catheter in FIG. 5 is similar to the catheter shown in
FIG. 3 except in this case at the distal end 144 there are two
optical elements 302 and 302'. One of the optical elements
may be for emitting light and the other may be receiving
light for the spectrometer. In this case the optical fiber cable
148 may contain two individual fiber optics, one going to
optical element 302 and the other going to optical element
302'. The optical elements 302 and 302" may be lenses which
may be used to couple the fiber optics more efficiently to the
bladder. In the example shown in FIG. 5 the cross-sectional
view of the catheter 140 will be equivalent to the cross-
sectional view shown in FIG. 4.

[0104] FIG. 6 shows a further example of a catheter 140.
The catheter 140 is similar to the catheter shown in FIG. 3
except this catheter has a balloon 600 which may be inflated
and may be used to prevent the catheter from leaving the
bladder. Urinary catheters with such a balloon may be
known as a so-called Foley catheter.

[0105] FIG. 7 shows a cross-sectional view of a portion of
the catheter 140 along the length 304. The catheter can be
seen as having two tubes. There is a main tube 400, an
inflation tube 700 which is used to provide a saline solution
to inflate the balloon 600 and the fiber optic cable 148. All
three of these are embedded within the wall 402 of the
catheter 140.

[0106] FIG. 8 illustrates a further example of the catheter
140. The catheter shown in FIG. 8 is similar to the catheter
shown in FIG. 6 except this catheter also has an outlet 8§00.
At the outlet 800 fluid may be pumped into the bladder. Fluid
may then be pumped out or removed through the inlet 300.
This for example may be used for efficiently adding the
temperature-sensitive fluorescent dye and/or scattering
material to fluid within the bladder. It may also be used to
efficiently mix the temperature-sensitive fluorescent dye
within the bladder. For example fluid could be pumped in at
a constant or periodic rate through the outlet 800. Fluid may
also be removed at the same rate through the inlet 300. This
may serve to efficiently mix fluid within the bladder.
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[0107] FIG. 9 shows a cross-sectional view of the catheter
140 of FIG. 8. It can be seen that within the wall 402 of the
catheter there is a main tube 400 which is connected to the
outlet 300. The inflation tube 700 which is connected to the
balloon 600 is still present. There is also an auxiliary tube
900 which is connected to the outlet 800. Also shown is the
fiber optic cable 148.

[0108] The body core temperature can change during the
MR-HIFU ablation of uterine fibroid caused by blankets on
the patient or air conditioner of the MR scanner. Having a
better baseline temperature would lead to a better thermal
dose control. Bladder temperature is a good predictor of the
core temperature and is near the uterus. By co-injecting
Fluorescein and scatter media into bladder long term tem-
perature changes can be detected measuring the frequency
shift of the fluorescence in the urine. By fitting the fluores-
cence spectrum average temperature and temperature varia-
tions could be determined without the use of multiple
temperature sensors which could interact with the ultrasound
field.

[0109] As mentioned above, before the start of a MR-
HIFU ablation therapy of uterine fibroids the core body
temperature is often times determined by ear thermometer.
This gives a good estimation of the baseline temperature
within and near the uterus at the start of the MR-HIFU
therapy. The total treatment time can last for several hours.
During the therapy it is not common to perform a second
core body temperature measurement. During the procedure
the core body temperature can change by applying blankets
for comforting the patient, the air conditioner of the MR
scanner or physiological changes inside the patient’s body.
Since the MR 1is only capable of measuring temperature
differences an absolute temperature readout close the target
area would improve the thermal dose control.

[0110] The core body temperature could be measured by
temperature sensors in the rectum, vagina or bladder during
the procedure. The the bladder may be better in measuring
core body temperature compared to rectal and skin mea-
surements and is nearest to the target area. Since we would
like to have baseline temperature we can use the inertia of
the urine to measure long term average temperature which is
not strongly affected by nearby heating during therapy.
[0111] Secondly, when temperature sensors are used their
position need to be known avoiding them to be positioned
within the beam path of the HIFU transducer. Since the
ultrasound absorption coefficient of a liquid is very low it is
not expected that the ultrasonic field traveling through the
bladder will induce a temperature within the bladder.
[0112] Examples may comprise a bladder catheter with
optical fibre or optical cable embedded. A lens may be
mounted at the end of the fibre to illuminate the full volume
of the bladder with, for example, 480 nm light. By co-
injecting Fluorescein or another temperature dependent
fluorescent dye and a scatter medium in the urine, via the
catheter, a temperature depended emission spectrum can be
observed. The scatter medium can be added to create a more
homogenous readout fluorescence through the whole vol-
ume of the bladder. Fluorescein is FDA approved and shows
a temperature depended: absorption spectrum, relative emit-
ted fluorescence signal and a positive peak shift by increas-
ing temperature when dissolved in water. Especially the
peak shift can be used as an absolute temperature readout.
[0113] In one example, a standard or modified bladder
catheter can be used as well as two optical fibres (excitation
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and emission) attached within the lumen of the catheter. Via
de catheter the Fluorescein as well as scatter media can be
injected. A spectrometer can analyze the emission spectrum.
Prior injection the emission spectrum can be recorded to
remove any background light.

[0114] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments.

[0115] Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims. In the claims,
the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude
a plurality. A single processor or other unit may fulfill the
functions of several items recited in the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of
these measured cannot be used to advantage. A computer
program may be stored/distributed on a suitable medium,
such as an optical storage medium or a solid-state medium
supplied together with or as part of other hardware, but may
also be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as
limiting the scope.

LIST OF REFERENCE NUMERALS

[0116] 100 medical instrument

[0117] 102 magpetic resonance imaging system
[0118] 104 magnet

[0119] 106 bore of magnet

[0120] 108 imaging zone

[0121] 110 magpetic field gradient coils
[0122] 112 magnetic field gradient coils power supply
[0123] 114 radio-frequency coil

[0124] 116 transceiver

[0125] 118 subject

[0126] 120 subject support

[0127] 122 high intensity focused ultrasound system
[0128] 124 fluid filled chamber

[0129] 126 ultrasound transducer

[0130] 128 mechanism

[0131] 130 mechanical actuator/power supply
[0132] 132 path of ultrasound

[0133] 134 ultrasound window

[0134] 136 gel pad

[0135] 138 sonication point

[0136] 139 target region

[0137] 140 catheter

[0138] 142 bladder

[0139] 144 distal end

[0140] 146 balloon

[0141] 148 optical fiber cable

[0142] 150 optical unit

[0143] 152 pump unit

[0144] 154 waste reservoir

[0145] 156 fluorescent dye reservoir

[0146] 158 light source

[0147] 160 light sensor or spectrometer
[0148] 170 computer

[0149] 172 hardware interface
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[0150] 174 processor

[0151] 176 user interface

[0152] 178 memory

[0153] 180 machine executable instructions
[0154] 182 pulse sequence

[0155] 184 magnetic resonance data

[0156] 186 magnetic resonance image
[0157] 188 sonication plan

[0158] 190 fluorescence spectrum

[0159] 192 bladder temperature

[0160] 194 sonication commands

[0161] 200 receive a sonication plan descriptive of the

sonication of the target region

[0162] 202 measure the fluorescence spectrum using the
spectrometer

[0163] 204 calculate a bladder temperature using the
fluorescence spectrum

[0164] 206 generate sonication commands using the
sonication plan and the bladder temperature

[0165] 300 opening

[0166] 302 optical element
[0167] 304 length of catheter
[0168] 400 main tube

[0169] 402 wall of catheter
[0170] 600 balloon

[0171] 700 inflation tube
[0172] 800 outlet

[0173] 900 auxiliary tube

1. A medical instrument comprising:
a high intensity focused ultrasound system for sonicating
a target region within a subject;
a light source for exciting a temperature sensitive fluo-
rescent dye, wherein the light source is configured for
coupling to an optical fiber cable of a urinary catheter;
a light sensor for measuring fluorescence emitted by the
temperature sensitive fluorescent dye, wherein the light
sensor is configured for coupling to the optical fiber
cable;
a fluorescent dye reservoir; and
a pump system configured for connecting to the urinary
catheter, wherein the pump system is further connected
to the fluorescent dye reservoir, wherein the pump
system is configured for pumping from the fluorescent
dye reservoir to the distal end of the urinary catheter;
a memory for storing machine executable instructions;
and
a processor for controlling the medical instrument;
wherein execution of the machine executable instructions
cause the processor to:
receive a sonication plan descriptive of a sonication of
the target region;

measure the fluorescence using the light sensor;

calculate a bladder temperature using the fluorescence;
and

generate sonication commands using the sonication
plan and the bladder temperature, wherein the soni-
cation commands are adapted for controlling the
high intensity focused ultrasound system to sonicate
the target region.

2. The medical instrument of ¢laim 1, wherein the medical
instrument comprises the urinary catheter, wherein the opti-
cal fiber cable extends from a distal end of the urinary
catheter along a length of the urinary catheter, wherein the
optical fiber cable is connected to the light source, wherein

Aug. 29,2019

the optical fiber cable is further connected to the light sensor,
and wherein the light source is configured to illuminate the
distal end of the urinary catheter using the optical fiber
cable.

3. The medical instrument of claim 1, wherein execution
of the machine executable instructions further cause the
processor to control the pump system to pump contents of
the fluorescent dye reservoir to the distal end of the urinary
catheter if the fluorescence has a magnitude below a prede-
termined threshold.

4. The medical instrument of claim 3, wherein the fluo-
rescent dye reservoir contains the temperature sensitive
fluorescent dye and a scattering material.

5. The medical instrument of claim 3, wherein the scat-
tering material comprises any one of the following: titanium
dioxide particles, ultrasound contrast medium, lipide drop-
lets, milk droplets, soya droplets, intralipid droplets, latex
particles, and combinations thereof.

6. The medical instrument of claim 1, wherein the fluo-
rescent dye is any one of the following: fluroescein, fluo-
rescein 1, fluorescein sodium. Indocyanine green, Photofrin,
and 5-aminolevulinic acid.

7. The medical instrument of claim 1, whetein the soni-
cation commands are further calculated by using the bladder
temperature as a starting temperature for the sonication.

8. The medical instrument of claim 7, wherein the soni-
cation plan comprises a specified thermal dose. and wherein
the sonication commands are calculated to deliver the speci-
fied thermal dose to the target region using the starting
temperature.

9. The medical instrument of claim 1, wherein execution
of the machine executable instructions further causes the
processor to control the high intensity focused ultrasound
system using the sonication commands.

10. The medical instrument of claim 1, wherein execution
of the machine executable instructions further cause the
processor to:

repeatedly calculate the bladder temperature during con-

trolling of the high intensity focused ultrasound system,
and

repeatedly correct the sonication commands using the

bladder temperature during controlling of the high
intensity focused ultrasound system.

11. The medical instrument of claim 1, wherein the
sonication commands specify multiple sonications, wherein
the measurement of the bladder temperature and the gen-
eration of the sonication commands is repeated at least once
for each of the multiple sonications.

12. The medical instrument of claim 1, wherein the high
intensity focused ultrasound system has an adjustable focus,
wherein the medical instrument further comprises a medical
imaging system, wherein execution of the machine execut-
able instructions further cause the processor to acquire a
medical image from an imaging zone, wherein the imaging
zone comprises the target region, wherein the sonication
commands are adapted for controlling the location of the
adjustable focus.

13. A computer program product comprising machine
executable instructions stored on a non-transitory computer
readable and executable by a processor to control a medical
instrument, wherein the medical instrument comprises: a
high intensity focused ultrasound system for sonicating a
target region within a subject; a light source for exciting a
temperature sensitive fluorescent dye, wherein the light



US 2019/0262633 A1l

source is configured for coupling to an optical fiber cable of
a urinary catheter; a light sensor for measuring fluorescence
emitted by the temperature sensitive fluorescent dye,
wherein the light sensor is configured for coupling to the
optical fiber cable; a fluorescent dye reservoir; and a pump
system configured for connecting to the urinary catheter,
wherein the pump system is further connected to the fluo-
rescent dye reservoir, wherein the pump system is config-
ured for pumping from the fluorescent dye reservoir to the
distal end of the urinary catheter;
wherein execution of the machine executable instructions
cause the processor to:
receive a sonication plan descriptive of a sonication of the
target region;
measure fluorescence using the light sensor;
calculate a bladder temperature using the fluorescence;
and
generate sonication commands using the sonication plan
and the bladder temperature, wherein the sonication
commands are adapted for controlling the high inten-
sity focused ultrasound system to sonicate the target
region.
14. A method of operating medical instrument, wherein
the medical instrument comprises:
a high intensity focused ultrasound system for sonicating
a target region within a subject;
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a light source for exciting a temperature sensitive fluo-
rescent dye, wherein the light source is configured for
coupling to an optical fiber cable of a urinary catheter;

a light sensor for measuring fluorescence emitted by the
temperature sensitive fluorescent dye, wherein the light
sensor 1s configured for coupling to the optical fiber
cable;

a fluorescent dye reservoir; and

a pump system connected to the urinary catheter, wherein
the pump system is further connected to the fluorescent
dye reservoir, wherein the pump system is configured
for pumping from the fluorescent dye reservoir to the
distal end of the urinary catheter;

wherein the method comprises:

receiving a sonication plan descriptive of a sonication of
the target region;

measuring the fluorescence using the light sensor;

calculating a bladder temperature using the fluorescence;
and

generating sonication commands using the sonication
plan and the bladder temperature, wherein the sonica-
tion commands are adapted for controlling the high
intensity focused ultrasound system to sonicate the
target region.
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