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(57) Abstract: A method of detecting liquid in animal tissue is disclosed. The method comprises providing an electromagnetic radi-
ation generator, and applying electromagnetic radiation to a tissue region using the electromagnetic radiation generator. The charac -
teristics of the electromagnetic radiation are selected so as to cause differential heating in a tissue region based on liquid content in
the tissue region, differential expansion of matter in the tissue region, and thereby generation of ultrasound signals that vary accord -
ing to the liquid content. The method also comprises providing an ultrasound detector, detecting the ultrasound signals using the ul -
trasound detector, and using the detected ultrasound signals to produce an indication of concentration of liquid in the tissue region
and a determination as to whether a change in liquid concentration in the tissue region has occurred.
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1
A TISSUE LIQUID DETECTION SYSTEM

BACKGROUND

[001] Unless otherwise indicated herein, the materials
described in this section are not prior art to the claims
in this application and are not admitted to be prior art
by inclusion in this section.

[002] In the medical field, post-operative leakage can
present a significant risk to patients to the extent that
undetected leakage can cause serious short and/or long
term consequences to patient health. For example, leakage
from colorectal anastomosis can cause death if left
undetected.

[003] Existing procedures for detecting liquid and/or
liquid leakages are prone to false negatives and tend to

be expensive and/or are invasive for the patient.

SUMMARY

[004] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to
the illustrative aspects, embodiments, and features
described above, further aspects, embodiments, and
features will become apparent by reference to the drawings
and the following detailed description.

[005] A liquid detection system for detecting liguid in
tissue and a method of detecting liquid is generally
described. An example system for detecting liquid in
animal tissue includes an electromagnetic radiation
generator arranged to apply electromagnetic radiation to a
tissue region. The characteristics of the electromagnetic
radiation are selected to cause differential heating in
the tissue region based on liquid content in the tissue
region and thereby differential expansion of matter in the
region. Expansion of matter in the tissue region causes
ultrascund signals to be created and an ultrasound
detector detects the ultrasound signals. The system uses
the detected ultrasound signals to produce an indication

of concentration of liquid in the tissue region and a
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determination as to whether a change in liquid

concentration in the tissue region has occurred.

BRIEF DESCRIPTION OF THE DRAWINGS
[006] In the drawings:

Figure 1 is a diagrammatic representation of an
example of a detection system for detecting liquid in
animal tissue;

Figure 2 is a diagram illustrating example
functional components of the system shown in Figure 1;

Figure 3 is a diagrammatic representation of
another example of a detection system for detecting liquid
in animal tissue; and

Figure 4 is a diagrammatic representation of
another example of a detection system for detecting liquid

in animal tissue.

DETAILED DESCRIPTION

[007] In the following detailed description, reference is

made to the accompanying drawings, which form a part
hereof. 1In the drawings, similar symbols typically
identify similar components, unless context dictates
otherwise. The illustrative embodiments described in the
detailed description, drawings, and claims are not meant
to be limiting. Other embodiments may be utilized, and
other changes may be made, without departing from the
spirit or scope of the subject matter presented herein.
It will be readily understood that the aspects of the
present disclosure, as generally described herein, and
illustrated in the Figures, can be arranged, substituted,
combined, separated, and designed in a wide variety of
different configurations, all of which are explicitly
contemplated herein.

[008] This disclosure is generally drawn, inter alia, to
methods, apparatus, systems, and devices related to
detecting liquid in an animal.

[009] Briefly stated, a detection system for detecting
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liquid in animal tissue is generally disclosed.

[0010] An embodiment of the detection system makes use of
the thermo-acoustic effect. According to the thermo-
acoustic effect, irradiation of a selected body with
electromagnetic energy of appropriate frequency and power
causes the temperature of the body to rise, and as a
consequence the body expands. The mechanical expansion
produces an acoustic wave that propagates outward.

[0011] Without wishing to be bound by theory, it is
believed that the thermo-acoustic effect can be used to
detect differences in liquid content across a tissue
region at a spatial resolution less than about Imm. The
energy absorption of tissue is determined by its Linear
Absorption Coefficient (LAC). For soft tissue with
relatively small differences in water bound fractions
between 0.74 and 0.92, the corresponding LAC values are
between 0.39 and 0.70. This suggests that a relatively
small change in water content provides an appreciable
change in LAC and therefore an appreciable change in
ultrasound signals generated as a result of absorptive
heating.

[0012] Figure 1 is a diagrammatic representation of an
example of a detection system 100 for detecting liquid in
a tissue region 102 of an animal and that is arranged
according to at least some embodiments described herein.
[0013] The example detection system 100 is shown in Figure
1 during use adjacent a tissue region 102 of a patient
animal, typically a human. The tissue region 102 in this
example i1s an anastomosis region of a human, for example a
colorectal anastomosis region. With this type of
anastomosis, detection of liquid leakage from the
anastomosis i1s very important because leakage of liquid
from a tissue junction can cause serious patient health
consequences, including death.

[0014] Figure 1 includes a cut-away portion 104 so that
anastomosis tissue 106 having a tissue junction 108 can be

seen.
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[0015] The system 100 includes an electromagnetic
radiation generator, in this example an electromagnetic
pulse generator 110 configured to generate electromagnetic
pulses that are absorbed in different amounts by tissue
and liquid present in the tissue region 102. In some
embodiments, the electromagnetic radiation generator 110
is configured to generate electromagnetic signals that are
absorbed in different amounts by tissue and liquid present
in the tissue region 102. As a consequence of the
differing absorption amounts in the ligquid and tissue,
different amounts of energy are converted to heat, and
therefore areas in the tissue region that have a higher
concentration of liquid will expand more than areas that
have a lower concentration of liquid. This, in turn,
causes areas in the tissue region that have a higher
concentration of liquid to generate ultrasound signals of
greater intensity than areas that have a lower
concentration of liquid. The system 100 also includes an
ultrasound detector 112 configured to detect ultrasound
signals emanating from the tissue region 102 in response
to the generated electromagnetic radiation, and an
analyzer 114 configured to analyze the detected ultrasound
signals and make determinations as to the liquid present
in the tissue region 102, in particular whether a change
in liquid concentration has occurred in the tissue region
102 using the detected ultrasound signals.

[0016] In the present embodiment, the electromagnetic
signals include microwave pulses of wavelength, frequency
and power selected so as to cause regions of higher liquid
concentration in the tissue region 102 to expand more than
regions of lower liquid concentration. 1In some
embodiments, the microwave pulses have a duration between
about 0.5us and about 2us, a peak power between 25kW and
50kW, and a pulse repetition rate between about 50Hz and
about 4kHz. 1In some embodiments, the frequency of the
microwave pulses is selected so as to provide the maximum

absorption differential between liquid and other tissue
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whilst providing good depth penetration, for example 434
MHz. Such a favourable absorption differential between
ligquid and tissue is achieved, for example, when the
electromagnetic signals are in the microwave and near
infra-red regions of the electromagnetic spectrum.

[0017] In some embodiments, the microwave pulses have an
average power between about 0.75W and about 60W.

[0018] Without wishing to be bound by theory, the
inventors believe that a pulse energy of about 15-20mJ
will be sufficient to provide a contrast ratio of 3:1 at a
depth of 1bcm. 1In this regard, it should be noted that
the pulse energy does not determine the average power
because the average power is also dependent on the pulse
repetition rate. For a pulse energy of about 15-20md,
duration lus, and pulse repetition rate 1000, the average
power is about 15W.

[0019] However, it will be understood that liguid in the
tissue region 102 may be caused to be heated using other
types of electromagnetic radiation. In some embodiments,
the electromagnetic signals may include laser generated
pulses, for example near infra-red light pulses, for
example with a near infra-red laser at frequency 1064 nm,
with pulse durations of 5-10 nm and pulse repetition rate
of 10-20 Hz. In a further alternative embodiment, the
electromagnetic radiation includes RF signals.

[0020] It will be understood that the characteristics of
the electromagnetic pulses are selected such that the
tissue is exposed to safe levels of electromagnetic energy
whilst still achieving sufficient localized heating to
produce detectible ultrasound signals. This may be
achieved by generating pulses of very short duration, for
example about 0.5us, relatively high peak power of 25KW,
and relatively low average power <60 W. Since the average
power is dependent on the pulse repetition rate, the
average power can be readily modified by modifying the
pulse frequency.

[0021] In accordance with the thermo-acoustic effect,
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rapid heating of liquid in the tissue region 102 causes
heating and relatively rapid expansion of the liquid-
containing tissue region according to the relative amount
of liquid in the tissue region 102. This, in turn, causes
generation of ultrasound pulses that are indicative of the
amount and location of ligquid in the tissue region 102.
[0022] In some embodiments, the pulse generator 110 is
configured to direct microwave pulses towards a region
covering the tissue region 102, and in this example to
direct the microwave pulses towards a volume approximately
10cm® with a centroid approximately coinciding with the
tissue junction 108.

[0023] In order to increase the likelihood that the
generated electromagnetic pulses are directed towards the
tissue junction 108 and surrounding tissue, and that the
ultrasound detector is disposed at a repeatable location
for each reading, a patient’s body may be provided with
alignment or fiducial marks. In some embodiments,
multiple readings may be taken by disposing the pulse
generator and/or the ultrasound detector 112 at multiple
locations relative to the tissue junction 108, and
therefore in some embodiments multiple alignment marks may
be provided for this purpose. Correct alignment may also
be achieved by imaging the tissue, for example using
ultrasound, magnetic resonance or X-rays, and using the
produced images to align the electromagnetic pulse
generator and/or the ultrasound detector. In the present
embodiment, the ultrasound detector 112 includes an array
of ultrasound transducers 116, each ultrasound transducer
116 configured to detect ultrasound signals generated in
response to heating induced in the tissue region 102.In
some embodiments, the analyzer 114 is configured to make
determinations as to whether the liquid concentration in
the tissue region has changed, for example because a
leakage of liquid may have occurred, by comparing the
detected ultrasound signals with reference ultrasound

signals representative of previous readings taken of the
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same patient and/or representative of readings taken from
a similar tissue region of another patient. In the
present embodiment, the ultrasound readings taken from the
array of ultrasound transducers 116 are used to produce 3
dimensional electromagnetic energy absorption profiles.
The absorption profiles are indicative of the amount of
electromagnetic energy absorbed at locations across the
tissue region, the amount of heat produced as a result of
the absorption, and the distribution of liquid present at
locations across the tissue region.

[0024] The analyzer 114 may be controlled sc as to focus
on a particular tissue location by calculating the time
delay and phase of a received ultrasound pulse.

[0025] In one embodiment, the 3D profiles may be produced
using a 2D transducer array that is steered to produce
many directed receive orientations. For each transmit
pulse, a parallel processing system produces several image
points, the locations of which in the image correspond to
the tangents of the angles of the receive orientations in
the azimuth and elevation planes. The brightness of each
image point is the weighted integral of the echo data
received along each receive path.

[0026] In some embodiments, the analyzer 114 is also
arranged to make determinations as to whether a change in
liquid distribution, such as a leakage of liquid, may have
occurred in the tissue region using the produced energy
absorption profiles together with relevant biometric data,
including temperature, age, body weight, location of
tissue region, and so on.

[0027] In an example, the analyzer 114 calculates a liquid
content value by averaging the ultrasound signals from the
transducers 116 in the array of transducers, and compares
the liquid content value with one or more stored reference
liquid content values. Each of the liquid content values
is indicative of the relative liquid content in a tissue
region.

[0028] In the present embodiment, the analyzer 114 is
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implemented using a computing device, in this example a
personal computer, and associated software. However, it
will be understood that other implementations are
envisaged. 1In some embodiments, the software includes
neural network software.

[0029] In an implementation using a neural network, an
initial database of case histories is required in order to
train the network. The database can be built by recording
the liquid content values throughout the recovery cycle
for a range of cases covering diverse biometric data. The
values are then rated, for example as normal or abnormal,
based on the final outcome for the patient. For example,
for an anastomosis patient, if after the recovery period
the patient is found to not have had a serious leak then
the liquid content values recorded would all be rated as
'normal'. However, if the patient has had a leak, the
readings would be reviewed by an expert and those readings
indicated by the expert as having liquid levels above the
normal range rated as 'abnormal'.

[0030] It is anticipated that this initial database could
be created over a few months and the neural network
initially trained. The database would then be supplemented
with new data through normal use.

[0031] Figure 2 is a diagram illustrating functional
components 200 of the system 100 shown in Figure 1. The
functional components 200 include a control unit 202
arranged to control and coordinate operations in the
analyzer 114, a pulse control device 204 arranged to
control the pulse generator 102 according to instructions
received from the control unit 202 so that the pulse
generator 102 produces pulses of desired frequency,
duration and power to effect heating of liquid in the
tissue region.

[0032] The functional components 200 also include a data
storage device 206 arranged to store programs 208 for use
by the control unit 202 to control and coordinate

operation of the analyzer 114, and to store data usable by
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the analyzer 114 to make determinations as to whether a
leakage of liquid may have occurred in the tissue region.
In some embodiments, at least part of the data is stored
in a database 210 configured to store patient reference
records 212 indicative of previously determined absorption
data including previously determined liguid content values
and previously determined energy absorption profiles for a
particular patient, and global reference records 214
indicative of absorption data including previously
determined liquid content values and previously determined
energy absorption profiles for other patients. The data
storage device 206 is also arranged to store biometric
data 209, for example for use in determining whether an
abnormal amount of liquid exists in a tissue region of
interest. Biometric data may include temperature, age,
body weight, sex, location of any surgical procedures (and
the outcome), and location of the tissue region. Biometric
data may also include any part or whole of a patient’s
medical file.

[0033] The functional components 200 also include a
profile analyzer 216 configured to use liquid content
values and/or one or more energy absorption profiles
obtained from a patient, liquid content values and/or
energy absorption profiles stored in the database 210,
and/or the biometric data 209 to make a determination
regarding the tissue area, such as whether an abnormal
amount of liquid exists in the tissue area. In some
embodiments, the profile analyzer 216 may include neural
network and/or expert system software to analyze the
liquid content values and/or produced absorption profiles
and determine whether the profiles are indicative of a
change in liquid concentration in the tissue region
102.The functional components 200 also include a memory
218 used to temporarily store programs and data during
implementation of the system.

[0034] It will be understocod that in this embodiment the

control unit 202, the pulse control device 204, and the
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profile analyzer 216 are implemented by a personal
computer using one of, or a combination of software stored
in the data storage device 206, or additional hardware
operating to perform any necessary specialized operations.
The profile analyzer 216 may be either a personal computer
or a specific purpose built computer system, either of
which incorporate the appropriate logic circuits or
software simulation (or both) for performing the
operations of one or more neural network(s). However, it
will be understood that other implementations are
envisaged, including hardware implementations, and
hardware and software implementations.

[0035] In an example, microwave pulses of pulse width
between about 0.5us and 1lus, frequency between about 50Hz
and 4kHz, and average power between about 0.75W and 60W,
are generated by the electromagnetic radiation generator
110 and directed towards the tissue junction 108 and
surrounding tissue. The generated microwave pulses cause
ligquid in the tissue region to heat more rapidly than
other matter in the tissue region. As a consequence, the
areas of the tissue region that contain the most liquid
heat up more and therefore experience more tissue
expansion and generate more ultrasound signals than areas
that contain less liquid. It follows, therefore, that by
analyzing the ultrasound signals produced in response to
the microwave pulses, it is possible to make a
determination as to the distribution of liquid in the
tissue region and, for example, whether the excitable
liquid distribution is normal or abnormal.

[0036] In a particular example, colorectal anastomosis
surgery has been carried out on a human patient and it is
necessary to monitor whether leakage of intestinal liquid
has occurred from the anastomosis for a period of time
after the surgery until it is determined that leakage is
no longer likely to occur.

[0037] With this example, after surgery or as part of the

surgery process, alignment marks are provided on the
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patient’s skin or fiduciary markers are provided on or
beneath the patient’s skin at locations that facilitate
repeated correct alignment of the electromagnetic
radiation generator 110 and ultrasound detector 112
relative to the anastomosis tissue region. At periodic
intervals after the surgery, for example daily, microwave
pulses suitable to effect heating of liguid in the tissue
region are generated and directed towards the tissue
region 102. The patient may be required to fast, and in
particular to drink minimal liquid, immediately prior to
teking a reading, and/or to consume water about 2 hours
before taking a reading. This may maximize the likelihood
that liquid due to a leak would be present and detectible
in the tissue region.

[0038] In this example, the microwave pulses may have a
pulse energy about 12.5mJ, and this results in a 7:1
signal to noise contrast between tissues of relative
liquid content 0.75 and 0.85 at a depth of 6cm. The
ultrasound signals produced in response to generation of
the microwave pulses are detected by the ultrasound
transducers 116 and after each application of microwave
pulses, a microwave absorption profile is produced that is
indicative of the amount and locations of liquid present
in the tissue region 102.

[0039] The microwave absorption profile in this example is
used to produce a liquid content value by averaging
ultrasound intensity values derived from the transducers
116 in the transducer array.

[0040] Liquid content wvalues are taken prior to surgery so
that one or more reference liquid content values
particular to the patient are obtained for comparison
purposes with liguid content wvalues taken after surgery.
[0041] A reference liquid content value taken prior to
surgery is used to generate an expected time-phased
recovery profile for the patient. The recovery profile for
a patient defines the expected change in the liquid

content value over time after the surgery. For example,
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for anastomosis, the recovery profile is a curve that
starts at a baseline defined by the reference ligquid
content value, then increases to a peak value after
surgery due to an increased level of liquid adjacent the
anastomosis, and declines gradually back to the baseline
value over a period of up to 30 days. The recovery
profile may be tailored to a particular patient by
selecting the recovery profile of a previous patient with
similar biometric data (such as weight and age) to the
present patient and using the current baseline indicator
value to calibrate the values on the curve.

[0042] The liguid content value generated after each
reading is compared with the expected liquid content value
suggested by the recovery profile for the patient, and if
the liquid content value is greater than the expected
liquid content value by more than a defined tolerance, an
alert is generated. The alert may be indicative that a
leakage of liquid has occurred from the colorectal
anastomosis tissue junction 108.

[0043] While the system 10 may be used to monitor whether
leakage of intestinal liquid has occurred from anastomosis
tissue, it will be understood that other applications are
envisaged. For example, the system may be used to monitor
the presence and/or change of liquid concentrations for
other reasons, such as oedema, as a result of trauma such
as hematoma, diseases wherein liquid buildup tends to
occur, hydrocephaly, internal bleeding, and so on.

[0044] Figure 3 is a diagrammatic representation of
another example of a detection system 300 for detecting
liquid in animal tissue.

[0045] The detection system 300 is similar to the example
detection system 100 shown in Figures 1 and 2, in that a
pulse generator 110 is configured to focus microwave
pulses in a tissue region 302 including anastomosis tissue
306. In this example, however, an activated collar 308 is
disposed around a tissue junction during surgery. The

activated collar 308 includes relatively strong
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electromagnetic energy absorbing material so that when a
reading is taken the activated collar 308 will appear as a
hot spot in the energy absorption profile, thereby
identifying the location of the tissue junction. If a
leak occurs from the tissue junction, the leakage would
tend to cause a degradation of ultrasound signals from the
collar since the leaked liquid would absorb some of the
energy of the incident pulses.

[0046] In some embodiments, the activated collar includes
relatively strong microwave absorbing material, such as
iron oxide particles, and may be formed as a flexible
biodegradable sheet that is wrapped around the anastomosis
tissue junction during surgery.

[0047] Figure 4 is a diagrammatic representation of
another example of a detection system 400 for detecting
liquid in animal tissue.

[0048] The detection system 400 is similar to the example
detection system 100 shown in Figures 1 and 2, in that a
pulse generator 110 is configured to focus microwave
pulses in a tissue region 402 including anastomosis tissue
406. In this example, however, an expandable collar 408
is disposed around a tissue junction during surgery. The
expandable collar 408 may be formed of biodegradable,
flexible, relatively impermeable material that is wrapped
around the anastomosis join during surgery. If a leak
occurs from the tissue junction, the leaked liquid is
localized in the region defined by the collar 408 and the
collar 408 expands at a portion 410 of the collar adjacent
the leakage. The collar 408 may include relatively strong
electromagnetic energy absorbing material so that the
collar 408, and in particular changes to the collar that
occur as a result of leakages, can be more easily
detected.

[0049] The present disclosure is not to be limited in
terms of the particular embodiments described in this
application, which are intended as illustrations of

various aspects. Many modifications and variations can be
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made without departing from its spirit and scope, as will
be apparent to those skilled in the art. Functionally
equivalent methods and apparatuses within the scope of the
disclosure, in addition to those enumerated herein, will
be apparent to those skilled in the art from the foregoing
descriptions. Such modifications and variations are
intended to fall within the scope of the appended claims.
The present disclosure is to be limited only by the terms
of the appended claims, along with the full scope of
equivalents to which such claims are entitled. It is to
be understood that this disclosure is not limited to
particular methods, reagents, compounds compositions or
biological systems, which can, of course, vary. It is
also to be understood that the terminology used herein is
for the purpose of describing particular embodiments only,
and is not intended to be limiting.

[0050] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the
art can translate from the plural to the singular and/or
from the singular to the plural as is appropriate to the
context and/or application. The various singular/plural
permutations may be expressly set forth herein for sake of
clarity.

[0051] It will be understood by those within the art that,
in general, terms used herein, and especially in the
appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term
“including” should be interpreted as “including but not
limited to,” the term “having” should be interpreted as
“having at least,” the term “includes” should be
interpreted as “includes but is not limited to,” etc.).

It will be further understood by those within the art that
if a specific number of an introduced claim recitation is
intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such
intent is present. For example, as an aid to

understanding, the following appended claims may contain
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usage of the introductory phrases "at least one”™ and "one
or more" to introduce claim recitations. However, the use
of such phrases should not be construed to imply that the
introduction of a claim recitation by the indefinite
articles "a" or "an" limits any particular claim
containing such introduced claim recitation to embodiments
containing only one such recitation, even when the same
claim includes the introductory phrases "one or more" or

"at least one" and indefinite articles such as "a" or "an"

” A\Y 7

(e.g., “a” and/or “an” should be interpreted to mean “at
least one” or “one or more”); the same holds true for the
use of definite articles used to introduce claim
recitations. 1In addition, even if a specific number of an
introduced claim recitation is explicitly recited, those
skilled in the art will recognize that such recitation
should be interpreted to mean at least the recited number
(e.g., the bare recitation of "two recitations,”™ without
other modifiers, means at least two recitations, or two or
more recitations). Furthermore, in those instances where
a convention analogous to “at least one of A, B, and C,

i44

etc.” i1s used, in general such a construction is intended

in the sense one having skill in the art would understand

the convention (e.g.,
B, and C” would include but not be limited to systems that

a system having at least one of A,

have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together,
etc.). In those instances where a convention analogous to
“at least one of A, B, or C, etc.” is used, in general
such a construction is intended in the sense one having
skill in the art would understand the convention (e.g., ™
a system having at least one of A, B, or C” would include
but not be limited to systems that have A alone, B alone,
C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). It will be
further understood by those within the art that virtually
any disjunctive word and/or phrase presenting two or more

alternative terms, whether in the description, claims, or
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drawings, should be understood to contemplate the
possibilities of including one of the terms, either of the
terms, or both terms. For example, the phrase “A or B”
will be understood to include the possibilities of “A” or
“B” or “A and B.”

[0052] In addition, where features or aspects of the
disclosure are described in terms of Markush groups, those
skilled in the art will recognize that the disclosure is
also thereby described in terms of any individual member
or subgroup of members of the Markush group.

[0053] As will be understood by one skilled in the art,
for any and all purposes, such as in terms of providing a
written description, all ranges disclosed herein also
encompass any and all possible sub-ranges and combinations
of sub-ranges thereof. Any listed range can be easily
recognized as sufficiently describing and enabling the
same range being broken down into at least equal halves,
thirds, quarters, fifths, tenths, etc. As a non-limiting
example, each range discussed herein can be readily broken
down into a lower third, middle third and upper third,
etc. As will also be understood by one skilled in the art
all language such as “up to,” “at least,” “greater than,”

7

“less than,” and the like include the number recited and
refer to ranges which can be subsequently broken down into
sub-ranges as discussed above. Finally, as will be
understood by one skilled in the art, a range includes
each individual member. Thus, for example, a group having
1-3 cells refers to groups having 1, 2, or 3 cells.
Similarly, a group having 1-5 cells refers to groups
having 1, 2, 3, 4, or 5 cells, and so forth.

[0054] While wvarious aspects and embodiments have been
disclosed herein, other aspects and embodiments will be
apparent to those skilled in the art. The various aspects
and embodiments disclosed herein are for purposes of
illustration and are not intended to be limiting, with the
true scope and spirit being indicated by the following

claims.
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CLAIMS:

1. A method of detecting liquid in animal tissue, the
method comprising:

providing an electromagnetic radiation generator;

applying electromagnetic radiation to a tissue region
using the electromagnetic radiation generator, the
characteristics of the electromagnetic radiation selected
so as to cause differential heating in a tissue region
based on liquid content in the tissue region, differential
expansion of matter in the tissue region, and thereby
generation of ultrasound signals that vary according to
the liquid content;

providing an ultrasound detector;

detecting the ultrasound signals using the ultrasound
detector;

using the detected ultrasound signals to produce an
indication of concentration of liquid in the tissue region
and a determination as to whether a change in liquid

concentration in the tissue region has occurred.

2. A method as claimed in claim 1, wherein the
electromagnetic radiation generator comprises a microwave,

near infra-red, or RF signal generator.

3. A method as claimed in claim 1 or claim 2, wherein
the electromagnetic radiation generator comprises an
electromagnetic pulse generator arranged to generate

electromagnetic pulses.

4. A method as claimed in claim 3, wherein the

electromagnetic pulses comprise microwave pulses.

5. A method as claimed in claim 4, comprising applying
microwave pulses of duration substantially in the range

0.5us to Z2uys.
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6. A method as claimed in claim 4 or claim 5, comprising
applying microwave pulses of average power substantially
in the range 0.75W to 60W.

7. A method as claimed in any one of claims 4 to o,
comprising applying microwave pulses of frequency

substantially in the range 50Hz to 4kHz.

8. A method as claimed in any one of the preceding

claims, comprising directing the electromagnetic radiation
in a target region including the tissue region, the target
region encompassing a substantially cubic region having a

volume substantially 10cm”.

9. A method as claimed in any one of the preceding
claims, comprising providing an animal with at least one
recognisable mark, and using the at least one mark to
locate the electromagnetic pulse generator and/or the

ultrasound detector relative to the tissue region.

10. A method as claimed in any one of the preceding
claims, comprising providing the ultrasound detector with
a plurality of ultrasound transducers disposed around the
tissue region, and generating a 3 dimensional absorption
profile using ultrasound signals detected by the plurality

of ultrasound transducers.

11. A method as claimed in any one of the preceding
claims, comprising storing previously generated reference
absorption profiles indicative of absorption of

electromagnetic energy in the tissue region of the animal.

12. A method as claimed in any one of the preceding
claims, comprising storing previously generated reference

absorption profiles indicative of absorption of
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electromagnetic energy in a tissue region of a different

animal.

13. A method as claimed in c¢laim 11 or claim 12,
comprising using the detected ultrasound signals to

5 produce an absorption profile indicative of absorption of
electromagnetic energy in the tissue region, and comparing
the absorption profile with at least one of the stored
previously generated reference absorption profiles and
using the comparison to determine whether the absorption

10 profile is indicative of a change in liquid concentration

in the tissue region.

14. A method as claimed in any one of the preceding
claims, comprising using the detected ultrasound signals
to produce a liquid content value indicative of an average
15 detected ultrasound intensity, and comparing the liquid
content value with a reference recovery profile for a
patient, the reference recovery profile defining the

expected change in liquid content value over time.

20 15. A method as claimed in claim 14, comprising using
biometric data associated with the animal to select the

reference recovery profile.

16. A method as claimed in c¢laim 15, wherein the
biometric data includes temperature, body weight, age

25 and/or location of the tissue region.

17. A method as claimed in any one of claims 13 to 16,
comprising using a neural network to make a determination
as to whether the absorption data is indicative of a

change in liquid concentration in the tissue region.

30 18. A method as claimed in any one of the preceding
claims, comprising disposing a microwave absorptive
material adjacent the tissue region, and using the

microwave absorptive material to locate the
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electromagnetic pulse generator relative to the tissue
region such that the electromagnetic pulse generator
directs electromagnetic pulses are directed towards the

tissue region.

5 19. A method as claimed in c¢laim 18, wherein the

microwave absorptive material is biodegradable.

20. A method as claimed in any one of the preceding
claims, comprising disposing liquid absorptive material
adjacent the tissue region and determining whether the
10 absorption profile is indicative of a change in liguid
concentration in the tissue region based on a detected

amount of liquid in the liquid absorptive material.

21. A method as claimed in claim 20, wherein the liquid

absorptive material is biodegradable.

15  22. A method as claimed in any one of the preceding
claims, comprising imaging the tissue and using the
imaging step to align the electromagnetic pulse generator

and/or the ultrasound detector.

23. A method of detecting anastomotic leakage in a
20 patient, the method comprising:
providing an electromagnetic pulse generator;
applying electromagnetic radiation to an anastomosis
tissue region using the electromagnetic radiation
generator, the characteristics of the electromagnetic
25 radiation selected so as to cause differential heating in
a tissue region based on liquid content in the tissue
region, and thereby expansion of matter in the tissue
region and generation of ultrasound signals that wvary
according to the liquid content;
30 providing an ultrasound detector;
detecting the ultrasound signals using the ultrasound

detector;
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using the detected ultrasound signals to produce an
indication of concentration of liquid in the tissue region
and a determination as to whether a leakage of liquid from

the anastomosis tissue region has occurred.

24. A method as claimed in claim 23, wherein the

anastomosis tissue is colorectal anastomosis tissue.

25. A system for detecting liquid in animal tissue, the
system comprising:

an electromagnetic radiation generator arranged to
apply electromagnetic radiation to a tissue region, the
characteristics of the electromagnetic radiation selected
so as to cause differential heating in a tissue region
based on liguid content in the tissue region, and thereby
expansion of matter in the tissue region and generation of
ultrasound signals that vary according to the liquid
content;

an ultrasound detector arranged to detect the
ultrasound signals;

the system further comprising an analyzer arranged to
use the detected ultrasound signals to produce an
indication of concentration of liquid in the tissue region
and a determination as to whether a leakage of liquid from

the anastomosis tissue region has occurred.

26. A system as claimed in claim 26, wherein the
electromagnetic radiation generator is arranged to

generate microwave, near infra-red, or RF signals.

27. A system as claimed in claim 25 or claim 26, wherein
the electromagnetic radiation comprises microwave

radiation.

28. A system as claimed in claim 27, wherein the
microwave radiation comprises microwave pulses of duration

substantially in the range 0.5us to 2us.
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29. A system as claimed in claim 28, wherein the average
power of the microwave pulses is substantially in the
range 0.75W to 60W.

30. A system as claimed in any one of claims 27 to 29,
wherein the frequency of microwave pulses is substantially
in the range 50Hz to 4kHz.

31. A system as claimed in any one of claims 25 to 30,
wherein the electromagnetic radiation generator is
arranged to direct the radiation towards a target region
including the tissue region, the target region
encompassing a substantially cubic region having a volume

substantially 10cm’.

32. A system as claimed in any one of claims 25 to 31,
wherein the ultrasound detector comprises a plurality of
ultrasound transducers disposed around the tissue region,
and the analyzer is arranged to generate a 3 dimensional
absorption profile using ultrasound signals detected by

the plurality of ultrasound transducers.

33. A system as claimed in any one of claims 25 to 32,
wherein the analyzer is arranged to compare the absorption
profile with at least one previously generated reference
absorption profile indicative of absorption of
electromagnetic energy in the tissue region of the animal
and to use the comparison to determine whether the
absorption profile is indicative of a change in liguid

concentration in the tissue region.

34. A system as claimed in any one of claims 25 to 33,
wherein the analyzer is arranged to compare the absorption
profile with at least one previously generated reference
absorption profile indicative of absorption of
electromagnetic energy in a tissue region of a different

animal and to use the comparison to determine whether the
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absorption profile is indicative of a change in liguid

concentration in the tissue region.

35. A system as claimed in claim 34, wherein the analyzer
is arranged to use the detected ultrasound signals to
produce a ligquid content value indicative of an average
detected ultrasound intensity, and to compare the liquid
content value with a reference recovery profile for a
patient, the reference recovery profile defining the

expected change in liquid content value over time.

36. A system as claimed in claim 35, wherein the analyzer
is arranged to use biometric data associated with the

animal to select the reference recovery profile.

37. A system as claimed in claim 36, wherein the
biometric data includes temperature, age, body weight

and/or location of the tissue region.

38. A system as claimed in any one of claims 33 to 37,
wherein the analyzer comprises a neural network arranged
to make a determination as to whether the absorption
profile is indicative of a change in liquid concentration

in the tissue region.

39. A system as claimed in any one of claims 25 to 38,
comprising a microwave absorptive material disposable
adjacent the tissue region, the analyzer arranged to use
the microwave absorptive material to locate the
electromagnetic pulse generator relative to the tissue
region such that the electromagnetic pulse generator

directs electromagnetic pulses towards the tissue region.

40. A system as claimed in claim 39, wherein the

microwave absorptive material is biodegradable.

41. A system as claimed in any one of claims 25 to 40,

comprising liquid absorptive material disposable adjacent
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the tissue region, the analyzer arranged to determine
whether the absorption profile is indicative of a change
in liquid concentration in the tissue region based on a
detected amount of liquid in the liquid absorptive

5 material.

42. A system as claimed in claim 40, wherein the liquid

absorptive material is biodegradable.
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