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(57) ABSTRACT

The present invention relates to a pH sensor adapted to be
inserted into all soft tissues, such as muscle, fat or other
organs e.g. heart, lung, kidney, liver, pancreas, renal gland
etc., comprising one or more of: a) means to provide sensor
calibration performance information; b) a sensor dislodge-
ment alert, providing an indication to the user if the pH
reading falls outside a predetermined range; c) an alert to
indicate that the sensor has exceeded its usage period; and d)
an alert to indicate that the sensor had exceeded its shelf life.
There is also provided a method of assessing the efficacy ofa
treatment regime comprising the steps of determining any
change in the pH of the soft tissue during treatment, where
any change in the pH towards the preferred range for the
tissue type is indicative of an effective treatment regime and
any change in the pH away from the preferred range for the
tissue type is indicative of a worsening in the condition of the
tissue, and thus an ineffective treatment regime.
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APPARATUS

[0001] The present invention relates to a pH sensor and its
use in the assessment of the health or condition of soft tissues
in vivo, composite cell and tissue cultures (explants), and cell
cultures both grown in vitro. The use of the pH sensor in the
diagnosis of medical conditions is also provided. In particular
the present invention provides a pH meter including means to
assess the accuracy of the sensor immediately prior to use,
and/or means to alert the user if the pH sensor has been
dislodged from the body during use.

BACKGROUND TO THE INVENTION

[0002] The use of pH sensors in the diagnosis of particular
conditions, in particular ischaemia is known. U.S. Pat. No.
7,813,781 discloses a method and apparatus for determining
information concerning ischaemia using a pH sensor. Infor-
mation may be determined about ischaemia caused by a num-
ber of factors, including acute compartment syndrome, vas-
cular disorders, diseases or conditions that affect tissue
perfusion including surgical procedures, and generalised dis-
eases or conditions e.g. septicaemia, significant blood loss
and significant bodily fluid loss resulting for example from
skin bums.

[0003] U.S. Pat.No. 6,600,941 and U.S. Pat. No. 6,567,679
both disclose the use of pH measurements of tissue as a
system for controlling diagnostic and/or surgical procedures.
An apparatus used to perform tissue pH measurements is also
disclosed. Real time tissue pH measurements can be used as
a method to determine ischaemic segments of the tissue and
provide the user with courses of conduct during and after a
surgical procedure. When ischaemia is found to be present in
atissue, a user can affect an optimal delivery of preservation
fluids to the site of interest and/or use pharmacological meth-
ods to improve tissue perfusion and/or effect a change in the
conduct of a surgical procedure to normalise the pH within
the site of interest.

[0004] In general, pH sensors are manufactured several
months before use. The pH sensors and associated probes
should be stored and used under suitable conditions (-5 to 40
C, 30 to 80% humidity). However, if the conditions for stor-
age or use are unsuitable, the accuracy of the pH sensor may
be adversely affected. From current designs it is known to
calibrate pH sensors immediately prior to use. In particular it
is known to calibrate pH sensors with at least two standard
buffer solutions that span a considerable portion of the range
of pH values to be measured (e.g. buffers at pH 4 and pH 10).
However, pH sensors may be used in the diagnosis of life
threatening conditions such as ischaemia. For such uses, pH
sensors must be available forimmediate use—where a patient
is suffering from a potentially fatal or serious condition, there
is insufficient time for complex calibration procedures imme-
diately prior to use. In addition, complex calibration proce-
dures increase the likelihood of contamination and the steril-
ity of the sensor would be compromised.

STATEMENT OF INVENTION

[0005] According to a first aspect of the present invention
there is provided a pH sensor adapted to be inserted into all
soft tissues, such as nwscle, fat or other organs e.g. heart,
lung, kidney, liver, pancreas, renal gland etc., comprising one
or more of’
[0006] a) means to provide sensor calibration perfor-
mance information;
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[0007] b)asensor dislodgement alert, providing an indi-
cation to the user if the pH reading falls outside a pre-
determined range;

[0008] c)analert to indicate that the sensor has exceeded
its usage period; and

[0009] d)analertto indicate that the sensor had exceeded
its shelf life.

[0010] According to a second aspect of the present inven-
tion there is provided a method of determining the pH in a soft
tissue comprising the steps of inserting the pH sensor dis-
closed above into the soft tissue of interest.

[0011] According to a third aspect of the present invention
there is provided a method of determining information con-
cerning the condition of the soft tissue of interest comprising
the steps of determining the pH of the soft tissue (preferably
over a prolonged period of, for example, 70to 100 hours) with
the pH sensor as described above.

[0012] According to a fourthaspect ofthe present invention
there 1s provided a method of assessing the efficacy of a
treatment regime comprising the steps of determining any
change in the pH of the soft tissue during treatment, where
any change in the pH towards the preferred range for the
tissue type is indicative of an effective treatment regime and
any change in the pH away from the preferred range for the
tissue type is indicative of a worsening in the condition of the
tissue, and thus an ineffective treatment regime.

[0013] According to a fifth aspect of the present invention
there is provided a method of diagnosis of a medical condi-
tion, in particular ischaemia, in a patient comprising the steps
of determining the pH of soft tissues of the patient using the
pH sensor as described above, and comparing the pH with a
predetermined range indicative of the medical condition. It
should be noted that with certain conditions or as a result of
drug ingestion or certain pharmacological treatments that a
metabolic acidosis or alkalosis can also occur.

[0014] According to a sixth aspect of the present invention
there is provided the sensor as described above for use in
therapy or diagnosis.

[0015] According to a seventh aspect of the present inven-
tion there is provided the sensor as described above for use in
the diagnosis of a medical condition affecting soft tissue, in
particular ischaemia.

DETAILED DESCRIPTION

pH Sensor

[0016] The pH of a solution indicates how acidic or basic
(alkaline) it is. The pH term translates the values of the hydro-
gen ion concentration—which ordinarily ranges between
about 1 and 10x-14 gram-equivalents per litre—into a num-
ber between 0 and 14.

[0017] A pH sensor is an electronic instrument measuring
the pH of a liquid. The pH is generally measured by measur-
ing the voltage generated through the flow of cations from the
test sample to an electrode within the pH sensor. Generally
the pH sensor is connected to a meter which converts the
voltage measurement to a pH reading in pH units, and dis-
plays the pH reading.

[0018] The pH sensor generally comprises:
[0019] a shaft,
[0020] atip at one end of the shaft comprising a sensing

membrane having an internal surface and an external
surface,
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[0021] areference electrode which is either internal i.e.
in close proximity to the tip of the sensor, or external, i.e.
distant to the tip of the sensor,

[0022] an internal solution contacting the internal sur-
face of the sensing membrane,

[0023] ameasuring electrode extending into the internal
solution, and

[0024] a connection means suitable for connecting the
sensor to a meter.

[0025] In use, the tip of the pH sensor and the reference
electrode are immersed into the sample to be tested, which is
generally in the form of a liquid (the external liquid) or cells
surrounded by a liquid medium as exists in all biological
tissues, or the liquid medium that sustains cultured composite
cell and tissue cultures (explants), and cell cultures both
grown in vitro. In some embodiments the sample may be a
gas. The internal and external surfaces of the sensing mem-
brane are protonated by H+ ions from the internal solution
and the external liquid respectively until equilibrium is
reached. The internal and external surfaces of the sensing
membrane are charged by the adsorbed protons, resulting in a
potential between the two surfaces of the sensing membrane
which is directly proportional to the pH difference between
the internal solution and the external liquid. In use, the pH
sensor is connected to a meter which converts and displays
this potential in pH units. For each pH sensor, the conversion
between pH units and voltage is known. As an example, for
some pH sensors, a pH unit is equivalent to about 0.06 volts.
However, different pH sensors may have different conver-
sions.

[0026] The pH sensor generally also includes a reference
electrode which provides a stable potential against which the
measuring electrode can be compared. The reference elec-
trode is surrounded by a reference solution, at a known pH.
The reference solution is able to exchange ions with the
internal solution, generally via a porous separator forming a
low resistance connection to the test liquid. Alternatively, the
internal reference electrode may not be able to exchange ions
with the internal solution but may nonetheless be in close
proximity to the tip of the pH sensor.

[0027] Alternatively, the reference electrode may be exte-
rior to the pH sensor.

[0028] The sensing membrane forms an ion selective bar-
rier, screening out hydrogen ions from all of the other ions in
the external liquid. The sensing membrane is generally
formed from pH sensitive glass or plastic (in particular, epoxy
or polymer based plastics). The sensing membrane is typi-
cally in the form of a bulb formed from pH sensitive glass.

[0029] The pH of the internal solution and the reference
solution is generally known, and is typically about pH 6 to 7.
According to one embodiment, the pH of the internal solution
and the reference solution is around 6.4. However, different
pH sensors may vary in this regard. The internal solution
and/or the reference solution may be a potassium chloride
solution (typically 0.1 mol/L). However, other suitable solu-
tions are known in the art and may be used.

[0030] Preferably the pH of the internal solution is about
pH 6.2 to 6.6, typically about 6.4.

[0031] The measuring electrode and/or the reference elec-
trode is H+ ion sensitive, and is typically formed from silver,
generally silver coated with silver chloride.
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[0032] The porous separator provides a junction between
the reference solution and the internal solution, and is gener-
ally formed from or comprises ceramic, asbestos or quartz
fibre.

[0033] Alternatively, other forms of pH sensor may be used
in accordance with the present invention. These other families
of pH sensors include: antimony, ion sensitive field effect
transistor (ISFET), or ion selective electrodes. In particular
pH sensors such as those sold under the trade names, Oakfield
Instruments (antimony), Biocontrol (ISFET) may be used.
[0034] In general, pH sensors are calibrated immediately
prior to use using buffers of known pH. However, using our
new technology, calibration may be undertaken in the factory
and the calibration information stored within the sensor, for
instance the sensor may include a chip detailing such infor-
mation. The performance of'a pH sensor may differ according
to the temperature and humidity conditions at which the sen-
sor is used. Preferably, numerous sensors manufactured at the
same time according to the same specification are calibrated
under a variety of predetermined temperatures and humidity
conditions. An algorithm may then be generated concerning
the performance of multiple sensors belonging to the same
“family”. This algorithm may be stored in association with
the sensor, for instance, it may be included on a chip which
forms part of the sensor or it may be stored on the meter
associated with the sensors. Alternatively, it may be advanta-
geous to store the individual parameters of each probe with
respect to temperature and humidity on a chip which forms
part of each sensor.

Means to Provide Sensor Calibration Performance
Information

[0035] According to one embodiment, the pH sensor of the
present invention includes means to provide sensor calibra-
tion performance information. The pH sensor may include a
calibration indicator composition, and an indication of the pH
of this composition. Immediately prior to use, the pH sensor
of the present invention may be contacted with the calibration
indicator composition, and the reading provided can be com-
pared to the indication of the pH of the calibration indicator
composition provided in association with the pH sensor. A
quick, straight forward check that the calibration of the pH
sensorisaccurate is thus provided, giving reassurance that the
calibration hasn’t drifted during storage or has been damaged.
[0036] The calibration check is both quick and easy, pro-
viding an indication of whether the pH sensor is accurate
immediately prior to use. The check itself is very quick,
generally taking 5 minutes or less, typically 1 minute or less.
As such, the pH sensor of the present invention is of particular
utility in emergency situations. The calibration check is also
suitable for use by users without medical training as it is very
simple which is particularly useful for home users.

[0037] Typically, the pH sensor is plugged into the meter,
the calibration check is conducted and the pH sensor is then
used if the calibration check shows that the pH sensor is
accurate. The calibration check is generally performed 5 min-
utes or less before use of the pH sensor.

[0038] According to one embodiment, the time period
between removal of the pH sensor from its sterile environ-
ment and use is five minutes or less, where the calibration
performance check is performed during this time.

[0039] The calibration indicator composition may be an
integral part of the pH sensor package, or may be separate to
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the pH sensor. Preferably, the calibration indicator composi-
tion forms part of the pH sensor package.

[0040] The pH sensor of the present invention would gen-
erally only include one calibration indicator composition. As
such, the pH sensor of the present invention would not gen-
erally enable full calibration of the pH sensor, and those pH
sensors which do not provide an accurate pH reading for the
calibration indicator composition would be discarded, or set
aside for full calibration. Generally, those pH sensors which
do not provide an accurate pH reading would be discarded.
[0041] Where the pH sensor comprises means to provide
calibration performance information, the pH sensor may
comprise a coating which totally or partially covers the sens-
ing menbrane, said coating comprising a calibration indica-
tor composition at a known pH.

[0042] According to one embodiment, the calibration indi-
cator composition may be in the form of a hydrogel, effec-
tively trapping a thin layer of water of known pH next to the
sensing membrane.

[0043] Where the pH sensor comprises means to provide
calibration performance information, the sensor may be in the
form of a sensor package, comprising the pH sensor as
described above, surrounded by a closed housing suitable for
maintaining the sterility of the pH sensor, the housing gener-
ally including a calibration indicator composition at a known
pH, wherein the calibration indicator composition contacts
the sensing membrane of the pH sensor, and the sensor pack-
age includes an indication of the pH of the calibration indi-
cator composition.

[0044] As part of the manufacturing process, pH sensors
can be calibrated prior to packaging and sterilisation. In gen-
eral, using modem sensor technology, approximately 80 to
90% of sensors manufactured work accurately following
strict manufacturing processes and calibration checks are
undertaken to confirm sensor accuracy. However, 10 to 20%
of all sensors manufactured do not operate with sufficient
accuracy when calibration checks are performed.

[0045] An indication of which sensors are not of sufficient
accuracy, and require further calibration prior to use would be
very useful in maximising the accuracy of the pH sensors.
According to one embodiment, pH sensors which do not
provide an accurate pH reading according to the calibration
performance check, would be discarded.

[0046] In addition, the accuracy of pH sensors may be
affected after manufacture. In general, pH sensors are stored
for several months prior to use. Even those sensors which
operate accurately following manufacture may not operate
with sufficient accuracy upon eventual use. The accuracy of
pH sensors may drift from accurate values upon storage, in
particular for those sensors which have not been stored under
optimal conditions. In particular, storage of pH sensors under
incorrect temperature or moisture conditions may affect their
accuracy. The calibration performance check provides an
indication of which pH sensors are not operating with suffi-
cient accuracy. Generally such sensors are discarded. How-
ever, according to one embodiment, such sensors may under
further calibration to improve their accuracy.

[0047] It is known to calibrate pH sensors immediately
prior to use. In particular it is known to calibrate pH sensors
with at least two standard buffer solutions that span the range
of pH values to be measured (e.g. buffers at pH 4 and pH 10).
However, pH sensors may be used in the diagnosis of life
threatening or serious conditions such as ischaemia. For such
uses, pH sensors must be available for immediate use—where
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apatientis suffering from a potentially fatal condition there is
not time for a complex calibration procedure immediately
prior to use. Complex calibration procedures increase the
likelihood of contamination and thus increase the likelihood
of the sterility of the sensor being compromised.

[0048] There has recently been a move towards allowing
patients to be treated at home wherever possible. This results
in patients themselves providing readings to remote health-
care professionals. Patients would not generally have the
means or the experience to calibrate scientific equipment
such as pH sensors themselves.

[0049] Thesensorofthe present invention provides an indi-
cation of the accuracy of the sensor immediately prior to use.
The sensor is connected to a meter immediately after removal
from the closed housing. The initial pH reading is noted and
compared with the indication of the pH of the calibration
indicator composition provided with the sensor package,
typically as part of the sensor package. If the initial reading is
approximately the same as the predetermined value, the sen-
sor may be used with confidence. If the initial reading does
not provide an accurate reading compared to the predeter-
mined value, the sensor is generally discarded. Generally a
difference of 10% of the predetermined value will be toler-
ated, typically 5%, advantageously 1% or less. The sensor of
the present invention provides an indication of the accuracy of
the sensor immediately prior to use. As well as allowing
immediate use of the pH sensor with confidence, this pro-
motes the use of the pH sensor by inexperienced users. Cali-
brating scientific equipment can be expensive and time con-
suming, and the pH sensor of the present invention allows
these efforts to be minimised, or where the inaccurate sensors
are retained rather than being discarded, calibration is mini-
mised for those sensors which require calibration. Preferably,
the pH sensor is discarded if it is not performing with suffi-
cient accuracy.

[0050] The calibration indicator composition is typically
suitable for maintaining the hydration of the sensing mem-
brane of the pH sensor. For some models of currently avail-
able pH sensors, the sensing membrane must be stored in the
presence of fluids, in particular fluids containing hydrogen
ions, to avoid dehydration which may alter the porosity of the
sensing membrane. This can lead to the pH sensor not func-
tioning properly or potentially ceasing to function altogether.
[0051] Other currently available pH sensors do not require
the sensing membrane to be maintained in a hydrated form.
For such embodiments, it would not be necessary for the
calibration indicator composition to maintain the hydration of
the sensing membrane.

[0052] The calibration indicator composition is generally
in the form of a liquid, solution, suspension, paste, gel, or
foam. Advantageously, the calibration indicator composition
is in the form of a gel.

[0053] According to one embodiment, the calibration indi-
cator composition has a pH of 6 to 7.5, typically 6 to 6.5,
suitably 6.3 to 6.5, preferably about 6.4.

[0054] The calibration indicator composition generally has
apH approximately the same as that of the internal solution of
the pH sensor. Where the pH of the calibration indicator
composition is approximately the same as that of the internal
solution, the cation movement across the pH sensing mem-
brane is neutral, that is the movement of cations from the
internal solution into the calibration indicator composition is
approximately the same as the movement of cations from the
calibration indicator composition to the internal solution. As
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such, the associated potential across the sensing membrane is
approximately zero for accurately calibrated pH sensors. If
the calibration of the pH sensor is inaccurate, this will be
particularly evident where the pH of the calibration indicator
composition is approximately equal to that of the internal
solution (generally ata pH of about 6.4) as the potential across
the sensing membrane should be about zero for such embodi-
ments. Storing the sensing membrane in contact with a cali-
bration indicator composition having a pH about the same as
the pH of the internal solution of the pH sensor provides a
good indication of whether the calibration of the pH sensor is
accurate.

[0055] The means to provide calibration performance
information is generally integral to the sensor package. The
calibration indicator composition is typically within the
closed housing, and generally contacts the sensing membrane
during storage. An indication of the pH of the calibration
indicator composition may be provided on or in the closed
housing.

[0056] According to one embodiment, the calibration indi-
cator composition is in the form of a buffered gel, for instance
a potassium-containing buffered gel such as that sold under
the trade name Friskolyte.

Sensor Dislodgement Alert

[0057] As noted above, the pH sensor of the present inven-
tion may include a sensor dislodgement alert, providing an
indication to the user if the pH reading falls outside a prede-
termined range.

[0058] In use, the tip of the pH sensor is generally inserted
into the tissue of interest, the shaft of the pH sensor generally
extends out of the patient, and the pH sensor is held in place
with a bandage or other form of dressing. Generally, pH
sensors are used to take continuous measurements over sev-
eral hours or days, in order to provide an indication of the
changes or trends in pH over time. This can provide an indi-
cation of the health or condition of the tissue tested, and thus
provides a measure of the effectiveness of treatment. Where
pH is measured by a healthcare practitioner, the healthcare
practitioner generally reviews the pH measurements col-
lected at spaced intervals. As the point of entry of the pH
sensor into the patient’s body is generally covered by a dress-
ing, the pH sensor may be dislodged from the body without
observation. In such circumstances, the pH sensor would be
under the dressing but outside the body. Readings of pH
would continue to be taken but would be outside the range
expected from human/mammalian tissues. It is likely that a
healthcare practitioner would be able to identify the pH read-
ings as aberrant and investigate whether the pH sensor had
been dislodged. However, medical practitioners generally
only review the pH readings at spaced intervals, and the
readings from dislodgement until reinsertion of the pH sensor
into the body of the patient would be meaningless. Trends in
pH would be more difficult to identify, and the time taken for
a measure of the effectiveness of treatment to be provided
would be increased.

[0059] The sensor of the present invention may be used by
unskilled personnel, including the patient themselves. Such
users would not generally understand the significance of aber-
rant readings, and would not immediately investigate whether
the sensor had been dislodged.

[0060] The sensor of the present invention may provide an
alert of sensor dislodgement, allowing a medical practitioner
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to investigate soon after dislodgement has occurred. The alert
is provided if the pH reading falls outside a predetermined
range.

[0061] The predetermined range would be dependent on
the type of tissue the pH sensor is inserted into. For instance,
the pH range of fat differs considerably from the pH range of
the kidney.

[0062] In addition, the pH range which may be associated
with the kidney or the gastrointestinal tract is very wide
compared to the pH range which may be associated with
tissue such as muscle or fat.

[0063] As noted above, the predetermined pH range is
dependent on the tissue of interest. However, in general the
predetermined pH range is 5 to 8, typically 6.0-7.2

[0064] As noted above, the pH sensor provides an indica-
tion of the potential across the sensing membrane. The pH
meter then converts this into a reading of pH. Each pH sensor
has an associated rate for converting the potential across the
sensing membrane to a pH reading, and the conversion rate
would be known for each pH sensor. Some currently known
pH sensors convert a potential of around 0.06V to one pH
unit. However, this conversion rate may differ between pH
sensors. The potential at which the alert will start will be
dependent on the pH sensor and its conversion rate. Accord-
ing to one embodiment, the alert may start where the potential
across the sensing membrane is less than 0.3V, or where the
potential is greater than 0.48V.

[0065] The alert may be visual or audible, or both visual
and audible. Generally the alert starts within 1 minute or less
of the pH reading falling outside the pH range, typically 30
seconds or less, suitably within 10 seconds or less.

[0066] Thealertgenerally has a duration of 5 to 10 minutes.
For such a duration, the audible and visual aspects of the alert
may be continuous. Where the alert is both audible and visual,
the audible aspect of the alert may stop after such duration and
the visual aspect may continue until the pH reading is within
the predetermined range.

[0067] The alert may be repeated, typically at intervals
while the pH reading remains outside the predetermined
range.

Alert to indicate that the Sensor has exceeded its
Usage Period

[0068] As noted above, the pH sensor of the present inven-
tion may comprise an alert to indicate that the sensor has
exceeded, or is about to exceed its usage period.

[0069] A pH sensor can remain inserted into the tissue of
interest for extended periods of time. If a pH sensor remains
in a patient’s body for too long, the chance of infection
developing around the sensor where it penetrates the skin is
greatly increased. Generally, following expiry of the usage
period a new sensor should be inserted into a different but
neighbouring site in an effort to minimise the risk of localised
infection. A pH sensor may be used to take continual read-
ings, thus providing an indication of the changes or trends in
pH over time. Medical practitioners tend to review the read-
ings at spaced intervals. Different medical practitioners will
review the readings over the time the pH sensor 1s inserted and
it is easy for the medical practitioners not to realise how long
an individual pH sensor has been inserted into the patient. As
such, pH sensors may be inserted into a patient for far longer
than is optimal, increasing the risk of infection accordingly.

[0070] The sensor of the present invention may include an
alert to indicate that the sensor has exceeded its usage period.



US 2015/0164395 A1

The time period for insertion of the sensor into the patient is
minimised, thus minimising the risk of infection.

[0071] Ingeneral theusage period is 100 hours, typically 90
hours, suitably 80 hours. According to one embodiment, the
usage period is 72 hours.

[0072] The usage period is generally measured from the
point that the pH sensor and meter are connected, immedi-
ately before it is inserted into the tissue of interest. Generally,
the pH sensor is inserted into the tissue of interest within 2
minutes of the pH sensor being connected to the meter, typi-
cally within 1 minute of connection, preferably within 30
seconds of connection.

[0073] According to one embodiment, the alert begins 1
hour prior to expiry of the usage period, suitably 30 minutes,
typically 10 minutes prior to expiry of the usage period.

[0074] Alert to indicate that the Sensor has exceeded its
Shelf Life
[0075] As noted above, the pH sensor of the present inven-

tion may comprise an alert to indicate that the sensor has
exceeded, or is about to exceed its shelf life.

[0076] Although pH sensors are calibrated during manu-
facture, the accuracy of their calibration reduces upon stor-
age, in particular if the storage of the pH sensor is under
conditions that are suboptimal and may affect the porosity of
the sensing membrane. With some designs the sensing mem-
brane of pH sensors must be kept in contact with fluids, in
particular fluids containing hydrogen ions in order to function
properly. With other designs, hydration of the sensing mem-
brane is not necessary. As the time period from manufacture
to use increases, the risk of sensor inaccuracy also increases.

[0077] The shelf life of the sensor is generally one year,
suitably two years. According to one embodiment, the shelf
life of the sensor is three years.

[0078] The shelf life is generally measured from manufac-
ture, in particular from sterilisation of the sensor.

[0079] According to one embodiment, the alert begins one
week from expiry of the shelf life, typically 3 days, suitably
one day from expiry of the shelf life.

[0080] The alert to indicate that the sensor has exceeded its
usage period or its shelf life may be visual or audible, or both
visual and audible. Generally the alert starts immediately
after being connected to the meter.

[0081] In one embodiment, after the shelf life has been
exceeded, the sensor, after being connected to the meter, will
not permit pH to be recorded.

[0082] Generally where the alert indicates that the sensor
has exceeded its shelf life or usage period, the alert is both
audible and visual.

[0083] Thealert generally has a duration of 5 to 10 minutes.
For such a duration, the audible and visual aspects of the alert
may be continuous. Where the alert is both audible and visual,
the audible aspect of the alert may stop after such duration and
the visual aspect may continue until the alert is overridden.
Alternatively, or additionally the alert may be repeated at
intervals until it is overridden. Advantageously, where the
alert is overridden, the sensor provides an indication of this
and the meter records this event.

[0084] Where the sensor includes the alert indicating that
the sensor has exceeded its usage period or shelf life as
described above, the sensor generally includes a clock
mechanism, to countdown the usage period/shelf life. The
clock mechanism is generally linked to the alert. Where the
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clock mechanism indicates that the usage period/shelflife has
expired, the alert starts once the pH sensor is plugged into the
meter.

Preferred Embodiments

[0085] Preferably the sensor of the present invention com-
prises means to provide calibration performance information.
[0086] According to a further embodiment, the sensor of
the present invention advantageously comprises a sensor dis-
lodgement alert.

[0087] The sensor of the present invention may comprise
means to provide calibration performance information, and a
sensor dislodgement alert. In addition, the sensor of the
present invention may comprise an alert to indicate that the
usage period, and/or shelf life has expired, or is about to
expire.

[0088] According to one embodiment, the sensor may also
comprise means to record information, for instance one or
more of patient details, the date and time of use and the
highest and lowest pH values recorded during the use. The
means to record the information may be in the form of a chip,
in particular the connection means for connecting the sensor
to a meter may comprise the chip.

Measurement of pH of Soft Tissue

[0089] According to one aspect of the present invention,
there is provided the use of a pH sensor as described above in
a method of therapy or diagnosis.

[0090] The method of diagnosis may be in vivo or in vitro.
[0091] According to an aspect of the present invention there
is provided a method of determining the pH in a soft tissue
comprising the steps of inserting the pH sensor disclosed
above into the soft tissue of interest.

[0092] The soft tissue is generally muscle (skeletal or car-
diac) or fat, preferably muscle, including muscle adjacent to
a fracture site or the muscles contained within the limbs
(skeletal) or heart (cardiac) although other organs e.g. brain,
lung, kidney, liver, pancreas, renal gland etc. could also be
monitored. The sensor is typically inserted until the tip of the
sensor is contained within the soft tissue of interest.

[0093] The soft tissues are generally the soft tissues of a
human or animal, in particular a mammal.

[0094] The angle of insertion of the sensor is generally
approximately between 30-45 degrees to the surface of the
skin or tissue of interest.

[0095] Measurements of pH may be taken at regular inter-
vals, for instance every few seconds up to 1 minute.

Method of Determining the Condition of Soft Tissue

[0096] According to a third aspect of the present invention
there is provided a method of determining information con-
cerning the condition of soft tissues comprising the steps of
determining the pH of the soft tissue of interest (preferably
over a prolonged period, for example, 70 to 100 hours) with
the pH sensor as described above.

[0097] Typically, the trend of the change in pH is assessed
over a prolonged period (for example several hours up to 5
days). Where the trend of pH is to move towards the preferred
range for the particular type of soft tissue under investigation,
the condition of the soft tissue is deemed to be improving.
Where the trend of the pH is to move away from the preferred
range for the particular type of soft tissue tested, the condition
of the soft tissue is deemed to be declining.
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[0098] The preferred pH range for muscle of the arms and
legs (skeletal muscle) is 5.5-7.5

[0099] The preferred pH range for heart muscle (cardiac) is
5.5-1.5

[0100] The preferred pH range for fat is 5.5-7.5

[0101] According to a further aspect of the present inven-

tion there is provided a method of assessing the efficacy of a
treatment regime comprising the steps of determining any
change in the pH of the tissue of interest during treatment,
where any change in the pH towards the preferred range for
the tissue type is indicative of an effective treatment regime
and any change in the pH away from the preferred range for
the tissue type is indicative of a worsening in the condition of
the tissue, and thus an ineffective treatment regime.

[0102] The treatment regime may include manipulation of
the tissue, surgical treatments or the administration of phar-
macological agents.

Method of Diagnosis

[0103] According to a fifth aspect of the present invention
there is provided a method of diagnosis of a medical condi-
tion, in particular ischaemia, in a patient comprising the steps
of determining the pH of soft tissue of the patient using the pH
sensor as described above, comparing the pH with a prede-
termined range indicative of the medical condition.

[0104] As noted above, the normal pH range for heart
muscle, skeletal muscle and fat is similar although the normal
pH of other organs generally differs. In particular, the kidney
(especially the central part of the kidney), and the gastrointes-
tinal tract can have wide pH ranges.

[0105] The method of diagnosis may include determining
the pH of the soft tissue and determining whether the pH falls
outside the normal pH range for that tissue type.

[0106] The method may include determining several other
parameters that may add additional information, for instance
the pressure and temperature of the soft tissue of interest.
[0107] Conditions which may be diagnosed include acute
compartment syndrome, vascular insufficiency, traumatic or
surgical disruption of the blood supply to the tissues of inter-
est, septicaemia, extensive blood loss or extensive fluid loss
e.g. secondary to skin bums.

[0108] The method of diagnosis may be in vivo or in vitro.
[0109] Throughout the description and claims of this speci-
fication, the singular encompasses the plural unless the con-
text otherwise requires. In particular, where the indefinite
article is used, the specification is to be understood as con-
templating plurality as well as singularity, unless the context
requires otherwise.

[0110] Features, integers, characteristics, compounds,
chemical moieties or groups described in conjunction with a
particular aspect, embodiment or example of the invention are
to be understood to be applicable to any other aspect, embodi-
ment or example described herein unless incompatible there-
with.

[0111] Throughout the description and claims of this speci-
fication, the words “comprise” and “contain” and variations
of the words, for example “comprising” and “comprises”,
mean “including but not limited to”, and are not intended to
(and do not) exclude other moieties, additives, components,
integers or steps.

[0112] Generally the term “approximately” is intended to
encompass a range of 10% or less of any numerical value to
which it is applied.
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[0113] Further aspects and embodiments of the invention
are set forth in the following description and claims.

[0114] While various embodiments of the present invention
have been described above, it should be understood that they
have been presented by way of example only, and not limita-
tion. Thus, the breadth and scope of the present invention
should not be limited by any of the above-described exem-
plary embodiments, but should instead be defined only in
accordance with the following claims and their equivalents.
All documents, including webpages, cited herein are incor-
porated in their entirety by reference.

1. A pH sensor adapted to be inserted into soft tissue, such
as muscle, fat or other organs, comprising a means to store
calibration performance information of the sensor at the time
of manufacture thereof, wherein the means to store calibra-
tion performance information includes calibration perfor-
mance information comprising details of the individual per-
formance parameters of the sensor at different temperatures
and humidities.

2. The pH sensor as claimed in claim 1 comprising a cali-
bration indicator composition and an indication of the pH of
the calibration indicator composition.

3. The pH sensor as claimed in claim 1 wherein the pH
Sensor comprises:

a shaft,

atip atoneend of the shaft comprising a sensing membrane
having an internal surface and an external surface,

a reference electrode which is either internal 1.e. in close
proximity to the tip of the sensor, or external, i.e. distant
to the tip of the sensor,

an internal solution contacting the internal surface of the
sensing membrane,

a measuring electrode extending into the internal solution,
and

a connection means suitable for connecting the sensor to a
meter;

wherein the pH sensor is surrounded by a closed housing
suitable for maintaining the sterility of the pH sensor, the
housing including a calibration indicator composition at a
known pH, wherein the calibration indicator composition
contacts the sensing membrane of the pH sensor, and

an indication of the pH of the calibration indicator composi-
tion s provided.

4. The pH sensor as claimed in claim 3 wherein the cali-
bration indicator composition is suitable for maintaining the
hydration of the sensing membrane.

5. The pH sensor as claimed in claim 2 wherein the cali-
bration indicator composition is in the form of a buffered gel.

6. The pH sensor as claimed in claim 2 wherein the cali-
bration indicator composition is in the form of a hydrogel
coating.

7. The pH sensor as claimed in claim 2 wherein the cali-
bration indicator composition has a pH 0f 6.3 to 6.5.

8. The pH sensor as claimed in claim 3 wherein the indi-
cation of the pH of the calibration indicator composition is
provided integrally to the sensor package.

9. (canceled)

10. The pH sensor as claimed in claim 1 wherein the means
to store performance information is in the form of a chip
including an algorithm including information of the perfor-
mance of the pH sensor at the time of manufacture, under
different temperatures and humidities.
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11. The pH sensor as claimed in claim 1 including a sensor
dislodgement alert, providing an indication to the user if the
pH reading falls outside a predetermined range.

12. The pH sensor as claimed in claim 11 wherein the
predetermined pH range is dependent on the tissue in which
the pH sensor has been inserted, preferably wherein the pre-
determined pH range is 6.0 to 7.2.

13. The pH sensor as claimed in claim 11 wherein the alert
is visual and audible.

14. The pH sensor as claimed in claim 11 wherein the alert
starts within 1 minute or less of the pH readings falling
outside the predetermined pH range.

15. The pH sensor as claimed in claim 1 comprising an alert
to indicate that the sensor has exceeded, or is about to exceed
its usage period.

16. The pH sensor as claimed in claim 15 wherein theusage
period is 80 hours from the connection of the pH sensor with
a meter.

17. The pH sensor as claimed in claim 15 wherein the alert
starts 30 minutes prior to expiry of the usage period.

18. The pH sensor as claimed in claim 1 comprising an alert
to indicate that the sensor has exceeded, or is about to exceed
its shelf life.

19. The pH sensor as claimed in claim 18 wherein the shelf
life is 1 year from manufacture.

20. The pH sensor as claimed in claim 18 wherein the shelf
life is 3 years from manufacture.

21. The pH sensor as claimed in claim 18 wherein the alert
starts immediately after being connected to a meter if its shelf
life has exceeded or is about to exceed its shelf life.

22. The pH sensor as claimed in claim 15 wherein the alert
is visual and audible.

23. (canceled)

24. (canceled)

25. A method of determining the pH in a soft tissue com-
prising the steps of inserting the pH sensor as claimed in claim
1 into the soft tissue of interest.
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26. A method as claimed in claim 25 wherein the soft tissue
is muscle (skeletal or cardiac) or fat, preferably muscle,
including muscle adjacent to a fracture site or the muscles
contained within the limbs (skeletal) or heart (cardiac).

27. A method as claimed in claim 26 wherein the soft tissue
is brain, lung, kidney, liver, pancreas or renal gland tissue.

28. A method of determining information concerning the
condition of soft tissues comprising the steps of determining
the pH of the soft tissue of interest (preferably over a pro-
longed period, for example, 70 to 100 hours) with the pH
sensor as claimed in claim 1.

29. A method as claimed in claim 28 wherein the pH trend
is determined by calculating the pH at regular intervals over a
prolonged period, and the pH trend is compared with the
preferred range for the soft tissue under investigation, where
if the trend of pH is to move towards the preferred range for
the particular type of soft tissue under investigation, the con-
dition of the soft tissue is deemed to be improving, and where
if the trend of the pH is to move away from the preferred range
for the particular type of soft tissue tested, the condition ofthe
soft tissue is deemed to be declining.

30. A method of assessing the efficacy of a treatment
regime comprising the steps of determining any change in the
pH of the tissue of interest during treatment, where any
change in the pH towards the preferred range for the tissue
type is indicative of an effective treatment regime and any
change in the pH away from the preferred range for the tissue
type is indicative of a worsening in the condition of the tissue,
and thus an ineffective treatment regime.

31. A method of diagnosis of a medical condition, in par-
ticular ischaemia, in a patient comprising the steps of deter-
mining the pH of soft tissue of the patient using the pH sensor
as claimed in claim 1, comparing the pH with a predetermined
range indicative of the medical condition.
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