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APPARATUS AND METHOD FOR
DETECTING AN ABDOMINAL
ELECTROPHYSIOLOGICAL SIGNAL

[0001] The present invention relates to a method and appa-
ratus for detecting abdominal electrophysiological signals.
More specifically, the present invention relates to an appara-
tus or method for detecting at least one of: a maternal elec-
trocardiogram, a fetal electrocardiogram, a maternal heart
rate, a fetal heart rate, and uterine activity, and preferably a
method or apparatus for detecting at least 2 or 3, or all of the
above.

[0002] Medical devices are known that can be used to
detect a fetal electrocardiogram (fECG) without making
physical contact with the fetus. Such devices use electrodes
that are placed on the mother’s skin to detect electrophysi-
ological signals. The maternal electrocardiogram (mECG)
will also tend to be detected by the electrodes, and it can be
challenging to separate the fECG from the mECG. The elec-
trical signals detected by the electrodes can be processed to
determine: the fetal heart rate (from the fECG), the maternal
heart rate (from the mECG). Maternal contractions, often
referred to as uterine activity (UA) can be determined by
electrohysterography (changes in electrical potential due to
uterine contractions).

[0003] WO2009/150440 (Monica Healthcare) discloses a
multi-electrode patch for use in fetal heart rate monitoring,
the patch comprising a flexible substrate attachable to the skin
of a pregnant subject. Three sensing electrodes are positioned
on the flexible substructure to approximate an arc that is
substantially the same length as the arc formed by a uterus
fundus of a pregnant subject. Connection ports are provided
by which each sensing electrode may be connected to a fetal
heart rate monitor which receives the electrical signals from
the electrodes and determines the fetal heart rate from the
fECG. A multi-electrode patchis disclosed that includes inte-
grated circuitry configured to amplify and filter a detected
fECG signal.

[0004] EP 1 854 403 (Meyer) discloses a radial electrode
assembly for monitoring fECG and mECG signals. The
assembly comprises a flexible substrate defining a central
focal point, and a plurality of electrodes disposed on the
periphery of the flexible substrate, at a substantially equal
fixed radial distance from the focal point.

[0005] Although the patches disclosed in the prior art for
fECG detection are promising, considerable room for
improvement remains.

[0006] A fixed patch arrangement results in a precise fixed
spacing between the electrodes. This fixed electrode spacing
is advantageous for repeatability of measurements, but limits
the degree of flexibility in electrode placement. The optimum
electrode location may, for instance, vary as a function of the
size of the fetus and/or mother. The size of the fetus clearly
varies as a function of gestational age. Furthermore, the fixed
distance between electrodes of a patch arrangement does not
accommodate movement of the subject (for example result-
ing from locomotion or breathing) in the same way that indi-
vidual electrodes connected by leads to a signal processing
unit can.

[0007] In arrangements for fECG which use a readout cir-
cuit that is separate from the electrodes, the wires or leads that
electrically connect the electrodes to the readout circuit can
also result in problems. One such problem is that of noise
from the leads. Such noise may arise from a number of
sources, including electromagnetic interference, cable micro-
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phony, and triboelectric effects. Furthermore, the leads are
typically re-used, which present possible issues with cross
infection.

[0008] Although fECG patches with integrated electronics
can address some of the problems associated with cables, a
further problem with fECG patches that include integrated
electronics is that this greatly increases the cost of each patch.
This can make them too expensive for routine monitoring
applications, or can limit the sophistication of the electronics
of the readout, compromising performance. The patches are
often disposable single use patches.

[0009] Another problem with obtaining high quality
abdominal electrophysiological signals is that of making a
good electrical contact with the skin of the subject. This is
presently achieved by abrasion of the highly resistive stratum
corneum, so as to make contact with the less resistive skin
layers below. This skin preparation can be uncomfortable for
the subject, and takes time and skill from the user of the
apparatus.

[0010] Itis an object of the present invention to ameliorate
or overcome at least some of the above mentioned problems.
[0011] According to a first aspect of the present invention,
there is provided: a multi-electrode patch for abdominal elec-
trophysiological detection, the patch comprising: a flexible
substrate interconnecting a plurality of electrodes, and a flex-
ible substructure, wherein the electrodes are moveable or
conformable to a surface such that the relative positions of at
least some of the electrodes on the surface relative to each
other can be adjusted by moving the electrodes and deforming
the flexible substructure.

[0012] The position of each electrode may be moveable so
that a position of the each electrode can be adjusted to con-
form to the surface. Each electrode may be substantially rigid.
The surface may be non-planar.

[0013] The flexible substrate is preferably a unitary item
(single part). The flexible substrate is preferably formed by
printing a circuit onto a flexible support.

[0014] Elongate conductors may extend along and/or be
embedded in the flexible substrate and may depend from the
electrodes. The conductors may or may not extend towards a
common or central connector region of the patch. One or
more via may be provided in the electrical substrate to define
aconductor path, for example between one side of the flexible
substrate and an opposing side. One or more via may be
provided in a flexible support and/or the flexible substructure.
Thus electrical signals may be communicated from an elec-
trode on a side of the patch adjacent a wearer’s skin in use to
an opposing side, which faces away from the wearer.

[0015] The circuit and/or conductors of the flexible sub-
strate may comprise silver. A silver-containing ink may be
used to print the conductors/circuit. Matching of the conduct-
ing material properties with a suitable flexible substrate mate-
rial, such as a polymer has been found to be important in
preventing breakage/discontinuity in the conducting material
through use of the patch. A Polyethylene terephthalate (PET)
substrate layer may be used.

[0016] The flexible substrate may comprise the electrodes,
so that the electrodes are formed integrally with the flexible
substrate.

[0017] The ability to adjust the spacing between electrodes
addresses two problems. Firstly, the patch can be made more
comfortable for the subject, by accommodating movement of
the subject (e.g. as a result of breathing or locomotion). Sec-
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ondly, the patch can be reconfigured to provide a more opti-
mal placement of the electrodes for the specific subject to be
tested.

[0018] The flexible substructure may comprise an arched,
curved or serpentine elongate portion. The flexible substruc-
ture may comprise features that are at least one of: convo-
luted, folded, nested, zig-zag, elongate and indirect. Elon-
gate, narrow features that extend in a direction at an angle to
the desired direction of compliance are preferably used.
These are convenient and practical ways to provide a flexible
substructure that can allow repositioning of one or more
electrode relative to a central or common portion of the sub-
strate. A serpentine portion has the advantage of being a
compact way of providing a highly compliant substructure,
which can be arranged to have a substantially linear stiffness
over a relatively long displacement distance.

[0019] The flexible substructure may comprise a corru-
gated portion (in the Z-direction relative to the surface or
subject’s abdomen, in use). This provides a useful alternative
to flexible substructures formed by changing the layout of the
substrate (in plan view).

[0020] The patch, or at least a portion thereof, may remain
substantially conformed to the surface as the relative position
of at least some electrodes is adjusted. One or more electrode
may be arranged on an elongate or arm portion of the patch
which may depend from a common or central patch portion.
A hinge, crease, line of weakness or other formation to pro-
mote flexing away from the plane of the patch may be pro-
vided in the patch or substrate between an electrode and the
common/central patch portion. Such formation may be pro-
vided at an arm portion of the patch. Thus one electrode can
be raised and repositioned independently of the remainder of
the patch or other electrodes. In one example the formation
comprises a line or region in which no adhesive is provided.
[0021] The electrodes may comprise a common electrode
and a plurality of sensing electrodes, the sensing electrodes
being spaced apart from the common electrode and each
other.

[0022] The patch may further comprise a drive electrode,
for applying a voltage (other electrodes being sensing elec-
trodes for sensing a voltage and/or current).

[0023] The flexible substructure may be disposed between
the common electrode and the sensing electrodes, so that the
position of the common electrode on the surface can be
adjusted relative to that of the sensing electrodes. Each sens-
ing electrode may be connected to common, electrode by a
respective flexible substructure. Alternatively, one or more
sensing electrodes may be fixedly connected to the common
electrode.

[0024] The flexible substructure may be disposed between
at least two of the sensing electrodes. This allows them to be
positioned with varying distances between them in use, and
accommodates relative movement of their attachment points
(on the subject).

[0025] At least one further flexible substructure may be
provided between at least two of the sensing electrodes.

[0026] The sensing electrodes may be disposed along an
arc, with a first sensing electrode at one end of the arc, a third
sensing electrode at the other end of the arc, and a second
sensing electrode on the arc, between the first and third sen-
sors; wherein a first flexible substructure is arranged to allow
the distance along the surface between the first and second
sensing electrode to vary, and a second flexible substructure is
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arranged to allow the distance along the surface between the
third and second sensing electrode to vary.

[0027] A flexible substructure may be associated with each
electrode, so that the position of each electrode is adjustable
by deforming its respective flexible substructure.

[0028] The flexible substrate may further comprise a refer-
ence feature for alignment with an umbilicus, and the flexible
substructure allows the distance along the surface from the
reference feature to at least one electrode to be adjusted. The
reference feature may comprise a through hole in the sub-
strate, or a partially transparent region, or a detent or point in
the layout of the substrate.

[0029] An adhesive region may be provided, adjacent to the
reference feature and/or at a central region of the patch, so that
the patch and/or reference feature may be secured to the
surface by the adhesive region. Each electrode may comprise
an adhesive region, for example adjacent or encircling the
electrode itself.

[0030] The flexible substrate may comprise a conducting
layer and an insulating layer, and a graphite layer between the
conducting layer and the insulating layer. The graphite layer
may be arranged to reduce triboelectric charging as a result of
interactions between the conducting layer and the insulating
layer.

[0031] According to a second aspect of the invention, there
is provided a multi-electrode patch for abdominal electro-
physiological detection, the patch comprising: a flexible sub-
strate that comprises a conducting layer and an insulating
layer, and a graphite layer disposed between the conducting
layer and the insulating layer. The graphite layer may reduce
triboelectric effects arising from the interaction between the
insulating layer and conducting layer.

[0032] The patch may comprise a plurality of conducting
layers, the plurality of conducting layers comprising: a signal
layer, for communicating electrical signals from the elec-
trodes; and a shield layer, for shielding the signal layer from
electromagnetic interference; and the shield layer may be
separated from the signal layer by the graphite layer and the
insulating layer.

[0033] The shield layer may be disposed adjacent to a first
side of the signal layer, and the plurality of conducting layers
may comprise a further shield layer disposed adjacent to a
second side of the signal layer, and the further shield layer
may be separated from the signal layer by a further graphite
layer and a further insulating layer.

[0034] An outer insulating layer may be disposed adjacent
to an outward facing side (e.g. in use of the patch) of at least
one of the shield layer and further shield layer.

[0035] At least one electrode may comprise a plurality of
biocompatible electrically conductive needles, wherein each
needle has a length of between 10 pm and 200 um. A biocom-
patible material is one that does not have a deleterious or
injurious effect on a biological system as a result of it being
used as intended. Examples of biocompatible materials for
the conductive needles are doped silicon and gold coated
plastics materials such as polycarbonates.

[0036] According to a third aspect of the invention, there is
provided an electrode for a patch according to any other
aspect of the invention, wherein the electrode comprises a
plurality of biocompatible electrically conductive needles
having a length of between 10 pm and 200 um. Preferably the
electrode comprises at least 1000 needles.

[0037] Using an electrode comprising electrically conduct-
ing biocompatible needles allows a good electrical contact to
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be made with the skin without the need for careful skin
preparation before applying the electrodes. The skin prepa-
ration may comprise simply wiping the skin with an anti-
septic or anti-bacterial wipe, or there may be no skin prepa-
ration.

[0038] The plurality of biocompatible needles may have a
length between 20 um and 100 pm. This range of lengths is
long enough to penetrate the typical thickness of the highly
insulating stratum corneum so as to make electrical contact
with the more conductive underlying layers, but not long
enough to stimulate nerves so as to cause pain.

[0039] Each of the plurality of biocompatible needles may
have a mean diameter of between 10 pm and 100 pm. This
range of diameters is a good compromise between manufac-
turability, sharpness and robustness. The needle may taper
(for example, as a result of a wet etch following a silicon
crystal plane).

[0040] Theareal density of the needles may be between 200
and 1000 needles per square millimetre, preferably between
400 and 600 needles per square millimetre.

[0041] The needles may be configured to penetrate the
median thickness of the stratum corneum of the abdomen of
a pregnant human.

[0042] Anmodule unit may be provided (with any aspect of
the invention) for removably engaging with an electronic
readout device for detecting a fetal heart rate from the elec-
trodes; wherein the module unit comprises a mechanical
module unit for removable mechanical engagement with a
housing of the readout device, and an electrical module unit
for making an electrical connection from the electrodes to the
readout device; and wherein engaging the patch with the
readout device comprises engaging both the mechanical
module unit and the electrical module unit.

[0043] According to a fourth aspect of the invention, there
is provided a multi-electrode patch for abdominal electro-
physiological detection, the patch comprising: a flexible sub-
strate interconnecting a plurality of electrodes; and a module
unit for removably engaging with an electronic readout
device for detecting a maternal and/or fetal electrophysi-
ological signal from the electrodes; wherein the module com-
prises a mechanical module unit for removable mechanical
engagement with a housing of the readout device, and an
electrical module unit for making an electrical connection
from the electrodes to the readout device; and wherein engag-
ing the patch with the readout device comprises engaging
both the mechanical module unit and the electrical module
unit.

[0044] Using a patch with such a module allows the use of
removable readout circuit. This provides all of the advantages
of an integrated readout circuit, including reduced cable noise
and increased freedom of movement when wearing the patch,
but without many of the drawbacks (e.g. increased patch cost,
compromised readout electronics due to the need to control
costs), because the removable readout circuit is re-usable.
[0045] The mechanical module unit may comprise a mag-
net or ferromagnetic material.

[0046] The mechanical module unit may comprise a cradle
connected to the flexible substrate that is mechanically
engaged with the housing by sliding at least part of the hous-
ing into the cradle.

[0047] The module unit may be disposed between, and
preferably substantially equidistant from, at least two elec-
trodes. In such a manner the device is positioned typically at
the centre of gravity of the flexible structure.
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[0048] The electrical module unit may comprise a plurality
of electrical contacts on the flexible substrate.

[0049] The electrical connection between the module unit
and the readout device may comprise one or more resilient
contact member, which is typically a conductor, on one or
more of the patch substrate, electrical module unit or readout
device. The resilient contact member may comprise a spring
contact or other resiliently deformable contact.

[0050] A compression seal may be provided on the module
unit or readout device, for example on the housing thereof.
The seal may surround or otherwise isolate the electrical
connection, for example in a waterproof manner.

[0051] The patch may comprise a security device for pro-
viding an authentication code associated with the patch to an
electronic readout device for detecting a fetal heart rate from
the electrodes, so as to prevent use of the readout device with:
a patch that does not include the security device, or a patch
that provides the wrong authentication code. Furthermore the
security device may provide a unique patient ID that ensures
patient data is not compromised or confused with other
patients in the hospital, health centre or at home within the
community. Alternatively, the authentication code associated
with the patch may be linked with a unique patient ID so that
the patient ID can be identified from the authentication code
of the patch.

[0052] According to a fifth aspect of the invention, a multi-
electrode patch is provided for abdominal electrophysiologi-
cal detection, the patch comprising: a flexible substrate inter-
connecting a plurality of electrodes; and a security device for
electrically authenticating the patch to an electronic readout
device for detecting the fetal electrocardiogram from the elec-
trodes, so as to prevent use of the readout device with a patch
that does not include the security device.

[0053] The use of electronic authentication between the
patch and the readout circuit prevents the use of inferior
patches with the readout circuit thereby providing greater
control over the performance of the combined readout circuit
and patch system (improving safety). Furthermore, they
facilitate control over supply of compatible patches, so that a
vendor of apparatus for electrophysiological monitoring can
be certain that only consumables of appropriate quality are
used in the system.

[0054] According to a sixth aspect of the invention, an
electronic readout device is provided for use with a patch
according to an embodiment to amplify and filter at least one
signal from the electrodes of the patch, the readout device
comprising: an electrical power source for storing and pro-
viding electrical power to the device; a housing having a
mechanical module for mechanical engagement with the
mechanical module unit of the patch; and an electrical mod-
ule unit for electrical engagement with the electrical module
unit of the patch.

[0055] Such a readout device may be considerably more
convenient than a readout device that is connected to the patch
via a cable, and is further advantageous in that lead noise is
substantially reduced.

[0056] The mechanical module unit of the housing may
comprise a magnet or ferromagnetic material.

[0057] Theelectrical module unit of the readout device may
comprise at least one contact mounted on a resiliently
deformable element.
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[0058] The readout device may be configured to determine
at least one of: a fetal heart rate, a fetal ECG, a maternal heart
rate, a maternal ECG, and uterine activity, or two or three or
four or all five of them.

[0059] The readout device may comprise a wireless trans-
mitter, for transmitting information derived from the signal.
[0060] The readout device may be operable to transmit an
output, e.g. via the wireless transmitter, the output comprising
at least one of: a fetal heart rate, a fetal ECG, a maternal heart
rate, a maternal ECG, and uterine activity.

[0061] Thereadout device may be configured to control the
power of the wireless transmitter, based on at least one of a bit
error rate at a receiver and a signal strength at the receiver.
This enables far more efficient use of power, and conse-
quently may greatly increase battery life for the readout
device.

[0062] According to a seventh aspect of the invention, there
is provided a multi-electrode patch for abdominal electro-
physiological detection, comprising an inertial sensor.
[0063] Thereadout device may comprise an inertial sensor.
[0064] The inertial sensor may comprise at least one of an
accelerometer or a gyroscope.

[0065] The inertial sensor may be configured to detect at
least one of a maternal movement, maternal breathing, mater-
nal contraction and fetal movement.

[0066] The readout device may be configured to use infor-
mation from an inertial sensor to reduce artefacts in at least
one of a fetal heart rate and a fetal ECG output from the
readout device.

[0067] The readout device may comprise a security device
that is arranged to prevent the readout device from function-
ing with the patch unless it receives an appropriate authenti-
cation code from a corresponding security device of the
patch.

[0068] According to a eighth aspect of the invention, there
is provided an electronic readout device for use with a patch
according to an embodiment, to amplify and filter at least one
signal from the electrodes of the patch, wherein the readout
device comprises a security device that is arranged to prevent
the readout device from functioning with the patch unless it
receives appropriate authentication from the security device
of the patch.

[0069] The readout device may be configured to store a
patch authentication code associated with a particular patient,
so that the readout device becomes operable only with a patch
having an authentication code associated with a particular
patient.

[0070] The readout device may be configured to detect an
electrophysiological signal from the voltage between two
sensing electrodes of the patch. The two sensing electrodes
may be those that are intended to be placed laterally on either
side of a median line of the subject, adjacent to the umbilicus.
[0071] According to an ninth aspect of the invention, there
1s provided a receiving and displaying station for receiving
information from a readout device according to an embodi-
ment, wherein the receiving and displaying station com-
prises: adisplay for displaying at least one of a fetal heart rate,
a fetal ECG, a maternal heart rate, a maternal ECG, and
uterine activity; and a dock area for receiving the housing of
the readout device; wherein the dock comprises an inductive
charger for charging the electrical power source of the readout
device.

[0072] The display and dock may both be housed within a
single housing enclosure.

Sep. 15, 2016

[0073] Thedisplay station may be configured to transmit at
least one of: a fetal heart rate, a fetal ECG, a maternal heart
rate, a maternal ECG and uterine activity to a further moni-
toring or display station, such as a cardiotocograph display
device. Existing infrastructure can thereby be used to display
information derived from the electrophysiological signals
detected by the patch.
[0074] According to a tenth aspect of the invention, there is
provided a system for abdominal electrophysiological detec-
tion, comprising a patch according to an embodiment of the
invention, and a readout device for use with the patch,
wherein the readout device is operable to determine at least
one of: a fetal heart rate, a fetal ECG, a maternal heart rate, a
maternal ECG, and uterine activity.
[0075] Thesystem may further comprise a receiving station
for receiving and displaying information received from the
readout device, the information comprising at least one of’ a
fetal heart rate, a fetal ECG, a maternal heart rate, a maternal
ECG, and uterine activity.
[0076] According to an eleventh aspect of the invention,
there is provided an abdominal electrophysiological detec-
tion kit, comprising a plurality of patches, and optionally one
or more of: instructions to use the patches; and at least one
package, packaging up the patches in a sterile multi-patch
pack. The patch and/or readout device may be in accordance
with any other aspect of the invention.
[0077] According to an twelfth aspect of the invention,
there is provided a method of determining human abdominal
electrophysiological signals, comprising using a patch
according to an embodiment of the invention, comprising:
applying the patch to the abdomen of a pregnant human
subject, and using a readout circuit to detect electrophysi-
ological signals via the electrodes of the patch, and preferably
displaying an output derived from said signals.
[0078] The method may further comprise using the electro-
physiological signals to determine at least one of a fetal heart
rate, a fetal ECG, a maternal heart rate, a maternal ECG, and
uterine activity, and such physiological signals may be dis-
played.
[0079] Applying the patch to the abdomen of the subject
may comprise the following steps:
[0080] securing the reference feature to the abdomen;
[0081] subsequently applying each of the electrodes of
the patch in turn to the abdomen.
[0082] Applying each electrode of the patch to the abdo-
men may comprise the following steps:
[0083] applying the electrode to the skin;
[0084] testing the impedance of the electrical connection
between the electrode and the skin; and
[0085] if the impedance is above a predetermined value:
[0086] removing the electrode without detaching the
reference feature or any other electrodes of the patch
from the skin;
[0087] preparing the skin to reduce the impedance
thereof; and
[0088] re-applying the electrode.
[0089] The method may comprise detecting an electro-
physiological signal from a voltage difference between a
sensing electrode and a common electrode, and detecting a
further electrophysiological signal from a voltage difference
between a pair of sensing electrodes.
[0090] The pair of sensing electrodes may be applied to the
abdomen, spaced apart either side of the median line of the
subject, adjacent to the umbilicus.
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[0091] The method may comprise determining at least one
of: uterine activity, a fECG, a mECG, taking account the
electrophysiological signal obtained from the pair of sensing
electrodes.

[0092] The method may comprise applying the patch elec-
trodes to the abdomen of the subject without first preparing
the skin by removing a region of the stratum corneum (for
instance where the electrodes comprise a plurality of
needles).

[0093] The method may comprise engaging mechanical
and electrical interface units of the readout device with the
interface unit of the patch.

[0094] The method may comprise using the readout circuit
to electronically authenticate the patch using the security
device of the patch and the security device of the readout
device.

[0095] The method may comprise configuring at least one
readout device to work with a particular patch, based on the
authentication code of the patch. The method may comprise
configuring more than one readout device to work with a
particular patch, based on the authentication code of the
patch. Rapid switching between readout devices may thereby
be achieved, with one readout device in use on the patch, and
at least one further readout device ready for use. The at least
one readout device ready for use may, for instance, be left
charging on a receiving station.

[0096] It will be appreciated that a number of essential or
preferable features have been defined above in relation to one
particular aspect of the invention for the sake of brevity.
However the optional features of each of the specific forgoing
aspects and embodiments of the invention can be combined
with other aspects of the invention, as appropriate, wherever
practicable.

[0097] The invention will now be described, purely by way
of example, with reference to the accompanying drawings, in
which:

[0098] FIG.1is alayout diagram ofa patch according to an
embodiment of the invention;

[0099] FIG. 2 is a layout diagram of the overlaminate layer
of the embodiment of FIG. 1;

[0100] FIG. 3 is a perspective view of a patch and readout
device according to an embodiment of the invention;

[0101] FIG. 4 is a perspective view of a receiving station
according to an embodiment of the invention, with three
different embodiments of a readout device according to an
embodiment of the invention;

[0102] FIG. 5 is a schematic of a readout device according
to an embodiment of the invention;

[0103] FIG. 6 is a sectional schematic of an electrode
according to an embodiment of the invention;

[0104] FIG.7is ablock diagram of a readout device accord-
ing to an embodiment of the invention; and

[0105] FIG. 8 is a schematic of a test subject and a patch
according to an embodiment of the invention, in use on the
subject.

[0106] Referring to FIG. 1, a patch 150 according to an
embodiment is shown, comprising a flexible substrate 100,
viewed from the side that is to be facing the abdomen, in use.
The flexible substrate 100, comprises a plurality of layers
6-12. The layers 6-12 are patterned so as to define the shape of
the substrate 100, and to form electrodes 1-5. Each electrode
1-5 is connected via a conducting track 15 to an electrical
module unit 16, for electrically connecting the electrodes 1-5
to a readout device (not shown).
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[0107] The electrodes 1-5 and/or the conducting tracks 15
are formed from the signal layer 12, which comprises silver.
For example, the conducting film used can be silver chloride
which provides a good stoichiometric match to saline based
electrode gels. A silver-containing ink may be used in par-
ticular to print the conducting tracks 15 and/or signal layer 12.
[0108] An insulating dielectric layer 11a, 11 b is arranged
on each respective side of the signal layer 12. The insulating
dielectric layers 11a, 11 b have a similar pattern to the con-
ducting tracks 15 of the signal layer 12. The insulating layers
11a, 11 b substantially overlay the conducting tracks 15, and
are oversized relative thereto. The insulating layers 11a, 116
completely cover the conducting tracks between the elec-
trodes 1-5 and the electrical module unit 16, while leaving the
signal layer 12 exposed in the electrode and electrical module
unit 16 region.

[0109] A graphite layer 10a, 105 is in contact with each of
the respective dielectric layers 11a, 115. The graphite layers
11a, 115 substantially overlay the respective insulating layer
11a, 115, and are oversized relative thereto.

[0110] A first conducting shield layer 9a is in contact with
the graphite layer 10a, and a second conducting shield layer
954 is in contact with the optional graphite layer 105. The first
and second conducting shield layers 9a, 95 substantially con-
form to the shape of their respective graphite layers 11a, 115.
The graphite layers 10, 105 may reduce triboelectric charg-
ing of the respective shield layers 9a, 9b.

[0111] In some embodiments the graphite layers 10a, 105
may be omitted.

[0112] A further insulating dielectric layer 8 is in contact
with the first conducting shield layer 9a, and an insulating
overlaminate 6« is in contact with this layer 8. An insulating
base layer 64 is also in contact with the second conducting
shield layer 95. The overlaminate 6a and base layer 65 are
configured to substantially encapsulate the other layers of the
substrate, except in the region of the electrodes 1-5. In the
region of the electrodes, the signal layer 12 is exposed so that
the electrodes 1-5 can make contact with an underlying sur-
face. The insulating overlaminate 6a and base layer 65 may
comprise a plastics material, such as polyester. The insulating
dielectric layers 8, 11a, 115 may comprise a plastics material,
such as polyester or polyimide.

[0113] The base layer 6b defines the external shape of the
flexible substrate 100, and includes a circular region corre-
sponding with each electrode 1-5. The electrodes 1-5 are
substantially rectangular, and are surrounded by each respec-
tive circular region 21-25. In will be appreciated that in other
embodiments, the electrodes 1-5 can be any appropriate
shape, such as circular, square or rectangular. The circular
regions 21-25 may be provided with an adhesive film around
their perimeter, so that the each circular region can be adhered
to the skin of a subject. A conducting medium (such as ECG
gel) is preferably disposed between each electrode 1-5 and
the skin of the subject, thereby securely coupling each elec-
trode 1-5 to the skin of the subject.

[0114] The conducting medium preferably comprises at
least 9% (by mass) of an electrolyte such as sodium chloride
or potassium chloride. The conducting medium (or gel) may
be applied by a user (e.g. a nurse or doctor) to the subject’s
abdomen when applying the patch, or may be pre-existing on
the patch when it is removed from packaging (not shown).
The conducting medium may be retained in contact with the
electrode by a sponge element (not shown). Each circular
region 21-25 comprises a lobe, or flap, that is substantially
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free from adhesive film or conducting medium, protruding
from the edge of the circular region 21-25. Each electrode 1-5
can thereby be detached from the subject by peeling the
circular region 21-25 away from the subject by the lobe.

[0115] Forany polymer layer described above, a PET mate-
rial may be used and has been found to provide useful prop-
erties, i.e. resilience, for avoiding breakage of the signal layer
12 during flexing of the patch in use. The material thickness of
the polymer/PET layer(s) may be matched to the properties of
the signal conducting layer 12 to prevent deformation of the
tracks in a manner that is likely to lead to a break in the signal
layer 12.

[0116] Although not explicitly shown in the figures, a plu-
rality of vias may be provided through one or more of the
above described layers in order to allow signals to pass
to/from either external surface of the patch. Thus electrical
signals may pass from the electrodes to the signal layer 12 and
may pass form the signal layer 12 to the module unit 16 on the
exterior of the patch substrate by way of a via formation
passing through the intermediate layers.

[0117] The substrate 100 comprises a reference feature 17,
for lining up with an umbilicus or other suitably recognisable
feature of the subject. In this case, the reference feature 17 is
defined by an aperture in the flexible substrate 100. In other
embodiments the reference feature 17 may be a vertex,
pointer or transparent region forming in the flexible substrate
100. The reference feature 17 may be associated with an
adjacent adhesive region, by which the reference feature 17
can be secured to the subject, for example adjacent to the
umbilicus.

[0118] The structure lends itself to a straightforward
method of application. For example, the reference feature 17
may be secured at a reference point on the patient using the
associated adhesive region. The electrodes 1-5 can subse-
quently be moved away from the abdomen to prepare the skin.
For example each electrode 1-5 can then be placed in turn
around the abdomen with, if necessary, suitable abrasive skin
preparation. Once any skin preparation and the subsequent
placement ofan electrode 1-5 has been completed the imped-
ance of the connection between the electrode 1-5 and the
patient may be measured by an electronic readout device 200
(shown in FIG. 7). If the impedance is above a desired value,
further preparation of the skin may be carried out to reduce
the impedance to below the desired value. The desired value
may, for example, be 5 kOhms. When the impedance is below
the desired value, the skinregion for the next electrode may be
prepared by abrading the skin and the electrode subsequently
applied electrode, and the impedance tested. This method
may be repeated until all of the electrodes are successfully
applied.

[0119] Theelectrodes 1-5 comprise a first sensing electrode
1, second sensing electrode 2 and third sensing electrode 3, a
drive electrode 4 and a common electrode 5. Each of the first,
second and third sensing electrodes 1, 2, 3 and the drive
electrode are arranged around the reference feature 17 of the
patch, in this embodiment equi-angularly spaced at about the
same distance from the reference feature 17. Specifically, in
the orientation shown in FIG. 1, the first and third sensing
electrode 1, 3 are respectively to the left and right of the
reference feature, and the second sense electrode 2 and the
drive electrode 4 are respectively above and below the refer-
ence feature. The length of the tracks 15 connecting each of
the electrodes 1-4 to the module 16 is thereby minimised,
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reducing any potential for noise (which may arise from elec-
tromagnetic interference, triboelectric effects etc).

[0120] In the embodiment the circular regions 21, 23
respectively associated with the first and third sensing elec-
trode 1, 3 are arranged symmetrically on a horizontal line
passing through the centre of the reference feature 17. The
circular regions 22, 24 respectively associated with the sec-
ond sensing electrode 2 and drive electrode 4 are arranged on
a vertical line passing through the centre of the reference
feature 17.

[0121] The circular region associated with the common
electrode 51is arranged on the vertical line passing through the
reference feature 17, below the drive electrode 4. The drive
electrode can be placed on any other part of the abdomen.
[0122] Each ofthefirst and third sensing electrodes 1.3 and
the common electrode 5 are attached to the region of the
substrate 100 that carries the reference feature 17 by a respec-
tive flexible substructure 13a, 135, 13¢. Each flexible sub-
structure 13a-13c¢ is attached at a first end to a part of the
substrate 100 that carries the reference feature 17, and at a
second end to the circular region 21, 23, 25. Each flexible
substructure is arranged to deform so as to allow the relative
positions of the first and second end of each flexible substruc-
ture to be adjusted when the substrate is conformed to a
surface (such as an abdomen), thereby altering the positions
ofthe electrodes 1, 3, 5, relative at least one of: each other, the
other electrodes 2, 4, and the reference feature 17. In other
embodiments a similar flexible substructure can be used to
connect electrodes 2 and 4 to the part of the substrate 100 that
carries the reference feature 17. Such an arrangement may
accommodate transverse (horizontal) stretching of the skin.
[0123] In this arrangement, the flexible substructures 13a
and 135 allow adjustment of the distance between the first
sensing electrode 1 and the reference feature 17 and the
distance between the third sensing electrode 3 and the refer-
ence feature 17. The ability of the substrate to accommodate
adjustment of the positions of these electrodes makes the
patch more comfortable, because the natural movement of the
subject’s skin (for instance as a result of breathing) can be
accommodated by the flexible substructures 13a and 135. A
similar structure may be used in relation to electrodes 2 and 4.
Furthermore, the patch may be configured to fit subjects with
different sizes of abdomen, so that a single patch can be used
on a wide range of subjects.

[0124] Each flexible substructure 13a-13¢ in this embodi-
ment comprises a serpentine arrangement, in which at least
one folded elongate member is disposed substantially lateral
with a direction of movement to be accommodated by the
substructure. The stiffness of such a member is substantially
proportional to the third power of its length, and the compli-
ance of the substructures in each direction may readily be
tailored by adjusting their length, or the number of folds in the
serpentine substructure (each fold further increasing the com-
pliance). Each substructure 13a-13¢ carries the conducting
track 15 of the electrode associated therewith.

[0125] The flexible substructures 13a and 135 are similar,
these being rotationally symmetric about the centre of the
reference feature 17, and having a single folded elongate
member (having an outward leg and a return leg), that extends
in a substantially vertical direction. Horizontal relative move-
ment between the first and third sensing electrode 1, 3 is
thereby accommodated.

[0126] The substructure 13¢ that connects the common
electrode 5 to the part of the substrate carrying the reference
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feature 17 is different, and has two folded elongate members
31, 32, each extending in a substantially horizontal direction.
This substructure 13¢ is configured to accommodate a greater
degree of relative movement than the other substructures 134,
135, so that the common, electrode can be positioned towards
the symphis pubis at a range of gestational ages and for a
range of different sized subjects. The terms ‘horizontal” and
‘vertical” will be understood as relative terms, and are not
intended to refer to ‘horizontal® and ‘vertical’ directions of an
external reference frame.

[0127] FIG.2 shows the shape of the overlaminate layer 6a,
and substantially corresponds with the shape of the substrate
100, but with the circular regions 21-25 omitted.

[0128] FIG. 3 shows a further patch according to an
embodiment, comprising the same flexible substrate 100 that
is shown in FIG. 1, with a mechanical module unit 19 affixed
to the substrate 100 adjacent to the electrical module unit 16.
The patch 150 is shown with a separate electronic readout
device 200 for detecting electrophysiological signals from
the electrodes 1-5 of the patch.

[0129] The electronic readout device 200 comprises a read-
out device housing 201 which is substantially cuboidal in
shape. and which has an upper face 202 which is substantially
square. The upper face 202 is similar in extent to one of the
circular regions 21-25 associated with each readout electrode.
The thickness of the housing 201, in a direction normal to the
upper face 202, is less than half the edge length of the upper
face 202, so that the readout device 200 is compact and low
profile.

[0130] The mechanical module 19 comprises a cradle for
receiving the readout device housing 201 of the readout
device 200. The housing 201 is removably received and held
within the cradle, which allows movement of the housing 201
only in the direction of insertion/removal. The cradle com-
prises a stop, and the readout device 200 is fully engaged with
the mechanical module unit 19 when the housing 201 is in
contact with the stop. The mechanical module 19 further
comprises a latch or catch to retain the readout device housing
201 in contact with the stop. In this embodiment the latch or
catch comprises a magnetic catch. A permanent magnet is
provided on either (or both) of the mechanical module 19 and
housing 201, which attracts a corresponding magnet (or fer-
romagnetic element) on the other of the mechanical module
19 or housing 201. In alternative embodiments, a hook and
loop arrangement (e.g. Velcro) may be used to secure the
readout device 200 to the patch 150.

[0131] When the readout device housing 201 is fully
engaged with the mechanical module 19, an electrical module
204 (shown in FIG. 5) of the readout device 200 is in electrical
engagement with the electrical module 16 of the patch 150.
The electrical module 204 of the readout device 200 may
conveniently comprise a plurality of contacts mounted on
resiliently deformable members (e.g. spring loaded contact
pins).

[0132] The quality and reliability of the electrical contacts
made to the module may be important when detecting elec-
trophysiological signals (which are typically sub microvolt)
and also for ensuring that stringent cleaning procedures asso-
ciated with a hospital environment can be implemented on the
readout device 200. Planar connections on the readout device
200 and resiliently biased connections on the patch 150 may
be used. This arrangement allows easy cleaning of the readout
device 200. The patch 150 may be disposed of after each use
and hence not require cleaning, so the difficulty of cleaning
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the resiliently biased connections may not arise. Alterna-
tively, either electrical module 204, 16 (of readout device 200
or patch 150) may comprise resiliently biased contacts
wherein each contact pin resides inside a tube with a secure
seal between the tube and the contact pin. The pins and their
respective tubes may be are separated from each other by a
sufficient distance to enable them to be cleaned. In this way
the readout device 200 may be provided with resiliently
biased contacts that may be readily cleaned.

[0133] Insome situations it may be advantageous to seal the
connected electrical modules 204, 16, for example to prevent
the ingress of water or other fluids during a water birth deliv-
ery. One way to achieve this is to use a seal element (such as
an O ring seal) around the electrical module 204, 16. The seal
element may be provided on either the patch 150 or the
readout device 200. The seal element may compressed when
the readout device 200 is engaged with the mechanical mod-
ule 19. The mechanical module 19 may be configured to urge
the seal element into sealing engagement with the patch 150
and/or readout device 200 (for example by magnetic force).

[0134] A security device 101 is provided on the patch 150,
for authenticating the patch 150 to the electrical readout
device 200. In this embodiment the security device 101 is
provided in the cradle. When the respective electrical mod-
ules 16, 204 of the patch 150 and readout device 200 are
engaged, the readout device 200 checks the patch to deter-
mine whether it is authentic (i.e. checks whether the patch is
an unauthorised copy). The authentication is achieved by
communication (e.g. electrical, optical, wireless) between a
security device 203 of the readout 200, and a corresponding
security device 101 of the patch. The security devices 101,
203 may be configured to use cryptographic and/or hash
fanctions.

[0135] Each electrical module 16, 204 may comprise nine
connections. Three connections may be provided for each of
three sensing electrodes, and acommon and drive connection
may be provided for the common and drive electrode respec-
tively. A connection may be provided for connection to at
least one conducting shield layer of the patch. A further three
connections may be provided for connection with the security
device, or chip, 101 of the patch 150.

[0136] The readout device 200 is preferably configured to
determine and output at least one of a: fetal heart rate, fetal
ECG, maternal heart rate, maternal ECG, or uterine activity.
Preferably the readout device is configured to output any two,
three, four, or all five of the above. The readout device is
preferably configured to transmit the output, so that it can be
monitored. Preferably, the readout device 200 comprises a
wireless transmitter (e.g. according to the Bluetooth stan-
dard), operable to transmit the output of the readout device
200.

[0137] Insome embodiments, the readout device 200 does
not determine any of a fetal heart rate, fetal ECG, maternal
heart rate, maternal ECG, or uterine activity, butinstead trans-
mits raw or partially processed voltage and/or current data
from the electrodes, for processing by a further device into a
suitable output (such as one, two, three, four or more of a fetal
heart rate, fetal ECG, maternal heart rate, maternal ECG, or
uterine activity).

[0138] Referring to FIG. 7, a block diagram of a readout
device 200 according to an embodiment is shown. The read-
out device 200 comprises an electrical module unit 204, ana-
logue circuit 213, digital processor 212, wireless transmitter
211, security device 203, battery 210 and inductive coil 214.
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[0139] The analogue circuit 213 comprises an analogue to
digital converter, and receives the electrical signals from the
electrodes, and outputs a digitised version thereof, for pro-
cessing by the digital signal processor. In some embodiments
the analogue circuit 213 may comprise an amplifier and/or
filter.

[0140] The processor 212 receives a digitised signal from
the analogue circuit 213, and preferably processes it to deter-
mine an output, as described already. The processor 212
subsequently outputs a signal to the wireless transmitter 211
for onward transmission, for example to a receiving and dis-
play station 300 according to an embodiment of the invention.
[0141] In order to maximise the battery life of the remov-
able electronic device it may be configured such that the
power of the wireless transmitter is controlled based upon the
signal strength index and/or bit error rate. This may greatly
lengthen the monitoring period that can be carried under one
single battery charge.

[0142] In some embodiments, one or more component of
the device 200 may be combined, for example in a multi-chip
module or system on chip. For example, the processor 212
may comprise any combination of the analogue circuit 213,
the security device 203 and the wireless transmitter 211.
[0143] The electronic components of the readout device
200 are powered by an electrical power source, which is a
battery 210 in this embodiment. In other embodiments the
electrical power source may comprise a capacitor. The induc-
tive coil 214 is operative to charge the battery 210, optionally
under the control of the processor 210.

[0144] The readout device 200 may be configured to detect
electrophysiological signals between a pair of sensing elec-
trodes, rather than simply between a sensing electrode and the
common electrode. For example, the readout device 200 may
be configured to detect electrophysiological signals between
sensing electrodes 1 and 3 (i.e. horizontally across the abdo-
men in use). This allows a further channel of UA and fetal
ECG to be provided. The advantages for UA are that the
separation is relatively fixed between electrodes 1 and 3 and
hence this offers the potential of indicating contraction
strength, Furthermore such a horizontal fECG channel (mea-
sured between sensing electrodes 1 and 3) allows breech and
transverse presentations to be more carefully monitored. In
addition, by providing this channel a further Maternal ECG
channel can be generated that can be used for mECG removal,
further reducing confusion between the mECG and fECG.
Such confusion is a common problem with Doppler ultra-
sound whereas with abdominal fECG the percentage confu-
sion time is considerably reduced. The use of another mECG
channel (for example, measured between sensing electrodes 1
and 3) can further reduce this confusion by providing an
improved template for accurate mECG removal.

[0145] The readout device 200 may comprise sensors 215,
which may comprise an inertial sensor such as accelerometer
and/or gyroscope. Preferably, the sensors 215 comprisea one,
two or three axis accelerometer, and/or a one, two or three
axis gyroscope. The sensors 215 may be MEMS (micro-
electromechanical systems) devices. The readout device 200
may comprise an inertial measurement unit. The accelerom-
eters and gyroscopes may be used to track the movement of
the readout device 200, thereby allowing both fetal ECG and
electrohysterogram algorithms to differentiate between
maternal/fetal movements and genuine contractions and fetal
ECG signals. A gyroscope can provide useful additional rota-
tional information that an accelerometer cannot provide,
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thereby allowing further separation of fetal movement from
the acquired data. This fetal movement is a highly useful
indicator that provides further fetal well-being indication.
Additionally the use of the pair of devices allows separation
of the maternal breathing signal which is a further indication
of maternal health.

[0146] InFIG. 4, asignal receiving and display station 300
is shown, comprising a screen 302, and two dock areas 301.
The receiving station is operable to receive and display output
signals from the readout device 200 on the screen 302. The
dock areas 301 are arranged to receiving part of the housing
201 of the readout device 200, and are provided with a wire-
less charging device, that is operable to charge a readout
device 200 placed in the dock area 301. The wireless charging
device preferably operates by inducing a current in a conduc-
tor of the readout device 200 using a coil. A number of
alternative embodiments 2004, 2005, 200¢ of readout devices
200 are shown in front of the receiving station, each having
slightly different designs of housing 201. The housing 200 is
preferably waterproof, and is preferably IP57 rated.

[0147] The receiving and display station 300 can have two
significant functions. The first is to display the full set of fetal
and maternal parameters (i.e. FHR, MHR, UA, fetal move-
ment etc) to the clinical care team or community midwife. A
second significant function is that of an interface device that
connects to existing installed CTG (cardiotocograph)
machines. This latter function allows hospitals/health care
units to efficiently use its existing resources without making
equipment redundant whilst benefiting from the advantages
of abdominal electrophysiological monitoring i.e. increased
FHR accuracy; improved reliability of FHR/UA with BMI,
maternal mobility; reduced FHR/MHR confusion etc.
[0148] At least two readout devices 200 are preferably
allotted for a single patient. When one readout device 200 is
connected to the patch 150 it sends the patch unique ID to the
receiving and display station 300 so that the second readout
device 200 can only be connected to the same patch 150 when
the readout devices 200 are eventually swapped over. Read-
out devices may be swapped when the battery becomes dis-
charged or when routine maintenance is required. The num-
ber of readout devices 200 associated with each patient,
patch, or receiving and display station 300 is not limited to
two or three (as shown in FIG. 4) as labour or a maternal
antenatal recording session can extend over a considerable
time, for example from a few hours to several weeks.

[0149] The use of at least two readout devices 200 allows a
seamless swapping of the readout devices 200. The subse-
quent readout device 200 may already have the appropriate
patch ID loaded into its local memory so as to reduce set up
time.

[0150] Referring to FIG. 6, an electrode 400 is shown. The
electrode 400 is for use as an electrode of a patch according to
an embodiment of the invention, and comprises a substrate
402, from which extend a plurality of electrically conductive
needles 401. The needles are formed from a bio-compatible
material (such as doped silicon), and are configured to pen-
etrate the stratum corneum to provide an electrical connection
to the more conductive underlying layers, without penetrating
far enough to stimulate nerves so as to cause pain. The needles
therefore have a length of between 20 um and 200 pm, pref-
erably between 50 pm and 100 pm. The needles may be
formed by reactive ion etching or wet etching of silicon, or
may be formed by any other suitable process, from any other
suitable material. The electrode 400 may be used as each
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electrode of a patch according to an invention. A patch 150
that comprises such electrodes 400 may obviate the careful
preparation of the skin that is usually necessary to achieve a
low enough impedance contact to the subject, because the
needles facilitate contact to be made through the stratum
corneunt.

[0151] Referring to FIG. 8, a patch 150 according to an
embodiment of the invention is shown in use, applied to the
abdomen of a pregnant human subject 500. The skin is pref-
erably prepared to ensure a good contact is made between
each electrode and the skin, and gel is preferably applied to
electrically couple the electrodes to the skin. The reference
feature 17 of the patch is aligned with the umbilicus 501 of the
subject 500, and the first sensing electrode 1 and drive elec-
trode 4 are arranged on the abdomen on the median plane of
the subject. The common electrode 5 is placed facing the
symphis pubis, by extending the flexible substructure 13c if
necessary. The patch 150 is comfortable and low profile, and
relative movement of the electrodes (e.g. as a result of breath-
ing and locomotion) is accommodated.

[0152] Thereadout device 200 is engaged with the module
of the patch 150, so that their respective electrical modules
16, 204 are connected. In order for the readout device to work
with the patch 150, and provide any useful output, the patch is
preferably first authenticated by the readout device, using the
respective security devices 101, 203.

[0153] Once the patch 150 is authenticated, the readout
device 200 amplifies and filters the electrophysiological sig-
nals detected by the sensing electrodes 1-3 to determine and
output all of: a fetal ECG, a fetal heart rate, a maternal ECG,
amaternal heart rate, and a uterine activity. More specifically,
the voltage difference between the sensing electrodes and the
common electrode is sensed and processed by the readout
device to create an output signal from the readout device 200.
The common mode voltage of the three sense electrodes 1-3
is applied to the shield layers 9a, 95 of the patch 150, to
minimise leakage currents to the shield layers. The inverse of
the common mode voltage is applied to the drive electrode 4
to minimise common mode voltage noise. The term ‘common
mode’ is used in the conventional sense of a signal that is
shared by more than one conductor.

[0154] The integration of the readout circuit 200 and patch
150 allows the subject to move freely, without having to
worry about leads, and minimising any deleterious cable
noise that can arise due to triboelectric effects when leads are
flexed. Furthermore, the short length of the connections to the
readout circuit minimise the potential for other sources of
noise.

[0155] The readout device 200 preferably comprises a
wireless transmitter (not shown), and is operable to wirelessly
transmits the output, via the wireless transmitter, substan-
tially in real time, to a monitoring station that is operable to
display the output. The readout device 200 is compatible with
anumber of monitoring stations, but is preferably used with a
receiving and display station 300 according to an embodi-
ment of the invention.

[0156] When the need for monitoring abdominal electro-
physiological signals has passed, the readout device 200 is
removed from the patch 150, and the patch can disposed of.
The readout device 200 can be subsequently re-used with a
different patch 150, preferably after the readout device 200 is
sterilised (e.g. by immersion in a sterilising fluid). The patch
150 may therefore be made relatively cheaply, and the readout
device 200 may include relatively sophisticated electronics
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without compromising the cost of using the system. When the
readout device 200 is not in use with a patch 150, it may
preferably be placed on a docking area 301 of the receiving
and display station 300, so that it charges ready for another
use. There may be two or more readout devices 200 associ-
ated with each monitoring station 300, so that one readout
device 200 is always charging while the other is in use,
thereby ensuring that a charged device is always ready for
use.

[0157] It will be appreciated that the patch, readout, moni-
toring device and systems comprising combinations of these
address a number of the problems with prior art devices.
[0158] Although an embodiment of the patch has been
described in which each flexible substructure comprises a
serpentine flexure, any suitable arrangement may be used. For
example, in some embodiments the flexible substructure may
comprise a corrugated region of the substrate that can accom-
modate movement parallel to the plane of the substrate. Other
compliant planar arrangements may also be used. For
example, the electrode may be coupled to the remainder of the
patch via a ring shaped element, wherein the ring has geom-
etry selected (e.g. large diameter, narrow width) to accom-
modate movement in the plane of the substrate.

[0159] In any examples of the invention, the patch may be
provided with a backing material layer which is removable,
e.g. by peeling, to expose the patch adhesive region(s) for
attachment of the patch to the abdomen of a wearer. Separate
or individual backing sheets may be applied to different elec-
trodes/portions of the patch such that individual portions can
be adhered and/or replaced as necessary.

[0160] A number of other modifications and variations may
be made, without departing from the scope of the invention, as
defined by the appended claims.

1. A multi-electrode patch for abdominal detection of
maternal and/or fetal electrophysiological signals, the patch
comprising:

a flexible substrate interconnecting a plurality of elec-

trodes; and

a module unit for removably engaging with an electronic

readout device for detecting a maternal and/or fetal elec-
trophysiological signal from the electrodes;

wherein the module unit comprises a mechanical module

unit for removable mechanical engagement with ahous-
ing of the readout device, and an electrical module unit
for making an electrical connection from the electrodes
to the readout device; and

wherein engaging the patch with the readout device com-

prises engaging both the mechanical module unit and the
electrical module unit.

2. The patch of claim 1, wherein the mechanical module
unit comprises a magnet or ferromagnetic material.

3. The patch of claim 1, wherein the mechanical module
unit comprises a cradle that is mechanically engaged with the
housing by sliding at least part of the housing into the cradle.

4.-5. (canceled)

6. The patch of claim 1, comprising a security device for
providing an authentication code associated with the patch to
an electronic readout device for detecting a fetal heart rate
from the electrodes, so as to prevent use of the readout device
with: a patch that does not include the security device, or a
patch that provides the wrong authentication code.

7. The patch of claim 1, wherein the flexible substrate
comprises a flexible substructure having an arched, serpen-
tine or corrugated portion, and the electrodes are conformable
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to a surface such that the relative positions of at least some of
the electrodes relative to each other on the surface can be
adjusted by moving the electrodes and deforming the flexible
substructure.

8.-10. (canceled)

11. The patch of claim 7, wherein the electrodes comprise:

a common electrode;

a plurality of sensing electrodes, the sensing electrodes
being spaced apart from the common electrode and each
other; and

a drive electrode, for applying a voltage.

12. (canceled)

13. The patch of claim 11, wherein the flexible substructure
is disposed between the common electrode and the sensing
electrodes, so that the position of the common electrode on
the surface can be adjusted relative to that of the sensing
electrodes, and wherein the sensing electrodes are disposed
along an arc, with a first sensing electrode at one end of the
arc, a third sensing electrode at the other end of the arc, and a
second sensing electrode on the arc, between the first and
second sensing electrodes; wherein a first flexible substruc-
ture is arranged to allow the distance along the surface
between the first and second sensing electrodes to vary, and a
second flexible substructure is arranged to allow the distance
along the surface between the third and second sensing elec-
trodes to vary.

14.-17. (canceled)

18. The patch of claim 7, wherein the flexible substrate
further comprises a reference feature for alignment with an
umbilicus, and the flexible substructure allows the distance
along the surface from the reference feature to at least one
electrode to be adjusted.

19.-21. (canceled)

22. The patch of claim 1, wherein the flexible substrate
comprises a conducting layer and an insulating layer, and a
graphite layer between the conducting layer and the insulat-
ing layer.

23. The patch of claim 22, wherein the patch comprises a
plurality of conducting layers, the plurality of conducting
layers comprising;

a signal layer, for communicating electrical signals from

the electrodes; and

a shield layer, for shielding the signal layer from electro-
magnetic interference;

wherein the shield layer is separated from the signal layer
by the graphite layer and the insulating layer.

24. The patch of claim 23, wherein the shield layer is
disposed adjacent to a first side of the signal layer, and the
plurality of conducting layers comprises a further shield layer
disposed adjacent to a second side of the signal layer, wherein
the further shield layer is separated from the signal layer by a
further graphite layer and a further insulating layer.

25. The patch of claim 23, wherein an outer insulating layer
is disposed adjacent to an outward facing side of at least one
of the shield layer and the further shield layer.

26. The patch of claim 1, wherein at least one electrode
comprises a plurality of electrically conducting biocompat-
ible needles, wherein each needle has a length of between 10
pm and 200 pm.

27.-28. (canceled)

29. The patch or electrode of claim 26, wherein each of the
plurality of biocompatible needles has a mean diameter of
between 10 um and 100 pm.
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30. The patch of claim 26, wherein the areal density of the
needles is between 200 and 1000 needles per square millime-
tre.

31. The patch of claim 26, wherein the needles are config-
ured to penetrate the median thickness of the stratum cor-
neum of the abdomen of a pregnant human.

32.-33. (canceled)

34. An electronic readout device for use with the patch of
claim 1 to amplify and filter at least one signal from the
electrodes of the patch, the readout device comprising;

an electrical power source for storing and providing elec-
trical power to the device;

ahousing having a mechanical module unit for mechanical
engagement with the mechanical module unit of the
patch; and

an electrical module unit for electrical engagement with
the electrical module unit of the patch.

35. (canceled)

36. The readout device of claim 34, wherein the electrical
module unit of the readout device comprises at least one
contact mounted on a resiliently deformable element.

37. (canceled)

38. The readout device of claim 34, wherein the readout
device comprises a wireless transmitter, for transmitting
information derived from the signal, and wherein the readout
device is operable to transmit an output, via the wireless
transmitter, the output comprising at least one of a fetal heart
rate, a fetal ECG, a maternal heart rate, a maternal ECG and
uterine activity.

39. (canceled)

40. The readout device of claim 34, wherein the readout
device is configured to control the power of the wireless
transmitter, based on atleast one of'a bit error rate at areceiver
and a signal strength at the receiver.

41. The readout device of claim 34, further comprising an
inertial sensor, configured to detect at least one of maternal
movement, maternal breathing, maternal contraction, and
fetal movement.

42 .-44. (canceled)

45. The readout device of claim 34, wherein the readout
device comprises a security device that is arranged to prevent
the readout device from functioning with the patch unless it
receives an appropriate authentication code from a corre-
sponding security device of the patch.

46. (canceled)

47. The readout device of claim 45, wherein the security
device is operable to store a patch authentication code asso-
ciated with a particular patient, so that the readout device
becomes operable only with a patch having an authentication
code associated with a particular patient.

48. (canceled)

49. A receiving station for receiving information from a
readout device according to claim 34, wherein the receiving
station comprises:

a display for displaying at least one of a fetal heart rate, a
fetal ECG, a maternal heart rate, a maternal ECG, and
uterine activity; and

a dock area for receiving the housing of the readout device;
wherein the dock area comprises a charger for charging
the electrical power source of the readout device.

50.-51. (canceled)

52. The receiving station of claim 49, wherein the display
station is configured to transmit at least one of: a fetal heart
rate, a fetal ECG, a maternal heart rate, a maternal ECG and
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uterine activity to a further monitoring or display station, such
as a cardiotocograph display device.

53. (canceled)

54. A system for abdominal electrophysiological detection,
comprising a patch according to claim 1, and a readout
device, wherein a waterproof seal is provided for the electri-
cal connection between the module unit and electronic read-
out device.

55. The system of claim 54, wherein a compression seal is
provided such that mechanical engagement of the readout
device to the module unit causes compression of the seal in
the direction of engagement.

56.-58. (canceled)

59. A method of determining abdominal electrophysiologi-
cal signals, comprising using a patch according to claim 1,
comprising: applying the patch to the abdomen of a pregnant
human subject, and using a readout device to detect electro-
physiological signals via the electrodes of the patch.

60. (canceled)

61. The method of claim 59, wherein the patch comprises
a reference feature for positioning of the patch on a wearer
and an adhesive region is provided, at or adjacent to the
reference feature, and applying the patch to the abdomen of
the subject comprises the following steps:

securing the reference feature to the abdomen;

subsequently applying each of the electrodes of the patch

in turn to the abdomen.

62. The method of claim 61, wherein applying each elec-
trode of the patch to the abdomen comprises the following
steps:
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applying the electrode to the skin;

testing the impedance of the electrical connection between

the electrode and the skin;

if the impedance is above a predetermined value:

removing the electrode without detaching the reference
feature or any other electrodes of the patch that may
be applied to the skin,

preparing the skin to reduce the impedance thereof, and

re-applying the electrode.

63.-65. (canceled)

66. The method of claim 59, wherein at least one electrode
of the patch comprises a plurality of electrically conducting
biocompatible needles of length of between 10 pm and 200
wm, and the method comprises applying the patch electrodes
to the abdomen of the subject without first preparing the skin
by removing a region of the stratum corneum.

67. (canceled)

68. The method of claim 59, wherein using the readout
device comprises electronically authenticating the patch
using a security device of the patch and a security device of
the readout device.

69. (canceled)

70. The method of claim 59 further comprising providing a
conducting medium between the skin of the subject and the at
least one electrode, wherein the conducting medium com-
prises at least 9% by mass of an electrolyte.

71. (canceled)
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